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Role of pharmacogenetics in public health and clinical
health care: a SWOT analysis
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Pharmacogenomics has been lauded as an important innovation in clinical medicine as a result of advances in genomic science.

As one of the cornerstones in precision medicine, the vision to determine the right medication in the right dosage for the right

treatment with the use of genetic information has not exactly materialised, and few genetic tests have been implemented as the

standard of care in health systems worldwide. Here we review the findings from a SWOT analysis to examine the strengths,

weaknesses, opportunities and threats around the role of pharmacogenetics in public health and clinical health care, at the

micro, meso and macro levels corresponding to the perspectives of the individuals (scientists, patients and physicians), the

health-care institutions and the health systems, respectively.
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INTRODUCTION

The release of the working draft of the human genome sequence in
20001,2 promises a new era of genomic medicine where efficacy,
dosage or side effects of drugs may be pre-determined with molecular
information.3,4 This is predicated on the knowledge of genetic
polymorphisms that alter protein synthesis responsible for drug
absorption, distribution, metabolism and elimination, leading to either
a piling up of unused drug in the body resulting in drug toxicity, or an
overly rapid clearance causing therapeutic failures. Genetically predis-
posed immune responses can also produce undesirable hypersensitiv-
ity reactions, which diminish quality of life and increase morbidity and
mortality. Fifteen years since the sequencing of the human genome,
genomic medicine has yet to live up to the expectations promised.
Despite some initial successes,5–16 very few pharmacogenomics tests
are actually integrated routinely in clinics, and the translation of
pharmacogenomics to standard clinical practices worldwide is often
slow or non-existent.
The translation pathway of pharmacogenomics from basic science

discovery to clinical implementation can be broadly summarised into
seven key steps illustrated in Box 1. The first two steps of discovery
and validation establish the clinical relevance and importance of
genetic information for a pharmacological response, whereas the
subsequent five steps establish the systems-level considerations taken
in implementing pharmacogenetics testing in the clinic, by looking at
issues around cost-effectiveness, availability of accredited clinical
genomics pipelines with a supporting framework for genetic counsel-
ling, the training and upgrading of health-care workers to handle
molecular pharmacology, and national regulatory and policy infra-
structure to guide clinical implementation.
The advent of genome-wide association studies (GWAS) facilitated

the discoveries of new pharmacogenomics markers, as the majority of
the human genome can be efficiently queried within a single

experiment allowing multiple genetic markers to be identified con-
currently. For example, a recent GWAS looking at response to human
immunodeficiency virus (HIV)-1 infection treatment simultaneously
identified 27 genes to be associated with response to abacavir-
containing treatment, and 35 genes with efavirenz-containing
treatments.17 The advent of next-generation sequencing also means
there is an increasing amount of research on the impact of rare and
private mutations on drug response variation.18,19 As of 1 February
2016, there were 157 studies listed in the NHGRI-EBI GWAS
Catalog20 reporting a total of 1425 genetic markers associated with
drug outcomes for a spectrum of disorders including cancers, diabetes
and HIV. And yet, genetic testing is recommended or required by the
United States Food and Drug Administration (US FDA) for only 39
drugs, many of the genetic markers predate the discoveries made by
GWAS.21

Here we perform a SWOT analysis examining the strengths,
weaknesses, opportunities and threats around the role of pharmaco-
genomics in public health and clinical medicine. The outcome of our
analysis explains the dichotomy between the accelerated pace of
discovery and the sluggish uptake of pharmacogenomics in standard
clinical care. The SWOT analysis also identifies existing gaps in the
current situation impeding the process of clinical translation, and
provides a guide to facilitate health systems research and developments
geared at enabling regulatory policies around pharmacogenomic
testing to be formulated.

STRENGTHS OF PHARMACOGENOMICS IN CLINICAL

MEDICINE

The benefits of pharmacogenomic testing over conventional
practice of clinical medicine lie in the intention to stratify patients
according to the expected pharmacologic requirements or out-
comes, broadly in the three categories of: (i) predicting the optimal
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drug dosage; (ii) identifying patients at risk of drug-induced
toxicity or adverse side effects; or (iii) whether an indicated drug
will be efficacious. Box 2 summarises the list of FDA drug product
labels, which state mandatory genetic testing prior to prescription.

