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Abstract

Implementation of pharmacogenetics (PGx) and individualization of drug therapy is supposed to obviate adverse drug
reactions or therapy failure. Health care professionals (HCPs) use drug labels (DLs) as reliable information about drugs. We
analyzed the Swiss DLs to give an overview on the currently available PGx instructions. We screened 4306 DLs applying
natural language processing focusing on drug metabolism (pharmacokinetics) and we assigned PGx levels following the
classification system of PharmGKB. From 5979 hits, 2564 were classified as PGx-relevant affecting 167 substances. 55%
(n =93) were classified as “actionable PGx”. Frequently, PGx information appeared in the pharmacokinetics section and in
DLs of the anatomic group “nervous system”. Unstandardized wording, appearance of PGx information in different sections
and unclear instructions challenge HCPs to identify and interpret PGx information and translate it into practice. HCPs need
harmonization and standardization of PGx information in DLs to personalize drug therapies and tailor pharmaceutical care.

Introduction

“One size fits all” is the common strategy of dose-finding
studies and consequently, the standard of drug therapy.
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However, drug therapies may fail, and/or may induce con-
siderable adverse drug reactions (ADRs). The influence of
patients’ genetic predispositions on drug response has been
studied over decades and therefore, pharmacogenetics
(PGx) is gaining attendance in patient-centered research and
personalized medicine [1-3].

For the translation of PGx information into clinical
decisions, health care professionals (HCPs) have to consider
drug-gene interactions (DGIs) in addition to drug-drug
interactions (DDIs). Similar to DDISs, not all DGIs require an
intervention. The level of actionability depends on both the
genetic variant of an enzyme and the metabolized substrate.
Almost 100% of the population carry at least one actionable
genetic variant [4, 5]. Consequently, it is expected that
implementation of PGx into clinical decisions might be a
strategy to reduce the substantial burden of ADRs [6], still
representing a major concern in health care [7]. Considering
the high number of drug-relevant genes and the multitude of
available substances on the market, genetic variability
potentially affects a large number of patients.

In this study, we focused on the drug label (DL), one of the
first sources for HCPs to check for information on a drug.
The Pharmacogenomics Knowledgebase (PharmGKB) [8§]
is an expert curated knowledgebase which collects and dis-
seminates information on DGIs. The website (https:/www.
pharmgkb.org) is publicly available and supports researchers
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Table 1 Definition of PGx levels of PharmGKB [10].

Nr. PGx level

Definition

1 Testing required

2 Testing recommended

3 Actionable PGx

The label states or implies that some sort of gene, protein, or chromosomal testing, including genetic testing,
functional protein assays, cytogenetic studies, etc., should be conducted before using this drug. This requirement
may only be for a particular subset of patients. PharmGKB considers labels that state the variant is an indication for
the drug, as implying a test requirement. If the label states a test “should be” performed, this is also interpreted as a
requirement.

The label states or implies that some sort of gene, protein or chromosomal testing, including genetic testing,
functional protein assays, cytogenetic studies, etc., is recommended before using this drug. This recommendation
may only be for a particular subset of patients. PharmGKB considers labels that say testing “should be considered”
to be recommending testing.

The label may contain information about changes in efficacy, dosage, metabolism or toxicity due to gene/protein/
chromosomal variants or phenotypes (e.g., “poor metabolizers”). Or, the label may mention contraindication of the
drug in a particular subset of patients with particular variants/genotypes/phenotypes. However, the label does not

require or recommend gene, protein or chromosomal testing.

4 Informative PGx

1. The label contains information stating that particular gene/protein/chromosomal variants or metabolizer

phenotypes do not affect a drug’s efficacy, dosage, metabolism, or toxicity. Or, the label states that particular
variants or phenotypes affect a drug’s efficacy, dosage, metabolism or toxicity, but this effect is not “clinically”

significant.
OR

2. The label appears or appeared on the FDA Biomarker List but does not currently meet the requirements to be
assigned as “Testing required”, “Testing recommended” or “Actionable PGx.” PharmGKB annotates every label
that appears on the FDA Biomarker list, regardless of whether we would otherwise annotate the label.

and clinicians in the interpretation of human genetic variation
in relation to drug response. Information available includes
prescribing information from clinical guidelines, curated
pathways, pharmacogene summaries, annotations on asso-
ciations between genetic variants and drug responses as
reported in the literature, and DLs containing PGx informa-
tion [9]. The PharmGKB has defined four PGx levels (see
Table 1) to classify PGx information mentioned in DLs
according to the potential for action [10].

Several groups have compared the information on PGx
in DLs authorized by different agencies [11-14]. In the
United States, the Food and Drug Administration (FDA)
approves the DLs, and provides a table of pharmacoge-
nomic biomarkers in DLs [15]. In Switzerland, Swissmedic
approves all Swiss DLs before they become publicly
available (www.swissmedicinfo.ch). The Swiss DL is
organized in different sections with defined headings;
however, no section is dedicated to PGx. For the DLs of
Switzerland, no overview or comparison of PGx informa-
tion in the DLs exists at this time. By analyzing the DLs, we
will get an overview of the current state of PGx information
helping us to identify inconsistencies and to suggest
potential improvement for the future.

