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Many studies have shown that the efficacy and risk of side effects of drug treatment is
influenced by genetic variants. Evidence based guidelines are essential for implementing
pharmacogenetic knowledge in daily clinical practice to optimize pharmacotherapy of
individual patients. A literature search was performed to select committees developing
guidelines  with  recommendations being published in English. The Dutch
Pharmacogenetics Working Group (DPWG), the Clinical Pharmacogenetics
Implementation Consortium (CPIC), the Canadian Pharmacogenomics Network for
Drug Safety (CPNDS), and the French National Network (Réseau) of Pharmacogenetics
(RNPGx) were selected. Their guidelines were compared with regard to the methodology
of development, translation of genotypes to predicted phenotypes, pharmacotherapeutic
recommendations and recommendations on genotyping. A detailed overview of all
recommendations for gene-drug combinations is given. The committees have similar
methodologies of guideline development. However, the objectives differed at the start of
their projects, which have led to unique profiles and strengths of their guidelines. DPWG
and CPIC have a main focus on pharmacotherapeutic recommmendations for a large
number of drugs in combination with a patient’s genotype or predicted phenotype. DPWG,
CPNDS and RNPGx also recommend on performing genetic testing in daily clinical
practice, with RNPGx even describing specific clinical settings or medical conditions
for which genotyping is recommended. Discordances exist, however committees also
initiated harmonizing projects. The outcome of a consensus project was to rename
“extensive metabolizer (EM)” to “normal metabolizer (NM)”. It was decided to translate
a CYP2D6 genotype with one nonfunctional allele (activity score 1.0) into the predicted
phenotype of intermediate metabolizer (IM). Differences in recommendations are the result
of the methodologies used, such as assessment of dose adjustments of tricyclic
antidepressants. In some cases, indication or dose specific recommendations are
given for example for clopidogrel, codeine, irinotecan. The following drugs have
recommendations on genetic testing with the highest level: abacavir (HLA), clopidogrel
(CYP2C19), fluoropyrimidines (DPYD), thiopurines (TPMT), irinotecan (UGT1A1), codeine
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(CYP2Dg), and cisplatin (TPMT). The guidelines cover many drugs and genes, genotypes,
or predicted phenotypes. Because of this and their unique features, considering the totality
of guidelines are of added value. In conclusion, many evidence based pharmacogenetics
guidelines with clear recommendations are available for clinical decision making by
healthcare professionals, patients and other stakeholders.

Keywords: pharmacogenetics, guidelines, pharmacogenomics, DPWG, CPIC, CPNDS, RNPGx, recommendations

INTRODUCTION

The effects of drugs in terms of the beneficial outcomes of drug
treatment, development of side effects, and toxicity are influenced
by genetic variants. Many studies have shown that the
pharmacokinetics and effects of drugs differ among patients
with specific genetic profiles. Sufficient evidence is available
for a clinically relevant impact of patients’ genotype on the
balance between the benefits and risk of a substantial number
of drugs. Evidence-based guidelines with pharmacotherapeutic
recommendations for combinations of specific drugs and
genotypes or predicted phenotypes are essential for
implementing acquired pharmacogenetics knowledge in daily
clinical practice. The Dutch Pharmacogenetics Working Group
(DPWG) and the Clinical Pharmacogenetics Implementation
Consortium (CPIC) have been developing guidelines for more
than a decade (Swen et al., 2008; Swen et al., 2011a; Caudle et al.,
2017). Recommendations are preferably made available at the
time of drug prescribing and dispensing for a patient with a
genotype that requires an action, such as a dose reduction (Swen
et al., 2008; Swen et al., 2011a; Deneer and van Schaik, 2013).

Additional ~ sources of information regarding the
pharmacogenetics of drugs are the Summary of Product
Characteristics (SmPC) approved by the European Medicines
Agency (EMA) and other agencies, as well as drug labels
approved by the US Federal Drug Agency (FDA). The number
of drugs with pharmacogenetics information in their SmPCs or
labels has increased over the years because of regulatory
guidelines and policy (TanKoi et al., 2018). In addition, the
PharmGKB website is an open pharmacogenetics support tool
with curated and graded evidence of combinations of drugs and
genes (Barbarino et al.,, 2018).

Several genes encoding cytochrome P450 enzymes are highly
polymorphic. This requires a translation of genotypes into
predicted phenotypes, such as the metabolizer status of an
intermediate metabolizer (IM). However, it has been
recognized that translation methods differ among researchers,
pharmacogenetic laboratories, and groups of professionals
developing guidelines (Van Schaik et al., 2008; Deneer V.H.M.,
2013).

Clinical decision making by healthcare professionals is
primarily based on multidisciplinary = pharmacogenetic
guidelines, in daily clinical practice. Therefore, one should
become familiar with the process of guideline development
and differences between guidelines. In this article, we compare
the guidelines with regard to the methodology of development,
translation of genotypes to  predicted phenotypes,

pharmacotherapeutic recommendations and recommendations
on genotyping.

METHODS OF THE LITERATURE SEARCH

A systematic literature search was performed on June 19, 2020 in
the PubMed database to select committees, consortia or working
groups that aim to develop pharmacogenetics guidelines and to
select their published guidelines. The search was performed with
“pharmacogenetics or pharmacogenomics and guidelines.” The
labels’ languages (English), species (humans), and text availability
(full text) were also added to the search criteria. The selection
criterion was as follows: guidelines published in the English
language developed by committees having the intention to
recommend on several drugs irrespective of indication, disease,
or medical specialty.

HA screened the results of the PubMed search for relevance by
reading the title and abstract of the articles. VD also screened the
included articles by reading the title and abstract. Additionally, if
HA had doubts about any article, she read the article and
discussed it with VD.

The pharmacogenetics guidelines by the DPWG, the CPIC,
the Canadian Pharmacogenomics Network for Drug Safety
(CPNDS), and the French National Network (Réseau) of
Pharmacogenetics (RNPGx) were found. An overview and
comparison of these guidelines were performed. Articles from
and about these pharmacogenetics groups from the
aforementioned PubMed search were used. Moreover,
additional searches were performed on the websites of the
DPWG (www.knmp.nl) and CPIC (https://cpicpgx.org/
guidelines/), as well as that of PharmGKB (www.pharmgkb.
org), a worldwide resource for pharmacogenomic information,
to obtain an overview of the existing guidelines (Barbarino et al.,
2018).

RESULTS OF THE LITERATURE SEARCH

Pharmacogenetics guidelines of the DPWG, CPIC, CPNDS and
RNPGx were found through performing the PubMed search.
Supplementary Table S1 presents an overview of the
recommendations (Hicks et al., 2015; Hicks et al., 2016; Swen
et al., 2011b; Hershfield et al., 2012; Martin et al., 2012; Madadi
et al., 2013; Scott et al., 2013; Amstutz et al., 2014; Caudle et al.,
2014b; Clancy et al., 2014; Crews et al., 2014; Muir et al.,, 2014;
Ramsey et al., 2014; Relling et al.,, 2014; Birdwell et al., 2015;
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Gammal et al., 2015; Shaw et al., 2015; Aminkeng et al., 2016; Lee
et al., 2016; Bell et al., 2017; Hicks et al., 2015; Hicks et al., 2016;
Johnson et al., 2017; Lamoureux and Duflot, 2017; Moriyama
et al., 2017; Quaranta et al., 2017; Quaranta and Thomas, 2017;
Woillard et al., 2017; Amstutz et al., 2018; Goetz et al., 2018;
Phillips et al., 2018; Maagdenberg et al., 2018; Brown et al., 2019;
Desta et al., 2019; Drogemoller et al., 2019; Gonsalves et al., 2019;
Relling et al., 2019; Theken et al., 2020;). The DPWG and CPIC
guidelines were compared by Bank et al. (2018) based on the
guidelines published until March 1, 2017. Therefore, in this
article, we describe the changes that have been made since this
comparison was published. Also the CPNDS and RNPGx are
included in this comparison in terms of the process of literature
assessment, the process of guideline development, and the
content of their recommendations.

As of July 1, 2020, the DPWG had reviewed more than
100 gene-drug pairs. 60 gene-drug pairs are considered by the
DPWG as gene-drug interaction requiring action such as
adjustment of the dose or monitoring of adverse side effects.
The remaining gene-drug pairs do not require additional action
or monitoring due to pharmacogenetics. 18 gene-drug pairs are
classified as gene-drug interaction for which no action is needed,
and 29 gene-drug pairs considered as no gene-drug interaction
and no actions needed to be made (The Dutch Pharmacogenomic
Working Group, 2020a). The CPIC has reviewed more than
400 gene-drug pairs and has published recommendations on
106 gene-drug pairs with sufficient evidence for at least one
prescribing action in 24 published guidelines, the CPNDS
recommend on 13 gene-drug pairs, and the RNPGx on
8 gene-drug pairs. The DPWG publishes their
recommendations on the website www.knmp.nl (search for
pharmacogenetic recommendations) and also as of recently in
the European Journal of Human Genetics. Previously an overview
was given in two publications in Clinical Pharmacology &
Therapeutics (Swen et al., 2008; Swen et al., 2011a). The CPIC
publishes their guidelines on their website https://cpicpgx.org/
guidelines/as well as in Clinical Pharmacology & Therapeutics.
The CPNDS publishes their guidelines in several journals, while
the guidelines of the RNPGx are published in Thérapie. All the
guidelines can also be found on the website of PharmGKB: www.
pharmgkb.org (Ross et al., 2010; Picard et al., 2017; CPIC, 2020;
PharmGKB, 2020). Furthermore, each group has its own method
of grouping genes and/or drugs or drug classes; for example, some
guidelines include one gene and one drug, whereas others include
two to three genes and one or more drugs (Amstutz et al., 2014;
Picard et al., 2017; CPIC, 2020; The Dutch Pharmacogenomic
Working Group, 2020a).

