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1. Introduction               

The completion of the Human Genome Project in 2003 (1) together with developments in 
information technology opened up new areas of research in human genetics and genomics.  While 
it is important to implement and maintain the conventional medical and health practices that are 
crucial to improving and sustaining health (2), applications of new genomic knowledge may also 
offer health benefits and alleviate the burden of disease around the world.  One area in which this 
new knowledge of the human genome has great potential is in the field of pharmacogenomics, 
which involves "the use of genomic technologies in assessing differential response to 
pharmaceuticals."(3) Pharmacogenomics may offer considerable advantages in the development 
and prescription of drugs to effectively treat disease, and may also prevent the prescribing of 
drugs that will have little or no clinical effect or produce adverse reactions in certain people.  It 
has been estimated that in the United States alone, adverse drug reactions (ADRs) may cause 
over 100,000 deaths a year (4).  Pharmacogenomics may therefore enable safer and more cost-
effective use of pharmaceuticals.  Pharmacogenomic information may also contribute to the more 
effective diagnosis of a variety of genetic conditions.  Thus pharmacogenomics may provide new 
diagnostic and treatment information that, if handled effectively, could be a useful tool within an 
integrated health care system.   
 
The World Health Organization’s (WHO) report on Genomics and World Health, released in 
2002, considered the development of genetics and genomics and the implications it might have 
for world health.  In that report, the Advisory Committee on Health Research recognized that a 
number of ethical, legal and social implications (ELSI) of genomics needed to be further 
addressed.  Members of the WHO Expert Advisory Panel on Human Genetics were asked to 
identify specific areas in ELSI and genomics that needed to be addressed, and pharmacogenomics 
was proposed as one of the areas for further investigation. 
  
This report discusses the ethical, legal and social issues that may be associated with the 
development and utilization of pharmaceuticals. Research into complex, multi-factorial diseases 
such as cancer, diabetes, late-onset Alzheimer's disease, coronary artery disease and others has 
revealed that genetic factors contribute to these illnesses (5). Currently, it is estimated that by 
2020 73% of all deaths in developing countries will be due to noncommunicable diseases (6,7).  
Pharmacogenomic research may be particularly relevant to developing countries that are not only 
experiencing this exponential growth in chronic diseases, but are also dealing with the traditional 
burdens of infectious disease in significant portions of their populations (8).   Increased 
understanding of the human genome and the interaction between genes and the environment, 
including such factors as drugs, diet, lifestyle factors and so forth, may open up new areas in 
public health, as well as new ways of treating disease through such measures as 
pharmacogenomics.  While no consensus has yet been reached in the scientific community as to 
the lasting effects of pharmacogenomics, most scientists believe that "in the long term, it will 
have a positive impact on the management and care of many common, significant diseases such 
as cancer, AIDS, and various types of mental disorders."(9)  
 
This report, then, should be seen as a starting point for further discussion regarding the issues that 
have implications for the development of this newly emerging field. While the categorisations of 
countries into developed and developing may be a cause for some debate, we have followed the 
categories outlined by the World Bank and identified in the Annex. In this report we use the term 
"pharmacogenomics" to refer to both pharmacogenomics and pharmacogenetics.  For a 
description of usage please see the discussion on page 6 and Box 1. 
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2. Scientific Background 

2.1. Background 

Before a drug can exert its desired pharmacological action, it generally undergoes a series of 
steps including absorption, transport through blood and epithelial tissues, metabolism primarily 
in the liver, and interaction with its intended cellular targets. This process requires the action of 
many specialized proteins that function in structural, catalytic, transport and signaling roles. 
Given the complexity of this process, it is not surprising that several factors can affect patients 
respond to drugs. These include the age of the patient, nutrition, intestinal flora, co-morbidity, 
gender, etc. Moreover, evidence over the past 50 years has increasingly shown that individual 
variation in the genes that code for the proteins involved in drug disposition, metabolism and 
drug effect can contribute to individual differences in drug response. Since many drugs have a 
low therapeutic index, genetic variations may result in under-dosing (with no therapeutic benefit) 
or over-dosing, often with serious and even fatal side effects. Genetic variations may also affect 
disease susceptibility. Although this is not necessarily linked to pharmacogenomics, the two are 
often discussed together. 
 
In 1959, Vogel initially coined the term "pharmacogenetics" (Box 1) to describe the relationship 
between genetic variation in genes coding for drug metabolizing enzymes and drug response. 
Since then, technological advances in tandem with large scale sequencing projects, such as the 
Human Genome Project and the HapMap Project (see Box 2), have allowed researchers to scan 
the genomes of many individuals simultaneously to look for variation in gene sequence or 
expression. The large data sets that these genetic studies are generating for biomarkers that will 
be useful in predicting disease susceptibility, screening for drug response, and/or predisposition 
to adverse drug reactions. The field of pharmacogenomics draws on this knowledge to optimize 
current drug treatment and design novel therapeutic agents (Box 1). Henceforth, we will use the 
term pharmacogenomics to cover both pharmacogenetics and pharmacogenomics. 
 
Integration of pharmacogenomics into clinical practice is most promising in fields where few 
therapies exist, where existing therapies have a narrow therapeutic index or where the risk-benefit 
ratio of these therapies is high. For example, genotyping for mutations in the gene coding for 
thiopurine methyltransferase (TPMT), an enzyme that detoxifies drugs used in the treatment of 
leukemia, can prevent adverse reactions associated with their use. Pharmacogenomics can also be 
used to make crucial decisions in drug development when proceeding from one phase of a 
clinical trial to the next, more expensive, phase (10). 
 
However, there is the difficulty associated with biomarker validation. Biomarkers are molecular 
characteristics that are associated with the pathophysiology of disease or pharmacologic response. 
Validation of these biomarkers is important to prevent spurious associations between genetic 
variants and specific phenotypes. This may prove to be difficult due to the complexity of gene-
gene and gene-environment interactions. Many different mechanisms may affect phenotype. 
These include: 

• Pleiotropic effects, where one gene affects many traits;  

• Epistasis, where one gene masks the affects of another;  

• Allele-specific variations in gene expression;  

• Epigenetic modification, where the expression of a gene’s activity is changed without the 
gene’s sequence being altered;  
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• Age-related changes in gene expression; and 

• Variable penetrance (11).  
 

In addition, more studies are needed to validate the benefits of genetic testing for 
pharmacogenomic applications in clinical practice. In the near future, however, certain factors 
such as mounting scientific evidence, a reduction in the cost of genotyping, technological 
developments, e.g. genotyping kits and microarrays, requirements of regulatory agencies, 
litigation and increasing patient demand are likely to facilitate the integration of 
pharmacogenomics in health care systems of developed countries. These and other factors in the 
long run may make pharmacogenomics valuable for developing countries, too. 
 
The fact that research activity in pharmacogenomics is largely confined to developed countries is 
fuelling the criticism that it will be used only in rich countries, thus exacerbating, rather than 
narrowing, global health disparities. In contrast, it has been argued that developing countries can 
harness pharmacogenomics to improve the health of their inhabitants by studying population-
based genotypes rather than focusing on boutique style personalized medicine (12).  Nonetheless, 
it will be important for governments of developing countries to first increase health care 
resources, develop equitable health care systems and ensure the right to health care access for 
their populations before exploring the utility of pharmacogenomics. 
 

Box 1. 
Pharmacogenetics: 
The use of genetic analysis to predict drug response, efficacy and toxicity (10). 
 

Pharmacogenomics: 
Pharmacogenomics is the application of genomics technology to the discovery and development of drugs. 
It studies not only genetic variants, but patterns of gene expression and how drugs affect gene function 
(13,14). 
 
“Although the terms pharmacogenetics and pharmacogenomics are often used interchangeably they have 
different connotations and a range of alternative definitions have been offered. Some have suggested that 
the difference is just in scale and that pharmacogenetics implies the study of a single gene whereas 
pharmacogenomics implies the study of many genes or entire genomes. Others have suggested that 
pharmacogenomics covers levels above that of DNA, such as mRNA or proteins, or that it relates more to 
drug development than does pharmacogenetics.” (15). 

 

 

Box 2  

The Human Genome Project 

Beginning in 1990 the Human Genome Project, involving collaborators from China, France, 
Germany, Japan, the United Kingdom and the United States of America, sought to determine the 
sequence of the chemical base pairs that make up human DNA and to identify all genes in human 
DNA.  The other goals of the project were to store this information, improve tools for its analysis, 
transfer technologies to the private sector and address the ethical, legal and social issues (ELSI) 
that might arise.  In April 2003 the completion of the project was announced in and a completed 
sequence of the human genome was released, which is now available for analysis (16).  
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The HapMap Project 

The International HapMap project, which began in 2002, developed a haplotype map of the 
human genome that would "describe the common patterns of human DNA sequence variation."  
The information provided by the resulting HapMap is being used for research aimed at finding 
"genes affecting health, disease, and responses to drugs and environmental factors."  Scientists in 
Japan, the United Kingdom, Canada, China, Nigeria and the United States all collaborated on the 
project (17). 

 

 

2.2. Characterizing Human Genomic Variation 

Pharmacogenomics depends on the ability to detect and characterize genomic variants that 
influence drug response (or disease susceptibility). Innovative technologies have been 
instrumental in the evolution of the field (18) as they have enabled researchers to search for 
genetic variants in many samples simultaneously, hence the term "high-throughput" screening. 
The increased sequencing capacity afforded by these new technologies has resulted in a large 
amount of data, much of which still needs to be validated in the context of pharmacogenomics. 
 
Genetic variants exert their effects either through structural variations or molecular level (e.g. 
SNPs, insertions, deletions, translocations, DNA Copy Number Polymorphisms), or by changing 
the regulation of a gene (e.g. DNA methylation, polymorphisms in the promoter regions of genes, 
etc.). Variable phenotypes thus may occur as a result of: 

• Single nucleotide polymorphisms (SNPs) occur when a single nucleotide: adenine (A), 
thymine (T), cytosine (C) or guanine (G) - in the genome differs between individuals e.g. 
AAGCT to AATCT. These polymorphisms are currently estimated to account for 90% of 
human genetic variation and occur on average every 500-1000 base pairs in human DNA 
(19).  This type of variation has been, and continues to be, a major focus of 
pharmacogenomic research. Investigators have shown, for example, that HIV/AIDS 
individuals with the HLA-B*5701, HLA-DR7 and HLA-DQ3 haplotype have been found 
to be 114 times more likely to experience severe hypersensitivity reactions in response to 
the reverse transcriptase inhibitor, abacavir (20).  

• DNA Copy Number Variations (DCNVs) are segments of DNA that are present in a 
variable copy number from a reference genome (21).  The variable number is a result of 
deletion, insertion or duplication of genetic material due to recombination events resulting 
in an alteration in the activity of genes. Researchers have found, for example, that a low 
copy number of the CCL3L1 (chemokine ligand 3-like-1) gene has been associated with 
increased susceptibility to HIV infection and AIDS progression (22); a high copy number 
of the gene coding for CYP2D6, a drug-metabolizing enzyme results in ultrarapid 
detoxification of certain drugs. It has been proposed that DCNVs may be useful in finding 
and evaluating candidate genes in association studies in addition to SNP assays as they 
can influence complex phenotypes through the alteration of gene dosage, structure and 
expression (23).  The growing importance of DCNVs in our understanding of disease 
predisposition and differential drug response may also have profound ethical, legal and 
social implications (24). 

• Inversions are segments of DNA that are reversed in orientation with respect to the 
"wildtype" chromosome. These affect phenotype because genes can be disrupted due to a 
change in sequence around breakpoints or due to segmental duplication. Hundreds of 
these have been recently described in the human genome (21) and although their 
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pharmacogenomic relevance has not been fully explored, recent evidence suggests that 
these structural variants may be associated with disease. For example, forty percent of 
individuals with hemophilia A have a 400 kb inversion in the Factor VIII gene (25).  

• Translocations are segments of DNA that have changed position either intra or 
interchromosomally (21).  These genetic variants, in combination with inversions, are 
likely associated with phenotypic differences and are therefore of potential interest to 
pharmacogenomics. 

 

2.3. Drug metabolizing phenotypes and clinical applications of pharmacogenomics 

Initially, pharmacogenomic research centered on the identification of single genetic variants in 
drug metabolizing enzymes (e.g. cytochrome P450 CYP2D6, N-acetyltransferase NAT2 and 
TPMT) as well as those in receptors and transporters that affect drug absorption, distribution, and 
excretion. The results of these studies led to further research into the frequency of these variants 
in the general population. Two phenotypes with respect to drug metabolizing ability have been 
described: poor and extensive metabolizers, with the latter divided into subgroups termed 
intermediate and ultrarapid metabolizers (Table 1). 
 

Table 1. Drug metabolizing status and their definitions (Source: (26)
1
). 

Drug Metabolizing Phenotype     Genotype 
Poor metabolizers  carriers of two decreased-activity alleles or loss-

of-function alleles 
Extensive metabolizers     individuals homozygous or heterozygous for 

the wildtype or normal activity enzymes 
 a) Ultrarapid metabolizers   carriers of multiple copies of the allele for  
       normal metabolic capacity 
 b) Intermediate metabolizers   individuals with a heterozygous genotype 
       ("gene-dose effect") 

 
Each of these phenotypes may require an adjustment in drug dosage. Prospective genotyping to 
guide dosing strategies is thus the most promising application of pharmacogenomics and is 
indeed gaining popularity in clinical settings. For example, prospective genotyping is being used 
to prevent thiopurine toxicity in patients with acute lymphoblastic leukemia in the US, Canada, 
Netherlands, Germany and Ireland (28).  Those patients who are found to have a mutation in the 
gene coding for thiopurine methyltransferase (TPMT) resulting in deficient enzyme function are 
administered only 5-15% of the standard maintenance dose to reduce the likelihood of 
myelotoxicity (29).  The Food and Drug Administration in the United States of America has also 
recently approved a genetic test to guide irinotecan therapy, an anti-neoplastic medication used in 
the treatment of irresectable and metastatic colorectal cancer, lung cancer and other solid tumors. 
Patients homozygous for UGT1A1*28 are more likely to suffer a serious adverse event than 
those patients without this genetic variant (30).  
 
The most likely candidate for widespread prospective genotyping is a well-known anticoagulant 
that can be associated with bleeding events. Warfarin has a very narrow therapeutic index and 
inter-individual differences in dose can vary from 1 to 40 mg per day. There are at least six 
variants of the wild type CYP2C9 gene that alter its activity. What is interesting is that these 

                                                 
1 Meyer (27) describes three phenotypes: poor or intermediate metabolizers, extensive metabolizers and ultra-rapid 
metabolizers. 
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variants are distributed differently between ethnic groups (see below). In addition, variation in 
another gene, VKORC1, also alters the response to warfarin. Ethnic differences in the 
maintenance dose of warfarin have been associated with variants in either one these genes 
depending on the prevalence of that variant in the population (31). 
 
This illustrates a very important point. Pharmacogenomics is at this stage much more relevant for 
certain established drugs as in how to use them more safely and more effectively, rather than for 
newly released drugs or those in development, although that will assume more importance with 
time. Another important point to note is that these principles also apply to other molecules that 
enter the body, e.g. vaccines (vaccinogenomics), food (nutrigenomics) (32), or environmental 
toxins (toxigenomics). 

 

2.4. Clinical Trials 

One of the major areas where pharmacogenomics is expected to alter current pharmaceutical 
research and development is in the pre-clinical and clinical trials of new chemical entities (NCE). 
Typical pharmaceutical research and development consists of three sections, after the NCE has 
gone through identification, validation, selection and target optimization. These three sections are 
preclinical trials, clinical trials (phases I, II, and III) and post-commercialisation/release (phase 
IV and pharmacovigilance), which are extraordinarily expensive (Box 3). Pharmacogenomics is 
expected to affect these three sections by reducing expenses associated with large clinical trials 
through the selection of participants that are more likely to respond. It is very important to point 
out that these trial phases involve significant ethical and legal considerations, especially when 
carried out in developing countries. 
 

Box 3.  

Clinical trials (Source: Adapted from CIOMS 2005 - Towards improving treatment with 

medicines, Chapters 4 and 5 pp. 45-69, 70-87.)
2
   

 

Preclinical trials 
- Cost 90 Million US$ for research and development 
- Work is not performed on or in humans; rather trials involve laboratory exercises, cell lines, computer 
modelling or animals that are comparable to humans, i.e. in vitro, ex vivo, in silico, animal models 
- This produces preliminary data on areas including drug safety and metabolic interaction with liver, 
kidneys and other known key metabolic enzymes 
- Pharmacogenomic information can guide preclinical trials by using known polymorphic metabolic 
enzymes to determine genetically mediated variation i.e.: CYP2D6 or CYP2C19 
 

Phase I 
- Cost approximately 60 Million US$, and take roughly 14 months 
- Phase I trials use small numbers (less than 100) of human research subjects who are generally healthy 
- The primary focus is upon the safety of the NCE 
- This phase looks mainly at pharmacokinetics, or how the human body deals with the NCE or drug 

                                                 
2 The cost of clinical trials is an estimate only.  It is difficult to accurately estimate the cost of clinical trials as data 
on the cost of clinical trials in the United States comes from the pharmaceutical industry.  See Angell, M. The truth 
about drug companies: how they deceive us and what to do about it. New York, Random House, 2004 for more 
information. 
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- Pharmacogenomics may be used in phase I through sampling the DNA of subjects and comparison with 
NCE response profiles 
- If there is a variable response to the NCE the genomic information may be analysed, along with other 
data, to determine the possible cause of variation 
- If the cause of variation is shown to have a link with a genetic profile, then this may influence the 
inclusion of subjects in phase II of the trial 
 

Phase II 

- Cost approximately 40 Million US$, and can take roughly 20 months 
- The research subjects are those needing treatment and trials involve a larger number of research subjects 
(100-500) 
- The focus is equally on safety and how the drug actually effects the body; its pharmacodynamic action 
- Generates exploratory data on drug safety and efficacy  
- Pharmacogenomics may assist in determining ADR/efficacy profile 
- Can use genetic data to assist in guidance in dosing related to different genotype, possibly excluding 
poor responders and/or adverse responders 
 

Phase III 

- Cost approximately 160 Million US$, and take roughly 24 months 
- Even larger numbers (1000-3000) of subjects needing treatment are involved 
- Focus is on gaining more information on safety and efficacy, with a goal of developing some parameters 
for best use 
- Confirm validity of genetic marker and result in genetically identified population 
- Pharmacogenomic considerations may result in further selection and narrowing of trial subjects to 
genetic profiles/drug response, i.e. poor responders and/or adverse responders may be excluded 
- May be smaller, more specialized and/or quicker trial following pharmacogenomic selection of subjects 
 

Phase IV and Pharmacovigilance
3
 

- Costs and subject numbers are variable depending on length and breadth of coverage 
- This section is conducted after the drug has been commercially released, with the purpose of monitoring 
ADRs and/or efficacy of the drug in the general population 
- Pharmacogenomic pharmacovigilance would attempt to further align pharmaceutical response with 
genomic information, but also with effect of age, environment, and drug-drug interactions 
- Effective correlations between genomic information and pharmaceutical response can lead to better 
prescribing and may be beneficial in preventing complete drug withdrawal in the case of statistically 
significant ADRs. 