Accordingly, it was the aim of this project to provide a
systematic analysis of the Swiss DL sections reporting
PGx-relevant information on metabolizing enzymes and
transporters as well as HLA risk alleles, to evaluate the
instructions provided to HCPs on PGx information and
finally, to compare the respective PGx level with those
provided in DLs authorized by agencies of other
countries.
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Methods
Natural language processing (NLP)

We applied natural language processing (NLP). Terms used
to search for PGx information within the DLs were gathered
based on preliminary analysis of DLs (in German lan-
guage), literature [16-18], and the AmiKoWeb website
(https://amiko.oddb.org). The selected search terms to
identify specific genes were related to genetic polymorph-
isms (defined as genetic variants with a prevalence of more
than 1% in a population [3]) known to be involved in drug
metabolism. An expert group (CJ, KS, KH, HMzS) selected
25 eligible word stems corresponding to 245 different
search terms for the NLP (for details, see Supplementary
Fig. 1). We used AmiKoWeb for the full-text search on
4th February 2019. All 4306 Swiss DLs available in Ger-
man describing the 15,367 products on the Swiss market
(including different dosages and package sizes) were
screened for PGx information by NLP. The search identified
5979 hit sentences (corresponding to 606 chemical sub-
stances and 1399 different brand drugs) (Fig. 1). Supple-
mentary Fig. 2 gives an overview of the primary NLP
search.

Evaluation of the identified sentences for PGx-
relevance

We examined all hit sentences for PGx-relevance. Any
information related to a genetic polymorphism of an
enzyme known to be involved in drug metabolism or drug
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Search of the drug labels by
natural language processing

5 979 hit sentences
I
Evaluation of PGx-relevance
(CJ)
v
2 564 PGx-relevant sentences
« 1399 brand drugs
* 606 substances

3 415 not PGx-
relevant sentences

Attribution of PGXx level (CJ) |«

v

Re-attribution of 10% of the hit
sentences (CJ)
- Consistency

!

Independent attribution of 5%
of the hit sentences (UW)
- Reliability

A
A

Consultation and discussion with the expert group

31 DLs with no attributable
PGx level (JB, LG, MW-C, TK)
- Change of PharmGKB
definition

Fig. 1 Flow chart depicting the process of analysis. The natural
language processing was followed by evaluation of the PGx-relevance
as well as the attribution of the PGx level, which was both conducted
under consultation of the expert group.

transport (pharmacokinetics) and any information on HLA
risk types was considered PGx-relevant. We consequently
excluded genetic mutations (prevalence <1%), disease-
related gene defects (e.g., genetic hypercholesterolemia),
disease-related chromosomal abnormalities (e.g., Philadel-
phia chromosome), nonhuman genetic factors (e.g., geno-
type of viruses), genes encoding proteins used for treatment
selection (e.g., in oncology), and biomarkers related to a
drug other than the referenced drug (e.g., in the case of an
interaction).

Classification of the PGx-relevant sentences

The classification of the sentences in the identified DLs was
based on the PGx levels proposed by PharmGKB [10]
(Table 1). If one sentence in one DL resulted in a higher
PGx level compared to other sentences in the same DL, the
highest annotated PGx level was considered in the analysis.
After the first annotation of PGx levels, 10% of the sen-
tences were reannotated to evaluate consistency and 5%
were independently annotated by a second person to test
reliability. After each step, the expert group was consulted.
We translated the PGx-relevant sentences into English and
submitted them to PharmGKB. Final discrepancies were
solved in collaboration with experts of the PharmGKB
group (Fig. 1).

We checked the PGx-relevant sentences of the same
chemical substances (indicated by the ATC code level 1)

and in case of multiple brand products with the same text in
the DL, we defined one reference DL (refDL); either we
selected the original product (brand name) or we arbitrarily
choose the first generic drug in the list. We refer to Sup-
plementary Table 1 for details on the refDLs. We analyzed
the PGx-relevant sentences and the refDLs by the section
where the PGx information was located, the anatomic
groups (indicated by the ATC code level 1 of the corre-
sponding substance), and the biomarker mentioned in the
concerned PGx-relevant sentence, respectively.

Annotations entered into the PharmGKB
knowledgebase

PharmGKB applied their process of quality control to the
translated DLs, annotated and entered them into the
PharmGKB knowledgebase (for details see Supplementary
Fig. 3).

Comparison of PGx levels with those of other
regulatory authorities

We conducted a comparative analysis of the annotated
PGx levels available on PharmGKB of selected DLs with
US Food and Drug Administration (FDA), European
Medicines Agency (EMA), Health Canada/Santé Canada
(HCSC), and Pharmaceuticals and Medical Devices
Agency (PMDA), Japan. For the quantitative analysis, the
PGx level was coded with points, with an increasing
number of points for the severity of the PGx level,
resulting in 1 point for “informative PGx” and 4 points for
“testing required.”

Results

PGx-relevant information in Swiss Drug Labels
searched by NLP

From the 5979 identified hit sentences identified by the NLP
search, 2564 sentences were classified as PGx-relevant. In
total, 3415 sentences were excluded due to the lack of PGx-
relevance. Most of the PGx-relevant sentences were part of
the section on pharmacokinetics (n = 1110), followed by
the precautionary measures section (n=839). The other
PGx-relevant sentences were distributed homogenously in
the other sections (dosage/application, contraindications,
interactions, adverse effects, or properties/effects). A small
number of PGx-relevant sentences appeared in the sections
on indication (n = 3), pregnancy (n =7), or overdose (n =
10) (Fig. 2A). No PGx-relevant information appeared in any
of the ten remaining sections, such as ability to drive or
operate machines, preclinical data, or other hints.
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Fig. 2 Analysis of the 2564 A
PGx-relevant sentences. Section in Drug Label
Appearance in the different drug Indication Total=2 564

label sections (A), in the

anatomic groups (indicated by
the ATC code) of the drug Contraindications
described by the drug label (B)
and of the biomarker mentioned
in the sentences (C). Data shown
are total number of PGx-relevant Pregnancy
sentences per category.

