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The study reported by Kapoor et al1 in this
month’s European Journal of Human

Genetics explains the dichotomy between the
accelerated pace of discovery and the slow
uptake of pharmacogenomics in standard
clinical care through a SWOT analysis. A
glass can be perceived as being half-full or
half-empty. Although the authors predict
many positive effects and applications of
pharmacogenomics they also present a rather
pessimistic view on the status and attitudes
toward pharmacogenomics and its imple-
mentation in clinical care. However, we, like
many others, foresee a much more optimistic
future for both the impact of pharmacoge-
nomics and its imminent implementation.2

Our optimism is based on the fact that many
of the proposed weaknesses and threats are
currently being addressed by various initia-
tives, both in the United States of America
and in Europe, and that the presented hurdles
preventing implementation such as lack of
evidence regarding clinical utility, absence of
guidelines within a clinical workflow and
the necessity of whole-genome sequencing
(WGS) innovations in pharmacogenomics
are either being overcome or have already
been surmounted.
Indeed, the optimistic prediction for the

imminent implementation and resulting
impact of pharmacogenomics on health care

is shared by many stakeholders. This is
verified by the recent funding of eight imple-
mentation initiatives in the United States of
America over the last five years; such as the
PREDICT program, highlighted by Kapoor
et al.1 The US Pharmacogenomics Research
Network (PGRN), has initiated the Transla-
tional Pharmacogenetics Program aimed at
implementing pre-emptive pharmacoge-
nomic testing in several clinical US sites in
a real-world setting.3 In addition, the 1200
Patients Project initiated by the University
of Chicago is implementing pre-emptive
pharmacogenomic testing of a panel of
pharmacogenes.4,5 The Displaying and Inte-
grating Genetic Information Through the
Electronic Health Record (EHR) Action Col-
laborative (DIGITiZe) focuses on integrating
pharmacogenomic testing results of TPMT
and HLA-B*5701 into the EHR for patients
receiving prescriptions for azathioprine and
abacavir.6 The Electronic Medical Records
and Genomics PGx project (eMERGE-PGx),
initiated in ten US medical centres, will apply
next-generation sequencing (NGS) for 84
proposed pharmacogenes in 9000 patients
likely to be prescribed relevant drugs in a
one- to three-year time frame.7 The PG4KDS
project at St Jude Children’s Hospital aims at
implementing pharmacogenomic testing for
genes corresponding to 12 high-risk drugs.8

The Clinical Implementation of Personalized
Medicine through Electronic Health Records
and Genomics – Pharmacogenomics (CLIP-
MERGE) project at Mount Sinai Medical
Center aims at enrolling patients who have
previously opted-in to the institution’s bio-
bank and to implement pharmacogenomic
testing within the hospital.9 The Personalized
Medicine Program at the University of Flor-
ida and Shands Hospital has implemented
CYP2C19 genotyping for patients who have
been prescribed clopidogrel, as a pilot study.
This project aims to expand on the imple-
mentation to a variety of other practice
settings.10,11 The PREDICT program estab-
lished at the Vanderbilt University School of
Medicine aims to implement pre-emptive
genotyping for high-impact genetic variants.
The project initially focused on CYP2C19
genotyping of patients scheduled for coronary
arteriography.12 All these initiatives have three
similar approaches in common, as follows:
(1) they implemented pre-emptive pharma-
cogenomic testing using either NGS, a panel
of pharmacogenes or a single drug–gene
combination in clinical care, (2) they
embedded the pharmacogenomics results
within the EHR and combined it with clinical
decision support systems (CDSS) and (3) they
used Clinical Pharmacogenomics Implemen-
tation Consortium (CPIC) guidelines to guide
drug selection and dosing.
Now, the first large-scale, international

pharmacogenomics implementation project
has been initiated in Europe. The European
Commission recently awarded a 15 million
Euro Horizon 2020 grant to fund the
Ubiquitous Pharmacogenomics Consortium
(U-PGx) 'Making actionable pharmacoge-
nomics data and effective treatment optimi-
zation accessible to every European citizen'
(www.upgx.eu). In contrast to the US initiatives,
the U-PGx consortium will not only imple-
ment pharmacogenomics tests for a broad
range of drugs but also accept the challenge of
assessing the impact of pharmacogenomics
on health outcomes using a novel composite
endpoint. The U-PGx project uses a multi-
faceted approach, consisting of four compo-
nents, to address the major challenges and
obstacles for implementation of pharmacoge-
nomics in patient care. The first component
focuses on developing the enabling tools
necessary to integrate pharmacogenomic test
results into the EHR and the CDSS such as IT
solutions and educating health-care profes-
sionals in pharmacogenomics, as well as
complementary mobile solutions where cen-
tralized EHRs are not available. The second
component is a randomized controlled trial
(n= 8000), which will assess the impact of