 

2.5. Relevance of pharmacogenomics to developing countries 

The examples in section 2.3 demonstrate the clinical utility of pharmacogenomics but also 
highlight the information/implementation gap that currently persists with respect to developing 
country populations. In spite of this, current pharmacogenomic research in oncology, 
cardiovascular disease and HIV are particularly relevant to the health of developing countries due 
to the increasing burden of non-communicable diseases in these areas: 

• Currently, one third of all deaths in the world are caused by cardiovascular diseases. Of 
these, nearly 80% occur in developing countries, a trend that is projected to increase due 

                                                 
3 For more information on pharmacovigilance see Pharmacovigilance: ensuring the safe use of medicines WHO 
Policy perspectives on medicines October 2004, at http://whqlibdoc.who.int/hq/2004/WHO_EDM_2004.8.pdf 
accessed 23/02/2006, and European Medicines Agency, EMEA, at http://www.emea.eu.int/index/indexh1.htm 
accessed 03/04/2006. 
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to rapid industrialization, urbanization and the accompanying lifestyle changes of these 
countries (33).  

• By 2020, the number of new cancer cases will increase a staggering 73% in developing 
countries as opposed to only 29% in developed countries (33). 

• 95% of all HIV infections occur in developing countries, with a disproportionate number 
in sub-Saharan Africa (33). 

 
Developing countries could further benefit from pharmacogenomics in the following ways (12): 

• Pharmaceutical companies in developing countries could license shelved drugs and 
develop them both for local populations and for others in developing countries that are 
either not genetically predisposed to the adverse effects or for whom efficacy can be 
demonstrated to a greater extent. For example, Iressa™, a drug meant for lung cancer 
treatment, appears to significantly improve overall survival in Asian patients (34), despite 
initial clinical trial demonstrating a low efficacy in the U. S., and is now available in 
several countries around the world, including Australia, Canada, China, Japan and the 
United States of America. 

• This idea of "resuscitation" of useful drugs for different populations is applicable not only 
to drugs not commercialized for any reason, but also to drugs withdrawn after they were 
marketed. Those post-marketing withdrawals are usually implemented because of major 
untoward effects noticed in those countries where some pharmacovigilance is practiced. A 
recent well-publicized example is Vioxx (12).    

• Cost-efficiency associated with drug development strategies incorporating 
pharmacogenetics approaches will result in less expensive drugs for patients in 
developing countries.  

• Pharmaceutical companies in developing countries could capitalize on emerging trends in 
genotyping and their application to understanding variable drug responses and disease 
susceptibility. Theoretically they could do this by developing drugs specifically for sub-
populations that are more likely to benefit without side effects. 

• Compounds discovered in the laboratories of developing countries could be of interest to 
pharmaceutical companies in developed countries if they are relevant to selected minority 
subpopulations in developed countries, leading to potentially beneficial partnerships. 

 
Finally, developing countries are not only potentially huge drug markets for drug therapeutics but 
are also depositories of important human genetic diversity. Genotyping studies of various 
populations from around the world will become valuable in that understanding this diversity will 
better define those population subgroups that will benefit more from a particular drug than others, 
and allow the detection of side-effects that might not be seen in populations that are mainly 
Caucasian. 
 

Levels of Activity in Developing Countries. 

Although a large part of the existing research has been initiated in industrialized countries, 
several developing countries are beginning to recognize the potential benefits of 
pharmacogenomics. In spite of limited resources, several developing countries have begun 
characterizing the genetic variation within their populations in the hopes that this information 
may be used some day to improve local health (see examples in Table 2). 
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Table 2. Examples of initiatives in developing countries aimed at characterizing population 

based genetic differences. 
 

Initiative    Description 

 
INMEGEN (35) INMEGEN was created by the Mexican Ministry of Health (SSA), the 

National Autonomous University of Mexico (UNAM), the Mexican 
Health Foundation (FUNSALUD) and the National Council of Science 
and Technology.  Individuals from six remote regions in Mexico will be 
sampled in order to produce a clearer picture of the genetic variation 
associated with the Mexican population in the largest genotyping of its 
kind in Latin America. It is hoped that this information may be used to 
improve the health of the native Mexican population through its 
application to local health problems as well as be applicable to other 
countries with large mestizo populations. Investigators hope to complete 
the study sometime in 2007. 

 
HUGO Pan-Asian Initiative: The HUGO Pacific Pan-Asian SNP Initiative is composed of a coalition 

of scientists from China, India, Indonesia, Japan, Democratic People's 
Republic of Korea, Malaysia, Nepal, Philippines, Singapore, and 
Thailand and will be co-sponsored by Affymetrix who is providing a new 
microarray technology that will enable the researchers to look at 50,000 
genetic differences or single nucleotide polymorphisms (SNPs) in each 
study participant. The goal of this initiative is to uncover the breadth of 
genetic diversity and the extent of genetic similarity in Asia. 

 
The Indian Genome 
Variation Consortium: This network program was initiated by the Council of Scientific and 

Industrial Research (CSIR) and is funded by the Government of India. 
The Indian Genome Variation (IGV) Consortium aims to create a 
database of genetic variants inherent to the people of India and make it 
available to researchers for understanding disease predisposition, adverse 
drug reactions, population migration etc. Fifteen thousand unrelated 
individuals of different subpopulations will be sampled (36).  

 
Thailand SNP 
Discovery Project (37):  This project is the result of a collaborative effort between the National 

Center for Genetic Engineering and Biotechnology (BIOTEC, Thailand) 
and Centre National de Genotypage (CNG, France). The aim of the 
project is to identify intragenic SNPs frequent in Thai populations. A 
SNP database will be completed of all genes identified in the whole 
human genome and their regulatory regions with allele frequency and 
linkage disequilibrium (LD) block patterns in Thai and other (French, 
Japanese and African) populations. 

 
University of Cape 
Town’s Division of 
Human Genetics/The 
Africa Genome 
Education Institute 
(South Africa): The Africa Genome Education Institute is devoted to educating the public 

about the structure and function of genomes as well as studying the 
genetic basis of diseases relevant to the South African population. 
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REFARGEN Rede Nacional de Farmacogenetica/farmacogenomica (REFARGEN) or 

the Brazilian National Pharmacogenetics/ Pharmacogenomics network is 
a network of Brazilian researchers from various institutions situated in 
five regions of the country. It aims to create a repository of biological 
samples for pharmacogenomic studies and archive pharmacogenomic 
data for the Brazilian population (38). A significant focus is on its large, 
admixed population. 

 

2.6. "Ethnicity" in pharmacogenomic research 

Although pharmacogenomics offers many potential benefits, one aspect that may hinder further 
progress in the field is the controversy over the use of race and ethnicity in pharmacogenomic 
research. Race is indeed a social construct and has no biological foundation. Studies in 
population genetics, however, have demonstrated that substantial genetic variation occurs not 
only within populations, but also between the five main ethnic groups (Africans, Caucasians, East 
Asians, Native Americans and Pacific Islanders), which are based on continental ancestry (39).  
The use of ethnicity in genetics research is controversial in many ways and will be discussed later 
in this report. Despite this controversy, evidence suggests that there may be an association 
between ethnicity and variable drug response. At least 29 different drugs have been reported in 
the literature as eliciting different drug responses between ethnic groups (40). Notable examples 
include warfarin and Losartan® (Box 4). 
 

Box 4. 
Losartan® is an anti-hypertensive drug that is metabolized by the enzyme CYP2C9.  A defective variant 
of this enzyme (CYP2C9*5) has been associated with poor response to the drug. Current studies have 
shown that this allele is restricted primarily to sub-Saharan Africans and their descendants, thus having 
health implications for sub-Saharan Africans that are treated with Losartan®: the benefits of this 
information would have otherwise remained unknown had studies been carried out solely on populations 
of European geographic ancestry (41).  

 

 

Table 3. Examples of differential drug responses between ethnic groups 

 

Drug Class   Phenotypic difference in drug response between ethnic groups 

 
Ace-inhibitors  Caucasians experience a 44% reduction in hospitalization vs. no significant  
(e.g. enalapril                reduction in African Americans 
    

 
Alpha-adrenoceptor Mean arterial pressure decreased by 21% in Caucasians vs. only 10% in African 
Blockers                        Americans 

(e.g. prazosin) 

 

     
Anti-psychotics About 7% of Caucasians and 1% of Asians are poor metabolizers of these drugs 
(e.g. haloperidol) due to a variant CYP2D6 allele. The incidence of poor metabolizers due to a 

variant in CYP2C19 is 15-30% in Asians and 3-6% in Caucasians  
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Diuretics  71% of African Americans achieved blood pressure goal vs. 55% of Caucasians 
(hydrochlorothiazide)  in the Veterans Administration study 

 

2.7. Barriers to implementation of pharmacogenomics in developing countries 

 
Definition of a population 

The use of ethnicity as a proxy for genetic subgroups will continue to be useful as long as such 
categorization "explains" variation that is left unexplained by other factors (42).  One of the 
challenges in future studies will be to better understand if these categories are really valid for 
pharmacogenomic purposes. A recent study found pharmacogenomic differences in response to 
albuterol, a medication used to treat asthma, between Puerto Ricans and Mexicans (43), both of 
which could be categorized as Hispanic. Similarly, a recent study of three distinct ethnic groups 
in Singapore, all of which are considered "Asian", found that reported differences in the 
maintenance dose of warfarin between Chinese, Malays and Indians could be attributed to either 
the VKORC1 haplotype (for Indians) or the CYP2C9*3 variant allele (Malays and Chinese) (31).  
The ambiguous use of ethnic categories can therefore detract from these findings and prevent the 
accurate extrapolation of data to developing-country populations. 
 

Cost and Human Resources 

Challenges of implementing pharmacogenomics in developing countries relate to a shortage of 
human resources and to cost. The former may be due to an absence of training facilities, brain 
drain (44), or decimation of the population as a result of disease epidemics, as is the case in 
Africa, where large numbers of professionals such as nurses, doctors and pharmacists have died 
from HIV/AIDS, while many more, for economic and associated reasons, have migrated to 
Western, developed countries. The additional costs associated with the uptake of 
pharmacogenomics, from training personnel to buying equipment, represent another barrier. 
 
Prospective pharmacoeconomic studies are needed before large scale integration of 
pharmacogenomics into clinical practice can be realized. It may well be that with prudent use 
some cost savings will be realized, but this needs to be studied. In addition, genotyping each and 
every one of the millions of SNPs in each individual is not currently economically feasible. This 
figure can be dramatically reduced, however, through strategic screening of the genome, such as 
through haplotype mapping. 
 
Preliminary studies of cost-effectiveness of genotyping to guide dosing of some drugs are also 
crucial to understanding how best to use pharmacogenomics. Marra et al. found that pre-testing 
for TPMT status to guide azathioprine dosing resulted in some direct reduction in costs (45). 
Another study found that prospective genotyping for the HLAB*5701 allele associated with 
abacavir hypersensitivity is cost-effective in HIV patients as compared to the costs associated 
with hospitalization due to the occurrence of this adverse event (46).  Finally, You et al. 
estimated that the cost of a major bleeding event associated with warfarin sensitivity (~ $6000 US) 
could be averted with prospective CYP2C9 genotyping based on a simulated decision tree over a 
twelve month period (47). 
 
If costs can be reduced, pharmacogenomics will be particularly relevant to developing countries 
because they cannot afford to waste drugs on people who will not respond or who will be harmed 
by existing therapies. In addition, scarce resources could be used to prevent or manage disease 
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instead of treating adverse side effects. These measures could translate into reduced health-care 
costs, an important incentive not only to industrialized nations but also to developing countries. 
This is especially relevant for those countries with very small health budgets; some sub-Saharan 
African countries have annual per capita health care expenditures that are as low as 10-15$US.  
However, the pressing health needs in developing countries need to be addressed before 
pharmacogenomics can be considered as a viable option. 

 

2.8. Conclusion 

Pharmacogenomics is a promising field that aims to improve drug response, reduce adverse 
events and understand disease susceptibility. It strives to reduce incidents of morbidity and 
mortality due to adverse drug reactions (or therapeutic failure) by improving upon the current 
"trial and error" method employed by clinicians to establish the best doses of drugs for individual 
patients.  Currently, most drugs are developed and tested in Europe and North America, where 
they are licensed with efficacy rates as low as 30%: thus pharmacogenomics can offer a better 
estimate of the probability of a successful pharmaceutical intervention. Drugs are usually 
marketed worldwide without any idea of how effective or safe they are in different population 
groups, and certainly without any regard for differences in SNP patterns or of other genomic 
variation that may correlate to differential responses between these groups. Critical thinking and 
conceptual development is now taking place to examine the role of pharmacogenomics in 
developing countries. The stimulus for the adoption of pharmacogenomics on a large scale in 
health care systems will come from several societal drivers, including regulatory changes, 
litigation and patient demand based on accumulating scientific evidence of the clinical utility of 
pharmacogenomic approaches. 
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3. Ethical Issues of Pharmacogenomics  

3.1. Ethical principles 

Over the years, a number of guidance documents have been produced to ensure that biomedical 
research is performed in an ethical manner (48-50). The most important and influential is the 
Declaration of Helsinki, which was issued by the World Medical Association in 1964 (50,51).  
Further guidelines have since been promulgated, many of which are based on the Declaration of 
Helsinki, including the Belmont Report and the Council for International Organizations of 
Medical Sciences (CIOMS) report entitled International Ethical Guidelines for Biomedical 
Research Involving Human Subjects (5,50,52).  
 
In recent years, the United Nations Educational, Scientific and Cultural Organization (UNESCO) 
has also issued three declarations regarding the human genome, human genetic data, bioethics 
and human rights, the latest being the Universal Declaration on Bioethics and Human Rights (53-
55).  This report draws on these and other guidance documents in discussing the ethical issues 
relating to pharmacogenomics and its implications for health in developing countries.  In 
particular, we will refer to the UNESCO Universal Declaration on  Bioethics and Human Rights 
relating to advances in science and associated technologies (55), as all United Nations Member 
States have accepted these principles.  
 
In the area of bioethics, some of fundamental principles are: 

• Respect for other human beings as moral equals (autonomy) 

• The absolute need to avoid harming other human beings by our actions (non-maleficence) 

• The relative need to do good to other human beings and to ensure that our actions are 
calculated always to achieve more beneficial than harmful effects (beneficence) 

• The need to treat other human beings fairly, without unduly exploiting or otherwise 
deceiving them (justice).  

 
These principles provide a framework for thinking through ethical questions in biomedicine, but 
this does not mean that this list of principles is exhaustive, or that a principled approach to ethics 
is always the most appropriate guide to resolving ethical dilemmas.  Rather, there may be overlap 
or conflict between the application of different principles when thinking about the ethics of 
particular facets of pharmacogenomic research and implementation.  Furthermore, ethical issues 
become more complex when we consider relationships not only between individuals, but also 
between individuals or groups and the state, between corporations or other institutions and 
individuals, between different corporations or institutions, and between entities from different 
cultural foundations.   Thus each ethical issue will need to be considered in light of balancing 
these principles so that the most appropriate course of action can be decided upon.   
 

3.2. Ethical Issues in Pharmacogenomics  

3.2.1. Fair treatment of human beings - justice 

Article 10 of the UNESCO Declaration on Bioethics and Human Rights states that "the 
fundamental equality of all human beings in dignity and rights is to be respected so that they are 
treated justly and equitably."(55)  The HUGO Ethics Committee statement on benefit sharing 
describes three forms of justice that are relevant to genetic research. They are: compensatory 
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justice, where those who contribute genetic information to research and development should 
receive adequate compensation for their contribution; procedural justice, where the mechanism of 
compensation that is given is impartial and inclusive; and distributive justice, where goods and 
resources derived from genomics are distributed equally and fairly (56). 
 
For justice to be truly effective, it must also be viewed not only on an individual level but also on 
an international level: “Policy makers and local research ethics committees need to be aware that 
the relevant ethical questions are no longer confined to their old national or subnational context. 
A shift from questions of personal autonomy and identity can therefore be expected-towards the 
more problematic issues of justice, exploitation and distribution” (57).  

 
This does not mean that concern over ethical issues relating to individuals are unimportant, but 
that there are also broader, community or population-wide imperatives that must also be 
considered in order ensure that pharmacogenomics research and implementation is considered in 
an ethical way.   
 
In relation to research, the principle of justice is primarily concerned with distributive justice, 
"which requires the equitable distribution of both the burdens and the benefits of participation in 
research."(50)  Though speculative at this point, if issues of justice are not determined early in the 
development of pharmacogenomics, there may be a lack of trust on the part of clinical research 
subjects and pharmacogenomic patients and populations in general, which could ultimately affect 
the integration of pharmacogenomics into effective health care practices. 
 
One area in which the principle of justice in relation to pharmacogenomics has been debated is 
that of access and ownership.  Issues of ownership and justice often stem from the fact that 
people can make commercial gains as a result of ownership over human genes. To protect 
commercial gains, one group may exercise their ownership over genetic information in ways that 
those who carry the genes see as unjust. Simm describes a sense of "fairness" that arises in 
conjunction with commercial gain: "If big profits are made, then a feeling of fairness would ask 
for a sharing with participants."(58)  One case in which justice, as well as issues of consent and 
benefit sharing is explored is the Greenberg v. Miami case described in Box 5. 
 

