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Abstract: Although the clinical validity of a number of pharmacogenetic markers is nowadays a mat-
ter of fact, and led authoritative scientific consortia as the Dutch Pharmacogenetic Working Group
(DPWG) and the Clinical Pharmacogenomics Implementation Consortium (CPIC) to publish pharma-
cogenetic guidelines, the clinical implementation in real life remains challenging. Ubiquitous Pharma-
cogenomics (U-PGx) program is a coordinated effort that put together scientific and clinical expertise
in the pharmacogenomic field, to implement the pre-emptive pharmacogenomic approach in the clini-
cal practice in Europe, and to demonstrate its benefit in both patients’ clinical outcome and quality of
Received: Jaly 20,7010 life, with an economic advantage for the healthcare system. The project is conceived as a clinical trial
Revised: December 06, 2016 that will compare 4,000 patients, pre-emptively genotyped for a panel of pharmacogenes included in
Accepted: Decenber 15,2016 the DPWG guidelines, and treated accordingly, with 4,000 controls treated with the standard of care.
bor: _ All the genetic data will be prospectively collected and fully embedded into the patient’s clinical re-
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cord. An electronic clinical decision support system will be developed to alert physicians and pharma-
cists when a drug is being prescribed or dispensed to a patient with a risky genotype. U-PGx will test
and harmonize this approach in seven healthcare environments (The Netherlands, Spain, UK, Italy,
Austria, Greece, Slovenia) to set the basis for a future Furopean healtheare system where an “effective
treatment optimization will be accessible to every European citizen® (Www.upgx.cu).
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1. INTRODUCTION the U.S. [2] and DPWG (Dutch Pharmacogenetic Working
Group) in Europe [3], the majority of patients are still treated

cision medicine based on the patient’s pharmacoge- . . .
Precision med d on the p pharmacog according to the standard clinical practice, unaware to be

qui?zgz(j;)cp ;(;(t)}fctls ]? g:g::lgg ﬂ:l‘feug;?r?;:cgz?zOfcﬂftyl_l{)‘é- potential carriers of risk genetic variants. The debate about
. ) LI DAY At the opportunity to implement PGx markers in the clinical
dnlvtfna:]g;?ert";h?:‘iﬁ?}; ft?v?i(:irlz()n‘:[llz%tls]er::::ﬁéOgﬁl- practice is no longer focused on the scientific evidence of the
jfdm? . tratk.)u listed more than 13‘%“ dru s.w.i th a PGx wamg- clinical validity of the approach, which has been widely ac-
. ‘xintll?eir llabel and about 100 of the‘egare affected by host knowledged. Indeed, a number of randomized clinical trials
me%) :lztic olyimno i hisms with an qckno;fle deed impact g’n tl;e have shown improvegl outcome of PGx-adjusted prescribing
cgiru h'I-:l)nn);colgl etics or pharm;co dyn'lmic%s[ 1 P [4-6). However, major concern on implementation is its
& phanmng ¢ ’ clinical utility [7], defined by the Centers for Disease Con-

Despite the publication of authoritative guidelines pro- trol and Prevention [8] as “how likely the test is to signifi-
viding clear suggestions for drug prescription, by scientific cantly improve patient outcomes™, but the even definition of
consortia for PGx clinical implementation such as CPIC “clinical utility” of a PGx test is still controversial [9]. As a
(Clinical Pharmacogenomics Implementation Consortium) in matter of fact, PGx is only sporadically applied as a pre-

treatinent tool for therapy tailoring in clinical practice, and,
usually, instead of a pre-emptive systematic approach, only
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most widely acknowledged barriers to PGx implementation
there is the lack of convincing cost-effectiveness and cost-
consequences data, issues that have never been properly ad-
dressed by previous studies. In many cases there is also the
difficulty for the clinical practitioners to deal with patients
genetic information due to the low awareness of the pharma-
cogenetic issues, or to the lack of proper infrastructures, such
as genotyping platforms with a satisfactory tum-around time,
or IT tools for genetic data handling.

