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Everything will be alright in the end and if it's not alright it's not the end. 
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Summary 

“One size fits all” is the common strategy of dose-finding studies and, consequently, in most drug 

therapies a standard dosage is applied. However, drugs may cause therapy failure (TF), and/or may 

induce considerable adverse drug reactions (ADRs). Variations in the genes of proteins involved in 

absorption, distribution, metabolism, and excretion (ADME) can influence their activity and thus lead 

to phenotypic, i.e. measurable, inter-individual differences in the efficacy and tolerability of a drug. 

Pharmacogenetics (PGx) is defined as “the study of variations of DNA characteristics as related to drug 

response”. The influence of patients’ genetic predispositions on drug response has been studied over 

decades 1 and now, pharmacogenetics is gaining importance in patient-centered research and 

personalized medicine.  

PGx testing (aka pharmacogenotyping) consists of a test where certain genetic variations are associated 

with drug response to prevent TF or ADRs. In these days, it is uncontested that PGx findings contribute 

significantly to our current understanding of drug response. Therefore, PGx panel tests comprising 

several genes involved in the ADME process, have been developed. By covering several genes, PGx 

panel tests enable to detect reasons for ADRs and TF pre-emptively, i.e. before taking a therapeutic 

decision. 

To date, PGx testing is not standard in primary care in Switzerland. Yet, several attempts of pre-emptive 

PGx testing have been conducted in other European countries showing the feasibility and a potential 

real-world impact in primary care 2-5. Furthermore, it has been shown that pharmacists in the primary 

care setting can contribute to the optimization of pharmacotherapy when considering the patient’s 

genetic background 6. Besides, pharmacists have expressed their willingness to learn more about PGx 

already ten years ago 7. As pharmaceutical care 8, 9 designates a field where drug-related problems are 

identified, resolved, and prevented, it seems to be the right field for the initiation of PGx. Therefore, the 

Pharmaceutical Care Research Group decided to implement pharmacogenotyping in pharmaceutical 

care to show the potential of the pharmacist as facilitator of PGx in primary care. 

Project A 

Project A aimed to identify pharmacogenetic information for clinical practice. 

The drug label (DL) is one of the first sources for health care professionals (HCPs) to check for 

information on a drug. The Pharmacogenomics Knowledge Base (PharmGKB) 10 is an expert curated 

knowledge base which collects and disseminates information on drug-gene interactions, including 

information provided in DLs. The Swiss DL is organized in different sections with defined headings; 

however, no section is dedicated to PGx. At the time, no overview or comparison of PGx information 

in Swiss DLs existed. Therefore, in this project, we analyzed the Swiss DLs to get an overview of the 

current state of PGx-relevant information on metabolizing enzymes and transporters as well as HLA 
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risk alleles, to classify the recommendations provided to HCPs by the PGx levels as suggested by 

PharmGKB 11, and finally, to compare the respective PGx level with those provided in DLs authorized 

by agencies of other countries. The analysis of PGx information in Swiss DLs revealed a large 

heterogeneity. PGx information varies not 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 summary, this makes the identification and the interpretation of PGx information difficult for 

HCPs. 

One of the identified DLs was that for abacavir (commercial name: Ziagen®), where pre-emptive testing 

for HLA-B*57:01 is required to prevent administration to patients with a higher risk of hypersensitivity 

reaction 12. This suggested practice is supported by the findings of a randomized controlled trial 13, 14 

where carriers of the HLA-B*57:01 allele showed a higher risk to develop the abacavir hypersensitivity 

syndrome compared to non-carriers. Especially in the case of HLA alleles, it has been suggested that 

so-called HLA-typing (pre-emptive testing for a specific HLA allele) may prevent the associated ADRs 

if exposure of carriers of certain HLA alleles is avoided. Besides abacavir, there are other examples of 

clinically applied drugs where ADRs are assumed to be associated with HLA alleles. Nevertheless, 

translation into clinical practice is still limited. Presumably, this is due to the opinion of various HCPs 

saying that there is insufficient evidence for HLA-typing in association with a drug intervention. 

Therefore, in this project, we summarized studies investigating HLA alleles in relation to ADRs to give 

an overview of the evidence on the described ADRs and the investigated genetic factors. In conclusion, 

the literature search identified a considerable number of studies that investigated various substances, 

HLA alleles, and associated ADRs. It became clear that pre-emptive testing of HLA alleles (HLA-

typing) may have a potential; however, it is not possible to derive the actual clinical relevance from 

these studies. The overview of HLA-associated ADRs ranged from poor to strong available evidence, 

thereby revealing a prevailing complexity and uncertainty. 

Project B 

Project B aimed to develop a standard operating procedure for pharmacist-led PGx testing and 

counseling in primary care. 