Targeted therapies that genuinely improve treatment efficacy and
minimise unintended mortality and morbidity can also (iv)
generate considerable cost savings to the health systems, even
beyond the additional expenses incurred in performing the
genetic tests.

Faster achievement of optimal drug dosages
Conventional practice of clinical medicine relies on the judgement of
the physician and routine monitoring of the patient to establish a
working dosage of drug regimen. For the majority of the drugs,
commercially prepared dosage forms are available and these

typically contain the amount of active drug components that are
necessary and suitable for most patients, or which can be easily
adjusted according to patient-specific biometric factors such as weight
and age. However, a handful of pharmaceutical drugs demand careful
titration of the dose in order to achieve the desired clinical effect
within a narrow therapeutic index. Before the discovery of the
pharmacogenomic link between genetic profile and optimal drug
dosage, this process of continual adjustment was in part a trial-and-
error approach accompanied by strict and repeated monitoring of
patient response. Warfarin,5,6,22,23 irinotecan15,24–26 and
atomoxetine27,28 are examples of medications where dosage determi-
nation with clinical factors, such as age and weight, performed poorly
in relation to the carriage of particular combinations of genetic
variants, which strongly correlate with different dose–response curves.
Here we specifically emphasise that genetic test results do not displace
the need for clinical monitoring of patient response. Instead, knowing
the genetic profile of the individual patient guides the initial dose,
thereby accelerating the process of arriving at the optimal drug dosage
with minimal toxicity.

Minimising toxicity and adverse side effects
Adverse events from medications constituted one of the leading
causes of mortality in the United States of America,25 with a
similar trend increasing throughout the rest of the world.26,29

Recent studies have uncovered numerous genetic linkages with
drug-induced toxicity and/or side effects, where knowledge of the
individual genetic profile can indicate the likelihood of an
undesirable outcome and direct the physician towards alternative
medications if necessary and available. Abacavir and carbamaze-
pine are two prime examples, especially as patients who do not
carry the HLA-B*57:01 and HLA-B*15:02 alleles, respectively, for
the two drugs will almost never experience abacavir-induced
hypersensitivity or carbamazepine-induced Stevens–Johnson syn-
drome. Conversely, patients who do carry these alleles present a
perceptible risk of unpredictable and potentially fatal reactions and
physicians almost always recommend alternatives as a matter of
good clinical practice. Prospective trials of HLA-B*57:01 screening
before abacavir prescription have reported striking successes at
reducing incidents of abacavir hypersensitivity among HIV patients
by substituting treatment regimen with non-abacavir-containing
medications for HLA-B*57:01 carriers.8,30

Identifying efficacious drugs
Genetic profiles of individual patients can be used to identify
which patients will respond to medication. This forms the
cornerstone for personalising the treatment of diseases such as
cancers, metabolic disorders and infectious diseases. Using a
prospective approach in investigating the role of pharmacogenetics
tests in clinical medicine, the Pharmacogenomic Resource for
Enhanced Decisions in Care and Treatment (PREDICT) program

Box 1 Seven steps in establishing a pharmacogenomic indication

in the clinic.

Step 1: Clinical discovery of a genetic polymorphism affecting drug response

This is the process of discovering which genetic polymorphisms are associated

with a pharmacologic response: drug efficacy, dosage or side effects. This

process often takes the form of a retrospective case–control (for dichotomous

outcomes on efficacy or side effects) or case-only (for quantitative outcomes

such as optimal dosage). Recent investigations typically rely on interrogating the

whole genome with a commercial genotyping microarray, although smaller

studies may still focus on querying subsets of genetic variants in candidate

genes. Genetic polymorphisms here refer to single-nucleotide polymorphisms,

insertion–deletions and HLA gene polymorphisms.