METHODOLOGY FOR GUIDELINE
DEVELOPMENT

The objectives of the DPWG and CPIC and their
multidisciplinary processes of guideline development have
been described and compared previously (Swen et al., 2008;
Caudle et al.,, 2014a; Bank et al., 2018). Bank et al. compared
the DPWG and CPIC based on the guidelines published until
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March 1, 2017. Bank et al. compared 30 gene-drug pairs, and
since then, the DPWG has updated 24 of these gene-drug pairs,
and the CPIC has updated 22 gene-drug pairs (Bank et al., 2018;
CPIC, 2020; The Dutch Pharmacogenomic Working Group,
2020a).

The CPNDS, founded in 2004, aims to uncover the genetic and
mechanistic basis of drug response phenotypes and improve the
safety and efficacy of medications used in children and adults
(Amstutz et al., 2014). The approaches of the DPWG, CPIC, and
CPNDS are generally similar. An additional strength of the
CPNDS is the involvement of patients and other stakeholders.
The guideline development group is multidisciplinary, and
patients and healthcare policy makers also participate. In
short, guideline development consists of 1) a systematic
literature search; 2) critical appraisal of the retrieved evidence;
3) development of clinical practice recommendations during a
workshop meeting for guideline development group members; 4)
internal review of draft guidelines by the guideline development
group members; and 5) external review by content experts and
members of the intended target audience (Amstutz et al., 2014).

The RNPGx has approximately 30 members across France as
well as other French-speaking nations (i.e., Belgium and more
recently Switzerland and Canada). The RNPGx board was elected
by the members. Active RNPGx members are professionals with
hospital activities in pharmacogenetics. The guidelines are
elaborated by working groups of active members with specific
expertise in the domain concerned, and are subsequently
validated by the RNPGx board.

Methodologies for grading scientific evidence and the strength
of the recommendation differ among the four groups of guideline
developers (Amstutz et al., 2014; Picard et al., 2017; CPIC, 2020;
The Dutch Pharmacogenomic Working Group, 2020a), see
Supplementary Table S2. Furthermore, the DPWG, CPNDS,
and RNPGx provide directions or recommendations regarding
pharmacogenetic testing in daily clinical practice for a specific
gene-drug combination.

Dutch Pharmacogenetics Working Group

The methodology used by the DPWG for scoring the level of
evidence and clinical impact is applied to all medication
surveillance functionalities—such as drug interactions—of the
drug database incorporated in drug prescribing and dispensing
software in The Netherlands. Healthcare professionals have
been familiar with this methodology for many years (Van
Roon et al., 2005). A five-point-scale scoring system is used
for the level of evidence (0-4) and a seven-point scale (AA*-F) is
used for clinical relevance or impact, to which AA# has been
added for statistically significant, positive clinical effects. For
every scientific publication, both scores are assigned to each
combination of genotype or predicted phenotype and a specific
drug. Finally, the overall score of each combination is the
highest level of evidence and the highest level of relevance
assigned to any of the articles included in the assessment
(Swen et al, 2008; Deneer and van Schaik, 2013).
Adjustments of the starting dose are calculated based on the
pharmacokinetic data in patients with a specific genotype or
predicted phenotype. The method has previously been described
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in detail (Swen et al.,, 2008; Deneer and van Schaik, 2013).
Recently, the DPWG has developed the clinical implementation
score to advise and direct healthcare professionals on ordering
pharmacogenetic testing before starting treatment with a
specific drug or during treatment (Swen et al., 2018). The
criteria for this score are as follows: 1) clinical effect, 2) level
of evidence, 3) number needed to genotype, and 4)
pharmacogenetics information in SmPCs. The total score is
translated to three levels of pharmacogenetic testing in clinical
practice, namely potentially beneficial, beneficial, and essential
(Supplementary Table S3) (Swen et al., 2018).

Clinical Pharmacogenetics Implementation

Consortium

The CPIC guidelines are established according to a standardized
format. The CPIC has a standard system for grading levels of
evidence linking genotype to phenotype using three levels namely
high, moderate, and weak. They use a system with three
categories for their recommendations namely strong,
moderate, and optional. For gene-drug combinations in the
categories strong and moderate guidelines are being developed
and published. “Strong recommendation” means “The evidence is
high quality and the desirable effects clearly outweigh the
undesirable effects” and a recommendation classified as
“Moderate” means “There is a close or uncertain balance as to
whether the evidence is high quality and the desirable clearly
outweigh the undesirable effects” (CPIC, 2020).

Canadian Pharmacogenomics Network for

Drug Safety

Two grading schemes are used by the CPNDS. The quality of
individual studies selected from the literature search are assessed.
The grading scheme for the totality of evidence is based on the
quality criteria of the Appraisal of Guidelines Research and
Evaluation Enterprise (AGREE) and consists of four grades (+
to ++++) varying from the lowest grade +, meaning “Inconsistent
or insufficient quantity/quality, discouraging” (further described as
follows: “No conclusions can be drawn or conclusions are likely to
change based on future studies, and current evidence is
discouraging”) to the highest grade ++++, meaning “Consistent,
generalizable” (further described as follows: “Strong general
conclusions can be drawn that are unlikely to change based on
further research”). The grading scheme for clinical practice
recommendations (about the genotype guided treatment) has
three levels (ie, A: strong, B: moderate, and C: optional)
varying from “Based on strong scientific evidence; benefits
clearly outweigh risks (A)” to “Based mainly on expert opinion,
for use with evidence development in a research context (C).”
Furthermore, preferences of patients are taken into account when
developing the recommendations. A strong recommendation (level
A) is expected to be chosen by a majority of informed healthcare
providers and patients. A recommendation in the category
“Moderate” is expected to require individualized informed
decision making by patients and healthcare providers (Ross
et al., 2010; Amstutz et al., 2014; Tanoshima et al., 2019).

Pharmacogenetics Guidelines

French National Network (Réseau) of

Pharmacogenetics

The focus and aim of the RNPGx differ from the others and
concern recommending pharmacogenetic testing. First, the level
of evidence for the functionality of a variant of a pharmacogene is
considered and assigned to a three-level scale: demonstrated,
probable, or potential functionality. Only variants with
demonstrated or probable functionality are considered for a
recommendation of testing. Depending on the total evidence
the network has issued, three levels of recommendation for
pharmacogenetic tests namely essential test, advisable test, or
possibly helpful test. These vary from “Demonstrated impact on a
major clinical phenotype i.e. efficacy or toxicity (essential test)” to
“Probable impact that remains to be demonstrated having led to
expert consensus in favor of testing (possibly helpful test)”
(Picard et al., 2017).

Terminology of Predicted Phenotypes

In daily clinical practice, the term “extensive metabolizer” (EM)
does not appear particularly intuitive and is often mistaken by
healthcare professionals for a genotype predicted phenotype with
increased enzyme function. The outcome of a consensus project
initiated by CPIC was to rename it “normal metabolized” (NM).
Additional terms for predicted phenotypes for drug metabolizing
enzymes are “poor metabolizer” (PM), “intermediate
metabolizer” (IM), “rapid metabolizer” (RM), and “ultrarapid
metabolizer” (UM) (Caudle et al., 2017). The DPWG has adopted
“normal metabolizer” (NM) for CYP2D6, CYP2C19, CYP3A4,
CYP1A2, CYP2B6, TPMT, and NUDT15 (The Dutch
Pharmacogenomic Working Group, 2020b). The CPNDS also
used “normal metabolizer” in its guideline on tamoxifen
(Tanoshima et al., 2019). However, for CYP3A5 the DPWG
decided to maintain the phenotype terminology,
“CYP3A5 non-expressor,” for carriers of two nonfunctional
alleles (CYP3A5%3/*3), “CYP3A5 heterozygous-expressor” and
“CYP3A5 homozygous-expressor.” In European populations, the
CYP3A5*3/*3 prevalence is around 80% (Shuker et al., 2016).
Furthermore, regulatory guidelines require clinical studies in
European populations. This implies that drug dosages in
SmPCs, namely standard dosages, are suitable for patients
assigned to the CPIC’s PM phenotype, and in some cases
higher dosages might be required in patients assigned to the
CPIC’s NM phenotype. It was decided that this might increase
prescribing errors in a European context because many drugs are
CYP3A5 substrates, and healthcare professionals might
intuitively reduce dosages for patients with a PM metabolizer
phenotype.

The DPWG did not introduce RM as a metabolizer status,
applicable to the CYP2C19 *1/*17 genotype, instead of NM. This
would have no impact on the current guidelines, and the
recommendations would remain unchanged. The guideline on
antidepressants by the RNPGx shows that “slow metabolizer” is
used as a predicted phenotype term instead of “poor metabolizer”
for CYP2D6 and CYP2C19 (Quaranta et al., 2017).

For dihydropyrimidine dehydrogenase (DPD), encoded by the
DPYD gene it is common to translate genetic test results into a
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gene activity score (AS), which is the sum of activity scores of the
alleles a patient carries. In the last update, the DPWG restricted
DPYD phenotype terms to AS and decided to no longer use
metabolizer status. Others also use AS which is also translated
into metabolizer groups. Furthermore, patients with two fully
dysfunctional alleles and those with one fully dysfunctional allele
and one associated with reduced activity of the DPD enzyme were
assigned PM as a predicted phenotype. However, in the updated
guideline, recommendations differ for these two groups of
patients (Lunenburg et al., 2020).

Genotype-To-Phenotype Translations
Translations from genotypes to predicted phenotypes differ
among researchers. This has to be considered when assessing
studies for guideline development. From the researchers’
perspective it is logical because they mostly study a specific
drug. The effect of a genetic variant is drug dependent. It is
quite common that a specific genotype of a CYP enzyme has a
large effect on the pharmacokinetics of one drug while having no
effect on others, although both drugs are substrates of the CYP
enzyme. The metabolic ratio of the CYP2D6 probe drug
dextromethorphan is increased by a factor of 3.0 in carriers of
one nonfunctional CYP2D6 allele compared with subjects
without such an allele (Sachse et al., 1997). The area under the
plasma concentration vs. the time curve of trimipramine in
subjects with one nonfunctional allele is increased by a factor
of 2.5 compared with those without such an allele (Kirchheiner
etal,, 2003). However, the clearance of haloperidol in both groups
is similar with the ratio of those with one nonfunctional allele to
those without being 0.9 (Brockmoller et al., 2002).