Dosage/ Application

Precautionary Measures

Interactions

Adverse Effects
Overdose

Properties/ Effects

Pharmakokinetics

T
500 1000
B Number of Hits

Anatomic Group
A: Alimentary Tract & metabolism Total=2 564
B: Blood & Blood-forming Organs

C: Cardiovascular System

D: Dermatologicals

G: Genitourinary System & Sex Hormones
J: General antiinfectives for systemic use

L: Antineoplastics & Immunomulating agents
M: Musculoskeletal system

N: Nervous system

P: Antiparasitic Producst

R: Respiratory system

V: Various

——— 77—
0 200 400 600 800
Number of Hits

C Biomarker

CYP1A2 Total=2 564
CYP2B6

CYP2C9
CYP2C19
CYP2D6
CYP3A4
CYP3A5
DPD

G6PD

NAT2

TPMT
UGT1A1
HLA-A*3101
HLA-B*1502
HLA-B*5701
HLA-B*5801
HLA others
ABCG2
SLCO1B1
others

no biomarker mentioned

0 200 400 600

Number of Hits

Most of the PGx-relevant sentences were found in the  blood building systems” (rn = 352). The lowest number of
ATC group “N: Nervous system” (n=793), followed by = PGx-relevant sentences appeared in the ATC group “V:
“C: Cardiovascular system” (n =408), and “B: Blood and Various” (n=3). No PGx-relevant sentences were
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Fig. 3 Drug label (DL) sections L = L S| 2|5a| g |,
with PGx information. Ten IATC-Code[Substance [Brand name [Biomarker :3:; = §1§ 'E‘% 3 > | g |8
Coe . = |8 S
examples of DLs indicating the s (225 g8 g s |8 (3¢
o . . . = og|O <€ o S _lo < w |

dlff?rent DL_ sections ‘“.Wh}Ch /A02BCO1 [Omeprazol |Antramups® [CYP2C19 3
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The corresponding section is BO1ACO04 [Clopidogrel [Plavix® CYP2C19 2
marked with black color. The

BO1AC30 [Clopidogrel, [DuoPlavin® [CYP2C19 3
last Acolumn sh0w§ the sum of lass 751100 mg
sections that specify PGx C10AA07 |[RosuvastatinlCrestor® SLCO1B1 3
information.

D11AX Fluorouracil, |Actikerall® DPD 1

Salicylsaure

JO1CFO05 |Flucloxacillin [Floxapen® HLA-B*5701 3

JO1EEO1 [SMX/TMP |Bactrim® forte |G6PD 3

WJOSAF06 |Abacavir Ziagen® HLA-B*5701 1

NO6ABO04 [Citalopram eropram® ICYP2D6 & 3

ICYP2C19
[RO5DA20 [DPH, Benylin® mit [CYP2D6 3
Codeine odein N
ICYP=Cytochrome; DPD=Dihydropyrimidinedehydrogenase; DPH=Diphenhydramin; G6PD=Glucose-6-Phoshate-Dehydrogenase;
HLA=Human Leucocyte Antigene; SLCO1B1=0rganic Anion Transporter 1B1; SMX/TMP=Sulfamethoxazol & Trimethoprim

discovered in the ATC group “H: Systemic hormonal pre-
parations” (Fig. 2B).

The PGx biomarker most frequently mentioned was the
drug metabolizing enzyme CYP2D6 (n = 679), followed by
CYP2C19 (n=499). The drug transporter SLCOI1B1
(OATP1B1), the enzyme glucose 6-phosphate dehy-
drogenase (G6PD), and the HLA-allele HLA-A*3101 were
named in n=254, n=277, and n =284 sentences,
respectively. Overall, 76 PGx-relevant sentences referred to
other biomarkers, e.g., IL28B. However, in 39 cases, PGx
information was provided without mentioning any specific
biomarker (Fig. 2C).

Analysis of the reference drug labels (refDLs)

Based on the PGx-relevant sentences, we defined 167 refDLs.
Almost in all cases (166 of 167) the DL of the generics
contained the same text as the original product. For the ATC
code LO1BCO2 (fluorouracil), we defined two refDLs,
because the texts of the DLs of Efudix’ and Fluorouracil
Labatec’ differed in information. Of the defined refDLs, there
were 17 combination products where PGx information was
the same as for the mono products of each component.
Therefore, these refDLs were not annotated separately.
Moreover, there were four products (carbamazepine, escita-
lopram, fluorouracil, and codeine/acetaminophen) addressing
more than one biomarker in the PGx-relevant sentences with
different PGx levels.

The PGx information of the refDLs was identified in 10
out of 20 different sections in the DL. One example, where
PGx-relevant information is given in multiple sections namely
“indication,” “precautionary measures,” “‘contraindications,”

ELINT3

and “properties/effects” is abacavir (Ziagen'); for further
examples see Fig. 3 (for details on all substances see Sup-
plementary Table 1).

Most of the refDLs (n =92 substances, 55%) were
assigned to PGx level 3 “actionable PGx” and PGx level 4
“informative PGx” (n =26, 16%). Only 9 (5%) or 4 (2%)
DLs were assigned to PGx level 1 “testing required,” or
PGx level 2 “testing recommended,” respectively. In total,
19 DLs (11%) could not be classified using the original
definition of the PGx levels, as the information given did
not meet the criteria proposed by PharmGKB, and 17
(10%) refDLs on combination products reported the same
information as the mono product (Fig. 4A). Summarizing
the PGx level annotated refDLs in anatomic groups
(ATC code of level 1), revealed that PGx level 3 appeared
most frequently (Fig. 4B). The anatomic group “J: general
anti-infectives for systemic use” represented an exception
as it contained abacavir (including three combination
products), all labeled with PGx level 1. The same PGx
level was attributed to carbamazepine, oxcarbazepine,
codeine, and tetrabenazine as well as fluorouracil in the
anatomic groups “N: Nervous system” and “L: anti-
neoplastic and immunomodulating agents”, respectively
(Fig. 4C).