Box 5 

Greenberg v Miami – Justice, consent and benefit sharing 
The  issues of compensatory, procedural and distributive justice of genetic ownership, as well as 
consent and benefit sharing are apparent in the United States case of Greenberg v Miami 
Children's' Hospital. In this case, a support group for the genetic condition, Canavan's Disease, 
donated time, effort, money as well the cells of living and dead sufferers. This support group 
worked closely with researchers in an effort to identify the genetic cause of the syndrome and to 
develop a test for the condition. After working closely with the researchers, the Canavan 
foundation found that the gene test had been patented by the Miami Children's Hospital who was 
charging access fees to the test (59). The Greenberg family, who had worked especially closely 
with researchers felt an injustice was being done against them, in that they wanted to have "a say 
in how their contributions [were] used"(59) and attempted to sue the Miami Children's Hospital. 
The patent held by the Miami Children's Hospital was seen as "unfair to those who made the 
research possible, and likely to restrict access to the test."(60) 
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Justice is not only an issue in relation to individual ownership of genetic information.  Ownership 
and access to genetic information on a national scale is also a justice issue.  Currently, there are 
negotiations between the United States of America, Central American countries and the 
Dominican Republic in relation to multi-lateral trade agreements, known as DR-CAFTA 
(Dominican Republic - Central America Free Trade Agreement). In relation to 
pharmacogenomics, one of the provisions of DR-CAFTA is the requirement for test data 
exclusivity in pharmaceutical research. This means that "…once a company has submitted 
original test data, no competing manufacturer is allowed to rely on these data for a period of five 
years to request marketing approval for its own drug."(61)   Groups like Medecins Sans 
Frontieres see this as a "means of impeding generic competition… and restricting access to 
medicines."(62)  Without access to clinical trial data, pharmacogenomics may become at best a 
slightly better understood pharmaceutical treatment or, at worst, an expensive and possibly 
dangerous treatment (63).  In terms of global justice and global health, restrictions on "the right to 
use an original applicant's clinical trial data to obtain approval for a generic product" (64) may 
place pharmacogenomics outside of the reach of many people who stand to benefit. This is 
especially important for the world's poor and may help determine whether pharmacogenomics 
becomes integrated into developing countries' health care infrastructure.  
 

3.2.2. Respect for Persons -Autonomy  

Respect for persons means that an individual's personal autonomy will be respected and that 
vulnerable persons will also be protected (63), a principle that is enshrined in Article 5 of the 
Universal Declaration on Bioethics and Human Rights (55).  Issues relating to autonomy and 
genetics can come from the idea that genes are intricately, intimately and irreversibly linked to 
the self. Despite arguments against genetic exceptionalism (65), (see below) how genes are 
viewed can have an effect on self-perception (66).   
 
Respect for the autonomy of persons requires that when performing pharmacogenomic research, 
as with any other biomedical research, the informed consent of research participants is obtained 
before they participate in research activities.  This requirement was first established by the 
Nuremberg Code (63), which set out ten basic principles for acceptable practices for research 
involving humans (67). Subsequent ethical guidelines, including the Declaration of Helsinki and 
the Belmont Report, also emphasize the necessity for informed consent as a prerequisite for 
research involving human subjects (51,68) which has been reasserted in more recent guidance in 
relation to pharmacogenomics and will be discussed below.  The right to privacy and the right to 
confidentiality are also justified on the grounds of respect for persons and respect for autonomy.  
It has been noted that “…we often respect persons by respecting their autonomous wishes not to 
be observed, touched, or intruded upon.  On this account rights of privacy are valid claims 
against unauthorized access that have their basis in the right to authorize or decline access” (48). 

  
Within the context of genetic testing, the right to privacy has been described as a person's right 
"not to be obliged to disclose information about his or her genetic characteristics"(5).This 
concept of autonomy with respect to privacy also extends to issues of confidentiality, ownership 
and control over genetic information.  When private genetic information has been freely 
disclosed, this information should then be treated as confidential and should therefore not be 
disclosed to others or used for new purposes without further consent being obtained (5).  
Maintaining a sense of self-autonomy may be maximized by seeking control of the way in which 
genetic information is gained, used and/or accessed. For pharmacogenomics it is highly important 
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to underscore and protect this right to autonomy given that genetic testing may be a requirement 
for enrolment in a clinical trial, or for pharmacogenomic treatment itself (63).  
 

3.2.3. Doing good and preventing harm - Beneficence and Non-maleficence 

Article 4 of the UNESCO Declaration on Bioethics and Human Rights upholds the principle that 
“In applying and advancing scientific knowledge, medical practice and associated technologies, direct and 
indirect benefits to patients, research participants and other affected individuals should be maximized and 

any possible harm to such individuals should be minimized” (55). 
 
Beneficence is the act of promoting welfare and benefit to people (48).  Medicine and health care 
have traditionally relied on the ideal of beneficence as a principle in the treatment of patients (48).   
Furthermore, patients and other biomedical research subjects can be seen as acting beneficently 
by participating in research, even to the point of putting their own health at risk.  
 
One expression of beneficence in relation to pharmacogenomics is the way in which the genetic 
information is owned and accessed. Participants in clinical trials may be acting beneficently by 
consenting to genetic testing and by allowing their genetic information to become part of a 
pharmacogenomic information databank. After a pharmacogenomic treatment is commercially 
released, pharmacovigilance may require feedback from patients, including their medical 
histories and their genetic information. Once again, those who supply this information may be 
acting beneficently as their information becomes useful for others. The way in which a company 
or institution expresses ownership over genetic information can also be viewed in light of 
whether it promotes benefit and welfare to people. 
 
Participation in research as an act of beneficence may be described by the view that "research is 
okay even if it doesn’t help you, but it helps someone else."(69)  For some research participants, 
the act of promoting beneficence through research participation is seen as a reward in itself, even 
if they may not benefit from the research themselves, and "indeed, some might feel offended 
when their honest altruistic participation is answered with the promise of a benefit."(58)  Harris 
points out that beneficence is not always simply altruistic in that "we all benefit from living in a 
society in which medical research carried out and which utilizes the benefits of past research."(70)  
In this way, people participating in genetic databanks and other forms of pharmacogenomic 
research may be acting beneficently, but through their support of such enterprises may also be 
indirectly benefiting themselves. 
 
A complimentary aspect to the principle of benefiting patients and research subjects is to avoid 
causing harm, or to minimize any unavoidable harm as much as possible.  This has been 
described as the principle of non-maleficence.  In the context of pharmacogenomics, this requires 
that research activities such as genetic testing, the storage of information, drug testing and the 
like are carried out in such a way as to avoid causing harm, or at least minimize any potential 
harms as much as possible.  As most genetic samples are gathered through fairly minor 
procedures such as cheek swabs or blood tests, they will not pose great physical harms to 
research participants.  Participants in clinical drug trials may encounter greater potential harms 
through the risks of being exposed to new and untested chemical entities.  People may also be 
exposed to potential harms through the development and use of pharmacogenomics, as will be 
discussed in other areas of this report, primarily in the liability, stigmatization and education 
sections.  
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3.3. Ethical issues in pharmacogenomic research and implementation 

Ethical debate surrounding genetic sample gathering in Europe and the United States has 
emphasized the importance of consent, privacy and confidentiality (5,71) primarily in relation to 
individuals, rather than in relation to larger populations or social groups.  While these ethical 
principles remain important some ethicists suggest that new advances in population-based 
genomic variation, such as the growing importance of copy number variants, will require a new 
ethical rationale developed in cooperation by both scientists and ELSI experts alike (24).  Others 
have argued that novel developments in genetic research highlight other ethical values, including 
those relating to "reciprocity, mutuality, solidarity, citizenry and universality"(72).  Genetic 
research collaborations between developed and developing countries also raise new ethical 
concerns, as different social and cultural values will need to be accommodated.  The perceptions 
of the threats posed by genetic information also differ across different cultures (73).  As a result, 
some ethicists argue that these differing cultural views have the effect of "invalidating 
international collaborative use of samples and data" and that furthermore, "ethical issues…have a 
cultural and social dimension, which is not totally harmonizable and which should be 
respected."(74)  It is therefore apparent that different ethical concerns will come up within and 
between different countries and cultures. While the principles outlined here are largely agreed on, 
there is room for dissent, which may take careful working through to resolve or decide.    

3.3.1. Pharmacogenomic Research - Consent 

Both pharmacogenomic drug trials and genetic databanks require that people submit a DNA 
sample for analysis.  In both contexts, it is important to ensure that consent is obtained before 
samples or genetic data are gathered and that the privacy of the participants is protected, as is the 
confidentiality of the genetic material.  In pharmacogenomic research, as in other kinds of 
medical research, consent requires that participants "should be informed about the risks of the 
study, have the right to withdraw from studies at any point, and must give their explicit consent 
to participation."(63) 
 
The Nuffield Council has identified two other areas of concern in relation to consent for 
participation in pharmacogenomic research, which are "the voluntary nature of consent and the 
privacy of the information that is obtained and stored."(63) In particular, questions have been 
raised as to whether consent to participate in trials or research involving pharmacogenomic 
testing can ever be truly voluntary (63).   In the context of pharmacogenetic research in the 
United Kingdom, the Nuffield Bioethics Council has noted that if the test is a condition of 
enrolling in a clinical trial, it may be that patients not only feel unable to refuse the test, but that 
involvement in a clinical trial may be the only chance a patient has to access a certain medication. 
Similarly, if pharmacogenomic testing becomes an intrinsic aspect of clinical trials, participants 
may thus be required to consent to pharmacogenomic tests (63).  The Council for International 
Organizations of Medical Sciences (CIOMS) emphasizes that consent to pharmacogenomic trials 
should be voluntary as a matter of respect for autonomy.  This means that participation in the 
clinical trial should not be dependent on the subject's involvement in a pharmacogenomic sub-
study.  In their view, for studies that are specifically designed so that inclusion is based on the 
subject undergoing a pharmacogenomic test, participation is thus dependent on agreement to 
undergo such a test and thus participation in the study cannot be separated from their 
involvement in the clinical trial (26).  Thus according to CIOMS, voluntary consent is obtainable 
for pharmacogenomic drug trials as this is an explicit condition of consent for the trial.  
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The voluntary nature of consent may be particularly relevant for developing countries.  If there is 
so little health care available, then the possibility to access health care during and after a drug 
trial may act as an inducement to participate in the trial.  Furthermore it is important that 
researchers do not offer payments that may induce potential participants to take risks that would 
otherwise be considered unacceptable (75). 
 
The Nuffield Council emphasizes that the ethical requirement for consent to participate in clinical 
trials should be genuine rather than complete (63). Their position is that the ideal of fully 
informed consent is unobtainable due to the impossibility of completely describing a research 
activity or ensuring that descriptions of the research are fully understood by participants (63).  
The requirement for obtaining genuine consent involves giving the potential research participant 
information regarding the probable nature of the information to be revealed by the research 
activity and the implications that this may have for the individual (63).   
 
Even if there may be difficulties in obtaining informed consent, we will continue to use the term 
informed consent to emphasize that efforts should be made to inform research participants as 
much as is possible for research and clinical applications.  Article 6 of the UNESCO Declaration 
on Bioethics and Human Rights emphasizes that any scientific research should "only be carried 
out with the prior, free, express and informed consent of the person concerned."(55)  This point is 
specifically supported in relation to human genetic data by the International Declaration on 
Human Genetic Data, which states: “Prior, free, informed and express consent, without 
inducement by financial or other personal gain, should be obtained for the collection of human 
genetic data, human proteomic data or biological samples, whether through invasive or non-
invasive procedures, and for their subsequent processing, use and storage, whether carried out by 
public or private institutions.  Limitations on this principle of consent should only be prescribed 
for compelling reasons by domestic law consistent with the international law of human rights” 
(54).   
 
The CIOMS has identified a number of items that should be included on the informed consent 
forms for clinical research involving pharmacogenetic studies.  Table 4 lists these requirements. 
 

Table 4:  Necessary items for informed consent forms according to CIOMS 

 

 A statement of clear rationale 
 Fields of study for sample use 
 Length of time the samples will be stored 
 Sample coding 
 Options to withdraw the sample 
 Expected benefits to the patient or others (if any) 
 Potential risks 
 Treatment of and participant's access to the study results 
 Handling of intellectual property generated from the use of samples 
 Ownership or custodianship of sample 
 Ownership or custodianship of data 
 Access to samples and data 
 Liability of the investigator (List taken from26)   

 
While Table 4 outlines a number of items that should be included in written consent forms, it is 
important to note that the most appropriate way of gaining informed consent may not be in 
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writing.  This is particularly the case in relation to healthcare research in developing countries, 
where education levels may be low, and where it may be difficult for people to understand the 
scientific concepts behind pharmacogenomics.  It has been suggested that ethical guidance has 
placed too much emphasis on written consent and that there are research situations where this 
requirement is problematic.  In such situations, ensuring that the consent process is properly 
monitored and documented is more important than having research participants provide written 
consent (76).  If this is the case, there is still a requirement to obtain and properly record the 
participants' consent, but the form this may take could vary depending on the research situation.   
 
It is also important that information given by developed country researchers to developing 
country participants must be given in such a way that it can be clearly understood - appropriate 
language must be used and appropriate levels of comprehension must be gauged (76).  Some 
research concepts may be incomprehensible and the native language of the potential participants 
may not have terms for the concepts involved.  There is still, however, a need for researchers to 
clearly explain these concepts in ways that can be understood (76).   
 
Researchers also need to be aware that the concept of research may be unfamiliar to the 
participants and may thus be confused with direct healthcare provision (77).  Thus, in order to 
ensure that information regarding the research is understood, it may need to be delivered in a 
variety of ways, such as meetings, through health workers, by radio or other culturally 
appropriate media.  Also, it may be necessary to give information over a period of time so that 
prospective participants have time to about and ask any questions they may have (76). 
 
The nature and limits of consent granted for the use of the sample will dictate to some extent 
what can be done with the sample.  Researchers may want to use previously gathered samples for 
further study, and the permissibility of this will depend on the kind of consent initially granted by 
research participants.  Consent may range from narrow to broad. Narrow consent involves the 
participant giving consent for a specific range of purposes, which may be for one research study 
or for research involving only one medication (63).  Broad consent involves the participant 
allowing their sample to be used for a variety of studies beyond the one that they are explicitly 
consenting to.  The details of the further research may not yet be known, but will usually be in a 
similar research area (63).   
 

Community Consent 

Although the requirement to obtain informed consent from individuals is a well-established 
ethical principle, genetic research also raises consent issues when distinct communities or 
populations are involved.  Henry Greely argues that current research rules are inadequate to 
protect individuals or groups from risks posed by research that is group-based (78).  He argues 
that when research is " 'about' a group of people… it has some potential risks and benefits that 
affect the entire group."(78)  On the basis of this argument, the North American Regional 
Committee of the Human Genome Diversity Project advocated that researchers should secure 
community consent for genetic research whenever possible (78).  However, this view has been 
criticized on a number of grounds.  One reason is that it represents a case of genetic 
exceptionalism, as many other kinds of research may also pose risks to groups (79). Another 
argument is that at the very least, the result of community consent is that an individual may by 
unduly influenced to agree to participate or withdraw from a trial.  In its extreme version, the 
requirement to gain group consent would effectively overrule an individual's decision to take part 
in research (78;79).  Furthermore, it may support the incorrect belief that cultural groups have a 
particular genetic identity (Juengst, quoted in 78). 
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A more moderate position emphasizes that concerns over group-based harms could be addressed 
by community consultation (78,79).  The HapMap Project provides one example of community 
engagement.  To ensure that the autonomy of groups providing genetic information was 
supported, community engagement/public consultation was a central element of the HapMap 
Project, even after the samples had been collected (80).  This was to ensure that the communities 
felt engaged with the project and could direct their contribution to it in some way, and thus their 
autonomy was maintained through a sense of ownership and control over the project. 
 
One genetic population study that did not come to fruition, in part due to issues regarding 
community consultation and alternate ethical beliefs, was the study of the Tongan people 
proposed by the company Autogen, described in Box 6. 
 

Box 6 

Autogen in Tonga – the importance of community consultation and indigenous beliefs 
In 2000, a genetic population study of the Tongan people was proposed by the Australian 
company Autogen. The motivation for conducting a genetic population study on the Tongan 
people was, among other reasons, that "randomized clinical trials testing the effects of 
pharmacogenetic drug regimes may well be cheaper to run on populations possessing a high 
degree of genetic similarity in both the experimental and control arms, since the required level of 
statistical significance will probably be available from smaller populations."(57)  The study was 
going to focus on genomic research into the causes of diabetes, which has a high incidence in the 
Tongan population. Despite a number of benefits offered to the Tongan people, the study was 
vetoed by the Tongan people due in part to a lack of effective community consultation. Another 
aspect was Autogen's lack of appreciation of the effect that genetic testing and commercialization 
would have on the autonomy of the Tongan people through their views on genetic material and 
their tapu, described as the individual spiritual essence, the sanctity of the person (57).  "In the 
Polynesian context, it might well be thought that allowing others to take away one's genetic 
material is a violation of tapu resulting in the diminution of the tapu available to one's 
descendants and affronting one's ancestors, who have striven to preserve their own tapu as a 
legacy."(57)  It has been suggested that the study need not have been cancelled, had Autogen 
shown a greater appreciation for the way in which genetic information affected the autonomy of 
the Tongan people (57). 
 

 
The Tongan reaction demonstrates that there are different socio-cultural perspectives on what 
genetic information means and its value for different communities.  
 