Furthermore, it has been recognized that translation methods
differ among the DPWG and CPIC, and more specifically in the
genotype-to-phenotype translation of CYP2D6, DPYD, and
CYP2C19.

At the start of guideline development in 2005, the DPWG
reached a consensus with Dutch laboratory specialists in the field
of pharmacogenetics. They decided to translate a CYP2D6
genotype with one nonfunctional allele with AS 1.0, for
example, CYP2D6 *1/*4, into a predicted phenotype of IM.
The result of the consensus meeting on this topic was shared
with professionals involved in genetic testing in The Netherlands
(Van Schaik et al., 2008). In their guideline on tamoxifen, the
CPNDS also classified AS 1.0 for CYP2D6 as IM.

By contrast, the CPIC and RNPGx classified such a genotype
as EM (Quaranta et al.,, 2017). Furthermore, members of the
CPIC and DPWG established an international expert panel and
recently initiated a consensus procedure using a modified Delphi
method. The procedures and results have been described
extensively (Caudle et al, 2020). Moreover, the decision was
made to downgrade the value of the CYP2D6*10 allele to 0.25 for
AS instead of 0.5. Furthermore, the consensus definitions are as
follows: PM (AS 0), IM (AS 0.25-1.0), NM (AS 1.25-2.25), and
UM (AS > 2.25).

Since the previous comparison by Bank et al. (2018), the
guidelines of both the DPWG and CPIC have been updated
regarding DPYD genetic variants, the translation of genotypes
into activity scores of DPD, other phenotype categories such as
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PM and IM, and therapeutic recommendations for capecitabine
among others. The DPWG translates genotypes into activity
scores unless two variants associated with the reduced
functionality of DPYD, such as c.1236G>A/c.2846A>T, are
detected, or in case one variant is associated with fully
dysfunctional DPD activity and one with reduced
functionality, such as *2A/c.1236G>A. It was decided that
DPD enzyme activity cannot be predicted correctly because
compound heterozygosity is uncertain. In such cases, an
additional phenotyping test is required to determine the DPD
enzyme activity. Currently, measuring DPD enzyme activity in
peripheral blood mononuclear cells is the most frequently used
test in The Netherlands (Meulendijks et al., 2016; Lunenburg
etal,, 2020). The starting doses of capecitabine and 5-fluorouracil,
for example, should be selected based on the totality of
genotyping and phenotyping test results. The CPIC, on the
other hand, assigns AS of 0 and 0.5 to PM and of 1 and 1.5 to
IM (Amstutz et al. 2018). In the RNPGx guideline on the
pharmacogenetics of anticancer drugs, only DPYD alleles and
genotypes are mentioned without them being translated into
predicted phenotypes. The DPWG also recommends
performing additional phenotyping in patients with an AS of 0.

Pharmacotherapeutic Recommendations
A detailed overview of the recommendations of the DPWG,
CPIC, CPNDS, and RNPGx are included in Supplementary
Table S1. Gene-drug combinations for which the DPWG
concluded that no gene-drug interaction exists for example
CYP1A2-clozapine, as well as for example SLCO1BI-
atorvastatin classified by CPIC as no gene-drug interaction,
are not summarized. A selection of the discordances are
discussed. Main differences from a clinical perspective are
shown in Supplementary Table S4.

Discordances Fluoropyrimidines and

Irinotecan

The committees have published advises on several anti-cancer
drugs. Pharmacotherapeutic recommendations of the DPWG
and the CPIC guidelines on fluoropyrimidines are different in
some aspects. The DPWG advises to initiate fluorouracil or
capecitabine in patients with DPD AS of 1.0 or l.5at a
starting dose of 50%, while the CPIC also recommends 50%
followed by dose titration based on clinical judgement of the
healthcare professional and TDM. One indicates that the drugs
should be avoided or are contraindicated in patients with DPYD
AS 0, while the DPWG adds that if this is not possible the residual
DPD activity in mononuclear cells from peripheral blood should
be determined, and the initial dose should be adjusted
accordingly. The DPWG guideline also includes tegafur and
cutaneous fluorouracil (CPIC, 2020; Lunenburg et al., 2020).
The RNPGx refers to dose and pharmacotherapeutic
recommendations of others (Quaranta and Thomas, 2017).

In addition, the DPWG recommends giving 70% of the
irinotecan dose in patients with UGTI1Al PM predicted
phenotype and increasing it if the patient can tolerate said
dosage, which must be guided by the neutrophil count. The
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RNPGx recommends a 25-30% dose reduction in UGT1A1 *28/
*28 patients for irinotecan 180-230 mg/m? spaced by 2-3 weeks
intervals. The RNPGx marks irinotecan at a higher dose (240 mg/
m? or higher spaced by 2-3 weeks intervals) as contraindicated
for patients with the UGT1A1%*28/*28 genotype (Quaranta and
Thomas, 2017).

Discordances Clopidogrel, Warfarin, Statins
Within the field of cardiovascular diseases, the pharmacogenetics
of clopidogrel has been extensively studied. The DPWG, CPIC,
and RNPGx have guidelines for the CYP2C19-clopidogrel pair
(Scott et al,, 2013; Lamoureux and Duflot, 2017; The Dutch
Pharmacogenomic Working Group, 2020a). The DPWG
recommends patients with the CYP2C19 IM phenotype being
treated with an alternative to clopidogrel for the indications of
percutaneous coronary intervention, stroke, or Transient
Ischemic Attack (TIA), or that they double the daily dosage to
150 mg. They also recommend considering an alternative for
CYP2C19 PM in case of percutaneous coronary intervention,
stroke, or TIA. Moreover, the DPWG recommends no action in
case of other indications for CYP2C19 IM patients, while one
suggests measuring platelet function testing and selecting an
alternative in case of high on treatment reactivity in PM
patients. The CPIC and RNPGx recommend an alternative to
clopidogrel in CYP2C19 IM and PM patients. The CIPC’s
recommendation is only applicable for patients with an acute
coronary syndrome undergoing percutaneous coronary
intervention.

All the four committees developed guidelines for the CYP2C9-
VKORCI1-warfarin pair in terms of dose adjustments or for
calculating the dose using an algorithm; see Supplementary
Table S1 (Shaw et al, 2015; The Dutch Pharmacogenomic
Working Group, 2016; Lamoureux and Duflot, 2017). The
DPWG recommends using the EU-PACT algorithm (which
includes maintenance dose and k = elimination rate constant
per genotype) or dose reduction as shown in Supplementary
Table S1. The CPIC and CPNDS recommend using www.
WarfarinDosing.org to calculate the dosage by for example
genetic information, co-medication, and target International
Normalized Ratio (INR). The CPIC recommends also to use
the Gage or the IWPC algorithms or both.

For patients with the SLCO1B1 *5/*5 and *1/*5 genotype, the
RNPGx recommends avoiding high doses of statins and the
concomitant use of OATP1B1 inhibitors and/or CYP3A4
inhibitors (such as amiodarone, verapamil, and diltiazem).
They advise to lower the simvastatin dose to 20 mg per day or
to select another statin (Lamoureux and Duflot, 2017; Picard
etal., 2017). The DPWG recommends choosing an alternative for
simvastatin in both SLCO1B1 521 CC and TC patients; see
Supplementary Table S1 for the recommendations (The
Dutch Pharmacogenomic Working Group, 2020a). In
SLCO1B1 TC patients simvastatin doses exceeding 40 mg/day
should be avoided, if selecting an alternative is not an option. On
the other hand, the CPIC recommends reducing the normal dose
for patients with intermediate or low function of the transporter
or choosing an alternative (e.g. rosuvastatin or pravastatin)
(Ramsey et al, 2014). Furthermore, the CPIC has no
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recommendations for atorvastatin while the DPWG
recommends an alternative for atorvastatin in patients with
the SLCO1B1 521 CC and TC genotype, and additional risk
factors for statin induced myopathy as for simvastatin (Ramsey
et al, 2014; The Dutch Pharmacogenomic Working Group,
2020a).

Discordances Antidepressants

The dose recommendations from the CPIC and the RNPGx for
CYP2D6-CYP2Cl19-tricyclic antidepressants (TCA) are mostly the
same (Hicks et al., 2015; Hicks et al., 2016; Swen et al., 2011b;
Quaranta and Thomas, 2017; The Dutch Pharmacogenomic
Working Group, 2020a). They recommend avoiding high dose
of tricyclic antidepressants in CYP2D6 UM and PM patients and
CYP2C19 UM and PM patients, and also reducing the dose in
patients with CYP2D6 IM (CPIC: —25% of the recommended dose,
RNPGx: —50% of the recommended dose) in case depression is the
indication; see Supplementary Table S1 (Hicks et al., 2015; Hicks
et al.,, 2016; Quaranta and Thomas, 2017). The recommendations
for TCAs are based on amitriptyline literature and extrapolated to
other tertiary amines (clomipramine, doxepin, imipramine, and
trimipramine) because of comparable pharmacokinetic properties

The DPWG recommends increasing the dose of tricyclic
antidepressants in CYP2D6 UM patients, and has specific
calculated dose recommendations per gene-drug pair in
CYP2D6 IM and PM patients (The Dutch Pharmacogenomic
Working Group, 2020a). Patients with CYP2C19 UM metabolize
amitriptyline in a greater extent into nortriptyline. According to
the DPWG no additional action is required for CYP2C19 UM
patients starting amitriptyline (The Dutch Pharmacogenomic
Working Group, 2020a). On the other hand, the CPIC
recommends starting nortriptyline instead of amitriptyline
(Hicks et al., 2015; Hicks et al., 2016; CPIC, 2020). The CPIC
mentions that nortriptyline and desipramine are secondary
amines TCAs and CYP2D6 is the main gene for their
metabolism. Another example is the DPWG recommending to
avoid clomipramine in patients with CYP2C19 UM for the
indications obsessive compulsive disorder (OCD) and anxiety
disorder. In case of depression, the DPWG also recommends
avoiding clomipramine in CYP2D6 PM (The Dutch
Pharmacogenomic Working Group, 2020a).

