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COMMENT

Sketching the prevalence of pharmacogenomic biomarkers among
populations for clinical pharmacogenomics
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Humans are characterized by vast interindividual varia-
bility, as a result of the ~3.5–5 million genomic variants
observed per genome, a significant proportion of which are
rare and can potentially be of clinical relevance. The same
rule applies for those genes that encode the various enzymes
involved in absorption, distribution, metabolism, excretion,
and toxicity of medicines, also referred to as ADMET genes
or pharmacogenes. In particular, it has been previously
shown that every individual bears, on average, ~18,000
variants in their 231 pharmacogenes, the majority of which
are rare variants, some of which may be deleterious
regarding gene function [1]. This vast interindividual
genetic variability reciprocally leads to remarkable inter-
ethnic differences in the allele frequencies of genomic
biomarkers in those pharmacogenes, with significant con-
sequences not only in public health but also in drug
development [2].

In a recent study, Petrović et al. have systematically
assessed the interethnic distribution of clinically relevant
genomic biomarkers in the CYP2C19 and CYP2D6 phar-
macogenes in 33 European populations [3]. These authors
have extracted relevant genotyping data from 79 original
studies referring to 82,791 healthy individuals across Eur-
ope and concluded that the prevalence of certain pharma-
cogenomic biomarkers present with significant differences
among populations. In particular, frequencies of CYP2D6
gene duplications showed a clear Southeast to Northwest

gradient ranging from <1% in Sweden and Denmark to 6%
in Greece in Turkey, while an inverse distribution was
obvious for the CYP2D6*4, CYP2D6*5, and CYP2C19*2
loss-of-function alleles. These data indicate that some of the
clinically actionable pharmacogenomic biomarkers present
with a distinct geographical gradient, which is consistent
with European populations’ migratory history.

In recent years, the concept of population pharmacoge-
nomics (PGx) has gained momentum. In a similar multi-
center study (the Euro-PGx project), coordinated by the
Golden Helix Foundation (www.goldenhelix.org) and con-
ducted from 2010 until 2015, Mizzi et al. analysed
over 1800 individuals from 22 different populations,
mostly European but also of Middle Eastern and South
African origin, using the DMET+ microarray-based
and conventional-genotyping approaches. These authors
demonstrated significant differences in several pharmaco-
genomic biomarker allele frequencies among different
European populations [4], particularly in a number of
clinically actionable pharmacogenomic biomarkers, affect-
ing drug efficacy and/or toxicity of 51 drug treatment
modalities. Interestingly, these differences are also reflected
not only on the prevalence of high-risk genotypes in these
populations, as far as common pharmacogenomic bio-
markers in the CYP2C9, CYP2C19, CYP3A5, VKORC1,
SLCO1B1, and TPMT pharmacogenes are concerned but
also on the expected differences in the predicted genotype-
based warfarin dosing among these populations [4].
Similarly, Lakiotaki et al. demonstrated significant differ-
ences of pharmacogenomic biomarker allele frequencies
that directly reflect on the genomic structure of the 28
populations comprising the 1000 genome project [5].

There are important implications of population PGx,
both in terms of public health policies and also, and most
importantly, on drug development. In the first case, prior
knowledge of pharmacogenomic biomarker allele fre-
quencies in a certain population, may help towards estab-
lishing medication prioritization guidelines, which could
contribute towards improving the quality of life of the
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patients and also minimizing the national healthcare
expenditure by reducing possible adverse drug reactions.
This is of utmost importance as far as pharmacogenomic
biomarkers with high prevalence are concerned. Two
important examples is the screening for the HLA*1502
variant in Southeast Asian populations, leading to
Steven–Johnson syndrome/toxic epidermolysis necrosa,
where, contrary to the European populations, is highly
prevalent [6], and reciprocally, CYP2D6 variants, related to
tamoxifen and several other medications, in which case,
~6–10% of Europeans are considered to be poor CYP2D6
metabolizers, as compared with <1% of East Asians [7]. As
such, once incorporating PGx into national healthcare
policies, taking the prevalence of (the clinically actionable)
pharmacogenomic variant alleles into serious consideration,
provision of healthcare can become more cost-effective by
ensuring better treatment, proper medication prescription
and, above all, identification of subpopulations at certain
disease and adverse drug reactions risk [2]. The latter has
broad implications, not only for developing but also for
developed countries, which constitutes a big mosaic of
ethnically diverse subpopulations.

Population PGx may also play a decisive role in drug
development. In prospective genome-guided randomized
clinical trials, participants’ selection is based on their
pharmacogenomic biomarker status [8]. It is anticipated that
this, so-called genome-enrich, clinical study design (see
also https://www.ema.europa.eu/en/documents/scientific-
guideline/guideline-good-pharmacogenomic-practice-first-
version_en.pdf) may identify those participants’ subgroups
that are more likely to respond better to a given drug, or be
more susceptible to a potential adverse drug reaction, which
could significantly expedite the entire drug development
process, while also allowing participation from a variety of
racial/ethnic, ancestral, and geographic backgrounds, even
from the developing world, addressing the issue of limited
ethnic representation in several clinical trials. The above
may have a very positive impact on the drug development
and/or repositioning costs.

In their study, Petrović et al. stress the need for refining
pharmacogenomic biomarker mapping in different (sub)
populations, which is particularly important even among
populations of the same racial group [3], allowing for cost-
effective and more precise provision of healthcare services.
This can be only achieved by encouraging well-designed
projects that address this topic. Such a project, closely
related to the Euro-PGx project, is currently ongoing in
Southeast Asia (the 100 pharmacogenes project), aiming to
analyze—by targeted resequencing—100 pharmacogenes in
~1400 individuals, mostly of Southeast Asian origin, and
also of Greek and Emirati descent. Findings from these
studies should then be made available through well curated
online resources, documenting clinically relevant genomic

variants allele frequencies, such as the FINDbase database
(www.findbase.org), that has been active in the field since
2006 [9]. Ultimately, development of companion diag-
nostics solutions, e.g., ethnic-specific panels for pharma-
cogenomic testing, bearing those pharmacogenomic
biomarkers that are relevant for specific population(s) based
on findings from relevant projects, may represent a cost-
effective choice not only for pharmacogenomic testing,
particularly for low- and medium-income countries, but also
for genome-enriched clinical studies (Fig. 1).

Overall, differences in the prevalence of pharmacogenomic
biomarkers in different populations can positively impact both
on public health as well as in drug development and coupled
with population-based cost-effectiveness analyses [10] may
further expedite the integration of genome-guided drug
treatment interventions into routine clinical care.
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