Looking at the specific biomarkers in the refDLs (Fig. 4D),
CYP2D6 was most frequently mentioned (rn = 52), followed
by G6PD (n=35). In total, 12 refDLs informed on PGx
without mentioning a specific biomarker. Many refDLs stated
two biomarkers, e.g., G6PD and CYP2D6 in Co—Dafalgan®,
one accounting for acetaminophen and the other for codeine.
Overall, biomarkers in drug-metabolizing enzymes pre-
dominated (Fig. 4E).
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Fig. 4 Analysis of the reference drug labels (refDLs). Number of reference drug labels per PGx level (A, B), per anatomic group and the
assigned PGx levels (C), and per biomarker (D, E).
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Drug Label Annotations

PharmGKB annotates drug labels containing pharmacogenetic information approved by the US Food and Drug Administration (FDA), European Medicines Agency (EMA), Swiss Agency of Therapeutic Products
(Swissmedic), Pharmaceuticals and Medical Devices Agency. Japan (PMDA) and Health Canada (Santé Canada) (HCSC). PharmGKB annotations provide a brief summary of the PGx in the label, an excerpt from the
label and a downloadable highlighted label PDF file. A list of genes and phenotypes found within the label is mapped to label section headers and listed at the end of each annotation. PharmGKB also attempts to

interpret the level of action implied in each label with the "PGx Level” tag.

See the legend for more information about drug label sources, which labels are selected for annotation and PGx Levels.

We welcome any information regarding drug labels containing PGx information approved by the FDA, EMA, Swissmedic, PMDA, HCSC or other Medicine Agencies around the world - please contact feedback.

B FDA Biomarker drugs Labels with ' Dosing Info ©

Labels with = Altemate Drug @

Labels with = Cancer Genome ©

Drugs Biomarker FDA EMA Swissmedic HCSC PMDA
n=369 n=265 n=321 n=134 n=131 n=105 n=52
sace : e
Alternate Drug © Alternate Drug @ Alternate Drug @
Alternate Drug © Alternate Drug @
Cancer Genome @ Cancer Genome @
scnacoumars
S
acetaminophen / codeine Testing required
Alternate Drug ©
SRS S
o 8 Testing equired
Alternate Drug © Alternate Drug © Cancer Genome ©@
Cancer Genome @ Cancer Genome @

Fig. 5 Excerpt of the Drug Label Annotations on the PharmGKB
website. Since 08/07/2019 the Drug Label Annotations include excerpts
of the drug labels of the Food and Drug Administration (FDA), the

Annotations entered into the PharmGKB
knowledgebase

The extracts of the Swiss DLs were translated and entered
into the PharmGKB knowledgebase on 22.10.2019
(https://www.pharmgkb.org/label Annotations) and resulted
in 131 annotations (Fig. 5). In addition, the collaboration
with PharmGKB led to a new definition for PGx level 4
“informative PGx.” The original definition of this category
was “label mentioning a gene or protein involved in the
metabolism or pharmacodynamics of the drug, with no
information to suggest that variation in these genes/proteins
leads to changes in drug response.” Due to difficulties in our
primary analysis, we started a discourse with PharmGKB,
which finally resulted in an adaptation of the definition of
PGx level 4 (published on 08/07/2019).

Comparison of PGx levels with those of other
regulatory authorities

We compared the assigned PGx levels of the 126 uploaded
DLs of Swissmedic with those authorized by other reg-
ulatory authorities, and observed that the majority was rated
as “actionable PGx”. This is also indicated, when deter-
mining a mean after translating the different categories into
points. Here, the mean + SD was 1.984 +0.693 (n = 126),

European Medicines Agency (EMA), the Swissmedic, the Health Care
Service Cooperation (HSCS), and the Pharmaceutical and Medical
Devices Agency (PMDA).

2.053+0.831 (n=76), 2.100+0.8847 (n=30), 2.178 =
0.777 (n=45), and 2.077+£0.688 (n=26) points for
Swissmedic, FDA, EMA, HCSC, and PMDA, respectively.
However, the comparison also revealed that the PGx levels
assigned (Fig. 6A, C, E, G) and the number of DLs
reporting PGx-relevant information (Fig. 6B, D, F, H) were
different. According to PharmGKB, “test required” was
assigned to eight Swissmedic DLs, one EMA DL, and three
FDA DLs. No PGx levels for these compounds were
assigned to the DLs of HCSC or PMDA. From the FDA,
eight DLs are rated as “test required”; while four of these
DLs (gefitinib, rasburicase, tamoxifen, and ibrutinib) were
rated differently in the Swissmedic DLs. Looking at the 126
DLs under consideration, all five regulatory authorities had
a majority of DLs rated as “actionable PGx.” However, only
the FDA have about the same number of DLs with
“actionable PGx” as Swissmedic.

Discussion

To our knowledge, this is the first NLP-based extraction of
information related to PGx from the Swiss DLs. We focused
genes involved in drug metabolism and transport (pharma-
cokinetics) and information on HLA risk alleles. We extracted
2564 PGx-relevant sentences, which corresponded to 167
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Fig. 6 Comparative analysis of the attributed PGx levels of the
Swiss DLs with those of other regulatory authorities, namely the
Food and Drug Administration (FDA), the European Medicines
Agency (EMA), the Health Care Service Cooperation (HSCS), and
the Pharmaceutical and Medical Devices Agency (PMDA). Each

chemical substances. Our analysis showed that 9.47% of all
Swiss DLs (167 out of 1763 different ATC codes by 31st
January 2019 [19]) mentioned PGx-relevant information.
Most of this PGx information (55%) was classified as
“actionable PGx”.

We identified the pharmacokinetics section as the pre-
vailing section reporting on PGx. However, this particular
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visualize heterogeneity. In B, D, F and H the number of drugs in each
category is indicated by the width of the violin.

section is — not only in the Swiss DLs, but also in those
approved by other agencies — one of the last sections in a
DL [20]. Therefore, it may be speculated that there is a risk
that PGx information could be overseen by the HCPs. For
some drugs coded with PGx level 1, the PGx-relevant
information was located within the section on precautionary
measures, which reports on genetic polymorphisms known
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to be associated with ADRs (especially in the case of HLA-
associated ADRs, e.g., carbamazepine). Our findings are in
line with those by Ehmann et al. [11] reporting that the
pharmacokinetic and the precautionary measures section are
most likely to state PGx information in DLs approved by
the EMA. Other sections such as indications, dosage/use
and contraindications rarely provide PGx information. In
contrast to the study of Shimazawa et al. [21], we did not
prioritize one section per DL, but we analyzed all sections
mentioning PGx information.