With the developing knowledge on genetic variants influencing pharmacokinetics and/or 

pharmacodynamics of frequently applied drugs, multiple providers are now offering PGx testing using 

DNA isolated from buccal swaps. One of the commercial products offering a PGx test is Stratipharm 

(humatrix AG, Pfungstadt, Germany, https://www.stratipharm.de). Stratipharm offers genotyping in 

combination with evidence-based interpretation of the genotype. We established a case series of patients 

with ADRs or TF where the PGx panel test Stratipharm was applied to determine the hereditable 

component of the patient’s susceptibility of experiencing the observed ADRs or TF. The aim of the case 

series was to compile case reports to gather experience and later, develop a standard operating procedure 

for “PGx testing and counseling” in primary care. In addition to the results of PGx testing, the individual 
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patient cases were always supplemented with information on health-related factors such as medication 

history, diagnoses, drug-drug interactions, adherence, renal function, etc. This information was collected 

in two visits of the patient to the study pharmacy and then integrated into a comprehensive medication 

review led by the pharmacist. In the end, the patient as well as the treating physician received the list of 

concerned substances and the written recommendation with the individual recommendations. In the 

following, the patients’ and physicians’ current understanding, appraisal, and implementation of the 

results from the pharmacist-led service “PGx testing and counseling” were inquired to evaluate the PGx 

service. 

In total, 100 patients were collected for PGx testing and counseling in the community pharmacy. In this 

thesis, two cases are reported in detail. The case of a patient with tamoxifen suffering from ADRs on 

the one hand, revealed the added value of a large PGx panel, and on the other hand, showed the 

complexity of integrating a PGx profile into a recommendation. The case of a patient with methotrexate 

suffering from ADRs indicated that PGx panel testing is still limited to experts due to the complex 

pathway and the many genetic variants. A survey of 42 patients indicated that more than two thirds of 

the patients had changed at least one drug as suggested by the PGx recommendations. 

In conclusion, the pharmacist-led service comprising PGx panel testing and counseling in the 

community pharmacy is appreciated by patients and physicians. The application of a PGx panel test 

offers the possibility to counsel on several drugs and the results should be integrated into a pharmacist-

led medication review. Finally, the PGx service gives opportunity to initiate an interdisciplinary 

collaboration with physicians and other HCPs. 

A detailed overview on the projects is provided in the chapter “Project Overview”. 
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General Introduction 

1. Introduction to thesis and scope 

“One size fits all” is the common strategy of dose-finding studies and, consequently, in most drug 

therapies a standard dosage is applied. However, drugs may cause therapy failure (TF), and/or may 

induce considerable adverse drug reactions (ADRs). The influence of patients’ genetic predispositions 

on drug response has been studied over decades 1 and now, pharmacogenetics (PGx) is gaining 

importance in patient-centered research and personalized medicine. Not only is PGx used to study drug 

response, but the use of PGx testing (aka pharmacogenotyping), where a genetic test is associated with 

a certain drug treatment to prevent TF or ADR, is extensively discussed these days. Although it is 

uncontested that PGx findings contribute significantly to our current understanding of drug metabolism, 

drug response, and drug safety, PGx testing has still not been widely introduced into practice. Moreover, 

it has been shown that pharmacists in the primary care setting can contribute to the optimization of 

pharmacotherapy when considering the patient’s genetic background 6. Particularly in the field of 

psychiatry, there is evidence that PGx can enhance the application of PGx testing before the start of 

pharmacotherapy 2, 15, 16.  

Early on during my studies in pharmacy, I was gripped by the potential of PGx. Patients have a right to 

receive a drug that is tailored to them instead of being confronted with several trial-and-error regimens. 

Besides factors such as drug-drug interactions, allergies, renal or liver function, adherence, smoking 

status, etc., it is indispensable to also take a patient’s PGx profile into account. The time has come to 

introduce health care services that offer PGx testing and counseling to ensure safe and efficient 

pharmacotherapy. By applying PGx, the pharmacist could play a significant role in the movement 

toward personalized medicine. 

In 2018, a survey conducted among the Swiss community (n = 238) and hospital (n = 134) pharmacists 

showed that about 75% of the pharmacists considered it their duty to counsel patients in the matter of 

PGx, although the same number of pharmacists also admitted that their perceived knowledge of PGx 

was insufficient and expressed willingness to participate in an advanced training course 17. Thus, there 

is much implementation work to be done. This thesis shows the potential of putting the pharmacist in 

the role of providing PGx, thereby focusing on the primary care setting. Pharmaceutical care 8, 9 

designates a field where drug-related problems are identified, resolved, and prevented, and therefore 

serves as the ideal framework for the facilitation of PGx. For the implementation of PGx in 

pharmaceutical care, two decisive preparation steps are necessary. 

First, fundamental matters need to be clarified. Where can information on PGx be found? What is the 

evidence for PGx? How does evidence differ from one drug to another? How does evidence differ from 

one gene to another? 
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Second, the pharmacy as a potential setting for PGx testing and counseling needs to be explored and 

defined. What does PGx testing show for patients with ADRs or TF? How can a service comprising PGx 

testing and counseling be set up? What do patients and physicians think of a pharmacist-led PGx service? 