Step 2: Clinical validation to ascertain predictive accuracies of genetic testing

Discoveries from Step 1 with clinically useful effect sizes are taken forward in

this process, often in the form of a randomized controlled trial, which establishes

the empirical sensitivity and specificity of the genetic test. Together with

information on the prevalence of 'at-risk' genetic profile contextualised in the

local population, this allows the positive and negative predictive values to be

estimated in order to determine the number needed to test for one patient to

benefit from pharmacogenomic testing.

Step 3: Health technology assessments (HTA) to establish cost-effectiveness

A pharmacogenomic test proven to be clinically relevant (from Step 2) needs to

be evaluated for cost-effectiveness for health-care systems to absorb or subsidise

the costs of the test. HTA compares the additional costs against the additional

benefits obtained from implementing a genetic-informed treatment regimen.

This is less important if the expense is borne by the patient as a private consult.

Step 4: Establishing/availability of an accredited clinical genomics pipeline

Clinical genetic testing requires the establishment of an accredited pipeline

which addresses the following: (i) what and how much biological material to

extract; (ii) the clinical workflow for the extracted biological material to DNA/RNA

extraction; (iii) who performs the genotyping or sequencing; (iv) who analyses the

data; and (v) who advises the health-care workers on the significance of the

results. An example of accreditation is the College of American Pathologists

(CAP) Laboratory Accreditation Program, which evaluates the accuracy of the

genetic assay, quality of the data analysis and interpretation and the overall

turnaround time for the clinical genetic service.

Step 5: Developing the genetic counselling framework

A comprehensive clinical framework needs to be developed to guide health-care

workers, patients and their families on what the genetic test results mean and do

not mean. In particular, a clinical decision support system is required to direct

the physician on genetic-informed treatment protocols.

Step 6: Continuing medical education (CME) and training future health-care

workers

The vast majority of the currently practicing physicians are not trained in

genomic medicine, highlighting the need for CME to plug existing and new

knowledge gaps in the ever-expanding role and validity of genetic-guided

pharmacology. Curricula in medical schools globally need to expand and include

pharmacogenomics in the training of future physicians.

Step 7: Laying the national regulatory legislation and policies in

pharmacogenomics

National health-care agencies need to establish legislative guidelines that

conform to international standards around pharmacogenomics regulatory com-

munications and nomenclature. State policies around ownership and residency

of genomic data need to protect individuals against unwarranted, unethical or

commercial abuse of the information for purposes unrelated to meeting health-

care needs, including on the management of incidental findings.
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from Vanderbilt University has already illustrated how genetic test
results have improved patient safety by simplifying the prescription
of the appropriate drug and dosage of compatible statins to heart
patients who, otherwise, have been coping with ineffective
treatments.31 Trastuzumab, commonly known as Herceptin, is
also an effective therapy for breast or gastric cancer patients who
are specifically HER2-positive, improving survival and reducing
3-year risk of cancer relapse by almost 10%;32 conversely, the same
medication has no beneficial effect to patients who are HER2-
negative. The ability to accurately pinpoint an efficacious treat-
ment, particularly for a debilitating and psychologically traumatic
condition such as cancer, vastly increases patient confidence in
both the treatment regimen and genetic tests, who otherwise is
faced with the double whammy of a rapid decline in quality of life

and the price tag of potentially harmful treatment with dubious
effectiveness.

Reduce overall costs to the health-care system
One aspect of pharmacogenomic testing that is often overlooked is the
potential of cost savings to the health-care system – an aspect often
overshadowed by the higher upfront costs to the individuals due to the
additional expense of genetic tests. Medications such as abacavir and
simvastatin can be considerably cheaper than their respective alter-
natives (tenofovir, alirocumab) except usage may be accompanied by
undesirable side effects. Assigning all the patients to costlier alter-
natives incur unnecessary expenses to the health-care system and risk
the presentation of alternative forms of adverse responses, whereas
unguided use of the cheaper alternatives can result in increased