In accordance with findings from other countries
[14, 16, 17, 22], CYP2D6 was the most frequently men-
tioned biomarker in the Swiss DLs. This cytochrome P450
enzyme is known for its genetic variability with about 100
different alleles [23] resulting in the phenotypes of poor,
intermediate, normal, and ultra-rapid metabolizer (UM)
with a prevalence of 0.4-5.4%, 0.4-11%, 67-90%, and
1-21%, respectively [24]. Moreover, CYP2D6 is known to
be involved in the metabolism of a wide range of commonly
used drugs [25] including SSRIs [26], opioids [27-29], and
tamoxifen [30]. The second most cited biomarker in the
Swiss DLs was CYP2C19. This enzyme also affects a large
number of drugs [25] including SSRIs [26, 29], opioids
[29], and in particular the bioactivation of clopidogrel [31].
However, none of the Swiss DL contained the biomarker
ABCBI, although the Swiss guideline on the treatment of
unipolar depressive episodes recommends to test for
selected genetic variants of ABCB1 (P-Glycoprotein) in
patients taking antidepressants [32—34].

Although ABCB1 was not mentioned in the Swiss DLs,
the anatomic group N (nervous system) dominated when
analyzing PGx levels per anatomic group. This group con-
tains antiepileptics (carbamazepine [35-37], oxacarbazepine
[38], phenytoin [39, 40]), antidepressants such as SSRIs [29],
or analgesics such as opioids [29]. The anatomic group N
relates to various drugs where treatment is associated with
more difficulties (e.g., therapy failure) compared to therapies
of other anatomic groups. Indeed, Bschor et al. [41] and
Muller et al. [42] assume that psychiatric patients would likely
benefit from a PGx test prior to the therapy in order to avoid
ADRs or therapy failure. The PGx-relevant information in
anatomic group C mostly referred to statins [41] (e.g. flu-
vastatine [42]) and beta-blockers (e.g., metoprolol [43]).
Almost all hits in the anatomic group B were related to clo-
pidogrel, which is well-studied for the influence of genetic
variability [31, 44, 45].

We identified nine (5%) refDLs with statements cate-
gorized as PGx level 1 and four (2%) refDLs as PGx level
2. For these drugs there is convincing evidence for the
clinical benefit of PGx testing prior to treatment initiation.
This may be explained by the severity of the potential
ADRs [46]. For HCPs, the instruction in these DLs is clear.
Accordingly, DLs containing information with PGx level 1

or 2 are most evident to handle, as clear recommendations
on therapeutic consequences are given. The majority (55%)
of the refDLs were classified as PGx level 3. They mention
the influence of a genetic variant on drug efficacy or safety
without recommending genetic testing. Here, the question
is, how are HCPs supposed to handle this information.
Should HCPs inform the patient, or simply take note of the
information in case of ADRs or nonresponse? The pre-
dominance of PGx level 3 illustrates the insecurity which
still dominates in the field of PGx. PGx level 4 was the
second most applied PGx level (16%) for the Swiss DLs.
The original definition of this category was adapted in a
discourse with PharmGKB.

Overall, the presentation of PGx information is very
heterogeneous; not only in terms of localization in the DL
but also leading to different PGx levels and various asso-
ciated recommendations. The information on PGx is often
not precise and the presentation lacks a predefined structure.
Similar findings have also been reported by Ehmann et al.
(EMA) [11] and Shimazawa & Ikeda (US and Japan) [21].
By entering the extracts of 126 Swiss DLs on the
PharmGKB website, we were able not only to make this
information publically accessible but also comparable to the
information approved by regulatory agencies of four other
countries. The individual comparisons of the Swiss DLs
with the DLs of the four different regulatory authorities
listed in PharmGKB revealed a large heterogeneity not only
in number of compounds with PGx information, but also in
terms of assigned PGx levels for the available PGx infor-
mation. Accordingly, there is a clear need for a standardized
presentation with a well-defined structure.

Based on our analysis, there is a tendency toward more
PGx testing (PGx level 1 and 2) in the Swiss DLs, com-
pared to FDA or EMA. However, it has to be taken into
account that the DLs of the EMA represent rather a general
guidance, still enabling differences in the recommendations
in national DLs. It has been recommended during the
revision process of this manuscript that it should be con-
sidered to compare the Swiss DLs to the DLs published by
the regulatory agencies of selected European countries. One
country that would be suitable for such a comparison are the
Netherlands, where guidelines on PGx are available and
which appears to have an initiative for PGx implementation
with the Dutch pharmacogenetic working group [47].
However, their DLs are only available in Dutch [48]. For
Germany, we found a list of drugs published by VFA
(Verein der Pharma-Forschenden) [49] with all substances
which require or recommend PGx testing (analog to PGx
level 1 and 2). In the context of pharmacogenotyping of
genes relevant for pharmacokinetics, we are able to compare
seven substances (see Supplementary Table 2).

Shekhani et al. [50] analyzed the concordance of the
DLs of regulatory agencies with guidelines provided by
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CPIC/DPWG and revealed that out of 54 drugs with an
actionable gene—drug interaction in the CPIC and DPWG
guidelines, only 50% of the agencies described actionable
PGx information in the DLs and they were in agreement in
only 18% of the cases. We agree with Tan-Koi et al. [51]
who suggested after a cross-sectional study of PGx asso-
ciations in six different countries that there should be an
international consensus for PGx presentation in DLs. Also
Ehmann et al. [11] stated that the number of DLs men-
tioning PGx is steadily increasing and that a new legislation
is necessary to support HCPs in the application of PGx
information. In contrast to the FDA using subheadings on
PGx, the current structure of the Swiss DLs does not sup-
port the incorporation of standardized PGx information.