In 2015 president Obama himself has amnounced the
launch of new initiatives for providing precision medicine
benefit to improve citizens health, witnessing the high atten-
tion and expectation in the field [10]. In fact, great efforts are
ongoing to push the routine application of pharmacogenom-
ics in the clinical practice, with six medical centers in the
United States carrying on specific programs for the use of
pre-emptive genotyping to optimize pharmacotherapy [11].
Specifically, St. Jude Children’s Research Hospital in Mem-
phis started in 2011, a clinical research protocol called
PG4KDS to transfer an array-based pharnmacogenctic testing
as a pre-emptive routine diagnostic tool [12]. Other similar
implementation projects are ongoing at Vanderbilt Univer-
sity School of Medicine in Nashville (PREDICT) [13]: at the
Mayo Clinic in Rochester (eMERGE) [14]; at Ichan School
of Medicine at Mount Sinai, New York (CLIPMERGE PGx
Program) [15]; at the University of Florida and Shands Hos-
pital (Personalized Medicine Program) [16]; and more re-
cently at the University of Chicago (1200 Patients Project)
{14, 15]. The common objective of all of these programs is
not to establish the opportunity of transferring PGx imple-
mentation in the clinical practice, but instead to demonstrate
what is the best way to do that, in term of choosing the best
genotyping platform, the right panel of markers, the most
user-friendly 1T technologies to support the implementation
process [17, 18].

Since the 1 of January of 2016 a unique initiative has
been launched in Europe with the tinancial support of Hori-
zon 2020 granting program, under the coordination of Leiden
University Medical Center, in Leiden, Netherlands. U-PGx is
a challenging research program with the aim to “make effec-
tive treatment optimization accessible to every European
citizen” [19] (Fig. 1). The implementational character of
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U-PGx is reflected in its multidisciplinary consortium that
include clinicians, human geneticists, IT experts to experts in
Health Technology Assessment (HTA), communication,
ethical, legal and societal issues. Fifteen rescarch centers
from 10 European countries (Netherlands, United Kingdom,
Germany, Sweden, France, Spain, Slovenia, Greece, Italy,
Austria) will be involved in 5 years’ program in the devel-
opment of this ambitious research program.

The U-PGx is conceived as a European coordinated effort
that through frequent virtual and person meetings will take
advantage of the multidisciplinary and country-diversity
within the consortium. In addition, a scientific advisory
board made of clinicians and scientists that are experts in the
field, and are directly involved in implementation projects in
the U.S. will further guarantee a high standard of research
and monitor the progress of the project, providing advice for
a continuous improvement of the process [19].

2. UBIQUITOUS PHARMACOGENOMICS (U-PGX):
A RANDOMIZED CLINICAL TRIAL

Large randomized clinical trials are usually claimed as
the only approach that could finally clear up the real value of
implementing a pre-emptive PGx strategy in the everyday
clinical practice. U-PGx is conceived as a randomized clini-
cal trial with a cross-over design that will be set up, for the
first time, with the aim to compare a standard of treatment
strategy with a personalized PGx-based treatment approach
in a total of 8,000 patients across seven different Furopean
countries. The main objective of the project is to test the ef-
fectiveness of implementing pre-emptive PGx testing in a
real world clinical setting, to primarily provide evidence of
its value in improving patients’ outcome, being easy to be
used in the clinical practice, and cost-effective. The concept
of a pre-empftive genotyping of a comprehensive panel of
actionable genetic variants at the first drug prescription is
already implemented in some US medical centers, as men-
tioned above, but is quite unique in Europe. The cmbedding
in the patients clinical record of a panel of genetic polymor-
phisms that can be analyzed just once, and be usable for a
lifetime, would probably be the most practical and cost-
effective strategy for PGx implementation [20]. This kind of
approach certainly requires a broad set of shared enabling
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Fig. (1). Work{low of Ubiquitous Pharmacogenomics (U-PGx) program.
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tools, and one of the main challenges of U-PGx is to harmo-
nize the implementation process in countries with sharp dif-
ferences not only in the healthcare systems organization but
also in some cultural, social and cconomic aspects. The ulti-
mate goal will be to create a common model of PGx imple-
mentation effective in cach of the seven implementation
countries that, after the 5-year project timeframe, will be
extendable to all the rest of Europe. Seven European centers
have been selected as clinical implementation sites for their
long-standing commitment in the clinical pharmacogenetic
field such as Leiden University Medical Center (The Nether-
lands), Royal Liverpool University Hospital (United King-
dom), San Cecilio University Hospital of Granada (Spain),
Medical University of Vienna (Austria), University of Patras
(Greece), Centro di Riferimento Oncologico- National Can-
cer Institute of Aviano (Italy), University of Ljubljana (Slo-
venia). After a first year of preparation of the enabling infra-
structures for the trial, the patients enrollment in the imple-
mentation program should start at the beginning of 2017.