 

The Nuffield Council points out that in some societies it is culturally inappropriate for individuals 
to be asked to participate in research without gaining permission from community leaders or 
consulting the community.  The Nuffield Council identifies three such situations: 

• consultation is required with the community before individuals are approached about 
research 

• permission from a leader(s) of the community is required before any research is 
discussed with the community or individuals 

• the leader of the community is considered to have the authority to enrol participants in 
research (76).  
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A number of guidance documents also require that researchers not only obtain individual consent 
but also that "investigators respect cultural traditions by consulting the community or "senior 
family members" when appropriate."(75)  It is important to recognize that this consent must be 
gained in addition to individual consent (75).  Thus while it has been increasingly recognized that 
meaningful community involvement is required for biomedical research with named populations 
(80), it is also worth noting that community engagement is not community consent (80).  It 
appears that in some communities, community consent is a requirement for research to proceed, 
for example, from American Indian tribes when recruiting within tribal jurisdiction (80). 
  

3.3.2. Handling of Genetic Information 

Privacy and storage of DNA and genetic information is important for research involving both 
clinical trials and databanks.  Collected samples can be handled with varying levels of privacy 
protection.  The European Agency for the Evaluation of Medicinal Products (EMEA) has 
outlined five definitions "for the labelling and coding of pharmacogenetic samples and data" and 
the "direct implications for the handling methodology of samples for pharmacogenetic testing and 
corresponding consequences for the level of privacy protection and use of the information for 
regulatory purposes."(81)  Table 5 summarizes the EMEA categories (81).  
 

Table 5: EMEA sample categories and implications for privacy of participants 

 
Sample 

Labelling 

Category 

Link Between 

Subject Identity 

and 

Pharmacogenetic 

Data 

Records 

Identifiable 

for Clinical 

Monitoring 

Actions Possible if 

subject withdraws 

Consent 

Return of 

Individual 

Results to 

Subject 

Scope of 

Subject Privacy 

protection 

Identified Yes, directly Yes Sample can be 
withdrawn with 
immediate effect 
for any prospective 
use 

Possible Similar to 
general 
healthcare 
confidentiality 

Single 

coded 

Indirectly, via 
code key 

Yes, via 
protocol-
specified 
procedures 

Sample can be 
withdrawn with 
immediate effect 
for any prospective 
use 

Possible Standards for 
clinical research 
Conforms to 
principles of 
GCP 

Double-

coded 

Very indirectly, 
via two sets of 
code keys 

Yes, via 
protocol-
specified 
procedures 

Sample can be 
withdrawn with 
immediate effect 
for any prospective 
use 

Possible Double code 
offers added 
privacy 
protection over 
single code 

Anonymised No. Key(s) 
identifying the 
link between 
pharmacogenetic 
data and the 
identity of the 
subject is deleted 

No Sample and data 
are not identifiable. 
Sample cannot be 
withdrawn once 
key is deleted. 

Not 
possible 

Pharmacogenetic 
data not linked 
to individuals 

Anonymous No No None Not 
possible 

Complete 
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CIOMS had noted that these categories are the regulatory terminology, and that the 
corresponding industry terms, outlined by the Pharmacogenomic Working Group (PWG), are as 
follows (26): 
  PWG    EMEA 

  Identified   Identified 
  Coded    Single-coded 
  De-identified   Double-coded 
  Anonymized   Anonymized 
  Anonymous   Anonymous 
 
It has been argued, however, that the variety of terminologies used to describe the ways of coding 
and identifying genetics samples impedes the sharing of data by researchers and that it will be 
important to implement a readily understandable nomenclature (82). 
 
Table 5 shows that the level of privacy protection for the individual varies depending on how the 
sample is handled.  The way in which the samples are handled has implications for whether the 
subject can be linked back to the pharmacogenomic sample, whether records can be identified for 
clinical monitoring, whether a subject's sample can be withdrawn if the subject withdraws 
consent; the ability to return results to the subject and the level of privacy protection afforded the 
subject.     
 
There are different types of pharmacogenomic research and it is likely that pharmacogenomic 
research projects will pose varying privacy and confidentiality risks to participants than those 
posed by research associated with locating disease genes.  Nonetheless, possible risks to 
confidentiality are important due to the familial and social aspects of genetic information (9).  In 
the context of developed countries, it has been argued that maintaining a link between a genetic 
donor and their information may pose risks resulting from discrimination in insurance and that 
work-place stigmatization may increase (5).  In developing countries confidentiality may be 
important to prevent discrimination and social exclusion.  One such example is a study which 
involved research into mother-to-child transmission of HIV that had a low participant rate due to 
the requirement to HIV-test the pregnant women.  Women were reluctant to be tested partly 
because they feared being socially excluded should relatives and specifically their husbands or 
partners became aware of a positive test result.  In this case, the requirement to provide written 
consent for the HIV test led to concerns about confidentiality and therefore to low participation 
rates (76,83).  It is possible that pharmacogenomic tests may reveal information, such as disease 
susceptibility, due to the genetic makeup of a research participant and that this may expose them 
to social exclusion or discrimination. As well as risks posed by revealing a disease susceptibility, 
special consideration must also be given to vulnerable groups such as children, the elderly and 
those with mental disease (74).  In the context of population research, information may be 
revealed about the genetic constitution of the population that could pose risks to that population, 
as will be discussed below.  While it is not clear if such risks will be posed to research 
participants, these possibilities need to be considered so that any harm to potential research 
participants is minimized. This is particularly important in most developing countries where 
social services are sparse or non-existent and the family and/or community provides all of the 
assistance required by the needy. 
 
Greatest privacy protection is offered if samples are anonymous or anonymised, but as Table 5 
shows, this means that the subject may be denied the potential benefits of research findings: the 
subject's records cannot be identified for clinical monitoring; the sample cannot be withdrawn if 
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consent is revoked and the results cannot be returned to individual subjects.  On the other hand, 
while it is possible to do all of these things with identified, single-coded and double-coded 
samples, there is also the possibility that, in the last two instances, the individual subject can be 
re-identified.  In drug trials it may be appropriate to code or double-code genetic samples as the 
ability to identify participants would allow research participants to benefit immediately from the 
research findings (9).  It has also been suggested that double-coding permits the optimal use of 
samples and data in databanks, as this allows "epidemiological follow-up studies and meta-
analysis."(74)  It is recognized that the confidentiality of genetic samples in research and 
databanks must be protected.  However, it is also the case that if the highest levels of 
confidentiality protection are offered, such as that offered by anonymized samples, both the 
research utility of the sample is limited and participants are prevented from receiving results (9).  
Therefore while this approach offers the greatest level of confidentiality, it may also compromise 
other important values (9). 
 
The HapMap Project demonstrates an example of how consent and privacy issues have been 
addressed in a large genetic database.  The International HapMap is a genetic database composed 
of three broad regional samples: CEPH (from Europeans in the United States), Yoruba (Africa) 
and East Asia (80).   Consent was required for both pre-existing and newly gathered genetic 
samples.  New HapMap samples were collected with population and sex identifiers, but no links 
to individual donors. Donors who had provided samples to the Centre d'Etude du Polymorphisme 
Humain (CEPH) in 1980 were contacted to obtain consent for use in the HapMap Project.  
Permission from the local Institutional Review Board was gained to use samples from deceased 
CEPH donors (80).  The CEPH samples were not therefore anonymous samples, but the HapMap 
Consortium did not have direct access to samples as the links were held in strict confidence (80). 
As a further privacy protection for all donors, the HapMap Project did not include medical or 
phenotype information and more samples were collected than analysed, so that not even donors 
can be sure their samples were used (80).  However two risks to privacy, albeit very small, are 
present.  If someone compared a sample genotype with one in the HapMap and got a match, they 
could then identify a donor.  Also, if data in the HapMap was compared with information known 
to be from a donor whose data was in another database, a donor could be identified (80).   
 
The data handling applied to genetic samples in research may have implications for the revoking 
of consent.  As noted in Table 5, the level of data protection afforded genetic samples has an 
impact on whether those samples can be removed from the clinical trial or databank if consent is 
revoked.  Thus, if participants are offered the highest level of data protection, they also forfeit the 
ability to have their genetic information removed from a research project should they later 
withdraw their consent. 
 
This may also be an issue in the collection of genetic data that requires community consent.  In 
the HapMap project, Community Advisory Groups were set up in each community where new 
genetic samples had been gathered.  These groups are intended to act as a liaison between the 
community and the Coriell Institute, where the samples are stored.  The Coriell Institute does not 
allow researchers to use the samples if their aims are inconsistent with the terms of consent given 
by the donors, and will consult the Community Advisory Group in unclear cases.  In the unlikely 
case that a community wishes to withdraw its samples, this request will be acted upon.  However, 
genotype data that had already been deposited in the HapMap database could not be fully 
withdrawn, as it would already have been widely distributed (80).  Thus it would appear that the 
ability to withdraw or revoke permission in this kind of project is quite limited. 
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In summary then, while the way in which the data is handled will depend on the research being 
undertaken, the handling of genetic data should be managed in such a way so as to protect the 
privacy of participants as much as possible, taking into account any special subject requirements. 

3.3.3. Further Use and Storage of Genetic Information  

The way in which samples are handled has direct implications for the further use and storage of 
that genetic information.  As pharmacogenomic and genomic research expands, increasing 
numbers of people will be involved.  One estimate of the number of samples of genetic material 
available for analysis within the pharmaceutical industry in Europe alone ranges between 100,000 
and 1 million samples (74).  Thus it is apparent that the ethical questions posed by the sampling 
and storing of data may be of concern to a considerable number of people, and as the collection 
of data increases, the ethical issues surrounding its use and storage may become more pressing. 
 
The Consortium on Pharmacogenetics has described an additional aspect when discussing the 
scope of consent, which includes whether it is time-limited or not.  They offer the two extreme 
examples, one in which a research participant allows "a blanket, time-unlimited consent for the 
use of his DNA sample and/or medical records for any research project the researcher or any 
other researcher chooses" or at the other extreme "narrowly focused consent only for the use of 
the DNA sample and certain specified information from the medical record, only for a limited 
period of time, with restricted genotyping, and only for this researcher."(79)  The ongoing storage 
of genetic information raises questions regarding the length of researchers' commitment to 
research participants.  New information could come to light that may be of interest to research 
participants from previous studies with genetic data in storage (84).  As the field develops, there 
may be a requirement to state the limits of researchers' commitments to participants in the 
consent process at the outset of a study.     

 

3.3.4. Ethical Review  

Ethical guidance regarding research in developing countries stresses that ethical review of 
proposed research should take place and that this review process should be undertaken by at least 
one independent research ethics committee (75).  Detailed guidance regarding ethical review is 
available in a number of publications and will therefore not be detailed here,4 but it is worth 
stressing that independent ethical review is necessary for pharmacogenomic research to ensure 
that research proposals are ethically appropriate and that proper measures involving consent, 
privacy, the future use of genetic samples and other research issues are appropriately addressed. 

 

3.3.5. Clinical issues 

The introduction of clinical pharmacogenomic testing will be difficult in developing countries 
due to major problems in providing even basic healthcare measures (85).  While it has been found 
that some variant genes affect the efficacy of drugs used to treat diseases such as malaria and 
HIV, the question is whether it will be cost effective to introduce genetic tests before the use of 
these drugs in developing countries (85).  Better understanding of the genetic makeup of 
infectious agents, as well as genetic tests that identify an individual's resistance to disease 
pathogens may also, in the future, become part of pharmacogenomics in developing countries.  
Again, in the developing country context there are obstacles to the development and 

                                                 
4 For a discussion on ethical review of research see The Nuffield Council on Bioethics, The ethics of research related 
to healthcare in developing countries: a follow-up discussion paper, Nuffield Council on Bioethics: London, 2005, 
pp. 47-54. 
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implementation of such pharmacogenomic measures, should they prove viable,  due to ineffective 
healthcare delivery and poverty in many countries (85).  
 
However, should testing become available and affordable, pharmacogenomic testing in the 
clinical context raises ethical issues around the level of informed consent required to carry out 
pharmacogenomic testing for the purposes of drug prescription, and the risks posed by secondary 
information gathered through pharmacogenomic testing (86).  Although these issues will be 
discussed below, it should be noted here, however, that these are mainly concerns within a 
developed country context.   
 
There has been considerable debate as to whether genetic information is more sensitive than other 
forms of medical information.  The Human Genetics Commission in the United Kingdom has 
described seven reasons why, taken together or apart, genetic information should be treated 
differently: it 

• is uniquely identifying and provides information about family relationships; 

• can be obtained from a small sample, possibly taken without consent; 

• can be used to predict future events; 

• may be used for purposes other than those for which it was collected; 

• is of interest to third parties such as employers and insurers, families, friends, potential spouses; 

• may be important for determining susceptibility and effectiveness of treatment; 

• can be recovered from stored specimens even after many years (Human Genetics Commission, 
quoted in63).   

 
It has been argued that viewing genetic information as being somehow different from other 
medical information and thus requiring special treatment is "genetic exceptionalism"(63).  It has 
also been suggested that as most pharmacogenomic testing will identify SNPs, it will not result in 
direct information regarding mutations related to disease (87).  However, SNP profiles, which 
may be used to predict a patient's drug response, may disclose other predictive medical 
information (86,87).  Other pharmacogenetic tests may also reveal more information than just a 
predicted drug response. One example is the test for mutations of the ryanodine receptor gene 
(RYR1).  People with mutations on this gene may experience potentially severe side-effects if 
they receive particular anesthetic drugs, but particular mutations of this gene have also been 
associated with central core disease, a congenital myopathy (86).   Thus, a range of non-drug 
response related genetic information may be revealed by pharmacogenomic tests (9,86).   
 
This raises two important points: it may not be possible to distinguish between pharmacogenomic 
tests and disease-specific genetic testing; and the testing of an individual may provide 
information that is also important for that individual's family (86).   
 
It has been suggested that one way around the issues posed by secondary information gained 
through pharmacogenomic testing is to limit the production of secondary information by a careful 
selection of markers (Robertson et al, quoted in86).  This may mean, however, that harm is 
caused to the patient if secondary information is not used, although the patient may decide not to 
know this information (86).  Adding to the complexity of the interpretation of pharmacogenomic 
tests, treatment may be further complicated by a variety of factors, including gene-gene and/or 
gene-environment interactions (86).   
 
In clinical practice the rationale for the requirement to obtain informed consent for 
pharmacogenomic testing does not rest on the fact that the information is genetic, but on the 
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nature of the information gathered. The Nuffield Council has recommended that the use of 
written consent forms for pharmacogenomic testing is dependent on the kind of information that 
may be revealed by the test.  The Council considers that written consent forms will usually not be 
required.  However, if the pharmacogenomic test may reveal other information regarding the 
patient's response to other medications than that being tested for or disease susceptibility or 
presence; or if the test will provide information that will have a meaningful impact on the 
patient's lifestyle or health, then written consent may be indicated (63).  The Consortium on 
Pharmacogenetics has made the more cautious suggestion that informed consent should be 
obtained before a clinical pharmacogenetic test is carried out, at least until better systems are in 
place to protect the confidentiality of genetic results and until the general public is familiar with 
the use of genetic testing in medicine.   
 
Given the complexity of the information revealed by pharmacogenomic testing, its potential to 
provide secondary information and the possibility that future technological advances may mean 
that a test taken now may reveal more information in the light of new knowledge (86), it would 
thus appear that written informed consent forms may, at least for some pharmacogenomic tests, 
be advisable.  
 

3.3.6. Conclusions 

In order to ensure that pharmacogenomic research is carried out in an appropriate way, it is 
necessary to observe the ethical requirements of consent, respect for privacy and confidentiality, 
and minimization of any potential harm.   
 
Should pharmacogenomic research, particularly population based research, be carried out in 
developing countries, accepted ethical guidelines of research should be complied with, including:   

• that it falls within the established public health priorities of the host country 

• that the benefits and risks of the research, as well as the intended storage and any further 
use of the genetic data, are clearly and comprehensively explained to participants in order 
to obtain appropriately informed consent; 

• and that the discussion of benefits be explicit with respect to how the sponsors will 
contribute to the health and wellbeing of the participants, or the broader community, after 
the research is finalized. 

 
As societies and groups in many developing countries have cultural beliefs that may enable 
community leaders or elders to consent to research for individuals, it is important to consult with 
such community leaders as part of the consent process.  However, this does not mean that 
community consent is all that is required before research is carried out.  Rather, in order to 
protect the rights of individuals, community consent or consultation, as well as individual consent, 
must both be obtained.  The various intricacies of obtaining individual consent as well as 
community consent, while making the research process longer, are necessary to protect both 
individual and group rights. 
 
Pharmacogenomic research must be subject to independent ethical review to ensure that the rights 
of study participants are respected. 
 
Due to obstacles of healthcare delivery and cost, it appears that there are many problems to 
overcome before clinical applications of pharmacogenomics in developing countries are a 



ELSI of Pharmacogenomics in Developing Countries 
 

 28 

possibility.  While it is important that such measures be researched and implemented if possible, 
as part of a broad and integrated healthcare system, it must also be recognized that other 
established health care measures may have priority over pharmacogenomics in developing 
countries.  See Annex 2 for a checklist of minimal requirements when considering 
pharmacogenomics for developing countries. 
 

3.4. Implementation of pharmacogenomics: benefit-sharing, drug resuscitation, 

technology transfer and capacity building 

 
The lack of biotechnological knowledge and facilities in developing countries is an obstacle to 
pharmacogenomic research and application.  Epidemiological research for the identification and 
frequency of genotypes specific to particular populations - which may form the base of some 
pharmacogenomic research and development - could result in the collection of many samples 
from developing country populations. However, many developing countries do not have 
capabilities in the pharmaceuticals sector equal to those in developed countries (88). Health 
researchers in developing countries must contend with incredible obstacles: "scientific isolation, 
insufficient technical training and research tools, a lack of up to date scientific information, and 
limited financial, material, and human resources."(89)  These barriers are formidable: they 
significantly hinder the capacity of developing countries to carry out health research and will also 
limit their ability to carry out pharmacogenomic research.   
 
Some developing countries are addressing this need directly.  Cuba, Mexico and India have all 
invested in developing their biotechnology sectors (88).  A number of genotyping projects have 
also been started in developing countries.  There are genotyping projects under way in India and 
Thailand; Genome Institute of Singapore is bringing together scientists from China, India, 
Indonesia, Japan, Democratic People's Republic of Korea, Malaysia, Nepal, the Philippines, 
Singapore and Thailand in the HUGO Pacific Pan-Asian SNP initiative; and Mexico has initiated 
the Institute of Genomics Medicine (see Table 2) (12).  However, developing countries such as 
Nigeria and other African countries do not have the biotechnological capabilities in their 
pharmaceutical and allied industries that are available in developed countries (88).   
 