Box 2 List of medications where genetic information is included in the US FDA drug product inserts, and where genetic testing is

mandatory prior to prescription

Individualised – to optimise drug dosage

Drug Therapeutic area Pharmacogenomic biomarkers reflected on drug labels*

Eliglustat Genetic disease CYP2D6

Pimozide Psychiatry CYP2D6

Tetrabenazine Genetic disease CYP2C6

Predictive – to forecast response
Afatinib Oncology EGFR

Anastrozole Oncology ESR1, ESR2, PGR

Arsenic trioxide Oncology PML, RARA

Bosutinib Oncology ABL1, BCR

Carglumic acid Metabolic disease NAGS

Ceritinib Oncology ALK

Cetuximab Oncology EGFR, KRAS

Crizotinib Oncology ALK

Dasatinib Oncology ABL1, BCR

Denileukin diftitox Oncology IL2RA

Erlotinib Oncology EGFR

Everolimus Oncology ERBB2, ESR1

Exemestane Oncology ESR1, PGR

Fulvestrant Oncology ESR1, PGR

Ibrutinib Oncology 17p deletion (chromosome 17)

Imatinib Oncology ABL1, BCR, KIT

Ivacaftor Genetic disease CFTR

Lapatinib Oncology ERBB2

Letrozole Oncology ESR1, PGR

Nilotinib Oncology ABL1. BCR

Panitumumab Oncology EGFR, KRAS

Pertuzumab Oncology ERBB2

Trametinib Oncology BRAF

Trastuzumab Oncology ERBB2

Trastuzumab emtansine Oncology ERBB2

Tretinoin Oncology PML, RARA

Dabrafenib Oncology BRAF

Vemurafenib Oncology BRAF

Preventive – to avoid unpredictable ADRs
Abacavir Infectious disease HLA-B

Carbamazepine Neurology HLA-B

Rasburicase Metabolic disease G6PD
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morbidity and a corresponding loss in quality of life due to the side
effects. Knowledge of the individual genetic profiles of the patients
means costlier alternatives can be assigned to only those who cannot
tolerate the cheaper medications, and this can produce significant cost
savings to the health-care system even after including the price of pre-
treatment genetic screening. This was exactly the case for HLA-
B*15:02 screening before carbamazepine prescription in East
Asians,33–35 delivering overall savings to the health-care system despite
having to screen a greater number of patients to deliver the benefit to
one patient. However, it should be reminded that the findings of cost
savings are context-specific and not directly transferable across
different health systems, such as the discovery of HLA-B*57:01 testing
being not cost-effective for East and Southeast Asian populations,36,37

despite being ascertained to be so in European populations.38–40

Disparities in local allele prevalence and health-care cost structure
can produce opposing conclusions to the economic modelling.

WEAKNESSES OF PHARMACOGENOMICS IN CLINICAL

MEDICINE

There are several elements of pharmacogenomics that invariably
makes genetic-guided therapies unfavourable when compared with
conventional health care.

Costs of pharmacogenomic tests to the individuals
The additional expense of the genetic test has to be borne as an out-of-
pocket expenditure by the patient, or by health-care coverage for the
individual provided by either the state or insurance. We emphasise the
difference between the costs of the genetic tests to the individuals,
versus what we described earlier as cost savings to the entire health-
care system. Producing genetic information for an individual incurs an
additional expense on top of standard clinical care. In the case of
patient-requested genetic tests, the cost is usually borne by the patient
as part of enhanced or private medical consultation. However, tests
that have undergone health technology assessments and are found to
be cost-effective for the health-care system satisfy the criteria
for reimbursement in part or entirely by universal health care
(UHC). Regrettably, most of the health-care systems currently pass
on the expense of genetic tests to the individuals, and even for
countries with comprehensive UHC, such as the United Kingdom,
Singapore and Thailand,41 the spectrum of reimbursable pharmaco-
genomic tests is still typically limited to only a handful of cancer-
related and HLA-targeted34 pharmacogenetics tests (eg HLA-B*15:02
testing in Singapore and Thailand).

