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ABSTRACT

This article, which is partly based on an article by Delden et al [1], discusses ethical issues which play a role in pharma-

cogenetics. Developments in pharmacogenetics have a big impact on many different areas, such as clinical trials, the

practice of medicine and society at large. In clinical trials, questions arise regarding the exclusion of genetic subgroups

that may be non- or poor-responders to the experimental drug. Also, there is the question of how pharmaceutical com-

panies should deal with their growing knowledge about the relationship between genetic variation and adverse effects.

Moreover, pharmacogenetics could provide disease-specific predictive information which could have a significant impact

on the relationship between physicians, patients and their relatives in the practice of medicine. Here, issues also arise

regarding responsibility of patients and physicians for health and disease. In society at large, the high cost of new phar-

macogenetic possibilities leads to questions concerning equitable distribution at a national, as well as an international,

level. It is concluded that in the near future, ethical research should be focused on the themes of responsibility, inclusion

and exclusion and global justice.
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INTRODUCTION

Developments in pharmacogenetics have changed — and

could affect — pharmaceutical research, drug develop-

ment, practice of medicine and society in a significant

way. Current scientific debate also pays attention to ethi-

cal questions related to these developments. Some say

that because of problems associated with the introduction

of genetically-modified food in Europe, the industry is

aware of the importance of ethical concerns and the opin-

ion of the general public; to quote Hedgecoe: “The ethical

debate is an integral part of bringing a product to the

market” [2].

In the field of ethical debate, one important question to

ask is that about the difference between genetic testing in

relation to pharmacological effects of drugs, and genetic

testing in relation to predisposition of diseases. According

to Roses [3], these two forms of genetic testing differ in

important ways; genetic testing for predisposition of dis-

eases raises serious ethical issues such as the right (not)

to know and the access to insurance (e.g. life, medical),

whereas pharmacogenetic testing does not raise such

issues. Roses believes that genetic testing in relation to

pharmacological effects of drugs does not deal with the

same problems, because these tests only give us informa-
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tion about drug response. This article, however, will show

that pharmacogenetic testing can lead to similar prob-

lems. Furthermore, it will bring up examples of ethical

questions beyond those related to these two forms of

genetic testing. Ethical questions that could arise as a

result of possible developments in pharmacogenetics will

occur in several fields: scientific research and pharmaceu-

tical industry, medical practice and society at large.

DRUG RESEARCH AND PHARMACEUTICAL BUSINESS

Pharmacogenetics is essentially about the stratification of

patients or diseases into new sub-groups or types. Genetic

variation can contribute to differences in drug response. This

potential to show genetic variation and to stratify patients

into subgroups raises ethical questions regarding justice.

The moral principle of justice holds formally that equals

should be treated equally and those who are unequal treat-

ed unequally [4]. Such a formal principle, however, does not

give us much guidance: we have to determine what kinds of

differences between individuals or groups are morally rele-

vant. Context is of importance in answering this question: for

example, access to health care should be determined by

medical need whereas in the field of education, students

have to be judged upon their intellectual capacities and

effort. The crucial question is whether the potential of

pharmacogenetics to stratify can lead to injustice: are

subgroups unjustly being excluded or included [5]? 

As a result of the developments in pharmacogenetics,

the process and design of drug research could change

(and is already changing). Currently, large numbers of

subjects are included in trials to test for benefits and side

effects. If dangerous side effects result in some of these

patients, the new drug has to be discarded. This situa-

tion can be prevented by including in phase II and phase

III studies only those subjects who are expected to

respond well to a drug on the basis of their genetic pro-

file. This will make drug research more efficient, less

expensive and increase the chance of a drug being intro-

duced on to the market. The counter effect of the genetic

selection of trial subjects implies that the drug is no

longer fully tested on the general population and there-

fore no guarantee can be given that the drug can be

used by other patients outside the tested group.

Considering the wide-spread off-label use, this could

have dangerous consequences.
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Pharmacogenetic screening can be carried out before sub-

jects take part in a trial. This screening could yield important

information on the relationship between genotype and drug

response and even about disease risks. Apart from con-

cerns regarding the possibility of informing subjects ade-

quately about such complex information, privacy should be

respected by separating genetic data from their personal

information. However, when clinical trials produce clinically

useful data, subjects should be given the opportunity to

receive feedback as part of the informed consent process

[6]. A conflict between respecting privacy and the need to

provide subjects with useful information arises.

Stratification into patient and disease subgroups raises

questions about what kind of strategy pharmaceutical

companies will and should choose: should they keep their

markets as large as possible by developing drugs suited

to multiple genetic subgroups of patients or should they

divide their markets by developing a variety of drugs tailor-

made to different subgroups of patients? The conse-

quence of the first option would be the exclusion of indi-

viduals with rare disorders and the creation of new orphan

populations [7]. Although the scientific and technical pos-

sibilities are there, organisational barriers and weak finan-

cial incentives can undermine responsible development

and application of pharmacogenetic technology [7].

