
Editorial

General considerations for integrating
pharmacogenomics into mainstream
medical practice

Pharmacogenomics is referred to as the scientific

field that studies the influence of genetic variation

on drug response by correlating gene expression or

single nucleotide polymorphisms (SNPs) with a

drug’s efficacy or toxicity. Pharmacogenomics aims

to develop the rationale for individualising drug

therapy, based on a patient’s genetic profile, to

maximise drug efficacy and/or minimise adverse

drug reactions (ADRs). Such innovative

approaches, where drugs or drugs and food combi-

nations are optimised against an individual’s unique

genetic profile, would constitute ‘personalised

medicine’. This notion stems from ancient times,

when Hippocrates first said that ‘. . .it is more

important to know which kind of person suffers

from a certain disease than knowing from which

disease somebody suffers’. The recent technological

revolution that led to the various high-throughput

methods for determining an individual’s genetic

make-up — namely, next-generation sequencing

and microarray-based technologies — has brought

the prospect of personalised medicine even closer

to fruition, but, at the same time, has posed some

dilemmas and has serious ethical implications that

have to be overcome and addressed properly.

The first important issue is the choice of the

genotyping platform, which is directly dependent

on the cost of the pharmacogenomic test that is

being offered. Despite the fact that there are

numerous mutation detection and screening

methods, there is no single platform or method-

ology that prevails for pharmacogenetic testing.

Genotyping can be done using different approaches

with respect to the throughput, amplification-based

and separation technologies and labelling. The

variety of detection approaches makes it not only

difficult, but also challenging to determine which

is better suited to a laboratory setting, although

DNA sequencing is considered to be the gold stan-

dard for the identification of DNA sequence var-

iants, particularly with the advent of the

next-generation sequencing technologies. The

initial investment costs and the expected test

volumes are some of the factors that need to be

taken into consideration prior to choosing the gen-

otyping technique, including hardware and soft-

ware, testing reagents, and kits. The choice of

genotyping platform goes hand in hand with the

training of the personnel — not only of those per-

forming, but also those interpreting the pharmaco-

genomic test. The continuing education of

personnel in the diagnostic laboratory is crucial for

the accuracy of the results obtained (see also below).

Alongside this, and closely related to it, health-

care costs represent an important parameter.

Generally, the cheaper the pharmacogenomic test,

the more likely it is to be undertaken by a patient

or prescribed by the physician. Unfortunately,

economic barriers to the adoption of genomic data

for individualising medical practice exist and mostly

depend on the nature of the technology used.

Different reimbursement policies from different

insurance companies can also pose an obstacle to

the rapid dissemination of pharmacogenomics. In
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other words, it is only when insurance companies

start paying for pharmacogenomic tests to indivi-

dualise drug prescription, or to prevent or effec-

tively manage chronic diseases, that personalised

medicine will start to flourish. Using the example

of warfarin, however, shows that this perspective is

far from becoming a reality. Although information

was added to the warfarin label by the US Food

and Drug Administration in 2007, based on the

influence of the CYP2C9 and VKORC1 genes on

anticoagulation-related treatment, reimbursement

of this genetic test for warfarin dosing is not

uniform among beneficiaries. Also, with respect to

the impact of pharmacogenomics on reducing

overall healthcare costs, several reports have

reported cost-effectiveness analyses on drug treat-

ments for cancer (eg HER2 pharmacogenetic

testing), psychiatry and chronic inflammatory dis-

eases, and, hence, demonstrated the cost benefits of

a putative pharmacogenetic test. It is clear that

further debate is required among healthcare

decision makers to be able to realise the expected

economic benefits, both for pharmaceutical com-

panies and public health. Interested parties may also

influence the adoption of pharmacogenetic tests,

since they can choose to reimburse the costs if they

are convinced that these tests can have a positive

impact on their drug treatment.

Another important parameter that will facilitate

incorporation of pharmacogenomics into main-

stream medical practice is the education of health-

care professionals. So far, the introduction of

pharmacogenomic testing in the clinic has not met

with the reciprocal and continuing education of

physicians, particularly senior ones, which is a cum-

bersome issue, particularly in light of applying

these tools to a growing number of patients.1 This

not only applies to basic pharmacogenomic knowl-

edge, but also to the interpretation of pharmacoge-

nomic test results and their utilisation in the clinical

setting for the therapeutic management of patients.

In fact, this deficiency is part of a general lack of

preparation by the primary healthcare workforce to

facilitate the integration of genome medicine into

mainstream clinical practice. In this respect, it is

imperative that biomedical curricula in higher

education institutions are enriched with relevant

courses on pharmacogenomics and personalised

medicine. Indeed, the International Society of

Pharmacogenomics Education Forum has already

requested such measures. Clearly, patients expect to

receive pharmacogenetic services from healthcare

professionals who can confidently and convincingly

explain the test and prescribe the proper drug, at

the correct dose, based on the pharmacogenomic

test result. The appropriate education of healthcare

professionals is vital to reach this point.