Limitations

We have to mention, that we searched for PGx-relevance
with word stems concerning pharmacokinetics, thereby
excluding information on pharmacodynamics. Our major
concern was the inter-individual variability in drug meta-
bolism, which is known to affect a great large number of
patients in daily care. However, focusing on pharmacoki-
netics, we missed information on most oncological drugs,
where genotyping is part of compound selection.

In contrast to most previous studies analyzing the DLs
for PGx information by reviewers reading the DLs [11, 14],
we applied an automated search by NLP. Of the total hit
sentences identified by NLP, 43% contained PGx-relevant
information. We consider NLP as a strength, even though
we are aware of the effort which was necessary for the
semantic standardization. As no predefined standardization
for the presentation of PGx information in the Swiss DLs
exists, the definition of word stems was challenging. In
order to facilitate accessibility of DLs for NLP, standardi-
zation would be necessary.

During the attribution of PGx levels, we found DLs
reporting on the same chemical substance, but stating dif-
ferent information. One reason for these discrepancies
might be the different date of market admission. Moreover,
a few DLs involved two or more biomarkers resulting in
two PGx levels. Finally, some reference DLs inform on the
influence of PGx on the drug’s efficacy or safety without
mentioning a specific biomarker. These particular DLs were
excluded from publishing on the website by PharmGKB, as
they do not provide usable information for the HCP.

Conclusion

The analysis of PGx information provided in Swiss DLs
revealed large heterogeneity. PGx information varies not
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only in wording used to describe the information but also in
the section, where the information appears. In addition, the
instructions for clinical practice are rather vague. In sum-
mary, this makes the identification and the interpretation of
PGx information difficult for HCPs. However, the pre-
dominance of PGx level 3 “actionable PGx” demonstrates
that numerous actionable DGIs are existing, which could be
considered in an optimized drug therapy. For their decision-
making and patient counseling, HCPs depend on a sup-
portive DL. Therefore, a specific section dedicated to PGx
for the efficient identification of PGx information is favor-
able. Here, standardized language and well-structured,
consistent presentation of PGx information within the DL
would be required to facilitate accessibility (e.g., to NLP
and then in a further step to clinical decision support sys-
tems). Finally, instructions on PGx testing should become
more implicit, to support HCPs in personalizing drug
therapies and tailoring pharmacotherapy.

Acknowledgements We are grateful to Zeno Davatz and Isabelle
Arnet for their support to the search of the Swiss DLs by natural
language processing.

Funding Open access funding provided by University of Basel.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Motulsky A, Yoshida A, Stamatoyannopoulos G. Variants of
glucose-6-phosphate dehydrogenase. ] Ann NY Acad Sci. 1971;
179:636-43.

2. Mallal S, Phillips E, Carosi G, Molina JM, Workman C, Tomazic
J, et al. HLA-B*5701 screening for hypersensitivity to abacavir. N
Engl J Med. 2008;358:568-79.

3. Dingermann T, Ziindorf I Stratifizierte Pharmakotherapie: Genet-
ische Grundlagen, praktisches Vorgehen. Govi-Verlag, 2017.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Pharmacogenetic information in Swiss drug labels — a systematic analysis

433

4.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Van Driest SL, Shi Y, Bowton EA, Schildcrout IS, Peterson JF,
Pulley J, et al. Clinically actionable genotypes among 10,000
patients with preemptive pharmacogenomic testing. Clin Pharm
Ther. 2014;95:423-31.

. Dunnenberger HM, Crews KR, Hoffman JM, Caudle KE,

Broeckel U, Howard SC, et al. Preemptive clinical pharmacoge-
netics implementation: current programs in five US medical cen-
ters. Annu Rev Pharm Toxicol. 2015;55:89—-106.

. Cacabelos R, Cacabelos N, Carril JC. The role of pharmacoge-

nomics in adverse drug reactions. Expert Rev Clin Pharm. 2019;
12:407-42.

. Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley

TJ, et al. Adverse drug reactions as cause of admission to hospital:
prospective analysis of 18,820 patients. Bmj. 2004;329:15-9.

. Whirl-Carrillo M, McDonagh EM, Hebert JM, Gong L, Sangkuhl

K, Thorn CF, et al. Pharmacogenomics knowledge for persona-
lized medicine. Clin Pharm Ther. 2012;92:414-7.

. Thorn CF, Klein TE, Altman RB. PharmGKB: the Pharmacoge-

nomics Knowledge Base. Methods Mol Biol. 2013;1015:311-20.

. https://www.pharmgkb.org/page/druglLabelLegend. (last access:

02.08.19).

. Ehmann F, Caneva L, Prasad K, Paulmichl M, Maliepaard M,

Llerena A, et al. Pharmacogenomic information in drug labels:
European Medicines Agency perspective. Pharmacogenomics J.
2015;15:201-10.

. Otsubo Y, Asahina Y, Noguchi A, Sato Y, Ando Y, Uyama Y.

Similarities and differences between US and Japan as to phar-
macogenomic biomarker information in drug labels. Drug Metab
Pharmacokinet. 2012;27:142-9.

Shimazawa R, Ikeda M. Differences in pharmacogenomic bio-
marker information in package inserts from the United States,
the United Kingdom and Japan. J Clin Pharm Ther. 2013;38:
468-75.

Reis-Pardal J, Rodrigues A, Rodrigues E, Fernandez-Llimos F.
Comparing cytochrome P450 pharmacogenetic information avail-
able on United States drug labels and European Union Summaries of
Product Characteristics. Pharmacogenomics J. 2017;17:488-93.
https://www.fda.gov/drugs/science-research-drugs/table-pharma
cogenomic-biomarkers-drug-labeling. (last access: 7.6.19).