It was the aim of my projects to answer all these questions. A detailed overview of the different projects 

of the thesis “Implementing pharmacogenotyping in pharmaceutical care” is provided in the chapter 

“Project Overview”. 

Now, I would like to introduce the field of PGx by starting with basic principles from biopharmacy, then 

moving on to available evidence on PGx, information on PGx, and PGx testing and finally, indicating a 

possible approach for pharmacist-led PGx testing and counseling in primary care. 
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2. Pharmacokinetics and pharmacodynamics 

On the one hand, the processing of a drug by the human organism is summarized as pharmacokinetics 

(PK) and involves absorption, distribution, metabolism, and excretion (ADME) of the drug taken. The 

mechanisms of ADME involve a variety of proteins (enzymes and transporters), where changes in 

activity affect systemic exposure and therefore drug response. Variations in the genes of proteins 

involved in ADME can influence their activity and thus lead to phenotypic, i.e. measurable, inter-

individual differences in the efficacy and tolerability of a drug. The drug-metabolizing enzyme system 

cytochrome (CYP) P450 represents an illustrative example where genetic variants on the level of PK 

frequently occur. On the other hand, the process manipulations by the drug to the human organism are 

summarized as pharmacodynamics (PD). If target structures of drugs are structurally altered by genetic 

variation, the binding of the drug to the drug target is strengthened, weakened, or even inhibited. Two 

examples are provided in Figure 1. PGx focuses on alterations in genes leading to an altered activity of 

proteins involved in PK and PD. Examples of genetic variants in enzymes, transporters, drug targets, 

human leucocyte antigens (HLAs), and cells with somatic mutations are presented in the following. 

 

Figure 1 Pharmcocokinetics and pharmacodynamics 

Enzymes 

Enzymes enable the inactivation, degradation, and finally, elimination of the drugs from the body or, in 

the case of prodrugs, they are important for the activation of substances to achieve a desired effect in 

the organism. The enzymes of the CYP P450 superfamily are estimated to be involved in up to 75% of 

all metabolic reactions. Most drugs are metabolized by CYP3A4 (about 50% of all drugs biotransformed 

by CYP) followed by CYP2D6 (about 25%) 18. CYP2D6 shows high variability in its activity and is 

particularly well studied with regard to the influence of genetic variants leading to different metabolizer 

states (see Table 1). The Extensive Metabolizer (EM) (aka Normal Metabolizer, NM) carries two 

normally functioning gene variants. The Ultrarapid Metabolizer (UM) carries one or more CYP2D6 gene 

duplications whereas an Intermediate Metabolizer (IM) or a Poor Metabolizer (PM) carry genetic 

variants with functional limitations (absent or reduced enzyme function) on one or both CYP2D6 gene 

loci, respectively. In the case of the combination of normal function and increased function alleles, 

experts also differentiate Rapid Metabolizers from UMs possessing two increased function alleles, or 

more than two normal function alleles 19. 
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The influence of CYP2D6 on metabolism by the organism has been documented for some substrates, 

e.g. metoprolol. After its operation at the adrenoreceptor B1, metoprolol undergoes oxidative 

degradation in the liver where CYP2D6 hydroxylates it to alpha-hydroxymetoprolol, O-

desmethylmetoprolol, or N-desisopropyl metoprolol, three metabolites without any further 

pharmacological effect. In contrast, codeine, used as an analgesic, is a prodrug and is degraded to 

morphine before acting as a painkiller. In this process, the O-demethylation of codeine to morphine is 

mainly catalyzed by CYP2D6. Intoxication may occur in people who have excessive CYP2D6 activity. 

In nursing mothers with CYP2D6 UM state, life-threatening respiratory depression in the child can occur 

20.  

Table 1 Different metabolizer states of CYP2D6 with definitiosn and examples of an active substance and a prodrug, adapted 
from Zanger et al. 18 

Phenotype Poor 
Metabolizer 
[PM] 

Intermediate 
Metabolizer 
[IM] 

Extensive 
Metabolizer 
[EM] 

Ultrarapid 
Metabolizer  
[UM] 

Alleles Two inactive 
alleles 

Two alleles coding 
for an enzyme with 
reduced activity or 
one intact allele 
and one mutated 
allele 

Two intact 
alleles 

Amplification of 
the activating 
alleles 

Definition No function of 
the enzyme 

Reduced function 
of the enzyme 

Normal function 
of the enzyme 

Overexpression of 
the enzyme 

Active 
substance, e.g. 
metoprolol 

The active 
substance is not 
broken down 
and 
accumulates; 
possible ADRs 

The active 
substance is not or 
incompletely 
broken down and 
accumulates; 
possible ADRs 