Speed of testing to the physicians
For pharmacogenomics testing to have a respected and useful part in
health care, the speedy generation of the test results is just as
important as the accuracy on the clinical impact of genetic informa-
tion. Presently, it takes between 3–7 working days for the test results to
reach the physician, which in the specific case of warfarin is already
sufficient to adjust the international normalised ratio (INR) to
therapeutic range through rigorous monitoring. Testing for HLA
alleles to inform prescription of medications such as abacavir,
carbamazepine or allopurinol can take even longer, although pre-
scription immediacy is often relatively less urgent for patients
requiring these treatments. The undesirably long turnaround time
for genetic tests is often related to logistical, infrastructural and cost-
related impediments, and seldom an inherent difficulty with the actual
genetic test. We also stress the important distinction between
performing the test and deriving the actual benefits from the test,
which includes accessing and interpreting the test results to the

physician. Therein lies an opportunity for developing companion
diagnostics to facilitate the implementation of point-of-care genetic
tests, except this increases the complexity of accrediting both the
genetic test and the accompanying diagnostic kit.

Imperfect understanding of genetic determinants of drug response
Except for a handful of gene–drug associations mostly to do with HLA
allele-induced ADR or cancer treatments, there is imperfect under-
standing of the genetic determinants for the majority of pharmaco-
genomically linked drug treatments. The promising scenario where
being genotype-negative confers almost zero risk of adverse drug
reactions (or equivalently, a specificity of almost 100% for genetic
testing) really only extends to HLA-B*15:02 and HLA-B*57:01 for
carbamazepine33 and abacavir,8 respectively, whereas most of the
genetic markers hardly achieve such dichotomy for clinical decisions.
For example, the loss-of-function alleles in CYP2C19 accounts for only
12% of clopidogrel response variability in spite of the fact that the
heritable variability is estimated to be 72%,42,43 and this means there
are other genes involved on top of CYP2C19 or other yet unknown
markers in CYP2C19 that contribute to explain the variation in
clopidogrel response. It is, especially, unclear how gain-of-function
alleles compensate against loss-of-function alleles in the same gene to
affect outcomes.44 Even the alleles in VKORC1 and CYP2C9 com-
monly used for predicting warfarin dosing account for o40% of the
INR dosing variation,45,46 and rare and private mutations in known
pharmacogenomic genes have recently been reported to account for
unexplained genetic variability.47 This incomplete understanding of
the genetic impact on drug outcomes is likely to affect the confidence
of physicians and patients to genetic testing, as it reduces the process
of clinical decision-making to an interpretation of probabilities and
likelihoods.

OPPORTUNITIES OF PHARMACOGENOMICS IN CLINICAL

MEDICINE

Digitising the health records of an individual facilitates the practice of
health-care analytics and precision medicine. The personalised genetic
make-up comprises another valuable data source that can inform
clinical health care, and we discuss here the factors and opportunities
for the growth of pharmacogenomics.

Technological innovations and falling prices of genetic tests
The price tag of sequencing the human genome has fallen exponen-
tially from US $3 billion in 2001 to less than US $1000 in 2016.
Unprecedented knowledge of genome diversity gleaned from sequen-
cing the entire genomes of thousands of people have enabled the
design of commercial genotyping microarrays that are able to query
almost a million genetic variants, including those with the ability to
inform pharmacogenomic therapy, at a cost of less than US $50. At
such price points, genetic information can be synthesised at a more
attainable cost and augmented with the health records of an individual
even before the need for medication arises. This circumvents a
weakness described above regarding the speed, or lack thereof, of
producing the test results in a timely fashion to be of practical use.
Technological innovations have also fashioned a market for direct-to-
consumer genetic tests, where the decision to genotype is taken by the
individual instead of the health-care provider. Rapid point-of-care test
kits also mean that general practitioners and specialists alike can order
a genetic test, without necessarily involving a laborious and specialised
process chain ranging from DNA extraction to bioinformatics inter-
pretations. These developments greatly enhance the accessibility of

SWOT analysis of pharmacogenetics in health care
R Kapoor et al

1654

European Journal of Human Genetics



genetic tests to both physician and patient, and lay the foundation for
pharmacogenomics to play a bigger role in health care.