There is no reason for any adjustment in patients with the
CYP2D6 PM predicted phenotype according to the DPWG (The
Dutch Pharmacogenomic Working Group, 2020a). However, the
CPIC recommends choosing an alternative for paroxetine or
considering a 50% reduction and a 25-50% reduction for
fluvoxamine (Hicks et al., 2015; CPIC, 2020). In addition, the
DPWG recommends adjusting the maximum dose instead of
adjusting the starting dose of (es)citalopram because of the risk of
Torsade de Pointes at high plasma concentrations (The Dutch
Pharmacogenomic Working Group, 2020a).

Discordances Indication and Patient

Population Specific Recommendations
Other differences between the recommendations is distinguishing
between indications, as for example the DPWG has different
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recommendations for CYP2D6-codeine for cough and pain while
the CPIC and RNPGx mention no indication (Picard et al., 2017;
CPIC, 2020; The Dutch Pharmacogenomic Working Group,
2020a). Furthermore, the CPIC has specific recommendations
for adults and pediatrics with respect to voriconazole and
atomoxetine (Krebs and Milani, 2019; CPIC, 2020).

Discordances Pharmacotherapeutic

Recommendations Normal Metabolizers
Supplementary Table S1 shows that the CPIC, the RNPGx, and
in some cases also the CPNDS give advices on the treatment of
patients with a predicted phenotype of NM such as starting with
standard dose, adjusting dose based on guidelines, and standard
monitoring of treatment effect. In contrast to these committees,
the DPWG does not recommend on drug treatment in NM
patients. One exception is tacrolimus initiation in CYP3A5
homozygous expressors, named by CPIC as NM patients.
Furthermore, the difference in the dose recommendations for
CYP3A5-tacrolimus is as follows. The CPIC and the RNPGx
recommend 1.5-2 times of the standard starting dose for both
NM and IM as mentioned by the CPIC and *1/*1 and *1/*3 as
mentioned by the RNPGx (Birdwell et al., 2015; Woillard et al.,
2017). On the other hand, the DPWG recommends 1.5 times the
normal dose for the CYP3A5 heterozygote expressor and
2.5 times for CYP3A5 homozygous expressor phenotype (The
Dutch Pharmacogenomic Working Group, 2020a).

Genetic Testing Recommendations

The DPWG, CPNDS, and RNPGx provide recommendations
regarding pharmacogenetic testing in daily clinical practice for
specific gene-drug combinations (Supplementary Table S1 and
Supplementary Table S5). The grading schemes they use for
these recommendations differ, but they all have three levels. The
DPWG’s highest level is “essential” meaning “PGx testing for this
gene-drug pair is essential for drug safety or efficacy”. Genotyping
must be performed before drug therapy has been initiated to
guide drug and dose selection (The Dutch Pharmacogenomic
Working Group, 2020a). The grading scheme of the CPNDS has
“strong” as highest level (A), defined as “based on strong scientific
evidence; benefits clearly outweigh risks” (Amstutz et al., 2014),
while for the RNPGx the highest classification is “essential test”
with the following description “demonstrated impact on a major
clinical phenotype [response (efficacy, resistance)/toxicity] for
therapeutic management; difficult or impossible to predict with a
non-genetic approach; having led to expert agreement in favor of
systematic testing” (Picard et al., 2017).

Genetic Testing Anti-cancer Drugs

Among anti-cancer agents, both the DPWG and the RNPGx
consider UGT1A1 genotyping essential before the start of the
treatment with irinotecan and the RNPGx recommending
genotyping more specifically for patients who will receive the
intensified dose (>240 mg/m®). The CPNDS strongly
recommends (level A) genetic testing before cisplatin initiation
for the associated functional TPMT variants (*3A, *3B, and*3C)
in all patients, and the functionally inactive TPMT *2 variant in
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children receiving cisplatin to prevent cisplatin-induced hearing
loss (Lee et al., 2016). Also, the CPNDS recommends genotyping
(level B — moderate) for RARG rs2229774, SLC28A3 rs7853758
and UGT1A6*4 rs17863783 variants in all children with cancer
that will initiate doxorubicin or daunorubicin to prevent
antracycline-induced cardiotoxicity.

Genotype testing is not recommended in adults, also not in
children receiving other anthracyclines (level C - optional)
(Aminkeng et al., 2016). Furthermore on the anticancer drugs,
the CPNDS recommendation including testing for CYP2D6
before initiation of adjuvant tamoxifen treatment, is classified
as level B - moderate (Drogemoller et al., 2019).

The RNPGx prefers phenotyping by measuring the
physiological dihydro-uracil/uracil (UH2/U) metabolic ratio in
serum, over DPYD genotyping (Quaranta and Thomas, 2017;
Loriot et al., 2018). If phenotyping is not available, genotyping
should be performed pretreatment with dose reductions if genetic
variants are detected (ref). They refer to the DPWG and CPIC
guidelines for dose reductions. A phenotyping test in addition to
genotyping should be performed, according to the DPWG, if two
genetic variants are detected. In these rare cases the selection of
the starting dose is at the discretion of the treating physician and
other health care professionals involved, taking both genotyping
and phenotyping test results into account.

Genetic Testing Clopidogrel and Warfarin

Also, the DPWG and the RNPGx consider CYP2C19 genotyping
essential in patients who will be treated with clopidogrel because
of a percutaneous coronary intervention. The DPWG also
recommends testing in the case of stroke or TIA. Genotyping
is advisable for CYP2C9-VKORCI1-warfarin according to the
RNPGx (Picard et al., 2017). The CPNDS recommends testing
all warfarin-naive patients for VKORCI (-1639G>A),
CYP2C9*2, and CYP2C9*3 before warfarin is started or within
first 2 weeks of therapy (level B - moderate) (Shaw et al., 2015).

Genetic Testing Antidepressants

Moreover, the recommendations by the DPWG differ per gene-
drug pair for tricyclic antidepressants, as shown in
Supplementary Table S1. The DPWG classifies genotyping for
tricyclic antidepressants as potentially beneficial meaning
genotyping can be considered per patient. The RNPGx
classifies ~ genotyping  for =~ CYP2C19-CYP2D6-tricyclic
antidepressants advisable (Quaranta and Thomas, 2017).

Genetic Testing Codeine

Guidelines regarding CYP2D6 genotype testing and codeine
treatment are also available. This is considered essential
according to the DPWG in case of planned doses of more
than 20 mg every 6h for adults and more than 10 mg every
6 h for children aged 12 years and older or in case of additional
risk factors, such as comedication with CYP3A4 inhibitors and/or
reduced kidney function. The CPNDS classifies genotyping as
strong - level A in the treatment of young children and women
with postpartum pain while breastfeeding meaning that they
should be tested for CYP2D6 (Madadi et al, 2013).
Furthermore, =~ CPNDS  assigned  other levels  of
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recommendations for children and adults having pain despite
high doses of codeine (level B — moderate recommendation), and
patients who receive codeine for the first time to rule out non-
responders and the ones who are susceptible to adverse side
effects of codeine (level C - optional recommendation).

Genetic Testing Antiepileptics

As shown in Supplementary Table S1, the DPWG have
published genotyping recommendations on the antiepileptics:
phenytoine, lamotrigine, and oxcarbazepine in case of HLA-
B*15:02. HLA-B*15:02 is common in patients of Asian
descent, other than Japanese or Korean descent, and therefore
is genotyping beneficial before (or directly after) starting the
pharmacotherapy (The Dutch Pharmacogenomic Working
Group, 2018a; The Dutch Pharmacogenomic Working Group,
2018b; The Dutch Pharmacogenomic Working Group, 2018¢;
The Dutch Pharmacogenomic Working Group, 2020a). Also the
CPNDS recommends genotype testing for HLA-B*15:02 for all
carbamazepine naive patients prior to initiation of the
pharmacotherapy (level A- strong) for those originating from
populations where HLA-B*15:02 is common or its frequency is
unknown or whose origin is unknown. The CPNDS classifies
genotyping recommendation as optional (level C) in patients
from populations where HLA-B*15:02 is rare. Testing for HLA-
A*31:01 is classified as moderate (level B) by the CPNDS for all
carbamazepine naive patients before pharmacotherapy initiation
(Amstutz et al.,, 2014).

Genetic Testing Several Drugs

Furthermore, the DPWG recommends to genotype for HLA-B-
abacavir, TPMT and NUDT15-azathioprine/mercaptopurine/
thioguanine, before initiation of the pharmacotherapy
(classified as essential) (The Dutch Pharmacogenomic
Working Group, 2020a). Genotyping is considered beneficial
for VKORCI-acenocoumarol/phenprocoumon according to
the DPWG. This means that genotyping the patient can be
performed before (or directly after) pharmacotherapy therapy
has been initiated (The Dutch Pharmacogenomic Working
Group, 2020a). Genotyping is advisable for CYP3AS5-
tacrolimus according to the RNPGx (Picard et al., 2017).

DISCUSSION

Four committees develop pharmacogenetics guidelines regarding
drugs in different drug classes, irrespective of indication, disease,
or medical specialty. Their processes of guideline development
have been described. They have published methodologies,
guidelines, recommendations, and advice in scientific journals
in English. In general, their reccommendations add to the effective
and safe use of drugs. However, the objectives differed at the start
of each project, which have led to unique profiles and strengths of
their approaches and guidelines.

The DPWG was first to start its project in 2005, and from the
beginning all the pharmacotherapeutic recommendations were
included in the drug database incorporated in electronic
healthcare systems in The Netherlands. This implies that an
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alert is generated in case a drug is prescribed or dispensed to
a patient with a genotype that requires an action. The system
presents a short text addressing the pharmacotherapeutic advice,
a summary of the underlying mechanism of the interaction
between the gene and drug, and clinical and/or
pharmacokinetic effects (Deneer and van Schaik, 2013). The
methodology is equal to other medication surveillance
functionalities, such as on drug interactions, within the
electronic systems. This has facilitated healthcare professionals
becoming familiar with pharmacogenetics.