Finally, genetic screening of participants in drug research

will increase the pharmaceutical companies’ knowledge

about the association between genetic profile and drug

response. An ethical question arises: does the growing

knowledge of pharmaceutical companies imply a greater

responsibility regarding drug safety? A few years ago, a

pharmaceutical company introduced a vaccine for Lyme

disease. The company was sued by patients with a spe-

cific genotype who suffered severe drug-induced arthritis

after vaccination. It was known that the vaccine may

somehow trigger treatment-resistant arthritis. However,

there was no such warning on the product [8]. The phar-

maceutical company stopped selling the vaccine in

February 2002 and agreed in 2003 to an out-of-court set-

tlement of more than 1 million dollars (700,000 euros) for

the plaintiffs for legal fees and costs [9]. Pharmaceutical

companies are obliged to report available knowledge about

drug response and genetic profiles in patient information

and product labels. However, what should we do when the

amount of information keeps increasing? To what extent

should the results of pharmacogenetic tests be included in

drug labelling [10]? At some point, the amount of informa-

tion could simply be too much to provide to each individual

patient. In addition, this assumes that every patient is aware

of his/her pharmacogenetic profile.

MEDICAL PRACTICE

If pharmacogenetic screening is shown to have clinically

significant outcomes, pharmacogenetics could have a

profound impact on clinical practice. It could change the

nature of a consultation radically, as currently the policy is

most often “let’s try and see” [11]. Patients could experi-

ence less reluctance in taking medicines which could lead

to more medication compliance. Less harm caused by

side effects will occur which could result in a more cost-

effective health service. However, using pharmacogenetic

testing in medical practice requires adequate knowledge

of healthcare practitioners. Hospital pharmacists could

play an important role here in informing physicians, partic-

ularly because of the “issue of polypharmacy and pheno-

copies” (an environmentally induced phenotype mimicking

one usually produced by a specific genotype) [11].

Hapgood mentions the example of “a genotypic fast

metaboliser who requires a high dose of a SSRI (selective

serotonin reuptake inhibitor) in order to be effective, but if

given haloperidol (which inhibits the activity of the enzyme

concerned) becomes a phenotypic slow metaboliser

prone to side effects” [11]. As well as knowledge, the

health professional needs a high level of expertise in order

to communicate to patients the advantages and disad-

vantages of testing. This will not be an easy task to per-

form considering the complex nature of the information;

test results are probabilistic instead of binary, and the

decision will also be based on health economics [11].

Studies show that patients have a poor recollection of

information; according to one study patients remember

20% of the information provided by the physician [12]. 

Apart from the informed consent issue, there are other

ethical questions that could occur concerning genotyping.

For example, testing could reveal a patient to be a non- or

poor-responder for all available drug options. In such

cases, genotyping could provide no advantage but only

the knowledge that he or she probably cannot be treated.

When a test result is probabilistic, who determines when

treatment should be withheld — the doctor, the profes-

sional organisation, or the patient? Should the patient’s

wish to be prescribed medication without a test be

respected? Situations like these raise new questions con-

cerning the responsibilities of physicians and patients. 

Another ethical question concerns the influence of

increasing knowledge on the relationship between physi-

cians, patients and relatives. Some have argued that it is

important to distinguish between genetic testing in relation

to pharmacological effects of drugs, and genetic testing in

relation to predisposition of diseases [3]. Roses argues

that it is important to distinguish between both forms of
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genetic testing because such testing in relation to risk fac-

tors predisposing for diseases is burdened with important

issues regarding privacy, the access to employment and

insurance, and the right to decide about relevant informa-

tion on life-threatening diseases (or the right not to know)

[3]. Roses believes that genetic testing in relation to phar-

macological effects of drugs does not deal with the same

problems, because these tests only give us information

about drug response; this is knowledge with restricted

implications.

However, pharmacogenetic testing also raises ethical

questions that are linked to disease-specific predictive

genetic testing [10]. As a fictitious example, we can take

an elderly woman who suffers from Alzheimer’s disease.

For one subtype of this disease, which is strongly geneti-

cally determined, an effective drug is available that slows

down the progress of the disease. To know whether or not

the woman has this subtype, she should be genotyped.

This could, however, also affect the woman’s children: if

she turns out to have this genetic subtype, they will know

that they have a markedly increased risk of developing

Alzheimer’s disease themselves. What should the physi-

cian do if the children do not want to acquire this kind of

information? If they refuse to let their mother be geno-

typed, it will not be safe to treat her with the new drug,

which is possibly most effective.

Such ethical concerns are not restricted to the above-

mentioned case: pharmacogenetic testing for other con-

ditions such as heart disease, stroke, bladder cancer and

schizophrenia can also unveil risks for family members.

According to Hedgecoe, clinicians attributed the ‘indige-

nous morality’ of Alzheimer’s disease to the fact that

pharmacogenetic testing is not current practice in

Alzheimer’s disease clinics [13]. Instead of characterising

it as an indigenous morality, this practice can result from a

critical evaluation of the arguments for and against testing

[relevant arguments are, for example, the existence of a

link between genetic status and a patient’s response to a

drug, reliability of the test (false positive and false negative

test results), the severity and onset of the disease, avail-

ability of adequate therapy and hereditary transmission].