A number of measures have been identified to help remedy this situation.  While it is apparent 
that the ongoing problems in developing countries of "poverty, a lack of clean water, diseases 
that are difficult to control, illiteracy and poor governance" are significant, Daar and Singer argue 
that it is these very countries that are "most in need of emerging scientific and technological 
knowledge that might ameliorate their situations, by reducing costs and the adverse effects of 
drugs."(12)  Key solutions that have been identified to address the problems of drug development 
capacity in developing countries are capacity building and technology transfer (90).  

 

3.4.1. Benefit Sharing 

Benefit sharing is founded on the notion that benefits from research should be more equally 
distributed and is increasingly recognized internationally (91), yet there has been much 
discussion over the ethical rationale for benefit sharing, what exactly constitutes a benefit to be 
shared, and how the process of benefit sharing should be implemented. 
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The Human Genome Organisation's (HUGO) Ethics Committee issued a statement on benefit 
sharing in April 2000, which recommends, among other things, that "profit-making entities 
dedicate a percentage (e.g. 1% -3%) of their annual net profit to healthcare infrastructure and/or 
to humanitarian efforts."(56)  According to the HUGO Ethics Committee, increased 
commercialization of genetic information, the potential for large profits to be gained from genetic 
research and the probability that genetic research will increase health inequalities between the 
rich and poor have all contributed to the growing recognition of the importance of benefit sharing 
(91).  International ethics guidelines also emphasize that "those exposing themselves to the risks 
of research be assured access to the products of that research."(92).   
 
Benefit sharing is not an uncontested concept.  A number of concerns regarding its ethical 
underpinnings have been voiced. These include arguments against the use of benefit-sharing 
within the field of genetics on the grounds that it relies on the commodification of the body (93).   
Berg also raises a number of questions including the argument that individuals who have 
provided genetic samples do not have a right to shared benefits gained from research as it is the 
value added by the researcher that makes the sample valuable, and thus, if anyone has a right to 
the benefits of the research it would appear that the scientists who have added the value have a 
greater right to the benefit than the sample donor (94).  It is hard to identify specific arguments in 
favour of benefit sharing in the form of "financial compensation to individuals"(94) but, in 
relation to genomic research, supports the HUGO Ethics Committee's view that a percentage of 
profits is dedicated to healthcare infrastructure and/or humanitarian efforts, based on "long-
standing ethical notions about a duty to help the needy or to help countries develop."(94)  Thus, 
Berg supports the intent of benefit-sharing measures proposed by the HUGO Ethics Committee, 
though not necessarily the ethical rationales used to support them. 
 
Those who do support the general principle of benefit sharing have nonetheless identified 
particular issues that need to be addressed.  It has been recognized that it is difficult to actually 
implement benefit sharing measures (75), or even agree on which groups should benefit from the 
actual research.  Knoppers and Chadwick describe benefit sharing as involving "the idea of 
recognizing the contribution of participating communities, disease groups and populations 
through technology transfer, the sharing of profits from patents or the provision of humanitarian 
aid." (72)  But there is a need to clarify certain terms used in the debate over benefit sharing.  It 
was argued that as the HUGO statement refers to many groups, there is a need to clarify the terms 
used, as terms such as "community" are heterogeneous and thus have diverse meanings (95).  
Furthermore, Weijer considers the principle that "the genome is part of the common heritage of 
humanity" to imply that all humanity should benefit from knowledge generated out of such 
projects as the Human Genome Project, suggesting that benefits should not be given to any 
particular individual or community (95).  The Nuffield Council has suggested that "arrangements 
for possible benefits should be based on a partnership between sponsors and researchers both in 
the sponsor and local country" but has also noted that benefit sharing is an issue that will require 
future attention (75). 
 
Genomic research may result in several categories of benefit, from discoveries that benefit the 
whole human population, to cures or treatments for those suffering from a particular disease, or 
the provision of free medical care to study participants, among others (94). It was shown that the 
ethical principle of benefit sharing may be applied in practice, particularly in the context of 
genomic epidemiological research (92). As the human genome is considered to belong to all 
people and developments that may result from genomic research may benefit all people, benefit 
sharing measures should move from local to broader interests (92).  In keeping with this broad 
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view of benefit sharing, returns to the community can take a number of forms, including 
"technology transfer, local training, provision of healthcare or information infrastructures, or the 
possible use of a percentage of royalties for humanitarian purposes."(96)  This last measure has 
the advantage of benefiting the community from which research participants have come, without 
having to trace back to individual participants after considerable time has passed (92), a process 
that may conflict with confidentiality measures.   
 
Although much guidance emphasizes that benefits of research from profit-making entities are 
shared with the study participants and/or their communities, it is also evident that there is perhaps 
more work to be done in teasing out exactly what the concept of benefit-sharing involves in order 
to apply this in actual research situations.  On the basis of distributive justice, returning a 
percentage of profits to communities who have participated in research is justifiable on the 
ethical grounds of a duty to help those in need.  This view is useful in that it appears to avoid 
concerns over the commodification of the body that have been raised.  The concept of 
compensatory justice also supports benefit sharing.  Compensatory justice upholds the principle 
that those who contribute genetic information to research and development activities should 
receive adequate compensation for their contribution and thus provides direct support for the 
concept of benefit sharing.   
 
Even if the concept of benefit sharing requires further ethical consideration, the view of benefit 
sharing as an expression of the moral duty to help the poor or as compensation for participants' 
involvement in research still provide strong ethical support for its application.  While concerns 
over commodification must be respected, it is perhaps important to note that, while an imperfect 
solution, benefit sharing, justified on the grounds of beneficence and justice, is a better ethical 
solution than not offering a share of the benefits to research participants.  Practically, as Daar and 
Singer note, "developing countries will not cooperate if they feel that the benefits will go to 
others and that they are being used merely as instruments for that end."(12)   
 

3.4.2. Drug Resuscitation and Pharmacogenomics  

As mentioned in the scientific section, drug resuscitation is one area in which pharmacogenomics 
may provide benefits to developing countries.  The vast majority of pharmaceutical discoveries 
never make it to full-scale commercialisation and production, as only one out of every 10,000 
molecules synthesized is developed to become a marketed medicine (97).  Therefore the 
pharmaceutical industry is heavily dependent on one successful product that covers the costs of 
the less successful pharmaceuticals and provides funding for the research and development of the 
next round of candidates.  This is referred to as the "blockbuster" phenomenon. 
Pharmacogenomics may reduce some of the reliance on blockbusters with the emerging concept 
of drug resuscitation.  
 
Drug candidates that have been dropped due to poor efficacy or ADRs in clinical trials may be 
"resuscitated" by subsequent genomic analysis. Through pharmacogenomic investigation, clinical 
trials can be re-instated that either focuses on those subjects that are responsive to treatment or 
exclude those who would experience ADRs.  Thus "drugs that were previously rejected after 
giving unacceptable rates of adverse responses in traditionally constructed trials will yield lower 
adverse-response rates after testing under the new model, thereby becoming acceptable 
candidates for approval."(14)  This means a possible return on previous investment in research 
and development, even if the market is smaller than it would be for normal pharmaceuticals (98). 
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Some pharmaceuticals show potential of drug resuscitation (99), but the current clinical evidence 
and commercial practice is scant. Though this may change as pharmacogenomics develops, it is 
hard to tell what effect resuscitation will have on the pharmaceutical industry. The theory of drug 
resuscitation is contingent upon a wealth of quality clinical data that can link pharmaceutical 
candidate, clinical subject response and subject genotype. There are also numerous technical, 
ethical and legal hurdles that must be overcome before drug resuscitation becomes an active part 
of any pharmaceutical design. 
 
If subject consent is obtained, legal guidelines are developed, and enough high-quality clinical 
data is available for analysis, the next step for drug resuscitation would be to link genotype 
information to ADR and/or poor responders and/or good responders information. Clustering and 
data analysis and mining could then be conducted so that a genetic profile, using SNPs or 
HapMap information, is generated which could then identify genetic subpopulations that are 
predicted to have high chances of ADRs or low responders. Clinical trials could then be resumed 
at phase II or III, involving subjects with the desired genetic profile, so that new data is obtained. 
Smart, Martin and Parker observe that “where the overall benefit of a drug across the whole 
population is shown to be marginal, pharmacogenetics might be used retrospectively to identify a 
particular genetic subgroup who are particularly good responders to the therapy. These groups 
could be specifically included in subsequent pivotal trials” (100). 
 
Another approach is for a pharmaceutical company to check old clinical trials for a narrow 
genetic population.  Much of the world's medical research and development is conducted on and 
planned for the U.S. and European markets (101).  One could assume that genotypes prevalent 
within the U.S. and European populations will be the only ones studied in clinical trials.  This 
could mean that, if used in other populations, other unexpected side-effects may occur in 
populations with different genetic characteristics. By analysing clinical trial histories, it may be 
possible to redirect pharmaceutical development to investigate populations in regions not 
included in the typical U.S. and European focus. In re-examining pharmaceutical compounds in 
this way, it might be able to redress the predominant focus on developed countries in the majority 
of pharmaceutical research and development.  
 
For developing countries, drug resuscitation may be a boon in that regional specialists may be 
able to subcontract to larger pharmaceutical companies to provide regionally specific data mining 
services, so that capacity building is conducted in developing countries and pharmaceutical 
research and development is not limited strictly to developed countries.  In such cases, capacity 
building might involve arrangements to train local scientists and investment in local 
biotechnology infrastructure and the like. Such operations would need to be conducted in 
partnership, due to the knowledge and scope that already exists within developed country 
pharmaceutical research and development industries and because of regulatory requirements 
relating to pre-existing clinical data.   
 
One concern in relation to resuscitated pharmaceutical entities is the safety and efficacy of the 
treatments. If an NCE was originally dropped due to significant levels of ADRs, for example, 
then extra vigilance is required to ensure that these ADRs do not resurface once a new product 
has been released onto the market. The Nuffield Council state that “the advances in 
pharmacogenetics can be expected to lead to the licensing of medicines that would not have been 
licensed had there been no associated test, because of the serious danger those medicines pose to 
a subpopulation. To allow prescription without the test in such a case would be wrong” (63). 
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For pharmacogenomic treatments in general and a resuscitated treatment in particular to be 
licensed, at least three requirements would need to be met: high probability of safety, as given by 
the analytical validity of the specific gene test (26); close scrutiny of post release data through the 
process of pharmacovigilance; and strong emphasis on the necessity of testing (63).  Potential 
also exists for unscrupulous companies to release unsafe resuscitated pharmaceuticals, 
particularly in developing countries where regulation is harder to enforce, as clinical re-trialing 
may not have been carried out properly or at all. Therefore resuscitated pharmaceutical products 
must be carefully monitored once released onto the market. 
 

3.4.3. Technology Transfer and Capacity Building 

Technology transfer and capacity building are important in order to develop expertise in genomic 
technology in developing countries.  Trouiller et al. argue that capacity building and technology 
transfer are crucial measures in the effort to encourage the development of drugs for neglected 
diseases (90).  While some developing countries, including Cuba, Mexico and India, have 
invested in developing biotechnology sectors (88), pharmaceutical and related industries in 
countries like Nigeria and many other African nations do not have the capabilities of those in 
developed countries (88).  
 
The needs for capacity building in developing countries were identified.  These included the 
"importance for developing countries in investing in their own PhD training programs and in the 
use of more South regional centers and networks for PhD degrees, instead of Northern 
institutions."(102)  The involvement of scientists and institutions in industrialized countries in 
capacity building activities such as "fellowships, visiting professors, training courses, and 
workshops" in developing countries was also highlighted, as was the need for postdoctoral 
fellowships and re-entry projects in the case of training programs (102).  The need to promote 
biotechnological innovation in developing countries through collaborative, equitable research 
partnerships was also emphasized (see Box 7).   
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Box 7 - Technology transfer and capacity building activities 

 

The Thailand Research Fund - The Royal Golden Jubilee PhD Program 

 
In order to address the acute shortage of highly qualified individuals in Thailand, the Thailand 
Research Fund, together with the Ministry of University Affairs and the National Science and 
Technology Development Agency, initiated the Royal Golden Jubilee PhD Program in 1996.  
The aim of the program, which commemorates the Golden Jubilee of the King's reign, is to 
produce 5000 PhD graduates between 1997 and 2011.  Included in the grant are funds for 
students to pursue research with collaborating centers abroad, and on graduation students are 
required to produce international publications (103). 
 

Academy of Science of South Africa - Third World Academy of Sciences (TWAS) 

Scholarships 

Founded in 1983, the main objectives of the Third World Academy of Sciences (TWAS) are to: 
-  Recognize, support and promote excellence in scientific research in the South; 
- Provide promising scientists in the South with research facilities necessary for the 
advancement of their work; 
- Facilitate contacts between individual scientists and institutions in the South; 
- Encourage South-North cooperation between individuals and centers of scholarship; 
- Encourage scientific research on major Third World problems (104). 
The TWAS is involved in a number of activities to promote capacity building for research.  
These include TWAS Research Grants for scientists from developing countries, grants to 
support research units in least developed countries, spare parts for scientific equipment which 
provides funds to cover the cost of small items for Third World institutions, and an electronic 
journal delivery service (105). TWAS also offers a number of scholarships aimed at supporting 
scientists from developing countries to further develop their skills (106). 
 

Millennium Science Initiatives and the Global Science Corps 

Under the auspices of the Science Initiative Group, the Millennium Science Initiative aims to 
"create and nurture world-class science and scientific talent in the developing world. The 
primary goals of the MSI are to: 
- Foster innovative research and applications of specific value to the host country or region 
- Educate and train future generations of scientists and engineers 
- Develop linkages with educational and research institutions, the private sector, and the global 
scientific community. 
The mission of the MSI will be reinforced by the Global Science Corps (GSC), which will send 
scientists from advanced nations to work alongside colleagues in the developing world."(107) 
 

African Institute of Science and Technology. 

It is envisaged that the African Institute of Science and Technology, an initiative of the Nelson 
Mandela Institution, will eventually consist of four science and technology higher education 
campuses and a number of smaller affiliated centers of excellence throughout Sub-Saharan 
Africa (SSA).  The three main objectives of the AIST are to encourage human capital 
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The importance of developing countries, particularly in Africa, in taking an initiative in the 
development of genomics technologies was stressed (88). It includes the formation of a strong 
biotechnology base through providing academic centers and research institutes with required 
infrastructure; human capacity building measures such as providing scholarships for 
undergraduates interested in the field and funding for graduate students to pursue research; and 
governments prioritizing education in mathematics, sciences and technology.  Furthermore, the 
biotechnology sector should focus on addressing the health needs of its own population (88).  
These measures may result not only from developed-developing country partnerships, but may 
also reflect a shift in the developing country's economic and industrial priorities. 
 
A number of key elements in the process of technology transfer for developed-developing 
country partnerships has been identified. Aside from technical issues, the following is important 
in the process of technology transfer: "economic support, political cooperation, functional 
infrastructure, good communication, and an understanding of sociocultural issues, and 
environmental concerns"(89).  In order to make technology transfer possible, the need to design 
or modify equipment or techniques to suit the local situation, streamline protocols, prepare 
reagents in house, recycle, and use donated equipment was emphasized (89). Collaborations 
between local and foreign scientists from developed and developing countries should be 
encouraged, and governments should facilitate partnerships between academic institutions and 
the pharmaceutical industry (88, 109). The Royal Golden Jubilee PhD Program of the Thailand 
Research Fund (see Box 7) is one example.  Developing countries such as Mexico, Cuba and 
India, that are investing in biotechnology and producing the human resources and infrastructure 
necessary for its implementation, may be able to transfer these knowledge to other developing 
countries at a reduced cost and thus serve as a conduit for technology transfer and capacity 
building for other developing countries (110). 
 
Another area in which capacity building and technology transfer is required is in the area of 
patent law.  Medecins Sans Frontieres has described the complexity of patent law in relation to 
pharmaceutical patents and has noted that legal and patent experience in relation to 
pharmaceutical patents in developing countries is required (111).  There are also situations where 
patent laws in developing countries have been made in response to demand from developed 
countries and thus serve the interests of the developed countries rather than the developing 
country making the law.  One such example is Thailand where, since 1985, patent laws have been 
strengthened due to demand from the Office of the United States Trade Representative as a result 
of complaints from the Pharmaceutical Research and Manufacturers Association of America over 
lost revenue caused by weak patent protection (112, 113). 
 

3.4.4. Conclusions  

For pharmacogenomics to be relevant to health in developing countries, a number of issues must 
be addressed.  These include appropriate uses of the technology to address local health issues, as 
well as appropriate technology transfer and capacity building measures to ensure that developing 
countries can begin to address their own health problems.  It is also important that populations in 
developing countries are not seen merely as sources of genetic data, but also share in the benefits 
from the use of that data. 
 



ELSI of Pharmacogenomics in Developing Countries 
 

 35 

Efforts at drug resuscitation would need to ensure that pharmacogenomic testing was done on 
populations in which the resuscitated drugs would ultimately be used so as to ensure the drug's 
safety and efficacy. 
 
Benefit sharing measures should serve the broader interests of the community rather than offer 
shares of the research benefit to individuals.  In particular, benefit sharing measures should 
involve increasing access to newly developed and expensive medications for people in 
developing countries. 
 