1Department of Clinical Pharmacy & Toxicology, Leiden University Medical Center, Leiden, The Netherlands; 2Center
for Medical Statistics, Informatics, and Intelligent Systems, Medical University of Vienna, Vienna, Austria; 3The Golden
Helix Foundation, London, UK; 4Dr Margarete Fischer-Bosch Institute of Clinical Pharmacology, Stuttgart, Germany;
5Department of Clinical Pharmacology, University Hospital Tuebingen, Tuebingen, Germany
*Correspondence: Professor Dr H-J Guchelaar, Department of Clinical Pharmacy & Toxicology, Leiden University
Medical Center, PO Box 9600, NL 2300 RC Leiden, The Netherlands. Tel: +31 (0)71 526 2790; Fax: +31 (0)71 526
6980; E-mail: H.J.Guchelaar@lumc.nl
Received 30 June 2016; revised 5 July 2016; accepted 22 July 2016; published online 31 August 2016

European Journal of Human Genetics (2016) 24, 1658–1660
& 2016 Macmillan Publishers Limited, part of Springer Nature. All rights reserved 1018-4813/16

www.nature.com/ejhg

http://dx.doi.org/10.1038/ejhg.2016.116
www.upgx.eu
mailto:H.J.Guchelaar@lumc.nl
http://www.nature.com/ejhg


pre-emptive pharmacogenomic testing of a
panel of 13 pharmacogenes and the corre-
sponding drug–gene guidelines for 45 drugs,
originating from the Dutch Pharmacoge-
nomics Working Group (DPGW) on patient
outcomes in seven European countries.13,14

In addition, a health technology assessment
will be performed and process indicators for
physician adoption of pharmacogenomics will
be monitored. The results of this approach
will provide regulatory authorities with evi-
dence on both the patient and economic
impact of pharmacogenomics to enable
evidence-based decision-making to shape pol-
icy. A third component applies innovative
methodologies, such as systems pharmacol-
ogy and NGS, to discover additional variants
associated with drug response and to eluci-
date drug–drug–gene interactions. The last
component assures ethical proceeding of the
project and spearheads outreaching and edu-
cational activities to influential stakeholders.
The funding of this large consortium demon-
strates both the expectations of the impact of
pharmacogenomics and the importance for
many stakeholders. In a time where increas-
ing health-care costs are becoming a signifi-
cant problem, pharmacogenomics can be
used to personalize treatment modalities and
thereby minimize adverse drug reactions,
resulting in increased quality of life and
lowered health-care expenditure.
Kapoor et al1 describe the demonstration

of clinical utility as a necessary step in
establishing a pharmacogenomic indication.
In our opinion, the association between a
pharmacogenotype and drug response does
not ultimately require the merit of a large
randomized clinical trial to highlight its
utility. This view is shared by others.15,16

For example, the clinical utility of using renal
function to guide drug dosage, in avoiding
toxicity, has not been evaluated though large
randomized controlled trials as a regulatory
requirement but rests purely upon pharma-
cological knowledge of health-care profes-
sionals. Similarly, we suggest that using
pharmacogenomic and pharmacological
knowledge is sufficient to evaluate the clinical
utility of modifying dosage on the basis
of a pharmacogenomic genotype result. The
evidence that the pharmacogenomics approach
does indeed result in a positive benefit-risk
ratio is already given by the randomized
controlled trials evaluating the association
between CYP2D6, VKORC1, TPMT, HLA-
B*5701 and the respective drug response.17–20