DPWG guidelines {21] will be the cornerstone of the U-
PGx project and will be shared and applied to all participat-
Ing countries. Patients receiving a first prescription for at
least 1 drug for which a clinical recommendation is available
in the DPWG guidelines will be eligible for inclusion. In-
cluded patients will be pre-emptively genotyped using DNA
obtained from blood or saliva for a broad (more than 80 ge-
netic variants) panel of variants in a list of 13 actionable
pharmacogenes. PGx test results will become part of the pa-
tients” medical record and the physicians or clinical pharma-
cists responsible for drug prescription will be warned when-
ever a relevant drug is prescribed or dispensed to the patient.
Drug and dose selection will be modified consistently with
the DPWG guidelines. The pre-emptively determined panel
will be used during the entire 18 months’ intervention period
to drive any pharmacological prescription of drugs included in
the DPWG guidelines. Among the 8,000 patients estimated
to be enrolled in the U-PGx trial, 4,000 patients will receive
the PGx-based treatment (intervention) and another 4,000
patients will serve as controls. The order of intervention and
control at the seven U-PGx implementation centers will be
randomized to minimize the influence of time dependent
variables. To avoid bias and account for differences per
country, centers will serve as their own controls by compar-
ing results of the U-PGx intervention with results from an 18
months standard care period in the same center. Clinical out-
come will be evaluated during a 3-year follow-up period
both by patient reported outcomes and clinical evaluation.

2.1. Shared Guidelines

The lack of clear and up-dated guidelines has been for a
while among the major barriers to PGx implementation. In
2005 the Royal Dutch Pharmacists Association (KNMP)
established the Dutch Pharmacogenetic Working Group with
the aim to provide unambiguous recommendation for a ra-
tional drug choice or dose adjustment based on the patients’
genotype. In 2011 a comprehensive list of 163 gene-drug
interactions including 33 drugs with specific recommenda-
tions was published by DPWG [3], and these guidelines were
made available in the PharmGKB website [21]. DPWG
guidelines now include polymorphic variants in CYPIA2,
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CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP345, TPMT,
DPYD, UGT14l, SLCOIBI, VKORCI, HL4-B, and factor V
Leiden (FVL) genes and represent the background of U-PGx.
The guidelines are curated by KNMP and will be continu-
ously integrated during the project time-frame and after-
wards by systematic review of the literature, providing up-
dated therapeutic recommendations for physicians and clini-
cal pharmacists. For the purpose of the project DPWG guide-
lines will be also harmonized with existing local guidelines
available across other European countries, and compared
with CPIC recommendation, to provide a shared list of gene-
drug interactions, translated in local languages of each clini-
cal implementation site that will be applied in the clinical
trial. The project will make the PGx guidelines of DPWG
accessible to the participating countries, becoming a valuable
resource for further studies and clinical collaboration and
dissemination.

2.2. Study Objectives and Measurement of the Qutcome

The final objective of U-PGx is to assess the improve-
ment of the clinical outcome by introducing PGx strategy in
the everyday clinical practice. The challenge here is that the
U-PGx will enroll patients with a multitude of different dis-
eases, treated with a variety of drugs and with a series of
pharmacogenes involved, by implementing the U-PGx ap-
proach versus standard of care practice. The issue of such a
complex and heterogeneous clinical environment will be
addressed by the adoption of an innovative clinical end-point
aimed at globally measuring the clinical effect of a drug.

This composite end-point was previously adopted for
scoring the phenotypic effect of the genetic variants included
in the DPWG guidelines and is reported in detail in the
PharmaGKB website [21]. In brief, for each drug included in
the DPWG guidelines specifically related clinical events
(adverse events or events related to lack of cfficacy) will be
systematically scored on a seven-point scale from changes of
scarce impact on the patient quality of life, via clinical ef-

fects with different discomfort, up to the extreme phenotype
(death).