Expected effect 
and tolerance 

Too fast 
metabolism; no 
effect 

Prodrug, e.g. 
codeine 

The prodrug is 
not activated; no 
effect 

The prodrug is not 
or incompletely 
activated; 
incomplete/missing 
effect 

Expected effect 
and tolerance 

Accumulation of 
the metabolites in 
the plasma; 
possible ADRs 

Legend: ADRs = Adverse drug reactions 

Transporters 

Transporters of drugs transport the active substance into (uptake transporters) or out of (efflux 

transporters) a cell. This can be done actively with energy investment (adenosine triphosphate, ATP) or 

by passive diffusion along a concentration gradient. They are found in almost all cells, predominantly 

in cells of the liver, kidney, intestine, and brain. Examples for both an uptake and an efflux transporter 

shall be illustrated in the following. 
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The gene SLCO1B1 encodes the organic anion transporter OATP1B1 and mediates the sodium-

independent uptake of its substrates into hepatocytes. SLCO1B1 has genetic variants that result in a 

reduction of transport activity and thus increase the maximum concentration of substrates, such as statins 

where the OATP1B1 transporter is responsible for the selective accumulation of active substances in 

the liver. If the SLCO1B1 gene for the OATP1B1 transporter is present only in one copy or not at all, a 

high risk of myopathies and in rare cases potentially life-threatening rhabdomyolysis may occur because 

of increased statin concentrations in plasma. 

ABCB1, ABCG2, and ABCC1 are the genes of the three most abundant proteins in the superfamily of 

human ATP-binding cassette (ABC) transporters. Together with breast cancer resistance protein and 

multi-resistance protein 1, P-glycoproteine (P-gp) belongs to the best-studied efflux transporters each 

covering a broad profile of substrates that partially overlap with each other. They can be found in 

different cell membranes where they have excretory and protective functions. P-gp (gene: ABCB1) was 

initially described as one of the underlying factors for the development of so-called multidrug resistance 

of tumor cells. Besides its role in the biliary and renal elimination of substances, P-gp is expressed in 

the apical membrane of enterocytes of the intestine and actively pumps substrates back into the lumen 

of the gastrointestinal tract thereby limiting the uptake (bioavailability) of substrates of the transport 

protein. P-gp is also responsible for the maintenance of the blood-brain barrier by selectively extruding 

its substrates, in particular certain substances with central nervous effects. For P-gp substrates, genetic 

variants in ABCB1 can decisively contribute to the chance of remission for patients with major 

depressive disorder 21, 22. 

Drug targets 

For every substance taken, there is a drug target at which the substance ultimately takes effect. This 

target structure can be altered and thus have an influence on the drug sensitivity, e.g. in the case of 

VKORC1. The VKORC1 gene encodes vitamin K epoxide reductase catalyzing the conversion of vitamin 

K epoxide to vitamin K, an important step in the vitamin K cycle and pharmacological target of warfarin, 

phenprocoumon, and acenocoumarol. In the case of a genetic variant in the noncoding region of the 

VKORC1 gene, its transcription is decreased and in consequence, the protein is expressed less often. 

Due to the decreased levels of the VKORC1 enzyme, patients with this genetic variant have increased 

drug sensitivity and require lower doses. In addition to this common variant, there are also rare variants 

of VKORC1 that are associated with warfarin resistance (i.e. higher required doses). 

Another example is ivacaftor, a substance prolonging the open state of the chloride channel defective in 

patients with cystic fibrosis. Ivacaftor is only effective in the presence of a gating mutation of class III 

or an R117H mutation; for all other mutations responsible for cystic fibrosis, ivacaftor is not effective. 

In consequence, a validated genotyping method must be conducted before prescribing ivacaftor. 
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Human leucocyte antigen 

Human leucocyte antigen (HLA) is part of the adaptive immune system and contributes to the 

functionality of the immune system 23, 24. To bind and present a variety of peptides to the immune system, 

HLA genes are highly polygenic and polymorphic by allelic variation. The HLA genes consist of 

different variant alleles, thereby leading to different binding specificities of the HLA proteins. It has 

been shown that drugs and endogenous proteins can interact with certain HLA molecules and form an 

immunogenic self-peptide complex. These complexes are recognized by the immune system, thereby 

inducing an autoimmune-like reaction. Therefore, they are assumed to be determinants of hepatic and 

cutaneous ADRs known as drug-induced liver injury and drug-induced skin injury, respectively. For 

example, in abacavir, the presence of a specific HLA-B allele is associated with an increased risk of 

hypersensitivity reaction. It is therefore recommended that a HLA screening (aka HLA-typing) should 

be performed before initiation of treatment to exclude the presence of the gene marker HLA-B*57:01. 

Somatic mutations 

In contrast to all the above-mentioned inherited germline mutations, which are anchored in the human 

genome from birth on, there are also acquired somatic mutations, which a cell develops in the course of 

its lifetime. These play an important role in the rapidly changing tumor cells. In oncology, it is very 

common nowadays to examine the patient for the presence or absence of a receptor, a surface protein 

on the tumor cell, or a genetic defect of signal transduction factors. Only if the result of this examination 

is positive, will the highly specific (and usually expensive) drug be used. This is also called target-

oriented stratification (drug-targeted therapy). Imatinib, for instance, is specifically designed to bind the 

BCR-ABL kinase overexpressed in Philadelphia chromosome-positive chronic myeloid leukemia, 

thereby inhibiting increased cell proliferation. 