Pharmaceutical companies should sponsor the funding of infrastructure and capacity building of 
strong pharmacogenomic services and studies in developing countries so that drugs and other 
related agents such as vaccines can be fully tested before distribution.  
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4. Legal and Social Issues of Pharmacogenomics 
  

4.1. Patents and pharmacogenomics 

Patents will strongly influence the way in which pharmacogenomics is integrated into health care, 
particularly in developing countries. The primary ELSI issues associated with patents and 
pharmacogenomics are those related to research and development and delivery and access. A 
patent gives the patent owner the right of exclusion (114) through limited rights of monopoly. 
That is, the patent owner has the right to prevent another person from using or profiting from the 
products of the owner's innovation without seeking the owner's approval. To access a patent, one 
may need to pay royalties or take out a license, subject to the owner's consent. Two of the key 
rationales behind the patent system are to protect the fruit of intellectual labour, thus promoting 
innovation through recognition of the inventor's creativity (115), and to publish new and 
innovative information openly, so that the information becomes accessible within the public 
domain (35). Thus the way in which people assert their ownership of pharmacogenomic 
developments through patents will have an effect on the research and development of 
pharmacogenomics as well as the public spread of pharmacogenomic treatment and information. 
This is particularly relevant for developing countries, as patents that limit access to health care 
will be more than a simple inconvenience due to the essential nature of many health care 
treatments (111). 
 
Information derived from DNA is generally held to be patentable in the majority of legal realms. 
Though the patenting of DNA is recognized by many legal jurisdictions, much controversy still 
exists over the basic aspects of DNA patents: whether they should be permitted at all (123), what 
their scope should be and how international regulations should treat such patents (124).  For a 
detailed discussion of the ethical, legal and social issues associated with DNA and patents, see 
the Genetics, genomics and the patenting of DNA (35) report.  
 

4.1.1. What could be patented in pharmacogenomics? 

It is hard to tell what the breadth and scope of pharmacogenomic patents will be, given the 
emerging nature of the technology and the multiple jurisdictions, treaties and agreements 
involved. The United Kingdom-based Nuffield Council on Bioethics has considered whether 
SNPs will be patentable, and predicts that patents will generally focus not on the SNPs 
themselves, but on the use of the SNPs (63). The Nuffield report expects pharmacogenomic- 
related patents will involve three main claim types: methods of testing, methods of treatment and 
novel dosage forms of medicine. Testing claims will be of the nature of TPMT, where the 
SNP/haplotype information that is tested will form the basis of the patent. Method of treatment 
claims, which are only strictly allowable in the US (63),  will occur when the method of 
administration of the pharmaceutical to the patient will form the patent's basis (63). Novel dosage 
claims will occur with patents that involve the specific dose of the pharmaceutical to a specified 
gene type, as in the case of BiDil. 
 

4.1.2. Patents, research and development 

One of the main concerns about pharmaceutical patents in general, and pharmacogenomic patents 
in particular, is that existing patents may stymie research into new medical treatment. Report on 
“Genetics, genomics and the patenting of DNA” describes this as "imposing transaction costs and 
inconvenience on research and development"(35). Though research is often exempted from 
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patent restriction (125), if the research is done with the goal of commercial development in the 
future, then there may be concerns regarding the ability or right to access or use the information 
at commercialisation (63).  To this end, licenses and sublicenses may need to be taken out by the 
researcher, so that they can perform the research with the knowledge that at the end of the 
research process they will still have retained the potential for commercialisation. This could 
result in delays in research and development, and money being diverted into patent investigation, 
legal costs and licensing fees (63).  The result of this increased complexity is more tentative 
research and development, delayed commercialisation and the potential for increased prices to be 
shifted into health care systems. In the highly competitive pharmaceutical market, if patents are 
used as strategic commercial tools (116,117) then the secondary benefits of pharmacogenomics  - 
decreased time and cost of clinical trials - may be negated by increased costs imposed by patent 
licences, royalties and legal fees. This is a common concern with pharmaceuticals and patents but 
becomes more important with pharmacogenomics as the genetic information necessary to 
pharmacogenomic research and development adds another layer of complexity to existing patents 
and regulations.   
 

4.1.3. Patents, delivery and access  

Patents can result in the patent owner charging for use of the patented material. Though it is 
restrictive licensing that can lead to increases in cost of services, as opposed to patenting itself, 
this licensing is made possible through the patent system (35).  Restrictive licensing can reduce 
people's access to medical treatment if they cannot afford the fees imposed by patent holders. For 
the world's poor, this can result in a lack of effective health care. In the U.S. "the (retail) price of 
a prescription brand name drug is 3.4 times higher than the price of a generic drug. In developing 
countries, the price difference is often even more striking." (118,119)  Though, given the 
developed country focus of much pharmaceutical research; developing countries have often been 
free of aggressively pursued patent restrictions, which have allowed the emergence of generic 
drug markets in many countries. In fact, the developed country market focus of many 
pharmaceutical companies provides some benefit to developing countries. In reference to the 
Pharmaceutical Research and Manufacturers of America, Barton states that "the entire African 
drug market contributes approximately 0.4% of the sales of the US pharmaceutical 
industry….Having prices near marginal cost in these markets would have little impact on drug 
development incentives" (115).  As a result of a lack of market pressure, "developing nations will 
often be legally free to use the patented research tool without having to worry about the patents or 
possible royalties (and this may even be an incentive to carrying out research in developing 
nations)."(126) 
 
In contrast is the view presented by groups such as Medecins Sans Frontieres, who argue that 
patents can undermine public health: “Patents were designed to ensure that the public benefits 
from innovations, but it is very clear that people in developing countries are currently not getting 
their part of the patent bargain. On the contrary: in many countries, patents hamper the public's 
access to life-saving medicines” (111). Therefore, according to this view, if pharmacogenomics 
offers another avenue for patenting in the "post-TRIPs" global environment then 
pharmacogenomics may make it even harder to access medicines, especially in developing 
countries. 
  
The recommendations for tighter restrictions may lead to declines in public health. As mentioned, 
the WTO Doha declaration sought to highlight the flexibilities in TRIPs to ensure that issues of 
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intellectual property do not override public health concerns. Paragraph 4 of the declaration states 
that TRIPs "can and should be interpreted and implemented in a manner supportive of WTO 
Members' right to protect public health and, in particular, to promote access to medicines for 
all."(122)   One method of supporting public health, especially in terms of an epidemic or other 
public health crisis, is the right of a country to override a patent and force the patent holder to 
allow the state or others to produce the product with minimal patent restriction. This is known as 
compulsory licensing and paragraph 5 b) of the Doha declaration states that "each Member has 
the right to grant compulsory licenses and the freedom to determine the grounds upon which such 
licenses are granted."(122)  Compulsory licensing is seen as a necessity for ensuring public 
health. Concerns exist, however, due to the exporting and importing of generic pharmaceuticals. 
The WTO "August 30" decision clarified the terms and conditions as to when compulsory 
licenses can be issued for exporters and importers (120,127).  The concern here is that the 
multiple agreements, declarations and decisions are confusing and, given a lack of technical and 
legal experience in developing countries (111), people may be unaware of compulsory licensing 
or how to obtain them.  Furthermore, developing countries may have difficulties in utilizing 
compulsory licenses without alienating the powerful pharmaceutical sector lobby, which could 
pose further problems in terms of the availability and affordability of crucial medications (110). 
 
A patent has to be applied for early in the research and development process. As pharmaceutical 
research and development can take long periods of time, the period of commercial exclusivity 
offered by the patent - 20 years under TRIPs - can be greatly diminished. To this end, 
pharmaceutical companies seeking to extend market exclusivity may seek new patents on pre-
existing treatments.  This may involve "changing the dose of a drug, altering its form of delivery 
or modifying its formulations by adding safety profiles or producing extended-release 
drugs."(121,128) This is known as "evergreening" and, through patient specific targeting, 
pharmacogenomics may offer a way for existing branded drugs to remain under monopoly 
ownership.  
 
This raises two primary concerns. Firstly, that the pharmacogenomic aspect of the treatment 
could be motivated by the potential for patent extension rather than for medical reasons. Secondly, 
that an invalid patent application can reduce access to existing pharmaceuticals re-branded as 
pharmacogenomic treatments. This becomes particularly important for developing countries as 
scientists in developing countries often lack access to legal advice and support (126) and the 
technical and legal structures required by a functioning patent system are often lacking (111). 
Thus "when a patent constitutes a barrier to access to essential medicines, it is important to 
investigate whether the patent is indeed valid."(111)  This is not to say that pharmacogenomic 
patents will be spurious, rather that the benefits offered by pharmacogenomics should be used in 
a way to support public health and not as another barrier to accessing vital medicines. 
 

4.2. Liability and Pharmacogenomics 

The idea of liability is to determine the cause of a harm and if someone is responsible. The 
purpose of determining liability is two-fold. Firstly, to find out who is responsible for the harm, 
and secondly, to show the cause of that harm so that it does not happen again. In some instances, 
punitive measures are used, either economic or criminal, with the theory being that "the threat of 
tort sanctions is an incentive to parties to improve their precaution-taking behaviour, which leads 
to reduced injuries." (129)  In the case of medical practice, there exists the potential for harms to 
occur to a patient's health and well being. "Traditional medical liability doctrines seek to establish 
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that the plaintiffs were in fact 'injured', meaning that they sustained some physical harm as the 
result of the medical intervention."(130) 
 
Pharmaceuticals, by their very nature are "unavoidably unsafe" (131,132) in that they seek to 
effect change upon a patient's body. Although the goal of any pharmaceutical intervention is to 
increase the well being of a patient, there is some risk involved, as "pharmaceutical products may 
fail to produce a desired therapeutic effect and/or they may cause an undesired adverse 
effect."(132)  With appropriate use, pharmacogenomics should be highly beneficial to patient 
well being and public health, but gene-directed pharmaceuticals are not an instant guarantee of 
safety. Pharmacogenomics adds new layers of information to medical testing and treatment, and 
as complexity increases so does the potential for mistakes and mishaps. Therefore the potential 
for medical liability may also increase with pharmacogenomics.  
 
The purpose of speculating on liability and pharmacogenomics is to consider its possible 
importance for health care delivery in the future. While the key purpose of determining liability is 
recognizing a harm and hopefully avoiding it in the future, the punitive nature of finding people 
or groups liable for harm may, however, deter the integration of pharmacogenomics into health 
care. If pharmaceutical companies, physicians or pharmacists are afraid of being held liable for 
mistakes in the development, prescription or use of pharmacogenomic tests and treatments, then 
this may deter their use in health care. By outlining the potential risks and harms of direct 
pharmacogenomic use through the regulatory mechanism of liability, it is hoped that more 
effective pharmacogenomic development and use will be promoted so as to improve patient and 
public health. Costs to health care caused by litigation (26) may be minimized through effective 
pharmacogenomic use, but again, this must be supplemented with effective regulation. It is 
important to point out that strict legal interpretations will depend upon country and state 
legislation and common law. One common guiding factor, however, is the idea of the relevant 
professional standard of care: "The standard of care is defined by how a similarly qualified 
practitioner would act in treating a patient under the same or similar circumstances."(14) This 
standard of care is dependent upon the country and region and profession in question. 
 
There are four major harms which may occur that are specific to pharmacogenomics and 
somewhat different to the normal risks associated with pharmaceuticals. These include an ADR 
which is relevantly predictable; a lack of treatment due to attention and treatment being diverted 
by another less effective treatment; substandard treatment; and harm resulting from information 
misuse, which will be discussed in the stigmatization and education sections. 

4.2.1.  Liability and pharmacogenomic producers 

There are two key areas where a pharmacogenomic producer may be liable for a harm resulting 
from a treatment supplied by them. The first is related to the product and prescription information. 
The second is related to marketing and direct to consumer advertising. 
 

Product related harms 

In many developed countries, and some developing countries, "new medicines cannot receive a 
product license until they have been through a series of tests for quality, safety and efficacy."(133)   
As a result of these tests, the physician, pharmacist and ultimately the patient rely on the licensee 
to produce pharmaceutical products of a high standard of quality. Should the pharmaceutical 
product fall below the expectations set by the license, it may be that the pharmaceutical company 
can be held liable in relation to the product or information vital to the product's correct use (134).  
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Many states in the United States, for example, "will impose strict liability on a drug company for 
harm caused by the failure to adequately warn against the dangerous propensities of a drug that it 
has manufactured (14).  The necessity for the correct amount of active ingredient and accurate 
dosage information is particularly pertinent in pharmacogenomics, given the individualized focus 
of the treatment. If the product quality and information necessary for effective use are not reliable 
then the chance of decreases in efficacy, diversionary treatment and increases in ADRs may be 
expected. This is especially important in relation to pharmacogenomics as pharmaceuticals that 
may have originally failed clinical trials or product licensing (see resuscitation section) may be 
used under the assumption of product safety. If a harm can be shown to have stemmed from poor 
quality pharmaceutical products or unsafe information, then the pharmaceutical company that 
produced the pharmaceutical could be held liable. 
 
As well as the requirement that information associated with pharmacogenomics be relevant to the 
pharmaceutical is the need for comprehensive information to be given to physicians and 
pharmacists: “In a marketing defect claim, the manufacturer is liable if 2 facts are established. 
First, the manufacturer failed to warn the prescribing physician adequately about the use and risks 
of the medication. Second, the inadequate warning produced or caused the claimant’s injury, i.e., 
a ‘producing cause.’ (134)  
 
Rather than an explicit guarantee of effective treatment, the "probabilistic outcome regarding 
safety or efficacy" (63)  of pharmacogenomics must be effectively communicated to physicians 
and pharmacists by manufacturers to ensure that the treatment is prescribed and used effectively 
and safely. If this does not happen, the pharmaceutical company runs the risk of being liable for 
harm to patients. 
 

Direct to consumer marketing 

In a number of countries a pharmaceutical company can advertise its products direct to the 
consumer. The argument in support of direct to consumer advertising is that it increases public 
awareness of diseases and treatments, encourages informed communication between patients and 
health care providers, and may add to patient autonomy (135).  Direct to consumer advertising 
may increase the chance of the patient directing and receiving treatment (136).  By increasing the 
link between patient and pharmaceutical company, this could result in a pharmaceutical company 
being held liable for harm resulting from the treatment. Pharmacogenomic data may be used as a 
marketing tool (100).  The concern regarding direct to consumer marketing is that the 
probabilistic nature (100) of pharmacogenomics may not be adequately  communicated to 
patients through advertising campaigns, and as such, patients may have unrealistic impressions of 
what a pharmacogenomic treatment can do. The marketing of pharmacogenomics may influence 
patients into requesting treatments that are not necessarily the most effective method of treatment.  
 
Without direct to consumer marketing a physician offers medical advice and, in the past, this 
offered legal protection to pharmaceutical companies.  The physician was seen as a "learned 
intermediary" and pharmaceutical companies could therefore "shift the focus, and ultimate 
responsibility, for any failure to warn about the medication’s risks from the manufacturer to the 
prescribing physician."(134)  With direct to consumer advertising, however, the physician's 
responsibility becomes lessened and the pharmaceutical company may become liable for medical 
harm, therefore "manufacturers would share liability for adverse drug effects with prescribing 
physicians in cases in which the patient did not receive an adequate warning."(129) 
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4.2.2. Developing countries and liability 

As mentioned, the purposes of determining liability are to identify harms and causes and prevent 
such harms from being repeated, possibly through punitive measures. Liability becomes an issue 
in developing countries as a way of preventing harm that may result from inappropriate 
prescription and use of pharmacogenomics. As pharmacogenomics offers marketable technology 
at an increased price, there exists the possibility for unscrupulous pharmaceutical traders or 
dispensing doctors (139)  to exploit patients, communities, pharmacists, physicians and possibly 
governments by exaggerating the efficacy, scope or necessity of pharmacogenomics. 
 
This potential for exploitation exists in both developed and developing countries, however, given 
the lack of education in developing countries as well as a general lack of economic stability and 
potential ignorance in relation to genetic technologies, the potential for exploitation in developing 
countries is possibly greater and may be felt more acutely. Counterfeit medicines constitute a 
burden to public health and developing countries "bear the brunt of the problem."(140)  
Counterfeit pharmacogenomics may be even more attractive than typical pharmaceuticals given 
the specificity of treatment, the enhanced marketability and increased costs of pharmacogenomic 
treatments.  Furthermore, the "absence of deterrent legislation in many countries also encourages 
counterfeiters since there is no fear of being apprehended and prosecuted."(140)  Liability 
becomes one method of deterring counterfeiters alongside "external, possibly statutory, clinical 
validation of pharmacogenetic tests to ensure a high level utility and reliability."(100)   
Pharmaceutical manufacturers, physicians and pharmacists may stand to gain some benefit by 
promoting pharmacogenomic treatments in a way that is not keeping with best medical practice. 
The risks from exploitation become even more of an issue in developing countries. Liability may 
act in contrasting ways in the context of pharmacogenomics: too great a concern with potential 
liability will hinder drug development and the availability of medications, yet liability will also 
serve to ensure that pharmacogenomic medications are safe through effective safety measures 
and oversight (141).  Therefore the careful use of liability is an essential aspect of ensuring 
professional and public confidence in pharmacogenomics, but this will need to be carefully 
balanced so as not to hinder its development. 
 

4.3. Treating physician 

Despite marketing, ultimately the physician will decide whether "to prescribe a drug with or 
without ordering an accompanying pharmacogenetic test. In this case, use of the pharmacogenetic 
test results would be based on the physician's assessment of risk and benefit for prescribing that 
drug to the specific patient." (26)   Though a patient may request a specific avenue of treatment, 
the prescription and use of pharmacogenomics is largely the responsibility of the physician. If the 
physician's decision results in an ADR or diversionary treatment (i.e. the most effective treatment 
is prevented while another treatment is put in place) then the liability may rest on the physician. 
Due to the increased complexity involved in pharmacogenomic analysis and prescription, the 
physician must be aware of the risks and benefits of pharmacogenomic tests and treatment and 
what other treatments exist. These options must be communicated effectively to the patient, so 
that patient consent can be given as fully as possible.  
 
In relation to pharmacogenomic medicines, physician liability may rest on a number of factors, 
including “failure to order genetic testing, improper interpretation of genetic test results, failure 
to provide necessary genetic counselling, failure to prescribe the proper medication and dosage, 
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failure to warn the patient of possible adverse events (and perhaps even failure to warn at-risk 
relatives), and failure to dispense or administer the medication properly” (137). 
 
The relevant professional standard at the time of treatment and of the region in which the 
treatment is given will affect whether these factors are applicable.  The Nuffield report on 
pharmacogenomics states that "the physician’s responsibility is to ensure that, on balance, the 
effect of prescribing the medicine to the patient is likely to be beneficial." (63)   Clear legal 
guidance will be required so that physicians know what the relevant standard of care is so that 
fears of liability do not prevent them from acting. 
 