As an implementation project, U-PGx has also several
secondary aims not strictly related to the patients clinical
outcome but more focused on measuring those process indi-
cators of the real up-take of a PGx-directed treatment in the
clinical practice of each implementation site. Commonly
used metric parameters such as the number of tests ordered,
the correct application of the guidelines based on the patients
genotype, average turnaround time from patients blood/ sa-
liva sampling and report availability for treating physicians
will be monitored. To determine the clinical utility of a PGx
guided treatment in routine care, health economic evaluation
will be carried out in the seven participating implementation
sites to provide the basis for implementation of PGx in the
different healthcare systems and to inform decision and pol-
icy makers. A specific section will be in fact dedicated to the
evaluation of cost-effectiveness (including Quality of Life
assessment and HTA) of pre-emptive PGx testing. The di-
versity of healthcare systems will be related to the extent of
successful implementation of PGx and described qualita-
tively.
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3. PROJECT ENABLING INFRASTRUCTURES

U-PGx implementation program will need, as specitied
above, a wide harmonization activity of enabling infrastruc-
tures in the wide range of healthcare systems covered by the
project in the 7 implementation sites. Some of them are tfo-
cused on a specific disease area, whereas others will enroll
patients in a primary care general medicine setting (Table 1).

The first enabling tool will be as already specified above
the definition of shared PGx guidelines that will be made
available to each implementation country in their own local
language and will represent the backbone of the project. A
common genotyping platform will be selected and installed
at each implementation site to simultaneously and rapidly
analyze the entire panel of polymorphisms selected for ther-
apy adjustment. Most implementation sites, already active in
the PGx field, already have their own genotyping solutions,
but the idea is to build up a common platform with high
quality standard for international diagnostic accreditation.
The selected platform will be activated in each of the seven
implementation sites to harmonize the genotyping process
providing a cost-effective solution with a suitable turnaround
time to be easily usable in the real world clinical practice.

An important barrier for an effective implementation
process is the ditferent level of experience of the medical
practitioners on the PGx based treatment in the different
countries as well as the patients’ knowledge on precision
medicine and individualized treatment. Great attention will
be placed on the monitoring of patients and physicians
awareness and perception of the pre-emptive PGx testing.
Specific surveys will be spread among PGx stakeholders and
specific training and education programs will be set up in
each participating country. Through education and experi-
ence, health care providers and patients knowledge on indi-
vidualized therapy will be significantly improved, as well as
their understanding of the unique opportunity provided by
PGx testing.

The lack of user-friendly and integrated IT solutions for
the support of the decision process in the drugs prescription
is a crucial obstacle to an effective implementation process.
Improvement in the IT infrastructure for PGx testing and its
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incorporation into the workflow of physicians and pharma-
cists will greatly facilitate its application in routine patient
care. In this field the dis-homogeneities among the European
countries participating in the project are very sharp, where
only the coordinator country (The Netherlands) presents an
interruptive PGx clinical decision support system already
mtegrated in the electronic clinical records, providing alerts
during the drug prescription process. Even the use of an elec-
tronic clinical records is not widespread across the involved
European countries, and therefore a plethora of IT solutions
with different levels of automation will be provided to the
implementation sites in order to standardize the storage, ex-
change, interpretation, and implementation of PGx data. The
barrier-free, clinically validated computer- based decision
support systems developed in this project will ensure that
PGx can be easily and seamlessly integrated into clinical
practice. To deliver also a unique and innovative tool that
will be tested in every national context, a complementary
mobile-based PGx Medication Safety Code System, devel-
oped at the University of Vienna, partner in the project, will
be implemented to facilitate the transfer of PGx results to
external health care professionals. This is a portable card
with a 2D barcode readable through a widely available smart
phone application providing also to a non-trained medical
practitioner information on the management of the patient
genetic profile from a pharmacological point of view [22].

On completing the establishment of the pre-emptive PGx
according with the U-PGx project, its continuity will be
granted by a strong dissemination of such initiative for future
implementation in other European countries. The inclusion
of the medical society, policy and decision makers including
European and national academic societies represented by
individual U-PGx members will allow rapid and widespread
dissemination across Europe. Golden Helix Foundation [23],
an international nou-profit scientific organization aimed at
developing educational activitics in the field of genome
medicine, partner in the project, will be in charge of organiz-
ing dissemination events among the scientific community of
the emerging results of the project. In addition, a public-
domain web-based PGx information portal (www.upgx.eu)
has been designed and developed [19]. It provides up-to date