To sum up, PGx is not limited to the integration of information on inherited genetic variability of genes 

involved in PK and PD, but also includes the detection of genetic variations in cancer cells; however, 

the latter aspect is not covered in this thesis. 
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3. Pharmacogenetics (PGx) 

Seventy years ago 25, 26, the structure of the DNA was revealed and thereby an entirely new field of 

discovery to science was opened. It was only in 1990 that the Human Genome Project 27, the first project 

on large-scale biology, was launched with the aim of completely decoding the human genome. Finally, 

after 13 years, 98% of the human genome had been sequenced with 99.99% accuracy. Alongside the 

project, new technologies to obtain and analyze this genetic information were developed. Twenty years 

earlier, Arno Motulsky 28, an American geneticist, was one of the first to promote the concept of PGx 

by suggesting that genetics could influence a person’s drug response. At that time, general assumptions 

were made that genetic inheritance might influence drug response. 

“Glucose-6-phosphate dehydrogenase (G-6-PD) deficiency has become a model 

system for understanding the interaction between hereditary enzyme deficiencies 

and drugs. Although the frequency of severe drug-induced hemolysis among G-6-

PD-deficient subjects is low, the vast number of individuals at risk provides this 

enzymatic defect with a principal pharmacogenetic importance.” 

Arno Motulsky, 1971 28 

In 2002, the preliminary work  for a large randomized controlled trial (RCT) — “PREDICT-1” 13 — was 

started and in the following years, research within the field of PGx on HLA alleles associated with ADRs 

made a great leap forward.  

Definitions 

The European Medicines Agency (EMA) 29 defines the concept of pharmacogenomics as 

“The study of variations of DNA and RNA characteristics as related to drug 

response.” 

and pharmacogenetics (PGx) as 

“[…] a subset of pharmacogenomics and […] the study of variations in DNA 

sequence as related to drug response.” 

The terms pharmacogenomics and pharmacogenetics are often used synonymously because they both 

investigate genetic influences on a drug’s metabolism and drug response. A gene involved in drug 

metabolism is often referred to as a pharmacogene. 

It is important to differentiate between genetic diagnostics and PGx testing. Genetic diagnostics is a 

discipline within the field of genetics that investigates whether a person is a carrier of a particular 

mutation that causes a hereditary disease (e.g. the predisposition to a certain cancer type) and therefore 
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aims at preventive measures. In contrast, PGx testing investigates the variability of expression in genes 

relevant for drug response 30.  

DNA and Single nucleotide polymorphisms 

If changes occur in the base sequence of a coding region of a gene (exon), this can lead to an amino acid 

exchange, i.e. a different amino acid is incorporated into the protein than was intended in the reference 

sequence. This can affect the function of the affected protein. Changes in the base sequence can also 

occur in non-coding regions of a gene (intron). This can then affect, for example, how often or whether 

a gene sequence is translated into a protein at all. 

An allele refers to a DNA sequence that occurs in two or more variants at a specific location in the 

genome. The reference sequence is the wild type whereas the others sequences are genetic variations 

mostly based on mutations within an allele on the same gene. If the prevalence of a genetic alteration 

involving a single base position is less than 1% within a given population, it is called a point mutation. 

If genetic alterations occur more than 1% within a given population, they are called single nucleotide 

polymorphisms (SNPs) 30. SNPs are pivotal for the manifestation of a phenotype and they vary 

considerably between individuals. 

Ethnicity 

SNPs occur in different frequencies depending on the population 31. Motulsky et al. 28 discovered 

variants of the enzyme Glucose-6-phosphate dehydrogenase (G6PD) in different ethnic groups. G6PD 

is involved in the redox reactions of hemoglobin. A deficiency in the activity of the enzyme can result 

in hemolytic anemia (aka favism), especially when fava beans and certain drugs are consumed. 

Rasburicase, for instance, is contraindicated in G6PD deficient patients with or without chronic non-

spherocytic hemolytic anemia 32. Overall, the average G6PD deficiency is estimated at 5%. However, 

in malaria-endemic countries such as those in Asia and Africa, the average frequency can be as high as 

30% or more in certain populations 33 as G6PD deficiency is associated with protective functions. 

Actionability 

Genetic variation is natural and therefore almost every patient is affected. In contrast to a drug-drug 

interaction (DDI), health care professionals (HCPs) should also consider a drug-gene interaction (DGI). 