4.3.1. Pharmacist 

The role of the pharmacist is relevant to the country and region in which the treatment occurs. In 
many developed countries, the pharmacist’s role is to verify and double-check a prescription and, 
if there is any confusion or discrepancy, check this with the physician prior to dispensing the 
medication (132).   If harms result from pharmacist negligence through inaccurate pharmaceutical 
dispensing or the inaccurate communication of prescription details to the patient, then the fault 
and liability may rest with the pharmacist. Again, the relevant professional standard, as measured 
by an idealised professional, is used to determine responsibility and negligence.  Furthermore, 
"pharmacists also have a duty to warn their customers of the potential adverse effects or other 
problems associated with a prescribed drug therapy."(14)   In this way, the pharmacist becomes 
part of the safety net for effective prescribing, which will be fundamental to pharmacogenomic 
introduction and use. 
 
In regions without a developed health care infrastructure, the physician may also dispense 
prescriptions, as may a nurse or other helper. Goel et al. state that "there are too few trained 
pharmacists in many developing countries, resulting in the staffing of pharmacies with minimally 
trained or untrained persons."(138)   Given these circumstances, a pharmacist might be liable only 
if it could be shown that the pharmacist is falling below the relevant standard. If the dispensing 
agent is not a specialist in the field of pharmacology, then one cannot expect them to be at fault 
as long as they accurately fulfil the wishes of the physician. As such, liability may rest on the 
prescribing physician or pharmaceutical company. Again, "the issue of continuing professional 
education and record maintenance will become more important, not only for improving 
competence but also for preventing liability."(14) 
 

4.3.2. Conclusions 

Patent laws and liability measures will need to be carefully managed if developing countries are 
to benefit from pharmacogenomic testing and medications, should they become available.  At this 
point, patent laws are weighted in favor of the interests of developed countries with strong 
research and development capabilities and are already hindering accessibility to medications in 
developing countries.  Liability measures will need to be carefully balanced so that the safety and 
efficacy of pharmacogenomic tests and medications are ensured, but not so restrictive as to 
seriously hinder the development of these measures. 
 
Populations in developing countries will have a major role in supplying genetic samples for 
pharmacogenomic research and development, yet the ultimate goal of pharmacogenomics - 
individualized medicine - is currently well beyond the reach of poor populations.   
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4.4. Inequality and availability - socio-economic factors and pharmacogenomics 

 As discussed, there is concern that pharmacogenetic and pharmacogenomic developments will 
increase existing global health inequalities.  Already, the vast majority of health research funding 
is spent on health problems that affect only a small proportion of the world's population.  In 1990 
the Commission on Health Research for Development estimated that less than 10% of global 
health spending was used to address the health problems of developing countries, which 
experience more than 90% of global health problems.  This has been described as the 10/90 gap 
(142).  While global spending has increased in recent years, investment in health research that 
addresses health needs in low- and middle- income countries is still inadequate (142).  
 
Pharmacogenomics is a technology that, with careful guidance, may strengthen health care 
networks. Two key factors that will influence the equitable development and integration of 
pharmacogenomics are financial barriers in accessing medications faced by the world's poor and 
the emphasis on profit motives in research and development within the pharmaceutical industry.  
If these concerns are left unchecked pharmacogenomics may fall short of the ideal of distributive 
justice espoused by organizations like HUGO in their statement on benefit sharing (56). This is 
not to say that these issues are unable to be resolved, rather that by identifying issues early in 
integration of pharmacogenomics hopefully they can be addressed and possible harms minimized.  
 

4.4.1. Financial limitations and pharmacogenomics 

The Medecins Sans Frontieres "Campaign for Access to Essential Medicines" cites economic 
access as one of the key barriers to obtaining essential medicines (143).  As the economic 
situation of people and regions will determine the quality of health care they receive or have 
access to, addressing financial constraints are central to effective introduction of any new method 
of integrated health care treatment such as pharmacogenomics. 
 
Despite the predictions of pharmacogenomics potentially being more cost effective for public 
health, it is also predicted that pharmacogenomic treatments will be more expensive than existing 
pharmaceuticals (97). This is because patient and disease stratification will theoretically reduce 
the market of each drug by excluding adverse drug responders and non-responders from the 
market base. As a result of "economies of scale," smaller production runs may increase the price 
of the medication (97). In addition to the direct increases in prices of pharmacogenomic 
medicines is the additional cost of genetic testing. This must be taken into account in any analysis 
of the costs and benefits of pharmacogenomics.  
 
Additional costs will be incurred by the necessity to provide new infrastructure for 
pharmacogenomic medicine. Accurate prescription of pharmacogenomic drugs is reliant on 
genetic testing.  Genetic testing requires infrastructure, technology to do the tests, trained and 
skilled personnel to perform tests and analyse results, and oversight mechanisms/institutions to 
ensure that all genetic testing is performed reliably, efficiently and ethically. Pharmacovigilance 
is an integral part of effective pharmaceutical development, especially in relation to 
pharmacogenomics and in itself requires an effective information-based infrastructure to transfer 
post-release pharmacogenomic information from patient to health care system and to 
pharmaceutical companies. As well as the technical aspects of genetic testing is the need to 
provide patient education or counselling, which will be discussed in the education section of this 
report.  
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The increased cost of treatment and the need for effective infrastructure and patient support will 
require financial investment, which may be a particular disincentive for developing countries 
with little health care infrastructure. To set up genetic testing centres, for example, will be 
expensive if there is no technical or experiential base to build upon. In countries and regions 
where there are already great burdens on health care systems, pharmacogenomics must be shown 
to be effective and economically worthwhile prior to implementation. 

4.4.2. Financial Barriers to Implementation 

It has been argued that pharmacogenomics will reduce the economic burden on health care 
systems (12).   Pharmacogenomic medicine may reduce the incidence of ADRs, which are 
expensive both directly and indirectly. In 1998, Lazarou, Pomeranz and Corey estimated that 
ADRs caused between 76,000 and 137,000 deaths in the U.S. and thus ADRs were between the 
fourth and sixth leading causes of death in the U.S. (4). Though concerns have been raised about 
the merit of Lazrou, Pomeranz and Corey's study (144), continuing studies in the U.S. and 
elsewhere (145-147) show that ADRs are an area for alarm in terms of public health and safety.  
The direct and indirect costs of ADRs place a strain on health care systems that may be avoided 
or minimized with pharmacogenomics.  Furthermore, the ineffective use of pharmaceuticals is an 
unnecessary drain on health resources. If a prescribed pharmaceutical has minimal or no effect, 
then the patient’s illness may remain or worsen which will cumulatively strain health care 
systems.  
 
Given these points of view, there may be an economic basis for the introduction of 
pharmacogenomics into health care systems.  There are often extreme economic pressures on the 
health care systems in developing countries and so any relief that would be gained by 
pharmacogenomic ADR reduction or improvements in efficacy of drug prescription could be 
seen as a financial justification for its introduction (12).  The contrasting view is that 
pharmacogenomic treatments are directly more expensive and need large-scale investments in 
health care infrastructure (101) to be effectively implemented. Added to this is the concern is 
whether cheaper pharmaceutical prices for developing countries can be maintained, given 
declining trade barriers worldwide (98).  
 
In addition to the greater cost of pharmacogenomic medications are the costs of genetic screening 
and analysis.  For example, the cost of genotype testing for TPMT (an enzyme linked with ADR 
to treatment for acute lymphocytic leukaemia) in 2004 was US$100-300, £55-164, or €82-245 
(148).  For those without a health care support network or insurance, this cost may be far in 
excess of what they can afford. Many people in developing countries will be unable to cover the 
additional costs of genetic testing and unless genetic tests are offered without charge or are 
heavily subsidized, no course of action might be taken in terms of testing or prescribing. Roses, 
however, notes that as more information relating to testing comes to hand, and if 
pharmacogenomics becomes more popular and integrated into health care generally, then the cost 
of repetitive genotyping will be reduced (149). 
 
Genetic testing, however, only forms one part of full pharmacogenomic treatment.  The costs of 
enhancing existing health care infrastructure with genetic testing, analysis and follow up care 
such as counselling and much needed pharmacovigillance may be too economically demanding 
to bring pharmacogenomics to fruition without economic support. For developing countries the 
costs of building up the required technological and information infrastructure may need to be 
subsidized. The Nuffield 2002 report (76) and 2005 (75) provide some guidance as to 
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responsibilities in relation to post-research  support. In terms of economic responsibility, the 
Nuffield 2005 discussion paper highlights that post-trial treatment involves a number of 
stakeholders, such as public and/or private trial sponsors, local governments, policy makers and 
health care providers. To ensure that the clinical trials are conducted as soundly as possible, post-
trial support needs to be discussed in advance of the trial, to determine the roles of stakeholders 
in continuing and strengthening trial networks and infrastructure.  
 

4.4.3. Profit motives and pharmacogenomics  

The pharmaceutical industry is a massive global business, with 2004 global pharmaceutical sales 
topping U.S. $550 billion, nearly 45%, of which (U.S. $248 billion) was in the United 
States(150). It has been estimated that it takes 15 years (26) and as much as U.S. $800 million 
(26) for a new chemical entity to go from concept through research and development, clinical 
trials and then to full commercial release.5  Though pharmacogenomic research and development 
could be cheaper than for typical pharmaceuticals, large amounts of money will still need to be 
invested into research and development and commercialisation and returns will be sought on 
those investments. 
 
The goal of pharmacogenomics is reduced ADRs and increased efficacy by linking response 
variation with genetic methods. If medicines do become more specific, there is a fear that more 
and more people will become excluded from treatment, furthering the 10/90 gap and leading to 
even less research and development that includes or benefits people in developing countries(101).  
The fear that profit motives will dominate any pharmacogenomic research and development 
processes is therefore twofold. The first concern is that the safety of pharmacogenomics 
treatments may be compromised as pharmacogenomic treatment may be released into the market 
place with reduced information on the side effects or harm from off-license use (14). The second 
concern is in relation to the possible stratification of the target market. If individuals are shown to 
be less profitable or more expensive to treat, this may influence the design of clinical trials (14), 
leading to research becoming even more focused on those who can pay for treatment, as opposed 
to those who need treatment.  Global strategies will be needed to manage these issues. 
 
A substantial portion of pharmaceutical research and development time and money is spent on 
clinical trials; upwards of 5 years and $260 million U.S.(26).   Pharmacogenomics may reduce 
the time and costs of clinical trials, but Van Delden et al. note that there may be a negative side to 
this (101): a push to focus clinical trials on "only those subjects who are expected to respond 
well" (101) could lead to reductions in the safety of the commercial application of the treatment. 
Clinical trials need statistical significance so that the results obtained can be realistically applied 
to the general population: "If the clinical trial group is smaller, or is less genotypically diverse, 
there is a greater risk that some side effects will go undetected. So, the trials will yield a greater 
quantity and quality of information, but on a smaller segment of the population."(14)  This 
becomes especially important in regions and countries without the infrastructure to allow for 
effective and reliable genetic testing. Without genetic testing of patients, the treatment may 
become unsafe.   This off-label prescribing (when medications are prescribed for purposes other 
than those for which they are approved) becomes even more of an issue in developing countries 
lacking infrastructure if "medicines that were designed to be used in conjunction with 
pharmacogenetic tests are purchased and prescribed without recourse to testing."(63)  A central 

                                                 
5 It should be noted that these figures are speculative, as the data is gathered from pharmaceutical industry sources 
and cannot be verified independently.  See Angell for discussion. 
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focus on profit may thus shape clinical trials in such a way that pharmacogenomic treatments are 
rendered unusable or potentially dangerous for regions without concomitant infrastructure, or for 
patients without the ability to pay for genetic testing.  Thus appropriate infrastructure will need to 
be developed in such countries for the economical implementation of pharmacogenomics. 
 
Without effective and comprehensive coverage of genetic information, genetic subgroups may be 
denied access to a pharmacogenomic treatment because of labeling issues. Potentially, such 
groups may benefit from the pharmaceutical in question, but a narrowed focus in phase II and 
phase III of clinical trials may exclude certain information that would have led to a wider range 
of genetic targets in commercial practice. This is another concern of a narrowed focus in clinical 
trials. If market forces dominate the selection process of subjects in clinical trials, the scope of 
the pharmacogenomic license may be narrower than it actually should be. "The deliberate biasing 
of drug trials to exclude particular genetic groups raises the possibility of a failure to establish the 
drug response profile of the excluded population."(100) 

4.4.4. Orphan Diseases 

The biggest concern of profit motivation stems from an increase in orphan diseases as a result of 
increased stratification of pharmaceutical targets. Orphan diseases are conditions that affect a 
small proportion of the population and for which no treatment exists, or for which a treatment 
exists but is not considered economically viable to produce due to the small market for the 
treatment.  A number of developed countries have orphan legislation to promote research and 
development into diseases that are seen as unprofitable. The criteria for granting orphan status to 
a medicine differ slightly between countries. In Europe a disease is defined as an orphan disease 
if 5 people in 10,000 (approx. 190,000 patients) suffer from it.  In the U.S. the figure is 7.5 
people in 10,000 (approx. 200,000 patients), in Japan it is 7people in 10,000 (approx. 100,000 
patients) and in Australia it is 1 person in 10,000 (approx. 2,000 patients) (63).   Many developing 
countries can be described this way, and this lack of wealth is often seen as a major cause of the 
10/90 gap.  
 

4.5. Stratification, Stigmatization and Discrimination 

Aside from the equity issues presented by pharmacogenomic research, there are also the risks that 
the technology itself and the information that it may reveal pose to various populations.  
Concerns have been raised regarding the possibility that research into genetic variance among 
human populations may result in stigmatization based on genetic parameters, ethnicity, or on a 
re-emergence of racial characterization (151),  and that the stratification of populations and 
diseases may have negative effects for particular groups (152).  

 

Population, or patient, stratification describes the "categorisation of groups of patients according 
to genetic markers that correlate to either a risk of an ADR, or a beneficial response to 
therapy."(100)   As described earlier in Table 1, an individual's phenotypic drug response may 
fall into one of the categories: poor or extensive metabolizer.  In terms of drug development, 
patient stratification by genotype becomes apparent during clinical trials as differences, which 
may not otherwise have been noticed without prior pharmacogenomic analysis, are revealed.     
 
While patient or population stratification offers the possibility of more effective prescribing of 
medications, it may also raise a number of problems.  Patients may be faced with a situation 
where they have few treatment alternatives open to them.  If particular patients do not respond, or 
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respond adversely, to the only available medications for their condition or disease, they may be 
left without effective treatments and are thus considered to be orphan genotypes. This may mean 
that the pharmaceutical market fragments, and that each separate subgroup will be too small to 
stimulate the research and development required to discover or identify a suitable drug for that 
particular market fragment (5).  Thus it may be necessary to put incentives in place to stimulate 
research for patients who may have a particularly rare condition, or who do not respond, or 
adversely respond, to existing medications (5).  If pharmacogenomics does allow researchers to 
focus on subsets of the population that appear to be easier to treat this will exclude those with 
rare or unfavourable genotypes from drug trials, even though some in these groups might actually 
respond to the drug in question or a varied form of it (15).  
 
Disease stratification is the process by which diseases are further sub-categorized according to 
genetic criteria (100).  Thus new genetic information will allow common heterogeneous diseases 
such as hypertension and diabetes to be redefined as discrete disease entities (154).  Disease 
stratification offers the potential to improve the diagnosis and therefore the treatment of disease 
(100).  More information about the genetic basis of disease and the subsequent stratification of 
diseases into sub-categories, together with advances in pharmacogenomics, may have a number 
of implications.   
 
There would, however, be risks associated with pharmacogenomic testing.  Disease stratification 
may mean that a disease that is hard to treat or which does not respond well to available 
treatments may be left untreated.  While orphan drug legislation has been put in place in a 
number of countries to stimulate research into treatments for rare diseases (155), there is still the 
possibility that the groups of people suffering from a particular disease are too small to be 
economically viable to research and develop treatments (100).  
 
Disease stratification may also have particular implications for diseases that are prevalent in 
developing countries.   As noted above, few drugs are developed that are aimed primarily at 
diseases that are prevalent in developing countries, as the incentive for such investments are 
obviously lacking.  Furthermore, if drugs are developed and tested on those identified as good 
responders, this may mean that less information is available when the drug is released onto the 
market, making off-label prescribing more dangerous (100).   
 

4.5.1. Ethnicity 

The goal of pharmacogenomics is to offer "more specific information based on actual 
measurements of likely drug efficacy or toxicity."(26)  But while advocates of 
pharmacogenomics have emphasized the concept of personalized medicine (100), debate 
regarding the correlation of ethnicity with drug response has persisted (5).  Furthermore, as was 
noted in the scientific section, it has been argued that ethnicity may serve as a proxy for 
individual genetic information in drug prescribing decisions.  It is to this claim, and its possible 
implications, that we now turn. 
 
Dividing humans into groups based along genetic or ethnic lines is a particular kind of population 
stratification.  The use of apparent or perceived genetic differences between groups may, if not 
handled carefully, build on historical social and political inequalities attached to the idea of race 
and pose risks of discrimination and stigmatization to some populations.  Considering the impact 
of categorizing people according to particular genetic or ethnic criteria is particularly pertinent 
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when considering the results of pharmacogenomics.  Since a key goal of pharmacogenomics is to 
discern differences in drug response between people, stratification of populations is probable. 
 
There are a variety of definitions of race, depending on the context in which the term is used.  
One current definition considers race to be a social construct incorporating cultural, linguistic and 
historical beliefs (156).  Another definition focuses on biological difference and divides peoples 
according to physical characteristics, such as skin colour, facial characteristics and hair type, 
which differ between inhabitants of different geographical regions (157).  The term ethnicity, in 
its original sense, defines a population according to social or cultural factors, but in practice it is 
sometimes used as simply a more acceptable term for race (156).  It is therefore apparent that 
there is confusion in the usage of both terms, which can be used in varying contexts to define 
populations on social or biological grounds (158-160).   
 