Table 1.  Overview of the PGx implementation sites and their specialties.
Site State Specialty Reference
Deps t of Clinical Pharmacy & Toxicol f the Leiden Universi
ep(?rtme‘n oF -iinicdl Hmacy & Toxicology o the Leiden University Netherlands | Primary Care https://www lume.nl/
Medical Center
" suntadeandalu-
Departnent of Pharmacy & Cardiology of San Cecilio University Hospital | Spain Cardiology hip:/fwww juntadeandalu

cia.es/servicioandaluzdesalud/hsc/web

Division of Nephrology and Dialysis at the Medical University of Vienna Austria Transplantation | http:/transplantforam.meduniwien.ac.at/
Department of Pharmacy at the University of Patras Greece Psychiatry http://www.pgnp.gt/
Pharmacogenetics Laboratory of the Faculty of Medicine Slovenia Rheumatology | http:/iwww kelj.si/ hitp://zd-lj.si/en/
Royal Liverpool University Hospital UK Primary Care http://www.ribuhtnhs.uk/
Experimental and Clinical Pharmacology Uit at the National Cancer Insti- e

. Italy Oneology htip://www cro.sanita. fvg.it
tute of Aviano
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information in scientific and lay language, both for special-
ized scientists and healthcare professionals as well as for the
general public and patients, to maximize the impact of the
project results. The website will provide links to various PGx
knowledge and databases, and to websites of various regula-
tory agencies.

CONCLUSION AND THE NEXT STEPS INTO THE
FUTURE OF U-PGX

Even if a PGx-based treatment has been demonstrated to
improve patients outcome, the problem of unpredictable tox-
icity occurrence and of inter-individual variability in drugs
metabolism i far from being solved. Despite its primary
implementation nature, U-PGx project is also aimed at ex-
panding the knowledge on PGx in more exploratory and pre-
viously uninvestigated fields. The advancement of the next
generation sequencing technologies points out the emerging
role of rare genetic variants. A recent revision of the 1K ge-
nome project results highlighted that about 30 to 40% of the
functional variability in drugs ADME (adsorption, distribu-
tion, metabolism, and excretion) and nuclear receptors genes
is imputable to rare variants not commonly included in the
genetic screening panels [24] and can account for the ob-
served variability among individuals in the drug toxicity and
pharmacokinetics. One of the next steps into the future, that
will be taken in U-PGx, will be the discovery by next gen-
eration sequencing of new rare variants potentially impacting
the patients clinical phenotypes. In addition, new approaches
of system pharmacology, combining genetic and non-genetic
information such as patients clinical pathological determi-
nants, will be applied to develop pharmacometric models
predictive of the treatment outcome. An extensive study of
the drug-drug and drug-drug-gene interactions will be also
undertaken.

In conclusion, it is nowadays undisputable that the host
genetic polymorphisms have a role in the response to drugs,
and current available PGx guidelines are available, but do
not provide indications or suggestions on whether to test or
not for risk genotypes but how to adjust the treatment ac-
cordingly. For sure the adoption of a pre-emptive genotyping
approach of a panel of relevant genetic variants embedded in
the patients clinical records, have important advantages from
practical and economical points of view, lowering both the
cost of the test and the turnaround time to get the genotype
information. Since 2005 the DPWG prepared over 80 PGx
guidelines based upon a comprehensive systematic review of
the literature and on this background, 95% of the patients are
carriers of at least one actionable genotype [11], underlying
the great impact of a PGx based treatment on the global pa-
tients health and healthcare system economics.

U-PGx is a clinical trial based in the European healthcare
setting that will enroll, genotype, treat, and follow-up at least
8,000 patients from seven ditferent countries in the next few
years to demonstrate the validity and utility of PGx in the
clinical practice in FEurope. The concept of this EU funded
U-PGx project is to settle, during the project time frame of 5
years, the background for a real PGx revolution that will
accomplish the delivery of a precision medicine based on the
pre-emptive PGx implementation as a routine clinical care
practice also beyond the project conclusion. This would
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strengthen the position of the European healthcare commu-
nity, providing also opportunities of cooperation and dia-
logue with other stakeholders in Europe. Importantly, it will
convineingly demonstrate the clinical benefit to patients of
the PGx approach, and the feasibility to set up a common
international infrastructure that will allow the same accessi-
bility to a personalized treatment to all the European citizens,
setting the base for a future global PGx implementation
process.
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