Zineh I, Gerhard T, Aquilante CL, Beitelshees AL, Beasley BN,
Hartzema AG. Availability of pharmacogenomics-based pre-
scribing information in drug package inserts for currently
approved drugs. Pharmacogenomics J. 2004;4:354-8.

Frueh FW, Amur S, Mummaneni P, Epstein RS, Aubert RE,
DeLuca TM, et al. Pharmacogenomic biomarker information in
drug labels approved by the United States food and drug admin-
istration: prevalence of related drug use. Pharmacotherapy. 2008;
28:992-8.

Haga SB, Mills R, Moaddeb J. Pharmacogenetic information for
patients on drug labels. Pharmgenomics Pers Med. 2014;7:297-305.
https://www.swissmedic.ch/dam/swissmedic/de/dokumente/
internetlisten/zugelassene_arzneimittel_ham.xlsx.download.xlsx/
Zugelassene_Arzneimittel HAM.xIsx. (last access: 31.01.19).
European Commission. A Guideline on Summary of Product
Characteristics.  2009.  https://ec.europa.eu/health//sites/health/
files/files/eudralex/vol-2/c/smpc_guideline_rev2_en.pdf.
Shimazawa R, lkeda M. Pharmacogenomic biomarkers: inter-
pretation of information included in United States and Japanese
drug labels. J Clin Pharm Ther. 2018;43:500-6.

Drozda K, Muller DJ, Bishop JR. Pharmacogenomic testing for
neuropsychiatric drugs: current status of drug labeling, guidelines
for using genetic information, and test options. Pharmacotherapy.
2014;34:166-84.

Zanger UM, Raimundo S, Eichelbaum M. Cytochrome P450 2D6:
overview and update on pharmacology, genetics, biochemistry.
Naunyn Schmiedebergs Arch Pharm. 2004;369:23-37.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Gaedigk A, Sangkuhl K, Whirl-Carrillo M, Klein T, Leeder JS.
Prediction of CYP2D6 phenotype from genotype across world
populations. Genet Med. 2017;19:69-76.

Zanger UM, Schwab M. Cytochrome P450 enzymes in drug
metabolism: regulation of gene expression, enzyme activities, and
impact of genetic variation. Pharm Ther. 2013;138:103—41.
Hicks JK, Bishop JR, Sangkuhl K, Muller DJ, Ji Y, Leckband SG,
et al. Clinical Pharmacogenetics Implementation Consortium
(CPIC) Guideline for CYP2D6 and CYP2C19 Genotypes and
Dosing of Selective Serotonin Reuptake Inhibitors. Clin Pharm
Ther. 2015;98:127-34.

Crews KR, Gaedigk A, Dunnenberger HM, Klein TE, Shen DD,
Callaghan JT, et al. Clinical Pharmacogenetics Implementation
Consortium (CPIC) guidelines for codeine therapy in the context
of cytochrome P450 2D6 (CYP2D6) genotype. Clin Pharm Ther.
2012;91:321-6.

Knisely MR, Carpenter JS, Draucker CB, Skaar T, Broome ME,
Holmes AM, et al. CYP2D6 drug-gene and drug-drug-gene
interactions among patients prescribed pharmacogenetically
actionable opioids. Appl Nurs Res. 2017;38:107-10.

Cicali EJ, Weitzel KW, Elsey AR, Orlando FA, Vinson M,
Mosley S, et al. Challenges and lessons learned from clinical
pharmacogenetic implementation of multiple gene-drug pairs
across ambulatory care settings. Genet Med. 2019;21:2264-74.
Goetz MP, Sangkuhl K, Guchelaar HJ, Schwab M, Province M,
Whirl-Carrillo M, et al. Clinical pharmacogenetics implementa-
tion consortium (CPIC) guideline for CYP2D6 and tamoxifen
therapy. Clin Pharm Ther. 2018;103:770-7.

O’Connor SA, Hulot JS, Silvain J, Cayla G, Montalescot G, Collet JP.
Pharmacogenetics of clopidogrel. Curr Pharm Des. 2012;18:5309-27.
Holsboer-Trachsler E, Hittenschwiler J, Beck J, Brand S,
Hemmeter U, Keck ME, et al. Die somatische Behandlung der
unipolaren depressiven Storungen. Swiss Medical Forum. 2010;
10:716-25.

Uhr M, Tontsch A, Namendorf C, Ripke S, Lucae S, Ising M, et al.
Polymorphisms in the drug transporter gene ABCBI1 predict anti-
depressant treatment response in depression. Neuron. 2008;57:203-9.
Breitenstein B, Bruckl TM, Ising M, Muller-Myhsok B, Holsboer
F, Czamara D. ABCBI1 gene variants and antidepressant treatment
outcome: a meta-analysis. Am J Med Genet B Neuropsychiatr
Genet. 2015;168b:274-83.

Chen P, Lin JJ, Lu CS, Ong CT, Hsieh PF, Yang CC, et al.
Carbamazepine-induced toxic effects and HLA-B*1502 screening
in Taiwan. N Engl J Med. 2011;364:1126-33.

Ikeda H, Takahashi Y, Yamazaki E, Fujiwara T, Kaniwa N, Saito Y,
et al. HLA class I markers in Japanese patients with carbamazepine-
induced cutaneous adverse reactions. Epilepsia. 2010;51:297-300.
McCormack M, Alfirevic A, Bourgeois S, Farrell JJ, Kasper-
aviciute D, Carrington M, et al. HLA-A*3101 and carbamazepine-
induced hypersensitivity reactions in Europeans. N Engl J Med.
2011;364:1134-43.