Innovation in health care that impacts drug development and
utility
Pharmacogenomics is a significant innovation in health care that
possesses the potential to change the paradigm in the practice of
medicine, not solely in the way drugs are prescribed but also in the
way drugs are discovered and developed.48,49 The principle of
pharmacogenomics-guided clinical trials is to improve and accelerate
drug development by correlating genetic profiles of patients with
treatment outcomes (chiefly around safety and efficacy) in early phases
of the clinical trials, and subsequently extending Phase III trials only to
individuals possessing the genetic predispositions linked to the safe
and effective use of the developmental drugs. This transforms the
current hit-and-miss approach in drug development to one that is
significantly more precise, producing a lower attrition of drug
candidates and lowering the price tag of developing a new drug. In
fact, it is anticipated that pharmaceutical companies are likely to be the
main drivers in pushing pharmacogenomics as part of standard of
care, when drug product labels carry contraindication warnings and
dosing guidance on the basis of individual genetic subtypes, thereby
compelling the need to genotype the patient before prescription.

Public pharmacogenomics network on clinical implementation
The Clinical Pharmacogenomics Implementation Consortium
(CPIC, https://cpicpgx.org/) is an online resource managed jointly
by PharmGKB and the Pharmacogenomics Research Network to
provide rigorously curated evidence and guidance on the role of
genetic tests in augmenting and optimising drug therapy.50–52 The
CPIC guidelines focus on how the test results should be interpreted to
guide treatment, instead of counselling on whether genetic tests should
be ordered in the first place. Two other consortiums, IGNITE
(Implementing Genomics in Practice, a NIH-funded initiative) and
the Dutch Pharmacogenetics Working Group (DPWG) in Europe,53

have also been established with the explicit mandate to focus on the
implementation and interpretation of genetic tests to guide clinical
decision-making. These consortiums are important enablers in imple-
menting pharmacogenomic services in the clinics, as physicians can be
confident that the respective one-stop portal will be able to supple-
ment and update their knowledge of new pharmacogenomic guide-
lines. This is increasingly necessary with the rising popularity of direct-
to-consumer genetic tests, where an individual can order a test
independently of medical needs and present the results to the
physician with the intention to guide treatment.

THREATS OF PHARMACOGENOMICS IN CLINICAL MEDICINE

There are numerous factors that can hinder or derail the implementa-
tion, translation and uptake of pharmacogenomics. Here we provide a
review of these factors and why they threaten the role of genetic tests
to guide prescriptions.

Availability of non-genetics alternatives to physicians
Perhaps the greatest weakness of pharmacogenomics is the perception
that molecular information is not essential and can be easily
substituted by other clinical measurements or aggressive monitoring,
which is already part of routine care with medications known to cause
serious toxicity or adverse reactions. Several recent clinical trials have
challenged the overall benefits of genetics-based warfarin dosing by
illustrating near-similar results of dosage optimisation using other
clinical factors and INR monitoring.54,55 A reconciliatory note here is

that the availability of non-genetic alternatives, particularly that of
aggressive monitoring, is predicated on having an efficient and
rigorous health-care system that is able to diagnose and circumvent
adverse effects or re-adjust dosages in a timely manner. A less rigorous
(or more negligent) health-care system may see greater occurrences of
missed diagnosis or delays in acknowledging adverse events or drug
failures, which genetic tests act as early preventive measures to
minimise.

Misaligned incentives for clinical discovery versus clinical
implementation activities
The majority of efforts and funds in pharmacogenomic initiatives are
currently being disproportionately invested in clinical discovery and
validation (Box 1, steps 1–2), instead of clinical translation (Box 2,
steps 3–7). It is not difficult to see why, as the first two steps are more
straightforward to conduct and are often within the sole jurisdiction
and control of the principal investigator responsible for the research.
Such micro establishments contain a relatively low degree of uncer-
tainty, and the main impediments to success are usually the availability
of funding and access to the right patients as study subjects. This is in
contrast to the stages in clinical implementation, which involve
lobbying for systems-level changes at both the meso (implementation
in the clinics) and macro (national policies and international guide-
lines) levels – something that clinician scientists and geneticists
regularly do not engage in or are in fact averse to. For example, it is
profoundly more challenging to establish an accredited pipeline that
operationalise pharmacogenomics from blood drawing to the produc-
tion of a certified report post-bioinformatic analysis in the clinics; to
additionally devote manpower resources and training to support post-
testing genetic counselling; to alter current syllabi in medical schools
to impart knowledge of pharmacogenomics relevance; and to produce
the necessary evidence to guide the development of national and
international regulatory legislations. These activities require structural
transformations to the foundation of health care, and involve the buy-
in of governments, universities and hospital executives. Even the
carrot-and-stick system of scientific research via academic promotions,
publications and grant funding is often more favourable of clinical
discovery research than translational and implementation sciences,
thus driving the majority of actual research activities and funding
requests around clinical discovery. The status quo of disconnect
cannot remain, however, especially when the public and funding
agencies expect or even demand the translation of research outcomes.
This is especially pertinent as the artificial and strictly regulated nature
of clinical trials often fail to represent the reality in health-care
establishments, overlooking operational issues such as accessibility to
health-care facilities and genetic-informed physicians, acceptance of
genetic testing by patients and their family members and availability of
infrastructural support of genetic tests.