The guidelines translating genetic laboratory test results into
actionable prescribing decisions are essential for implementation
in daily clinical practice. The CPIC guidelines are sent out in the
review process to over 400 CPIC members. The CPIC has
published all guidelines in a peer-reviewed scientific journal,
and they are therefore reviewed by external experts. Detailed,
and evidence-based information regarding allele definition,
functionality, frequencies, and phenotype translations from
genotype data are given. They have been the initiators of
several projects to harmonize and reach a consensus on topics
in the field of pharmacogenetics (Caudle et al., 2017; Caudle et al.,
2020).

The CPNDS was established to focus on severe adverse drug
reactions, which is also reflected by the drugs and genes they have
selected for their guideline development. Participants enroll
patients with serious adverse drug reaction into the CPNDS
program. They aim to identify novel predictive genomic
markers of severe adverse drug reactions and to provide
clinical genetic information to the patient and healthcare
professional (Ross et al., 2010). A broad panel of stakeholders,
including patients and healthcare policy makers, are involved in
guideline development.

The RNPGx has an interest in pharmacogenetic testing in
daily clinical practice. They indicate which genetic variants
should be included in a test offered in daily clinical practice to
improve pharmacotherapy. The RNPGx also states whether
genotype testing is recommended in daily clinical practice
(Picard et al, 2017). They specifically recommend clinical
indications and circumstances for genotyping either before the
start of treatment or in case of problems when a patient is being
treated with a specific drug (Lamoureux and Duflot, 2017).

The DPWG has assessed many gene-drug pairs with a
relatively large number of pairs that require no action. The
members of the DPWG select gene-drug combinations for
further analysis. Even if the literature search shows that the
genotype of the gene involved, does not influence the effect of
the drug or to an extent that is not clinically relevant, a complete
assessment report is prepared and made available by including it
in the drug database. Although no action, such as adjustments of
the dose and additional monitoring, is necessary, it appeared that
the information and the report are of value for healthcare
professionals. For example, healthcare professionals generally
considered the CYP1A2 genotype to be relevant for clozapine.
However, the assessment report summarized the results of the
studies and concluded that CYP1A2 genotypes and the effect of
clozapine or its blood concentrations are not associated with for
example any adverse drug event, considering the totality of
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available evidence (The Dutch Pharmacogenomic Working
Group, 2020a).

As previously recognized by Bank et al., there are several
other explanations for differences between the guidelines
(Bank et al., 2018). Differences in methodology, in time
points at which literature searches have been performed or
guidelines have been updated, and differences in daily clinical
practices between countries result in discordances in
recommendations. The CPIC’s dose recommendations are
usually based on consensus of experts. They use published
literature for dose. So if it is not clear what dose should be used
and there are alternative therapies, they will most likely
recommend another drug. On the other hand, the DPWG
calculates adjustments of doses per genotype or predicted
phenotype, based on pharmacokinetic data such as area
under the concentration time curves (AUC), steady state
concentrations found in published studies (Swen et al,

2008; Deneer and van Schaik, 2013). This explains
differences between the recommended starting doses of
tricyclic ~ antidepressants.  Furthermore, they  only

recommend on adjusting the dose if genotypes have a
clinically  relevant effect on for example blood
concentrations, considering the therapeutic range of the
drug or in case an association between the genotype and
response of the drug in terms of efficacy or adverse drug
events, has been observed. This explains for example the
differences between the recommended starting doses of
paroxetine and fluvoxamine in patients with a predicted PM
phenotype for CYP2D6. According to the CPIC, the starting
dose should be reduced. The DPWG does not consider this
necessary since the drugs have a large therapeutic window.

The extent to which therapeutic drug monitoring (TDM),
meaning measuring concentrations of a drug in blood or plasma
to optimize treatment, is applied in daily clinical practice, differs
among countries. For example, the DPWG indicates that
endoxifen plasma concentrations should be measured to
select an appropriate dose of tamoxifen in CYP2D6 IM and
PM patients in contrast to the CPIC and the CPNDS. Clinical
practices are also reflected in the DPYD-fluoropyrimidines. The
UH2/U metabolic ratio test seems the preferred test to assess
DPD enzyme activity, in France. Currently, the DPD enzyme
activity measurement in peripheral blood mononuclear cells is
the best developed and implemented test in routine patient care
in The Netherlands. The CPIC mentions TDM in their guideline
(Amstutz et al. 2018; Swen et al., 2011b; Picard et al., 2017;
CPIC, 2020; The Dutch Pharmacogenomic Working Group,
2020a).

The DPWG, CPNDS, and RNPGx advise on genotyping. In
general, they recommend to order genotyping tests in routine
patient care if the clinical benefit for patients is considered
relevant for example by lowering the risk of developing side
effects or the risk of inefficacy of drug treatment. The
committees assess the available data from published studies
and also include the SmPC or drug label approved by EMA and
FDA respectively. The number of drugs with pharmacogenetic
information in these documents has increased over the years
(TanKoi et al., 2018). The information is either included based
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on studies available before or after marketing authorization
being granted or as a result of safety issues post approval. For
example, in the SmPC of abacavir in the section regarding
therapeutic indications it is stated that before starting the
treatment every patient should be tested for carrying the
HLA-*5701 allele (European Medicines Agency, 2020b).
Several years ago, the FDA issued a black box warning on
clopidogrel and the warnings section of the SmPC was
updated with respect to reduced effectiveness of clopidogrel
in patients with a CYP2C19 predicted phenotype of PM
(TanKoi et al., 2018). Recently, EMA published a direct
health care professional communication (DHPC) about the
fact that patients with partial or complete DPD deficiency
have an increased risk of developing toxicity when receiving
fluoropyrimidines. It has been added that genotyping or
phenotyping is recommended before the start of treatment
with fluoropyrimidines such as capecitabine (European
Medicines Agency, 2020a). Siponimod is a CYP2C9 substrate
with plasma concentrations being influenced by the patient’s
CYP2C9 genotype. The posology of the SmPC indicates that
CYP2C19 genotyping must be performed before starting the
treatment. The CYP2C9 *3/*3 genotype is a contraindication
and the maintenance dose for patients with the *2/*3 or *1/*3
genotype is lower as compared to all other genotypes (European
Medicines Agency, 2020c).

Although it is evident that genotyping contributes to the
appropriate and safe use of drugs, cost-effectiveness is often
discussed in case of reimbursement issues. Several randomized
controlled trials investigating a genotype guided strategy are
available for some drugs in specific patient populations
(Church, 2008; Claassens et al., 2019). It is not feasible to
perform cost-effectiveness studies based on the results of
randomized clinical trials or cost-effectiveness simulations for
all drugs with a clinically relevant gene-drug interaction for all
indications. However, the clinical implication score of the DPWG
includes criteria that would determine the outcome of a cost-
effectiveness study such as the clinical impact meaning the
severity of the drug’s side effect or the clinical impact of
diminished efficacy, the number needed to genotype. It is
worthwhile mentioning that currently the PREPARE study is
investigating the (cost)-effectiveness and clinical utility of
applying the DPWG guideline after a panel of genes being
tested (van der Wouden et al,, 2017; Van Der Wouden et al.,
2020).

In conclusion, evidence based recommendations for many
gene-drug pairs are available for supporting clinical decision
making by healthcare professionals, patients and other
stakeholders. Although there are many similarities in the
methodologies the committees use, their guidelines have
unique profiles and strengths. Therefore, considering the
totality of guidelines are of added value.

AUTHOR CONTRIBUTIONS

HA-K and VD discussed and decided upon the method for
literature search. HA-K performed the Pubmed search and

Frontiers in Pharmacology | www.frontiersin.org

January 2021 | Volume 11 | Article 595219


https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Abdullah-Koolmees et al.

the search results were discussed by both of them. AK made a
detailed  overview of all the guidelines and
recommendations. HA-K, VD, AK, and MN all had a
major contribution in making the comparison between
the guidelines and recommendations. HA-K and VD
drafted the manuscript and all authors reviewed the
manuscript.

FUNDING

VD is chair of the DPWG, initiated by the Royal Dutch
Pharmacists Association (KNMP). The DPWG receives
funding from the KNMP. MN is employed by the KNMP. The
KNMP, VD and HA-K receive funding from the European

REFERENCES

Aminkeng, F., Ross, C. J. D., Rassekh, S. R,, Hwang, S., Rieder, M. J., Bhavsar, A. P.,
et al. (2016). Recommendations for genetic testing to reduce the incidence of
anthracycline-induced cardiotoxicity. Br. J. Clin. Pharmacol. 82, 683-695.
doi:10.1111/bcp.13008

Amstutz, U., Henricks, L. M., Offer, S. M., Barbarino, J., Schellens, J. H. M., Swen,
J. J., et al. (2018). Clinical pharmacogenetics implementation Consortium
(CPIC) guideline for dihydropyrimidine dehydrogenase genotype and
fluoropyrimidine dosing: 2017 update. Clin Pharmacol Ther. 103, 210-216.
doi:10.1002/cpt.911

Amstutz, U., Shear, N. H., Rieder, M. J., Hwang, S., Fung, V., Nakamura, H., et al.
(2014). Recommendations for HLA-B15:02 and HLA-A31:01 genetic testing to
reduce the risk of carbamazepine-induced hypersensitivity reactions. Epilepsia
55, 496-506. doi:10.1111/epi.12564

Bank, P. C. D., Caudle, K. E., Swen, J. ]., Gammal, R. S., Whirl-Carrillo, M., Klein, T.
E., et al. (2018). Comparison of the guidelines of the clinical pharmacogenetics
implementation Consortium and the Dutch pharmacogenetics working group.
Clin. Pharmacol. Ther. 103, 599-618. doi:10.1002/cpt.762