Similar to a DDI, not all DGIs need an action. This depends both on the genetic code of the protein and 

the substance to be metabolized and finally, results in different levels of actionability. An actionable 

genetic variation refers to the genetic variation which calls for “action” depending on the drug taken. In 

contrast, a non-actionable genetic variation is one that is present and does not correspond to the wild 

type, but it does not require an action. By screening big populations, it was demonstrated that the vast 

majority of patients carry a so-called actionable pharmacogenes 34-36.  
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Example: clopidogrel 

While thinking of DDIs and DGIs as two separately running processes, one has to be cautious. It is very 

possible that drug-drug-gene interactions (DDGI) occur. An illustrative example is clopidogrel, which 

has been the target of many PGx studies 37-39. In the case of clopidogrel intake by a patient who is a 

CYP2C19 IM, the activation of the prodrug clopidogrel into the active metabolite is constrained. In case 

of an acute coronary syndrome or a percutaneous coronary intervention, the Clinical Pharmacogenomics 

Implementation Consortium (CPIC) 40 recommends avoiding the standard dose of clopidogrel and 

instead of using prasugrel or ticagrelor in patients with CYP2C19 IM. In addition to clopidogrel, these 

patients might also be taking omeprazole, a proton pump inhibitor. Omeprazole is a potent CYP2C19 

inhibitor thereby causing the already constrained enzyme to work even less, i.e. turning it into a PM. 

This phenomenon of a DDGI is called phenoconversion 41, 42. To date, electronic systems have rarely 

been able to integrate DDGIs sufficiently, thereby illustrating an important gap that needs to be bridged 

by an HCP. 
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4. Pharmacogenetic information 

The Pharmacogenomics Knowledge Base (PharmGKB) 43 is an expert-curated knowledge base that 

collects and disseminates information on drug-gene interactions (DGIs). The website 

(https://www.pharmgkb.org/) is publicly available and supports researchers and clinicians in the 

interpretation of human genetic variation concerning drug response. The information available includes 

prescribing information from clinical guidelines, curated pathways, pharmacogene summaries, 

annotations on associations between genetic variants and drug responses as reported in the literature, 

and drug labels containing PGx information 10. 

Guidelines 

Guidelines on PGx are generated by research consortia and refer to drugs in relation to different possible 

genetic variations. The recommendations on PGx variants are very specific, providing recommendations 

on drug switches and dosage adaptations. PharmGKB provides clinical guideline annotations by using 

the levels of evidence “high” (level 1A and 1B), “moderate” (level 2A and 2B), “low” (level 3), and 

“unsupported” (level 4). The two major consortia at present are the Clinical Pharmacogenetics 

Implementation Consortium, CPIC (https://cpicpgx.org/), and the Dutch Pharmacogenetics Working 

Group, DPWG (https://www.knmp.nl/media/1058).  

The DPWG was founded by the Royal Dutch Pharmacists Association in 2005 and provides about 50 

therapeutic recommendations on DGIs. The consortium is composed of a multidisciplinary team of 14 

members. Besides the development of PGx-based therapeutic recommendations, the DPWG aims to 

assist drug prescribers and pharmacists in the integration of PGx recommendations into practice. The 

CPIC was set up as a joint project between PharmGKB and the Pharmacogenomics Research Network 

(https://www.pgrn.org/) and it is funded by the National Institute of Health. It aims to facilitate the use 

of PGx testing for patient care by addressing the barriers to clinical implementation. The CPIC creates, 

maintains, and publishes freely available, peer-reviewed, evidence-based, updatable, and detailed gene 

and drug guidelines for clinical practice. The 26 guidelines (as of 31.03.2022) on more than 40 drug-

gene or drug group-gene combinations are always structured the same way and each guideline is 

published in the Journal of Clinical Pharmacology and Therapeutics. In 2017, Bank et al. 44 compared 

both guidelines and discovered slight discrepancies in methodology and therapeutic recommendations, 

such as the translation of CYP2D6 with an activity score of 1.0, which is translated to a phenotype of 

NM by CPIC and IM by DPWG. Although the aim of both consortia is very similar, it is important to 

be aware of different recommendations when working with both guidelines.  

Further existing guidelines on PGx from other countries comprise the French National Network of 

Pharmacogenetics (RNPGx) guideline, the Spanish Pharmacogenetics and Pharmacogenomics Society 

(SEFF), the Spanish Society of Medical Oncology (SEOM), and the Canadian Pharmacogenomics 

Network for Drug Safety (CPNDS). 

https://www.pharmgkb.org/
https://cpicpgx.org/
https://www.knmp.nl/media/1058
https://www.pgrn.org/
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In April 2022, the PharmGKB counted 73 recommendations by CPIC, 63 recommendations by DPWG, 

and 26 recommendations by other consortia. 

Drug labels 

The drug label (DL) (aka summary of product characteristics) is one of the sources for an HCP to check 

for PGx information. The DL includes general guidance without giving any concrete recommendations 

on dosage adaptations or drug changes, neither do they refer to concrete genetic variants but only gene-

drug combinations. In Switzerland, every drug product must pass a rigorous examination performed by 

Swissmedic. Swissmedic takes most decisions in analogy to the directories of the European Medicines 

Agency (EMA), but not always. Being able to decide on certain laws autonomously gives Switzerland 

a special status within Europe. All Swiss DLs are publicly accessible and are available on 

www.swissmedicinfo.ch.  