Researchers have pursued the use of racial or ethnic groupings in considering drug response 
(161). Tate and Goldstein note that in 2004, at least 29 medications or combinations of 
medications were claimed to have differences in safety, or more usually efficacy, among racial or 
ethnic groups.  These claims are controversial, however, "and there is no consensus on how 
important race or ethnicity is in determining drug response."(40)  Cooper et al. take this point 
further, asserting that "variation is continuous and discordant with race, systematic variation 
according to continent is very limited, and there is no evidence that the units of interest for 
medical genetics correspond to what we call races."(162)  
 
There is ongoing discussion about the use and validity of genetic clustering, however described, 
but the need to focus on individual genetic difference has also been emphasized. "Personalized 
drug therapy, the promise of pharmacogenomics, must be based on the recognition of the inherent 
genetic individuality"(41). McLeod concurs, noting the importance of individual genotypes in 
pharmacogeneomics, stating that improvements in genotyping technology will be needed to apply 
this knowledge in medicine (163).   
  
Nonetheless, in order to make the advantages of pharmacogenomics available to populations in 
developing countries, there is a need to "take into account not just differences between the 
genotypes of individuals, important as they are, but the differences in genotypes between 
different population groups."(12)   Furthermore, the identification of genetic subgroups may be 
an interim step to ascertaining likely drug responses before the ability to individually genotype 
people becomes routine.  Wilson et al. assert that when the genes responsible for influencing 
particular drug responses are identified, personalised medicine will be possible based on 
knowledge of the individual's genotype, providing that this can ascertained.  However, before this 
is possible, "it is important to assess whether drugs work similarly in different genetic 
subgroups."(39)  These clusters must be evaluated empirically "by assessing the amount of 
variation in response explained by inferred clusters" as "the common ethnic labels currently 
available to regulatory authorities show a poor correspondence with genetically inferred 
clusters."(39)   
 
One example of the use of race in pharmacogenomics research is the case of BiDil, which was 
marketed as the first race-specific heart disease medication for African-Americans.  While it is 
hard to deny that BiDil has differential effects correlated with race (164),  it has been suggested 
that these effects have as much to do with environmental factors as genetic factors (40) and three 
general conclusions regarding genetic difference in drug response were made (40):  
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“First, genetic differences among groups are graded, as opposed to dichotomous. Second, when 
genetic factors have a role, identifying the genetic factors themselves so that they can be 
considered directly will reduce the need to consider race or ethnicity as a loose proxy for 
predicting drug response….Third, many differences in drug response associated with race or 
ethnicity are due to environmental correlates rather than population genetic differences”(40).  
 
Indeed, there may be disincentives in doing this research as it may reveal that fewer patients have 
the genetic markers that predict a good response (164). Moreover,   Firstly, the race seems to be a 
crude marker that is ill- or even undefined; and secondly, that the "group differences in 
pathophysiology and response to treatment are not necessarily genetic"(169).  This presents the 
possibility that genetic make-up will be blamed for certain diseases, when other socioeconomic 
factors could be addressed which would lead to better preventive measures to delay or prevent the 
onset of certain diseases.   
 
Two possible problems with the transferability of diagnostic pharmacogenomic tests across 
different ethnic groups have been identified.  The first problem is that the "underlying genetic 
causes of the response might be different in the different groups", and the second reason is "the 
variable pattern of LD [linkage disequilibrium] across populations when markers, instead of 
causal variants, are used diagnostically."(15)  Thus, in the second case, a marker that is 
associated with a particular phenotype in one population may not have any diagnostic value in a 
different population if it is not itself causal (15).  However, recent research appears to indicate 
that gene variants have the same effects when found in different populations (165).  If this is 
indeed the case, it will mean that "genetic risk factors could be extrapolated across population 
groups and that pharmacogenetic diagnostics could be used in ethnically mixed settings, as long 
as the causal variants were known" (165).  Thus it is important that drug prescribing decisions are 
based on the actual causes of variable drug response and not ethnic categorizations, as the use of 
these categories in drug prescription may do harm to the individual, as assumptions about their 
drug response may be inaccurate.  Furthermore, this may mean that people in a different 
population are denied a treatment that may benefit them due to perceptions about ethnicity as the 
major predictor for genetically based drug response.  It should also be reiterated here that many 
other factors need to be considered in prescribing medications, as pharmacogenomic tests may 
only provide one strand of relevant information. 
 
For those who advocate ethnicity as a useful category, the consensus seems to be that 
understanding the ways in which genetic variation within specified population groups affects 
drug response is a placeholder for greater understanding of individual drug response with the 
ultimate aim that pharmacogenomic medications will be prescribed according to information 
regarding the individual's probabilistic response to a medication.  However, it has been noted that 
there are two contradictory claims that are often made in relation to pharmacogenomics and race 
(and biomedicine generally): "the first claim suggests that some racially identified populations 
respond particularly well to certain drugs because of biological differences and that these 
differences also may contribute to health disparities."(166)  The second claim is "that race will be 
rendered obsolete once underlying variables are identified."(166)  The problem here is that race is 
considered to be both meaningful and meaningless (166).   It should also be stressed here that 
genetic diversity studies that seek to classify people according to racial grounds not only cause 
harm through segregation, but also cause harm as "the information directs attention to genetic 
components of disease at a point when known environmental contributions to illness remain 
unaddressed…[as]…the harms of racial typologies are known while their benefits, indeed the 
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benefits of genetic research in toto, remain remote for all but a few highly privileged elites in a 
very few countries." (151) 
 
  4.5.2. Conclusions  

Two main approaches appear to be available: the individualized approach of personalized 
medicine and the group-based approached using ethnic or geographic population clusters.  These 
approaches may not, however, be mutually exclusive, and it has been suggested that if a group-
based approach is pursued, which appears to be the case at the current time, then this will only be 
the case until more personalized approaches become available or affordable.  However, if a 
group-based approach is used, then it will be important to ensure that any differences that are 
found in population structure are not used as the grounds for inappropriate population or ethnic 
discrimination.   
 
As population stratification on genetic grounds may result from pharmacogenomic tests, it is 
important to ensure that people are not discriminated against on the grounds of their genetic 
makeup, disease susceptibility or ethnicity. 
 
On balance, it is unclear as to what effect pharmacogenomics will have in alleviating the health 
burdens of populations in developing countries.  Therefore it is important that environmental, 
economic and social determinants of health are studied and appropriate measures implemented. 

 

4.6. Education 

4.6.1. Education for Health Care Infrastructure 

To ensure that benefits are achieved and harms are avoided, many people and professions 
associated with a health care system will need to be educated in pharmacogenomics theory, ethics 
and practice.  Education measures are important to avoid widespread misunderstanding and 
concern which would ultimately hinder implementation. 
 
As pharmacogenomics is a new style of medicine based on genetic information, patients may be 
highly dependent on health care providers to explain the justifications, uses and limitations of 
pharmacogenomics. If health care providers are not well educated in pharmacogenomics and 
confident in its use, then the benefits to patients will not be fully realized.  Furthermore, without a 
good understanding of pharmacogenomics, physicians and health care workers with the 
responsibility for its implementation may do more harm than good and thus hinder its integration 
and acceptance into medical practice.   Due to the information transfer needed for 
pharmacogenomic treatment and feedback, health care providers must be educated not simply 
about the technology, but the accompanying ethical, legal and social issues. 
 
It is also important to highlight the shifting roles of health care providers. The probabilistic nature 
of pharmacogenomics will mean that physicians and other health care professionals will need to 
carefully convey to their patients exactly what information pharmacogenomic testing may reveal 
and also provide counselling in relation to that information. With the growth of genetic and 
genomic technologies there will also be a need to consult with and further educate the general 
public.   Therefore two different educational focuses will be required.  One focus will be to 
develop programs for those health professionals who will be involved in incorporating 
pharmacogenomics into existing health care infrastructure. The second focus will be to develop 
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programs for the broader population, especially those individuals or populations who will be 
treated using pharmacogenomic drugs. It is also important that there is room for communication 
between both groups.  Recent research by the Royal Society in the United Kingdom regarding 
attitudes to pharmacogenomics demonstrates the importance of communication in understanding 
information needs and possible barriers to access or acceptance of such technologies (167).   
Thus widespread community consultation and education campaigns with the goal of alerting both 
groups to the presence of medical interventions, their proper use, the limitations of the 
interventions and the potential harms should be developed.  

 

A primary requirement for pharmacogenomics education is to inform health care providers about 
the existence of pharmacogenomics in general and specific pharmacogenomic treatments in 
particular. In a study of current clinical practice of pharmacogenetic testing in Europe, it was 
found that knowledge of the existence of the pharmacogenetic tests they studied was not always 
sufficient (28). There is a need to incorporate pharmacogenomics into the standard medical 
school curricula (168), as currently there is a lack of pharmacogenomics content in general 
medical education. 
 

4.6.2. Pharmacogenomic Education of Health Care Professionals in                                        

Developing Countries 

The need for pharmacogenomic education of health care providers in developing countries is 
great. This stems from three key aspects of developing country health care.  There is a dire need 
for effective and up to date health care treatments. If a current pharmacological treatment is 
known to cause ADRs in developed countries, then there is no reason why developing countries 
should be excluded from this information.  In fact, the need for this information is even greater in 
developing countries so as to reduce costs and possible ADRs (12). An education program for 
developing country health care regulators and providers can introduce the concept of 
pharmacogenomics and provide the opportunity for the development of programs addressing 
regionally specific concerns and needs. A second requirement is to ensure that health care 
networks and providers are aware of the proper uses and limitations of pharmacogenomics. This 
is obviously important for developed countries, but given the physical and social strains that 
many developing country health care networks are under, inefficient prescribing will be felt much 
more acutely in developing countries. The third issue is the increased direct costs resulting from 
pharmacogenomics. Developing countries will find it harder to absorb these direct costs, and so 
efficient testing and prescribing takes on even greater importance. Effective education of health 
care providers is necessary to ensure maximum benefits are gained in developing countries while 
minimizing as much as possible the harms and costs.  
 
Given that many patients in developing countries, as in developed countries, may have a poorly 
informed understanding of pharmacogenomics in particular and genetics in general, the role of 
the health care provider in providing accurate and appropriate information and guidance has 
added importance. To take on this role effectively, it is clear that the health care providers must 
be properly informed and confident in their pharmacogenomic knowledge. To reiterate, education 
is a key aspect in implementing pharmacogenomics into health care in developing countries. 
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4.6.3. Public engagement and education   

Genetic information is central to pharmacogenomics. Individuals often have preconceived 
notions regarding genetic information and what it means.   Therefore "information and education 
of the public seems of paramount importance as developments in pharmacogenomics 
proceed…In discussions, the developments in pharmacogenomics are often labelled as either a 
miracle or, the other extreme, a monster." (101)   Thus there may be a tendency to view genetic 
information as either completely accurate or as something that must be avoided. One clinical 
researcher has described the confusion that genetics raises with lay people: "we don’t mention the 
word, genetic, because of the inherent dangers of saying that word to people’ "(169).  As it has 
been noted, "scientific developments that are related to the field of genetics are often viewed with 
some suspicion, and can easily induce anxiety in laypersons".(101) 
 
As well as combating preconceived notions of genetics, there will be a need to inform people 
about the complexity of pharmacogenomic treatment.  As the Nuffield Council has stated, “it is 
not…sufficient to make accurate information readily available: the patient needs to be able to 
understand that information and its significance. The probabilistic nature of the information 
provided by pharmacogenetic tests raises issues regarding the ability of patients and physicians to 
engage in an informed discussion about treatment (63). 
 
Furthermore, indirect harms may follow from an incorrect understanding of genomics in general 
and pharmacogenomics in particular. These indirect harms include discrimination, which could 
lead to stigmatization and persecution of people based on their identification as belonging to a 
particular genetic sub-group. 
 

The initial task is to engage with and educate the public about genetics more broadly. It will be 
important to cover both what genetics actually is, what genetic technology involves and correct 
uninformed and misinformed perceptions about genetics in general. One aspect of this process 
will be to clarify what is meant by the term genetic testing (170).  The next stage in the public 
education process will be to alert people to pharmacogenomics in general, outlining the ideas 
behind pharmacogenomics and, more importantly, what it realistically hopes to achieve. It is 
important to educate people so that they are aware that "test results represent probabilistic rather 
than  definitive information" (148).  This is central in public (and health care provider) education 
as pharmacogenomics, especially in this early stages of its introduction, will not always 
guarantee effective treatment of disease. This education process will also need to emphasize that 
an individual's genetic makeup is not the sole determinant of their health status (101). 
 

Education relating to the recognition of ADRs and variable drug efficacy will be an important 
component in the introduction of pharmacogenomics into clinical practice.  Ideally, patients 
would have enough knowledge to recognize and report an ADR, so that this information could be 
fed back into the health care system as part of effective pharmacovigilance.  
 
This wholesale engagement with and education of a general population will involve large 
numbers of people, with quite diverse literacy and education levels. Education programs would 
need to account for regional differences, and would also need to address a variety of needs 
specific to localised populations and cultures.   Furthermore, it will be important that community 
consultation and education is a two-way dialogue that gives people the chance to not only receive 
information, but also share their views about genetic technologies and developments and its 
appropriate use. 
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4.6.4. Conclusions 

In order to ensure that the benefits and limitations of pharmacogenomics are fully understood by 
both health professionals and lay people, it will be necessary to engage with communities and 
implement education programs that clearly outline what it is and how it works.  Such programs 
should avoid grave misunderstandings and ensure that pharmacogenomic measures can be 
properly evaluated and implemented if found appropriate to address the health needs of a 
population. 
 

Appropriate education programs for health care professionals will need to be developed and 
implemented in order to ensure that health professionals have a clear understanding of the 
benefits, risks and workings of genetics, genomics and pharmacogenomics, so that they can 
understand and evaluate emerging developments, medications and treatments, convey them 
clearly to their colleagues and patients and decide if they offer useful health benefits. 
 
Public engagement and education programs will be needed so that lay people will be able to 
understand genetic developments and make informed decisions, in consultation with relevant 
professionals, as to their use.  Such programs should be based on real life situations and 
emphasize two-way dialogue and information exchange between public, community and 
professional groups, allowing for the ongoing sharing of knowledge and views regarding genetic 
and genomic technology and development and its appropriate use. 
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5. Conclusions  

 
Inequities in global health care are well-documented, as is the concern that effective public health 
measures not be overlooked in favour of genomic research and applications.  The World Health 
Organization's report on Genomics and World Health emphasizes that the benefits of genomic 
research is available equally to people in developing as well as developed countries (2).  
Pharmacogenomics may offer ways to address some of these inequalities of health care: used 
carefully, it could result in better prescribing decisions for medications resulting in less ADRs 
and more effective medical treatment, thus potentially alleviating the cost of health care.  It may 
also, in the future, provide information that could be useful in shaping preventive health measures 
through a better understanding of the genetic basis of disease.   
 
Efforts must be made in order to ensure that pharmacogenomics does not widen the health 
inequities between rich and poor countries.  Pharmacogenomics will not, as a stand alone 
measure, alleviate major healthcare inequalities.  Rather, the careful use of pharmacogenomic 
technology may aid the provision of better health care by providing more information to guide 
drug prescription.  But this does not mean that pharmacogenomics should be favoured over 
existing health care measures that have already been shown to be beneficial. Furthermore, before 
pharmacogenomic tests and medications are marketed, it will be important to ensure that they are 
rigorously scrutinized and evaluated for safety, efficacy and cost.  New pharmacogenomic 
medications must also be compared with existing medications to ensure that they do offer actual, 
tangible benefits over existing, and probably cheaper, treatments. 
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6. Glossary  

 
Admixture – the study of people of mixed ancestry to track down disease genes.  This takes 
advantage of the mixture of ethnicities each of which is associated with characteristic marker 
allele frequencies and disease susceptibility. 
Adverse drug reaction (ADR) – a serious medical event that occurs after giving a patient a 
standard dose of drug. 
Allele – one member of a pair or series of genes that occupy a specific position on a given 
chromosome. 
Breakpoint – loci on chromosomes that are prone to gaps or breaks resulting in structural 
rearrangements such as translocations and inversions. 
Candidate Genes – Genes that are thought to be more likely to have polymorphisms that 
influence response to a given drug compared with a random gene from the genome. 
Drug Metabolizing Enzyme – Drug-metabolizing enzymes, such as the different isoforms of 
cytochrome P450, are responsible for either inactivating a drug, thereby facilitating its removal 
from the body, or activating a drug to its therapeutic metabolite. Several variants in the genes 
encoding these enzymes are associated with known adverse drug effects. 
Epistasis – when one gene masks the effects of another. 
Genetic Exceptionalism - the view that genetic information is somehow different from other 
medical information and thus requires special treatment. 
Genomics – the comprehensive study of a whole complement of genes, their interactions and 
products. 
Haplotype – a set of closely linked polymorphisms that are inherited as a unit. 
NCE - a new chemical entity. 
Penetrance – The frequency with which individuals that carry a given gene will show the 
manifestations that are associated with the gene. If a disease allele is 100% penetrant then all 
individuals carrying that allele will express the associated disorder. 
Pharmacodynamics – the biological effects of a drug. 
Pharmacokinetics – the absorption, distribution, metabolism and elimination of drugs; this is 
usually studied by measuring circulating plasma drug levels as a function of time. 
Phenotype – observable physical or biochemical characteristics of an organism as determined by 
both the gene and the environment. 
Pleiotropy – when one gene affects many traits. 
Polymorphism – a difference in DNA sequence among individuals, groups or populations. 
Segmental Duplication – A segment of DNA  that is present in two or more copies on a single 
haploid genome. 
Single Nucleotide Polymorphism – is a DNA sequence variation, occurring when a single 
nucleotide: adenine (A), thymine (T), cytosine (C) or guanine (G) - in the genome differs 
between members of the species. For example, two sequenced DNA fragments from different 
individuals, AAGCCTA to AAGCTTA, contain a difference in a single nucleotide.  There are 
~10 million SNPs present in the human genome. Alleles of SNPs that are close together tend to 
be inherited together. 
Therapeutic index - the ratio of a dose of a drug that produces toxicity to the dose that is 
necessary to have an effect. 
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