Barbarino, J. M., Whirl-Carrillo, M., Altman, R. B., and Klein, T. E. (2018).
PharmGKB: a worldwide resource for pharmacogenomic information. Wiley
Interdiscip. Rev. Syst. Biol. Med. 10, e1417. doi:10.1002/wsbm.1417

Bell, G. C,, Caudle, K. E., Whirl-Carrillo, M., Gordon, R. J., Hikino, K., Gaedigk, A.,
et al. (2017). Clinical pharmacogenetics implementation Consortium (CPIC)
guideline for CYP2D6 genotype and use of ondansetron and tropisetron. Clin
Pharmacol Ther. 102, 213-218. doi:10.1002/cpt.598

Birdwell, K. A., Decker, B., Barbarino, J. M., Peterson, J. F., Stein, C. M., Sadee, W.,
et al. (2015). Clinical pharmacogenetics implementation Consortium (CPIC)
guidelines for CYP3A5 genotype and tacrolimus dosing. Clin Pharmacol Ther.
98, 19-24. doi:10.1002/cpt.113

Brockmoller, J., Kirchheiner, J., Schmider, J., Walter, S., Sachse, C., Miiller-
Oerlinghausen, B., et al. (2002). The impact of the CYP2D6 polymorphism
on haloperidol pharmacokinetics and on the outcome of haloperidol
treatment. Clin. Pharmacol. Ther 72, 438-452. doi:10.1067/mcp.2002.
127494

Brown, J. T., Bishop, J. R,, Sangkuhl, K., Nurmi, E. L., Mueller, D. J., Dinh, J. C,,
et al. (2019). Clinical pharmacogenetics implementation Consortium guideline
for cytochrome P450 (CYP)2D6 genotype and atomoxetine therapy. Clin.
Pharmacol. Ther. 106, 94-102. doi:10.1002/cpt.1409

Caudle, K. E., Dunnenberger, H. M., Freimuth, R. R, Peterson, J. F., Burlison, J. D.,
Whirl-Carrillo, M., (2017). Standardizing terms for clinical
pharmacogenetic  test results: terms from the Clinical
Pharmacogenetics Implementation Consortium (CPIC). Genet. Med. 19,
215-223. doi:10.1038/gim.2016.87

Caudle, K. E., Sangkuhl, K., Whirl-Carrillo, M., Swen, . J., Haidar, C. E., Klein, T.
E., et al. (2020). Standardizing CYP2D6 genotype to phenotype translation:

the pharmacogenetics

et al
consensus

consensus recommendations  from clinical

Pharmacogenetics Guidelines

Community’s Horizon 2020 Programme under

agreement No. 668353 (U-PGx).

grant

ACKNOWLEDGMENTS

We thank N. Picard for offering us information about the
RNPGx.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2020.595219/
full#supplementary-material.

implementation Consortium and Dutch pharmacogenetics working group.
Clin. Transl. Sci. 13, 116-124. doi:10.1111/cts.12692

Caudle, K., Klein, T., Hoffman, J., Muller, D., Whirl-Carrillo, M., Gong, L., et al.
(2014a). Incorporation of pharmacogenomics into routine clinical practice: the
clinical pharmacogenetics implementation Consortium (CPIC) guideline
development process. Curr. Drug Metab. 15, 209-217. doi:10.2174/
1389200215666140130124910

Caudle, K., Rettie, A., Whirl-Carrillo, M., Smith, L., Mintzer, S., Lee, M., et al.
(2014b). Clinical pharmacogenetics implementation Consortium guidelines for
CYP2C9 and HLA-B genotypes and phenytoin dosing. Clin Pharmacol Ther.
96, 542-548 doi:10.1038/clpt.2014.159

Church, J. A. (2008). HLA-B*5701 screening for hypersensitivity to abacavir.
Pediatrics 122, €2139. doi:10.1542/peds.2008-2139LL

Claassens, D. M. F,, Vos, G. J. A, Bergmeijer, T. O., Hermanides, R. S., Van’t Hof,
A. W.J,, Van Der Harst, P., et al. (2019). A genotype-guided strategy for oral
P2Y12 inhibitors in primary PCI. N. Engl. J. Med. 381, 1621-1631. doi:10.1056/
NEJMo0a1907096

Clancy, J. P., Johnson, S. G., Yee, S. W., McDonagh, E. M., Caudle, K. E., Klein, T.
E., et al. (2014). Clinical pharmacogenetics implementation Consortium
(CPIC) guidelines for ivacaftor therapy in the context of CFTR genotype.
Clin. Pharmacol. Ther. 95, 592-597. doi:10.1038/clpt.2014.54

CPIC. (2020). Clinical pharmacogenetics implemetation Consortium (CPIC).
Guidelines. Available at: https://cpicpgx.org/guidelines (Accessed July 11, 2020).

Crews, K., Gaedigk, A., Dunnenberger, H., Leeder, J., Klein, T., Caudle, K, et al.
(2014). Clinical pharmacogenetics implementation Consortium guidelines for
cytochrome P450 2D6 genotype and codeine therapy: 2014 update. Clin
Pharmacol Ther. 95, 376-382. doi:10.1038/clpt.2013.254

Deneer, V. H. M., and van Schaik, R. H. N. (2013). Evidence based drug dosing and
pharmacotherapeutic recommendations per genotype. Methods Mol. Biol. 1015,
71-85 doi:10.1007/978-1-62703-435-7

Desta, Z., Gammal, R. S., Gong, L., Whirl-Carrillo, M., Gaur, A. H., Sukasem, C.,
et al. (2019). Clinical pharmacogenetics implementation Consortium (CPIC)
guideline for CYP2B6 and Efavirenz-containing antiretroviral therapy. Clin
Pharmacol Ther. 106, 726-733. doi:10.1002/cpt.1477

Drogemoller, B. I, Wright, G. E. B., Shih, J., Monzon, J. G., Gelmon, K. A., Ross, C.
J. D., et al. (2019). CYP2D6 as a treatment decision aid for ER-positive non-
metastatic breast cancer patients: a systematic review with accompanying
clinical practice guidelines. Breast Canc. Res. Treat. 173, 521-532. doi:10.
1007/s10549-018-5027-0

European Medicines Agency (2020a). 5-Fluorouracil (i.v.), capecitabine and
tegafur containing products: pre-treatment testing to identify DPD-deficient
patients at increased risk of severe toxicity. Patients with partial or complete
dihydropyrimidine dehydrogenase ( DPD ) deficiency ar. direct Healthc. Prof.
Commun. (DHPC), Available at: https://www.ema.europa.eu/en/comment/
reply/126830 (Accessed August 15, 2020).

European Medicines Agency, (2020b). Annex I: summ. Prod. Charact. Ziagen, 71.
Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/ziagen
(Accessed August 15, 2020).

Frontiers in Pharmacology | www.frontiersin.org

January 2021 | Volume 11 | Article 595219


https://www.frontiersin.org/articles/10.3389/fphar.2020.595219/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2020.595219/full#supplementary-material
https://doi.org/10.1111/bcp.13008
https://doi.org/10.1002/cpt.911
https://doi.org/10.1111/epi.12564
https://doi.org/10.1002/cpt.762
https://doi.org/10.1002/wsbm.1417
https://doi.org/10.1002/cpt.598
https://doi.org/10.1002/cpt.113
https://doi.org/10.1067/mcp.2002.127494
https://doi.org/10.1067/mcp.2002.127494
https://doi.org/10.1002/cpt.1409
https://doi.org/10.1038/gim.2016.87
https://doi.org/10.1111/cts.12692
https://doi.org/10.2174/1389200215666140130124910
https://doi.org/10.2174/1389200215666140130124910
https://doi.org/10.1038/clpt.2014.159
https://doi.org/10.1542/peds.2008-2139LL
https://doi.org/10.1056/NEJMoa1907096
https://doi.org/10.1056/NEJMoa1907096
https://doi.org/10.1038/clpt.2014.54
https://cpicpgx.org/guidelines
https://doi.org/10.1038/clpt.2013.254
https://doi.org/10.1007/978-1-62703-435-7
https://doi.org/10.1002/cpt.1477
https://doi.org/10.1007/s10549-018-5027-0
https://doi.org/10.1007/s10549-018-5027-0
https://www.ema.europa.eu/en/comment/reply/126830
https://www.ema.europa.eu/en/comment/reply/126830
https://www.ema.europa.eu/en/medicines/human/EPAR/ziagen
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Abdullah-Koolmees et al.

European Medicines Agency, (2020c). Annex I: summ. Prod. Charact. Maz., 53.
Available at: https://www.ema.europa.eu/en/medicines/human/EPAR/
mayzent#product-information-section (Accessed August 15, 2020).