The PharmGKB has defined the four PGx levels “Testing required”, “Testing recommended”, 

“Actionable PGx”, and “Informative PGx” to classify PGx information mentioned in DLs according to 

the need for action 11. PharmGKB evaluated DLs from the regulatory authorities Food and Drug 

Administration (FDA), EMA, Pharmaceutical and Medical Devices Agency (PMDA), and the Health 

Canada/Santé Canada (HCSC). Since 2019, DLs approved by Swissmedic have also been integrated 

into PharmGKB, thereby allowing a comparison of DLs across different regulatory authorities. 

MediQ 

MediQ (https://www.mediq.ch/) is an interaction database where active ingredients or drug names are 

checked for DDIs. In addition (and in contrast to many other databases on DDIs), phytopharmaceuticals, 

genetic polymorphisms, and foods and stimulants are also included in the database. Thereby, genetic 

polymorphisms are listed as phenotypes (e.g. CYP2C19 UM). Because MediQ checks interactions only 

by comparing two components at a time, an overall interpretation of a drug-drug-gene interaction in a 

patient with polypharmacy is not possible and has to be interpreted by an HCP. 

  

http://www.swissmedicinfo.ch/
https://www.mediq.ch/
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5. Pharmacogenetic testing 

There are different approaches to accessing the PGx profile of a patient. Based on the various test 

options, a PGx profile can be obtained by testing reactively or pre-emptively, conducting a single gene 

or a panel test, or applying advanced technologies such as whole genome sequencing. Table 2 gives an 

overview of different PGx tests. In the following, the background for single gene testing and PGx panel 

testing shall be further developed. 

 



General Introduction 

26 
 

Table 2 Different PGx tests adapted from the joint working party “Personalized Prescribing”, UK 45 

 
PGx gene panel Gene targeted Gene targeted at point of 

care 
Large gene panels with 
secondary PGx targets 

Whole genome 
sequencing 

Turnaround 
time 

3-7 days 24-72 hours <24 hours (can be 30 
minutes) 

7-14 days 4-6 weeks 

Definition Panel of several genes 
involved in the ADME 
process of a drug 

Test of one single gene Test of a single gene in 
secondary care/clinics 

Panel of several genes, of 
which pharmacogenes 
only represent a fraction 

A comprehensive method 
of analyzing the entire 
genomic DNA of a cell at a 
single time by using 
sequencing techniques 
such as Sanger 
sequencing, shotgun 
approach or high-
throughput next-
generation sequencing 

Example Variant-targeted SNP 
panel (e.g. Stratipharm, 
humatrix AG) 

Loop-mediated isothermal 
amplification testing for 
DPYD  

Algorithm for warfarin 
guiding 

DPYD testing added to 
large cancer panels 

Short-read sequencing for 
CYP2D6 

Advantages Simultaneous testing of 
multiple PGx targets to 
inform future prescribing; 
cost-effective in long term 

Rapid; targeted; 
inexpensive 

Rapid; targeted; 
technology advances may 
lower costs 

Cost-effective; easily 
incorporated into existing 
clinical procedures 

Optimizes use of existing 
data 

Disadvantages High cost; implementation 
across all health care 
sectors; requires linked 
electronic health care 
records; treatment 
algorithms may change as 
PGx evidence develops 

Multiplexing is more 
challenging 

Different procedure 
(requires training of 
clinical staff) 

Limited applications (may 
only be relevant for a 
subset of patients) 

Requires bioinformatics 
pipeline and 
interpretation; 
implementation issues for 
PGx panel testing apply 

Legend: ADME = absorption, distribution, metabolism, and excretion; DPYD = dihydropyrimidine dehydrogenase; SNP = single nucleotide polymorphism 
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5.1. Single gene testing 

For a few drug-gene interactions (DGIs), strong actionable genetic variants are available, e.g. for 

abacavir and the gene HLA-B*57:01. This DGI leads to a high risk of severe hypersensitivity reactions 

and should therefore be avoided. Most drug labels require a genetic test before the intake of abacavir 12. 

This procedure is called pre-emptive PGx testing and it has been suggested, especially in the case of 

HLA alleles, that HLA-typing (pre-emptive testing for a specific HLA allele) may reduce the associated 

ADRs by avoiding exposure of carriers to certain HLA alleles 14. In the case of abacavir, this practice is 

supported by the findings of “PREDICT-1” 13, 14. Besides abacavir, there are other examples of clinically 

applied drugs (e.g. carbamazepine 46, allopurinol 47, or oxcarbazepine 48) where ADRs are assumed to 

be associated with HLA alleles. 