However, Hedgecoe rightfully emphasises the importance

of taking ethical concerns seriously [13]. The question

whether or not, and under which conditions it is morally

right to offer genetic testing to individuals for late-onset

diseases, for which adequate therapy is lacking, should

be evaluated case by case. What the above case of

Alzheimer’s disease shows is that developments in phar-

macogenetics could strengthen mutual dependence

between relatives, and important ethical principles, such

as the principle of autonomy and the right not to know,

should be reconsidered.

SOCIETY AT LARGE

It is expected that drugs that are tailor-made for a smaller

subgroup of patients will be more expensive than “bulk

drugs”. On a national level, the question arises: should

these new pharmacogenetic applications be reimbursed

by health insurance companies or should these costs be

paid by the patients themselves? In many countries,

healthcare systems are based on the principle of equity.

However, insurance companies will not be able to reim-

burse all drugs that will be developed. This situation could

create inequality between people who can pay for new

technologies themselves and people who cannot afford to

do so.  

Pharmacogenetic testing produces information that is of

interest to third parties such as employers and health

insurers. For example, being a non- or poor-responder

could be an indication for a shorter life-span. These issues

will primarily arise in life and disability insurance compa-

nies which can decide who gets access to life insurance

and for what premium. At present, however, in some

countries a moratorium exists on the use of results of

genetic tests in setting insurance premiums.

Problems regarding equity and distributive justice play a

central role on a global level. ("Distributive justice refers

broadly to the distribution of all rights and responsibilities

in society, including, for example, civil and political justice"

[14].) If it is true that pharmacogenetic-based drugs will be

expensive, developing countries will have no chance of

profiting from such developments, because they simply

cannot afford it. On the other hand, developing countries

need generic and affordable drugs that are suitable for

large populations, suffering from, for example, malaria,

tuberculosis, HIV and common parasites. If the pharma-

ceutical industry will invest heavily in pharmacogenetic-

based drugs for western populations, this could reinforce

the gap between the privileged and the non-privileged. 

Finally, pharmacogenetics raises important ethical ques-

tions regarding race and ethnicity (15). Although pharma-

cogenetics is introduced as “personalised” and “individu-

alised medicine”, it is focused on stratifying patients in

subgroups rather than by individual differences. Although

the biological reality of race is widely criticised, research

on human variation is being conducted along the lines of

race and ethnicity [15]. Using race as an instrument to

identify therapeutic populations can lead to negative con-

sequences. For example, BiDil (isosorbide dinitrate and
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hydralazine hydrochloride) was the first drug labelled

exclusively for a racially-identified population, in this case

to treat heart failure in African Americans. By using race

as a target, companies can avoid the costly route of

developing pharmacogenetic testing [15, 16]. Kahn wrote:

“Medical researchers may say they are using race as a

surrogate to target biology in drug development, but

corporations are using biology as a surrogate to target

race in drug marketing” [16]. Moreover, focusing on

notions of racial biology can lead to a neglect of socio-

environmental factors that cause population-based differ-

ences in health status [15].

CONCLUSION

This article focuses on the ethical questions raised by devel-

opments in pharmacogenetics. Pharmacogenetics has the

potential to influence scientific research, pharmaceutical

industry, practice of medicine and society at large profound-

ly. This could generate its own unique dynamics which will

require new ethical research. We suggest the notion of

“responsibility” will be a major focus of such research.

First, there is the responsibility of companies involved in

the pharmaceutical industry: considering the special

nature of health, does their responsibility involve more

than the pursuit of gain and if so, which moral principle

should guide prioritisation of drug discovery? Secondly,

the responsibilities of healthcare providers need to be

defined: who (doctors, pharmacists, clinical chemists) is

responsible for applying pharmacogenetic knowledge and

products (genotyping)? What kind of counselling is needed?

What should be the response to non- and poor-respon-

ders refusing genotyping? What about conflicting interests

of relatives regarding genotyping? For practising (hospital)

pharmacists this could increase their responsibility to

inform physicians adequately as well as ensuring that pre-

scriptions are compatible with the genetic profiles of their

patients. Thirdly, pharmacogenetics could lead to more

knowledge among patients and clients: such increased

knowledge could move them to take more responsibility

for their lifestyle and behaviour. Finally, the responsibility of

the government has to be discussed. For example, what

kinds of policies are necessary with respect to anticipated

problems of new “genetic orphan populations” (i.e. small

populations of individuals with a less prevalent genotype

that may respond to drugs), the regulations and monitor-

ing of clinical trials, the control of off-label use, the risk of

discrimination and stigmatisation of populations stratified

by race or ethnicity, guaranteeing access to life and dis-

ability insurers?

The first examples of utilisation of pharmacogenetic

knowledge in medical practice are already here and it is

expected that it is increasing. Ethical thinking about these

themes will contribute to the progress and future of phar-

macogenetics. The ethical questions raised in this article

could be a helpful tool to initiate discussions that revolve

around this topic. Because of their expertise and the

multidisciplinary character of the profession, pharmacists

should take a liaison position between the parties con-

cerned in these discussions, and take the responsibility to

communicate the outcomes.
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