We hypothesize that this gold-standard
evidence for pharmacogenomics-guided pre-
scribing can be extrapolated to all single
pharmacogenomic interventions. This hypo-

thesis will be put to the test in the U-PGx
clinical trial where the combined effect of
multiple pharmacogenomic interventions will
be assessed aggregately. In addition, the use of
WGS in oncology and whole-exome sequen-
cing in clinical genetics often results in
complementary pharmacogenomics informa-
tion being provided.21 Once these pharmaco-
genomic data are already available, the
discussion on clinical utility and cost-
effectiveness are superfluous. It seems, how-
ever, that health-care professionals are more
uncomfortable with applying genetics than
applying other tools, such as renal function,
due to perceived complexity surrounding the
domain of genetics. We, therefore, argue that
the bottleneck for the implementation of
pharmacogenomics does not lie in the lack
of evidence demonstrating clinical utility but
rather lies in the unfamiliarity and lack of
genetics knowledge among physicians and
other health-care providers.22–24 This bottle-
neck will be addressed within the U-PGx
consortium through an e-learning tool, which
aims to increase physician knowledge and
know-how with pharmacogenomics.
The lack of guidelines within a clinical

workflow is a hurdle that needs to be over-
come to enable successful implementation of
pharmacogenomics and to guide health-care
professionals in using pharmacogenomics in
clinical care, as described by Kapoor et al.1

The CPIC has developed 325 drug–gene
guidelines, which can be accessed through
the PharmGKB. Simultaneously, the DPWG
has developed over 80 drug–gene guidelines
in The Netherlands.13,14 These are integrated
nationwide within the Dutch Z-index, the
national drug database used for electronic
prescribing by physicians and medication
surveillance by pharmacists, and are, there-
fore, incorporated in the CDSS. This gives
Dutch health-care providers the opportunity
to easily incorporate pharmacogenotypes
in their prescribing and dispensing. This,
however, has still not resulted in the adoption
of these guidelines in clinical care. Some
major obstacles of implementation can be
identified from the following: (1) a lack of
knowledge among health-care providers, as
mentioned earlier and (2) the absence of the
patient’s genotype at the time of prescribing
or dispensing. We, therefore, argue that
pre-emptive genotyping is more effective
than reactive genotyping with regard to
the implementation of pharmacogenomics.
A recent study shows that over 97% of the
population carries an actionable pharmaco-
genomic variant.25 This implies that large
portions of the population will benefit from
pre-emptive genotyping at some point in

their lifetime. The U-PGx consortium will
develop a range of tools to be able to
implement these guidelines and combine
them with the pre-emptively acquired geno-
type in a range of different medical systems
across seven European countries. These tools
vary from being interruptive within the CDSS
to a tool which is carried by the patient on an
ID card and can be accessed through a
QR code.
Obviously, pharmacogenomics is still a

novel discipline and will be further developed
over the next years. The incomplete under-
standing of the genetic impact on drug
responses limits the benefits of pharmacoge-
nomics in clinical care. Through discovering
more particularly rare variants associated with
drug response and using systems pharmacol-
ogy approaches, we are able to increase the
understanding of pharmacogenomics and,
thereby, increase its benefits and impact.
The U-PGx consortium will achieve this by
using two approaches: (1) by using WGS to
identify rare variants that are associated with
drug response and (2) by using systems
pharmacology models including multiple
variables such as co-medication, gender and
age to discover and elucidate drug–drug–gene
interactions. The use of WGS may at present
not be a cost-effective approach with regard
to pharmacogenomic-guided prescribing and
dispensing. However, as time passes the cost
of this technology will asymptotically
approach a point where the application of
WGS for the use of pharmacogenomics will
not be cost driven but rather technology
driven.
Kapoor et al1 conclude their analysis with

recommending an evidenced-based approach
that interrogates whether the pharmacoge-
nomic test genuinely improves quality of life
and health care in a cost-effective manner to
convince regulation authorities on implemen-
tation. As mentioned earlier, we argue that
providing evidence of clinical utility for a
single pharmacogenomic test is unnecessary
and excessive. We, however, do agree that
evidence should be provided for regulation
authorities. The U-PGx trial is, therefore,
primarily designed to quantify the aggregate
effect of multiple pre-emptive pharmacoge-
nomic tests on health outcome. Secondarily,
it will evaluate the cost-effectiveness of
this pharmacogenomic intervention. Through
U-PGx we are confident to make physicians
more comfortable with pharmacogenomic
testing and its implementation in standard
care and consequently make pharmacoge-
nomic testing accessible to all European
citizens.
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