Chen CB, Hsiao YH, Wu T, Hsih MS, Tassaneeyakul W, Jorns TP,
et al. Risk and association of HLA with oxcarbazepine-induced
cutaneous adverse reactions in Asians. Neurology. 2017;88:78-86.
Yampayon K, Sukasem C, Limwongse C, Chinvarun Y, Tempark
T, Rerkpattanapipat T, et al. Influence of genetic and non-genetic
factors on phenytoin-induced severe cutaneous adverse drug
reactions. Eur J Clin Pharm. 2017;73:855-65.

Su SC, Chen CB, Chang WC, Wang CW, Fan WL, Lu LY, et al.
HLA alleles and CYP2C9*3 as predictors of phenytoin hyper-
sensitivity in east Asians. Clin Pharm Ther. 2019;105:476-85.
Link E, Parish S, Armitage J, Bowman L, Heath S, Matsuda F,
et al. SLCO1B1 variants and statin-induced myopathy-a geno-
mewide study. N Engl J Med. 2008;359:789-99.

Xiang Q, Zhang X, Ma L, Hu K, Zhang Z, Mu G, et al. The
association between the SLCOIBI, apolipoprotein E, and

SPRINGER NATURE


https://www.pharmgkb.org/page/drugLabelLegend
https://www.fda.gov/drugs/science-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.fda.gov/drugs/science-research-drugs/table-pharmacogenomic-biomarkers-drug-labeling
https://www.swissmedic.ch/dam/swissmedic/de/dokumente/internetlisten/zugelassene_arzneimittel_ham.xlsx.download.xlsx/Zugelassene_Arzneimittel_HAM.xlsx
https://www.swissmedic.ch/dam/swissmedic/de/dokumente/internetlisten/zugelassene_arzneimittel_ham.xlsx.download.xlsx/Zugelassene_Arzneimittel_HAM.xlsx
https://www.swissmedic.ch/dam/swissmedic/de/dokumente/internetlisten/zugelassene_arzneimittel_ham.xlsx.download.xlsx/Zugelassene_Arzneimittel_HAM.xlsx
https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-2/c/smpc_guideline_rev2_en.pdf
https://ec.europa.eu/health//sites/health/files/files/eudralex/vol-2/c/smpc_guideline_rev2_en.pdf

434

C. Jeiziner et al.

43.

44,

45.

46.

CYP2C9 genes and lipid response to fluvastatin: a meta-analysis.
Pharmacogenet Genomics. 2018;28:261-7.

Bahar MA, Kamp J, Borgsteede SD, Hak E, Wilffert B. The
impact of CYP2D6 mediated drug-drug interaction: a systematic
review on a combination of metoprolol and paroxetine/fluoxetine.
Br J Clin Pharm. 2018;84:2704-15.

Mega JL, Close SL, Wiviott SD, Shen L, Hockett RD, Brandt JT,
et al. Cytochrome p-450 polymorphisms and response to clopi-
dogrel. N Engl J Med. 2009;360:354-62.

Krishna V, Diamond GA, Kaul S. Do platelet function testing and
genotyping improve outcome in patients treated with antithrombotic
agents?: the role of platelet reactivity and genotype testing in the
prevention of atherothrombotic cardiovascular events remains
unproven. Circulation. 2012;125:1288-303. discussion 1303.
Bohm R, Cascorbi I. Pharmacogenetics and predictive testing of
drug hypersensitivity reactions. Front Pharmacol. 2016;7:396-396.

SPRINGER NATURE

47.

48.

49.

50.

S1.

https://www.knmp.nl/patientenzorg/medicatiebewaking/farma
cogenetica/pharmacogenetics-1/pharmacogenetics. (last access:
01.02.2020).

https://www.geneesmiddeleninformatiebank.nl/en;  https://www.
farmacotherapeutischkompas.nl/. (last access: 07.07.20).
https://www.vfa.de/de/arzneimittel-forschung/datenbanken-zu-a
rzneimitteln/individualisierte-medizin.html/personalisierte-
medizin.pdf (last access: 07.07.20).

Shekhani R, Steinacher L, Swen JJ, Ingelman-Sundberg M.
Evaluation of current regulation and guidelines of pharmacogenomic
drug labels; opportunities for improvements. Clin Pharmacol Ther.
2020;5:1240-55.

Tan-Koi WC, Lim ES, Teo YY. Health regulatory communica-
tions of well-established safety-related pharmacogenomics asso-
ciations in six developed countries: an evaluation of alignment.
Pharmacogenomics J. 2017;17:121-7.


https://www.knmp.nl/patientenzorg/medicatiebewaking/farmacogenetica/pharmacogenetics-1/pharmacogenetics
https://www.knmp.nl/patientenzorg/medicatiebewaking/farmacogenetica/pharmacogenetics-1/pharmacogenetics
https://www.geneesmiddeleninformatiebank.nl/en
https://www.farmacotherapeutischkompas.nl/
https://www.farmacotherapeutischkompas.nl/
https://www.vfa.de/de/arzneimittel-forschung/datenbanken-zu-arzneimitteln/individualisierte-medizin.html/personalisierte-medizin.pdf
https://www.vfa.de/de/arzneimittel-forschung/datenbanken-zu-arzneimitteln/individualisierte-medizin.html/personalisierte-medizin.pdf
https://www.vfa.de/de/arzneimittel-forschung/datenbanken-zu-arzneimitteln/individualisierte-medizin.html/personalisierte-medizin.pdf

	Pharmacogenetic information in Swiss drug labels – a systematic analysis
	Abstract
	Introduction
	Methods
	Natural language processing (NLP)
	Evaluation of the identified sentences for PGx-relevance
	Classification of the PGx-relevant sentences
	Annotations entered into the PharmGKB knowledgebase
	Comparison of PGx levels with those of other regulatory authorities

	Results
	PGx-relevant information in Swiss Drug Labels searched by NLP
	Analysis of the reference drug labels (refDLs)
	Annotations entered into the PharmGKB knowledgebase
	Comparison of PGx levels with those of other regulatory authorities

	Discussion
	Limitations

	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