Gammal, R., Court, M., Haidar, C., Iwuchukwu, O. F., Alvarellos, M., Guillemette,
C., et al. (2015). Clinical pharmacogenetics implementation Consortium
(CPIC) guideline for UGT1A1 and atazanavir prescribing. Clin. Pharmacol.
Ther. 99, 363-369. doi:10.1002/cpt.269

Goetz, M. P., Sangkuhl, K., Guchelaar, H.-]., Schwab, M., Province, M., Whirl-
Carrillo, M., et al. (2018). Clinical pharmacogenetics implementation
Consortium (CPIC) guideline for CYP2D6 and tamoxifen therapy. Clin.
Pharmacol. Ther. 103, 770-777. d0i:10.1002/cpt.1007

Gonsalves, S. G., Dirksen, R. T., Sangkuhl, K., Pulk, R., Alvarellos, M., Vo, T,, et al.
(2019). Clinical pharmacogenetics implementation Consortium (CPIC)
guideline for the use of potent volatile anesthetic agents and succinylcholine
in the context of RYR1 or CACNALIS genotypes. Clin. Pharmacol. Ther. 105,
1338-1344. doi:10.1002/cpt.1319

Hershfield, M., Callaghan, J., Tassaneeyakul, W., Mushiroda, T., Thorn, C., Klein,
T., et al. (2012). Clinical pharmacogenetics implementation Consortium
guidelines for human leukocyte antigen-B genotype and allopurinol dosing.
Clin. Pharmacol. Ther. 105, 153-158. doi:10.1038/clpt.2012.209

Hicks, J., Bishop, J., Sangkuhl, K., Ji, Y., Leckband, S., Leeder, J., et al. (2015).
Clinical pharmacogenetics implementation Consortium (CPIC) guideline for
CYP2D6 and CYP2C19 genotypes and dosing of selective serotonin reuptake
inhibitors. Clin. Pharmacol. Ther. 98, 127-134. doi:10.1002/cpt.147

Hicks, J. K., Sangkuhl, K., Swen, . J., Ellingrod, V. L., M€ Uller, D. J., Shimoda, K.,
et al. (2016). Clinical pharmacogenetics implementation Consortium guideline
(CPIC) for CYP2D6 and CYP2C19 genotypes and dosing of tricyclic
antidepressants: 2016 update. Clin. Pharmacol. Ther. 102, 37-44. doi:10.
1002/cpt.597

Johnson, J. A., Caudle, K. E., Gong, L., Whirl-Carrillo, M., Stein, C. M., Scott, S. A.,
et al. (2017). Clinical pharmacogenetics implementation Consortium (CPIC)
guideline for pharmacogenetics-guided warfarin dosing: 2017 update. Clin.
Pharmacol. Ther. 102, 397-404. doi:10.1002/cpt.668

Kirchheiner, J., Miiller, G., Meineke, 1., Wernecke, K. D., Roots, I, and
Brockméller, J. (2003). Effects of polymorphisms in CYP2D6, CYP2C9, and
CYP2C19 on trimipramine pharmacokinetics. J. Clin. Psychopharmacol. 23,
459-466. doi:10.1097/01.jcp.0000088909.24613.92

Krebs, K., and Milani, L. (2019). Translating pharmacogenomics into clinical
decisions: do not let the perfect be the enemy of the good. Hum. Genom. 13, 39.
doi:10.1186/s40246-019-0229-z

Lamoureux, F., and Duflot, T. (2017). Pharmacogenetics in cardiovascular diseases:
state of the art and implementation-recommendations of the French national
network of pharmacogenetics (RNPGx). Therapie 72, 257-267. doi:10.1016/j.
therap.2016.09.017

Lee, J. W., Pussegoda, K., Rassekh, S. R., Monzon, J. G,, Liu, G., Hwang, S., et al.
(2016). Clinical practice recommendations for the management and prevention
of cisplatin-induced hearing loss using pharmacogenetic markers. Ther. Drug
Monit. 38, 423-431. doi:10.1097/FTD.0000000000000298

Loriot, M. A., Ciccolini, J., Thomas, F., Barin-Le-Guellec, C., Royer, B., Milano, G.,
et al. (2018). Dihydropyrimidine déhydrogenase (DPD) deficiency screening
and securing of fluoropyrimidine-based chemotherapies: update and
recommendations of the French GPCO-Unicancer and RNPGx networks.
Bull. Cancer 105, 397-407. doi:10.1016/j.bulcan.2018.02.001

Lunenburg, C. A. T. C., van der Wouden, C. H., Nijenhuis, M., Crommentuijn-van
Rhenen, M. H., de Boer-Veger, N. J., Buunk, A. M., et al. (2020). Dutch
Pharmacogenetics Working Group (DPWG) guideline for the gene-drug
interaction of DPYD and fluoropyrimidines. Eur. J. Hum. Genet. 28,
508-517. doi:10.1038/s41431-019-0540-0

Maagdenberg, H., Bierings, M. B., van Ommen, C. H., van der Meer, F.]. M., Appel,
I. M., Tamminga, R. Y. J., et al. (2018). The pediatric acenocoumarol dosing
algorithm: the children anticoagulation and Pharmacogenetics study.
J. Thromb. Haemostasis 16, 1732-1742. doi:10.1111/jth.14211

Madadi, P., Amstutz, U., Rieder, M., Ito, S., Fung, V., Hwang, S., et al. (2013).
Clinical practice guideline: CYP2D6 genotyping for safe and efficacious codeine
therapy. J. Popul. Ther. Clin. Pharmacol. 20, €369-e396.

Martin, M. A, Klein, T. E., Dong, B. J., Pirmohamed, M., Haas, D. W., and Kroetz,
D. L. (2012). Clinical pharmacogenetics implementation Consortium

Pharmacogenetics Guidelines

guidelines for HLA-B genotype and abacavir dosing. Clin Pharmacol Ther.
91, 734-738. doi:10.1038/clpt.2011.355

Meulendijks, D., Cats, A., Beijnen, J. H., and Schellens, J. H. M. (2016). Improving
safety of fluoropyrimidine chemotherapy by individualizing treatment based on
dihydropyrimidine dehydrogenase activity - ready for clinical practice? Canc.
Treat Rev. 50, 23-34. doi:10.1016/j.ctrv.2016.08.002

Moriyama, B., Obeng, A. O., Barbarino, J., Penzak, S. R., Henning, S. A, Scott, S. A,
et al. (2017). Clinical pharmacogenetics implementation Consortium (CPIC)
guidelines for CYP2C19 and voriconazole therapy. Clin Pharmacol Ther. 102,
45-51. doi:10.1002/cpt.583

Muir, A., Gong, L., Johnson, S., Lee, M., Williams, M., Klein, T., et al. (2014).
Clinical pharmacogenetics implementation Consortium (CPIC) guidelines for
IFNL3 (IL28B) genotype and PEG interferon-a-based regiments. Clin
Pharmacol Ther. 95, 141-146. doi:10.1038/clpt.2013.203

PharmGKB (2020). PharmGKB website. Prescr. info. Available at: https://www.
pharmgkb.org/. (Accessed July 15, 2020).

Phillips, E. J., Sukasem, C., Whirl-Carrillo, M. M, D. J., Dunnenberger, H. M.,
Chantratita, W., et al. (2018). Clinical pharmacogenetics implementation
Consortium guideline for HLA genotype and use of carbamazepine and
oxcarbazepine: 2017 update. Clin Pharmacol Ther. 103, 574-581. doi:10.
1002/cpt.1004

Picard, N, Boyer, J. C., Etienne-Grimaldi, M. C., Barin-Le Guellec, C., Thomas, F.,
and Loriot, M. A. (2017). Pharmacogenetics-based personalized therapy: levels
of evidence and recommendations from the French Network of
Pharmacogenetics (RNPGx). Therapie 72, 185-192. doi:10.1016/j.therap.
2016.09.014

Quaranta, S., Dupouey, J., Colle, R., and Verstuyft, C. (2017). Pharmacogenetics of
antidepressant drugs: state of the art and clinical implementation -
recommendations from the french national network of pharmacogenetics.
Therapie (Paris) 72, 311-318. doi:10.1016/j.therap.2016.09.018

Quaranta, S., and Thomas, F. (2017). Pharmacogenetics of anti-cancer drugs: state
of the art and implementation — recommendations of the French National
Network of Pharmacogenetics. Therapie 72, 205-215. doi:10.1016/j.therap.
2017.01.005

Ramsey, L., Johnson, S., Caudle, K., Haidar, C., Voora, D., Wilke, R, et al. (2014).
The clinical pharmacogenetics implementation Consortium guideline for
SLCO1BI and simvastatin-induced myopathy: 2014 update. Clin Pharmacol
Ther. 96, 423-428. doi:10.1038/clpt.2014.125

Relling, M., McDonagh, E., Chang, T., Caudle, K., McLeod, H., Haidar, C,, et al.
(2014). Clinical pharmacogenetics implementation Consortium (CPIC)
guidelines for rasburicase therapy in the context of G6PD deficiency
genotype. Clin Pharmacol Ther. 96, 169-174. doi:10.1038/clpt.2014.97

Relling, M. V., Schwab, M., Michelle, W.-C., Suarez-Kurtz, G., Pui, C.-H.,
Stein, C. M., et al. (2019). Clinical pharmacogenetics implementation
Consortium guideline for thiopurine dosing based on TPMT and
NUDT15 genotypes: 2018 update. Clin. Ther. 105,
1095-1105. doi:10.1002/cpt.1304

Ross, C. J. D., Visscher, H., Sistonen, J., Brunham, L. R, Pussegoda, K., Loo, T. T.,
et al. (2010). The Canadian pharmacogenomics network for drug safety: a
model for safety pharmacology. Thyroid 20, 681-687. doi:10.1089/thy.2010.
1642

Sachse, C., Brockmoéller, J., Bauer, S., and Roots, L. (1997). Cytochrome P450 2D6
variants in a Caucasian population: allele frequencies and phenotypic
consequences. Am. J. Hum. Genet. 60, 284-295.

Scott, S., Sangkuhl, K., Stein, C., Hulot, J., Mega, J., Roden, D., et al. (2013). Clinical
pharmacogenetics implementation Consortium guidelines for CYP2CI19
genotype and clopidogrel therapy: 2013 update. Clin Pharmacol Ther. 94,
317-323. doi:10.1038/clpt.2013.105

Shaw, K., Amstutz, U., Kim, R. B., Lesko, L. J., Turgeon, J., Michaud, V., et al.
(2015). Clinical practice recommendations on genetic testing of CYP2C9 and
VKORCI variants in warfarin therapy. Ther. Drug Monit. 37, 428-436. doi:10.
1097/FTD.0000000000000192

Shuker, N., Bouamar, R., van Schaik, R. H. N., Clahsen-van Groningen, M. C,,
Damman, J., Baan, C. C,, etal. (2016). A randomized controlled trial comparing
the efficacy of Cyp3a5 genotype-based with body-weight-based tacrolimus
dosing after living donor kidney transplantation. Am. J. Transplant. 16,
2085-2096. doi:10.1111/ajt.13691

Pharmacol.