Lack of nationwide genetics-compatible data grid for health care
The implementation of genomic medicine requires the seamless
integration of genetic information with medical records. Ideally, this
genetic-compatible health-care database has to be accessible through-
out the different health-care sectors from primary to tertiary care, in
order to avoid the imbalance of care provision that may arise when
one care sector (usually the specialist or tertiary care) is privileged to
additional information over another care sector (such as the general
practitioners offering primary care), when drug prescriptions are made
by physicians throughout the spectrum of care sectors. However, few
health systems in the world currently possess a data grid that is
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simultaneously able to accommodate and display genetic information,
and yet accessible by all care sectors.

Mistrust over management and use of genetic information
Genetics does not solely offer insights into the biology and disease
risks of the individual, but also to other members in the family.
Confidentiality of genetic records must be safeguarded by the overall
health-care system, just as standard operating procedures must be in
place to guide the management of incidental findings that emerged
from pharmacogenomic tests, especially those around paternity and
disease risks. The fear and mistrust over how genetic information as a
whole will be used by the society to discriminate can erode the
reputation of genetic screens.

Lack of buy-in by health-care financiers
The dilemma with genetic testing is the double whammy faced by
health-care financiers to bear the costs of the genetic tests and also the
higher expenses from pricier alternatives for genotype-positive
patients, as these people carry the predisposition for drug failures or
adverse reactions with standard treatment regimes. Given the addi-
tional knowledge of possible risks, the physician is obliged to prescribe
alternative drugs despite the fact that only a fraction of the genotype-
positive individuals will experience a suboptimal outcome, and this is
presently already arrested with routine monitoring. For chronic
conditions requiring lifelong medication, there is, thus, a compelling
case to attempt standard treatment before switching to alternatives.
The financiers are ultimately motivated to offer a reasonable level of
care balancing costs to the health system and benefits to the patients,
whereas the individuals are motivated to seek the best possible care
with maximum efficacy and minimum side effects. This disconnect
between universal health-care coverage and patient-centric health care
can manifest in the unwillingness for health-care financiers to absorb
what may be perceived as an unnecessary cost.

Widening inequality in health-care accessibility
One of the unintended consequences with the availability of genetic
testing is to widen the inequality in health-care accessibility between
the wealthy and the less well-off. It is likely that the majority of genetic
tests will not pass the assessment of cost-effectiveness, which means
health-care financiers are unlikely to underwrite the additional costs,
rendering these tests as an out-of-pocket expense. This disparity exists
not only in the form of affordability between individuals, but also in
the form of accessibility between health systems of developing and
developed countries, where the former may deem the advanced
genomics technology as secondary to the provision of basic essential
health care, whereas the latter has the latitude to offer new
technologies aimed at improving quality of care and empowering
patients’ preferences.

What the health-care community desperately needs is not just more
clinical discovery research, but also greater emphasis and efforts in
transforming existing discoveries to feasible solutions in the clinics and
to address implementation barriers in the health system. Convincing
the health systems to make the necessary changes must stem from an
evidence-based approach that rigorously interrogates whether a genetic
test genuinely improves the quality of care in a cost-effective manner,
and this must happen before regulatory agencies can be convinced on
which genetic tests ought to be implemented in the health system.
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