Furthermore, the basics of pharmacogenomics

should also be disseminated to a much wider audi-

ence — namely, the general public — especially to

explain to them why such tests should only be

ordered through a medical practitioner and alert

them to the fundamental differences between phar-

macogenomics and ‘predictive genomics’, the latter

currently standing on weak scientific foundations.

Preliminary data from a survey undertaken by our

group, using a very large sample, show that the

general public is largely against direct-to-consumer

genetic testing, including pharmacogenomic testing

(paper in preparation).

Most importantly, the complete implementation

of pharmacogenomics and personalised medicine

will only take place when they are properly regu-

lated by healthcare authorities. By definition, phar-

macogenomics investigates inter-individual differences

in genetic make-up; therefore, issues pertaining to

genetic discrimination — and privacy — particu-

larly in relation to the accessing of people’s genetic

composition by life and healthcare insurance com-

panies, should be resolved. The social consequences

arising from new terms such as ‘responder’ or ‘non-

responder’ to a given drug treatment could involve

genetic stigmatisation or personal identification

issues. Similarly, pharmaceutical companies, for

economic reasons, may simply ignore patients who

are either suffering from rare or complex genetic

disorders or who are not expected to respond to

any known treatment, leading to denial of effective

treatments. Overall, genomic data are very different

from traditional medical information, the latter

being self-limited and often transient, particularly

when data storage comes into play.2 In this case,
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serious concerns are raised about the potential for

loss of confidentiality or privacy that should be

safeguarded appropriately. In an attempt to regulate

these questions by means of legislation, national

authorities and governments have enacted specific

measures, such as the Genetic Information

Non-discrimination Act (GINA; http://www.

genome.gov/24519851) and the Health Insurance

Portability and Accountability Act Privacy Rule

(http://www.hhs.gov/ocr/privacy/hipaa/administra

tive/privacyrule/index.html) in the USA.

One way to resolve this deficiency is meticu-

lously to collect and document patients’ genomic

data in central data depositories (eg clinical genetics

databases) that fulfil strict data protection criteria

and carefully control data access. Such databases

would be located in various healthcare institutions

and record phenotype, genotype and personal data

but access to these data would be restricted by user

rights. User identification would be performed

based on a number of methods, such as use of

passwords, access cards or other means of unique

researcher identification (eg ResearcherIDs (http://

www.researcherid.com) and/or Researcher

Identification Primers (RIPs; http://www.gen2phen.

org) and/or a double-layered authentication mech-

anism, determined by the user’s password and IP

address). In this way, researchers and patients would

be granted only partial access to their stored data

and only the physician would be granted full access

to an individual’s clinical picture and genetic back-

ground (Figure 1). Certainly, when whole-genome

sequencing becomes routine, and personalised

medicine is common, these databases may well be

something we take for granted. In the meantime,

the first efforts in that direction have already

started, with prototype software from our group

that allows an individual’s genetic profile to be

stored (with informed consent) so that this infor-

mation can be retrieved only by the patient and

his/her physician (unpublished results). A con-

venient graphical interface is provided to the end

user, who can enter data and retrieve results

(through queries) from the clinical genetics database

in which the relevant information has been stored.3

Such a database, currently under development,

would allow patients securely to store all their

genetic and related phenotypic information, hence

contributing decisively to customised medical

treatment.

Of course, the development of such repositories

raises particularly complex ethical challenges.

Primarily, the inclusion of clinical and molecular

data connected to specific individuals must be done

in a way that ensures anonymity. How best to

achieve this has not yet been established, but it is

widely agreed that strict governance frameworks

must be established to address any and all confiden-

tiality concerns. This is a particularly timely issue,

following the recent work of Homer and

co-workers,4 which created much debate — and

some frustration — in the human genomics com-

munity about how we can share summary-level

genetic association data optimally and safely. These

authors showed that summary-level genotypic data

do not completely mask a person’s identity, so that

greater emphasis and caution are needed for the

confidential sharing and combining of genomics

Figure 1. Schematic drawing depicting the data flow and

access rights to the contents of a clinical genetics database.

Phenotype (PHEN) and genotype (GEN) data are stored in the

database, along with sensitive personal data (PRSL; depicted in

red). Partial (dashed-line arrows) or full (solid-line arrows) data

access is then controlled by a variety of means of user

identification (see text for details).
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data from patients and non-affected individuals in

order fully to mask personal identity.

In essence, the effective utilisation of pharmaco-

genomics relies heavily on a variety of parameters

that are currently being addressed to a greater or

lesser extent. We stand at the dawn of personalised

medicine, and the success of this endeavour will

depend on both deciphering and gaining a deeper

understanding of the intricacies that regulate and

underlie an individual’s ‘genoprint’, particularly

variability in response to medication.
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