Frontiers in Pharmacology | www.frontiersin.org

11

January 2021 | Volume 11 | Article 595219


https://www.ema.europa.eu/en/medicines/human/EPAR/mayzent#product-information-section
https://www.ema.europa.eu/en/medicines/human/EPAR/mayzent#product-information-section
https://doi.org/10.1002/cpt.269
https://doi.org/10.1002/cpt.1007
https://doi.org/10.1002/cpt.1319
https://doi.org/10.1038/clpt.2012.209
https://doi.org/10.1002/cpt.147
https://doi.org/10.1002/cpt.597
https://doi.org/10.1002/cpt.597
https://doi.org/10.1002/cpt.668
https://doi.org/10.1097/01.jcp.0000088909.24613.92
https://doi.org/10.1186/s40246-019-0229-z
https://doi.org/10.1016/j.therap.2016.09.017
https://doi.org/10.1016/j.therap.2016.09.017
https://doi.org/10.1097/FTD.0000000000000298
https://doi.org/10.1016/j.bulcan.2018.02.001
https://doi.org/10.1038/s41431-019-0540-0
https://doi.org/10.1111/jth.14211
https://doi.org/10.1038/clpt.2011.355
https://doi.org/10.1016/j.ctrv.2016.08.002
https://doi.org/10.1002/cpt.583
https://doi.org/10.1038/clpt.2013.203
https://www.pharmgkb.org/
https://www.pharmgkb.org/
https://doi.org/10.1002/cpt.1004
https://doi.org/10.1002/cpt.1004
https://doi.org/10.1016/j.therap.2016.09.014
https://doi.org/10.1016/j.therap.2016.09.014
https://doi.org/10.1016/j.therap.2016.09.018
https://doi.org/10.1016/j.therap.2017.01.005
https://doi.org/10.1016/j.therap.2017.01.005
https://doi.org/10.1038/clpt.2014.125
https://doi.org/10.1038/clpt.2014.97
https://doi.org/10.1002/cpt.1304
https://doi.org/10.1089/thy.2010.1642
https://doi.org/10.1089/thy.2010.1642
https://doi.org/10.1038/clpt.2013.105
https://doi.org/10.1097/FTD.0000000000000192
https://doi.org/10.1097/FTD.0000000000000192
https://doi.org/10.1111/ajt.13691
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Abdullah-Koolmees et al.

Swen, J. J., Nijenhuis, M., De Boer, A., Grandia, L., Maitland-Van Der Zee, A. H,,
Mulder, H., et al. (2011a). Pharmacogenetics: from bench to byte an update of
guidelines. Clin. Pharmacol. Ther. 89, 662-673. doi:10.1038/clpt.2011.34

Swen, J., Nijenhuis, M., De Boer, A., Grandia, L., Maitland-van der Zee, A., Mulder,
H., et al. (2011b). Pharmacogenetics: from bench to byte— an update of
guidelines. Clin. Pharmacol. Ther. 89, 662-673. doi:10.1038/clpt.2011.34

Swen, J. ], Nijenhuis, M., van Rhenen, M., de Boer-Veger, N. ], Buunk, A. M., Houwink,
E. J. F, et al. (2018). Pharmacogenetic information in clinical guidelines: the
European perspective. Clin. Pharmacol. Ther 103, 795-801. doi:10.1002/cpt.1049

Swen, J. J., Wilting, I, Goede, A. D., Grandia, L., Mulder, H., Touw, D. J,, et al.
(2008). Pharmacogenetics: from bench to byte. Clin. Pharmacol. Ther. 83,
781-787. doi:10.1038/sj.clpt.6100507

TanKoi, W. C., Leow, P. C, and Teo, Y. Y. (2018). Applications of
pharmacogenomics in regulatory science: a product life cycle review.
Pharmacogenomics J. 18, 359-366. doi:10.1038/tpj.2017.47

Tanoshima, R., Khan, A., Biala, A. K., Trueman, J. N., Drégemaoller, B. I., Wright, G.
E. B, et al. (2019). Analyses of adverse drug reactions—nationwide active
surveillance network: Canadian pharmacogenomics network for drug safety
database. J. Clin. Pharmacol. 59, 356-363. doi:10.1002/jcph.1336

The Dutch Pharmacogenomic Working Group (2016). VKORCI: warfarin. 16.
Available at: https://www.g-standaard.nl/risicoanalyse/B0006235.PDF (Accessed
July 11, 2020).

The Dutch Pharmacogenomic Working Group (2018a). HLA: lamotrigine. 1-13.
Available at: https://www.g-standaard.nl/risicoanalyse/B0006932.PDF (Accessed
July 21, 2020).

The Dutch Pharmacogenomic Working Group (2018b). HLA: oxcarbazepine.
1-10. Available at: https://www.g-standaard.nl/risicoanalyse/B0006931.PDF
(Accessed July 21, 2020).

The Dutch Pharmacogenomic Working Group (2018c). HLA: phenytoin. 1-17.
Available at: https://www.g-standaard.nl/risicoanalyse/B0006927.PDF (Accessed
July 21, 2020).

The Dutch Pharmacogenomic Working Group (2020a). Phamacogenomic
recommendations, farmacogenetica-update. Available at: www.knmp.nl/
(Accessed July 12, 2020).

The Dutch Pharmacogenomic Working Group (2020b). Phamacogenomic
recommendations. Available at: www.knmp.nl/ (Accessed July 12, 2020).
Theken, K. N,, Lee, C. R,, Gong, L., Caudle, K. E., Formea, C. M., Gaedigk, A., et al.
(2020). Clinical pharmacogenetics implementation Consortium guideline
(CPIC) for CYP2C9 and nonsteroidal anti-inflammatory drugs. Clin.

Pharmacol. Ther. 108, 191-200. doi:10.1002/cpt.1830

Pharmacogenetics Guidelines

Van Der Wouden, C. H., Béhringer, S., Cecchin, E., Cheung, K. C., Dévila-
Fajardo, C. L., Deneer, V. H. M., et al. (2020). Generating evidence for
precision by the Ubiquitous
Pharmacogenomics Consortium when designing and operationalizing the
PREPARE study. Pharmacogenetics Genom. 30, 131-144. doi:10.1097/FPC.
0000000000000405

van der Wouden, C. H., Cambon-Thomsen, A., Cecchin, E., Cheung, K. C., Dévila-
Fajardo, C. L., Deneer, V. H,, et al. (2017). Implementing pharmacogenomics in
europe: design and implementation strategy of the ubiquitous
pharmacogenomics consortium. Clin. Pharmacol. Ther. 101, 341-358.
doi:10.1002/cpt.602

Van Roon, E. N, Flikweert, S, Le Comte, M., Langendijk, P. N. J., Kwee-
Zuiderwijk, W. J. M., Smits, P., et al. (2005). Clinical relevance of drug-drug
interactions: a structured assessment procedure. Drug Saf. 28, 1131-1139.
doi:10.2165/00002018-200528120-00007

Van Schaik, R. H. N., Grandia, L., De Goede, A., Bet, P. M., Bekers, O., Guchelaar,
H.-J., et al. (2008). Dutch consensus: CYP2D6 genotype “1-0” classified as
intermediate metabolizer | Nederlandse consensus: CYP2D6 genotype “1-0”
ingedeeld als intermediaire metaboliseerder. Ned. Tijdschr. Klin. Chem. Lab. 33,
52-53.

Woillard, J. B., Chouchana, L., Picard, N., and Loriot, M. A. (2017).
Pharmacogenetics of immunosuppressants: state of the art and clinical
implementation - recommendations from the French National Network of
Pharmacogenetics (RNPGx). Therapie. 72, 285-299. doi:10.1016/j.therap.2016.
09.016

medicine:  considerations  made

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commerecial or financial relationships that could be construed as a
potential conflict of interest.

The handling editor declared a past co-authorship with one of the authors VD.

Copyright © 2021 Abdullah-Koolmees, van Keulen, Nijenhuis and Deneer. This is an
open-access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Pharmacology | www.frontiersin.org

12

January 2021 | Volume 11 | Article 595219


https://doi.org/10.1038/clpt.2011.34
https://doi.org/10.1038/clpt.2011.34
https://doi.org/10.1002/cpt.1049
https://doi.org/10.1038/sj.clpt.6100507
https://doi.org/10.1038/tpj.2017.47
https://doi.org/10.1002/jcph.1336
https://www.g-standaard.nl/risicoanalyse/B0006235.PDF
https://www.g-standaard.nl/risicoanalyse/B0006932.PDF
https://www.g-standaard.nl/risicoanalyse/B0006931.PDF
https://www.g-standaard.nl/risicoanalyse/B0006927.PDF
http://www.knmp.nl/
http://www.knmp.nl/
https://doi.org/10.1002/cpt.1830
https://doi.org/10.1097/FPC.0000000000000405
https://doi.org/10.1097/FPC.0000000000000405
https://doi.org/10.1002/cpt.602
https://doi.org/10.2165/00002018-200528120-00007
https://doi.org/10.1016/j.therap.2016.09.016
https://doi.org/10.1016/j.therap.2016.09.016
https://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

	Pharmacogenetics Guidelines: Overview and Comparison of the DPWG, CPIC, CPNDS, and RNPGx Guidelines
	Introduction
	Methods of the Literature Search
	Results of the Literature Search
	Methodology for Guideline Development
	Dutch Pharmacogenetics Working Group
	Clinical Pharmacogenetics Implementation Consortium
	Canadian Pharmacogenomics Network for Drug Safety
	French National Network (Réseau) of Pharmacogenetics
	Terminology of Predicted Phenotypes
	Genotype-To-Phenotype Translations
	Pharmacotherapeutic Recommendations
	Discordances Fluoropyrimidines and Irinotecan
	Discordances Clopidogrel, Warfarin, Statins
	Discordances Antidepressants
	Discordances Indication and Patient Population Specific Recommendations
	Discordances Pharmacotherapeutic Recommendations Normal Metabolizers
	Genetic Testing Recommendations
	Genetic Testing Anti-cancer Drugs
	Genetic Testing Clopidogrel and Warfarin
	Genetic Testing Antidepressants
	Genetic Testing Codeine
	Genetic Testing Antiepileptics
	Genetic Testing Several Drugs

	Discussion
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