5.2. Pharmacogenetic panel testing 

Besides patients suffering from ADRs, some patients experience no therapeutic effect, i.e. a therapy 

failure (TF). According to Roden et al. 49, pre-emptive PGx panel testing comprises an approach where 

PGx testing is applied for multiple genetic variants influencing either the efficacy or safety of drug 

response. The results are saved in an electronic system and can later be incorporated into a therapeutic 

decision for a new pharmacotherapy. Often ADRs, as well as TF, occur not only in one drug but in 

several. In both cases, it can be worthwhile to conduct a PGx test that covers several genes involved in 

pharmacokinetics (PK) and pharmacodynamics (PD), a so-called PGx panel test. In the context of a PGx 

panel test, there is often talk of “pre-emptive” PGx panel testing, i.e. before taking a therapeutic decision. 

Especially in psychiatry, many patients experience an insufficient therapeutic effect and therefore 

undergo numerous trial-and-error sessions. Because there are many pharmacogenes relevant for 

psychiatric drugs, the hitherto existing adoptions of PGx-guided treatment can be mostly found in 

psychiatry 15, 16.  

To date, several advantages of pre-emptive PGx testing have been demonstrated 4, 5, 50 with the need of 

further implementation efforts. Notably, in the UK, physicians have joined to write a report on 

personalized prescribing by the application PGx to improve patient outcomes 45. 

The clinical benefit of pre-emptive PGx testing is still controversial. Although considered one part of 

personalized medicine 51, 52, there are also voices saying that it is too early for implementation of PGx 

testing in the medical routine 53. Despite many barriers to overcome and many resources lacking, a 

change in the health care landscape can be observed. We need pragmatic resources to overcome gaps 

and challenges in the changing landscape of pre-emptive PGx testing in primary and specialty care now 

to show the cost-effectiveness in the long-term 50. Besides evidence on actionability 34-36 for selected 

drugs, studies have been set up to show the feasibility of the implementation of PGx testing in a primary 

care setting by pharmacists 3, 54-57. 
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5.3. Clinical decision support systems 

The field of PGx is vast, extremely complex, and above all, constantly evolving. For the promotion of 

PGx knowledge, the maintenance of an electronic health record (EHR) is crucial 58. However, as an 

EHR substitutes the paper-based reports this is by far not sufficient to enable HCPs in applying PGx in 

clinical practice. HCPs must be aided with a clinical decision support system (CDSS) which ideally can 

be linked to the EHR. In addition to assistance provided by a CDSS to HCPs, the EHR is essential for 

sustainable storage of PGx data. To make a real-world impact and to ensure widespread implementation 

of PGx panel testing, there is no way around a sophisticated CDSS. As PGx expert team, we searched 

the market for a company providing genotyping as well as a corresponding CDSS to be used by the 

pharmacist. 

The commercial tool: Stratipharm 

With the developing knowledge on genetic variants influencing the pharmacokinetics and/or 

pharmacodynamics of frequently applied drugs, multiple providers are now offering PGx assessment 

using DNA isolated from buccal swabs. One of the commercial products is Stratipharm (humatrix AG, 

Pfungstadt, Germany, https://www.stratipharm.de). Stratipharm offers genotyping (based on the DNA 

obtained from a buccal swab) in combination with an advanced evidence-based interpretation of the 

genotype. The service is available for accredited physicians and pharmacists in German-speaking 

countries (Germany, Austria, Switzerland). The commercial tool covers almost 100 genetic variants 

corresponding to 30 genes of pharmacogenetic relevance that encode the most relevant drug 

transporters and metabolizing enzymes, but also a selection of drug targets, see Figure 2 (details on 

genes, SNPs, and positions are specified in the appendix). The interpretation of the genotype is based 

on current and systematically updated evidence reviewed by experts. The resulting recommendations 

for a single drug in view of the individual genotype are categorized as “Hinweis” (Engl.: note, 

problems could arise and careful monitoring is needed), “Verdacht” (Engl.: suspicion, high probability 

for problems, change of dose or drug needed) or “Gefahr” (Engl.: danger, risk for an acute problem, 

drug to be avoided or used with utmost precaution and/or dose adaption). To ease patients’ 

understanding, a traffic light system is used to visualize medications with “note” in yellow, “suspicion” 

in orange, and “danger” in red. Moreover, the service comprises a complete profile of the tested genes 

and their variants as well as an individualized list of concerned substances. 

 

Figure 2 Genes tested for by humatrix AG (Stratipharm) 
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5.4. Challenges of pharmacogenetic testing 

Despite the opportunities offered by PGx, prevailing challenges still need to be addressed. From a global 

point of view, Chenoweth et al. 59 formulate ten different challenges for the application of PGx in terms 

of personalized medicine. Table 3 provides an overview.  

Table 3: Challenges of global pharmacogenomics, adapted from Chenoweth et al. 59 

1 There is no global network of experts to help drive basic PGx research and clinical 

implementation. 

2 Mechanistic understanding of PGx phenotypes is hindered by the lack of large data sets and 

available biosamples. 

3 Compared with common genetic variation, few is known regarding the impact and clinical 

actionability of rare genetic variation. 

4 Models (e.g. genome-wide association studies, GWAS) are underutilized to understand PGx 

variation. 

5 Validated biomarkers are an untapped resource to improve PGx discovery and 

implementation 

6 Special and diverse populations are understudied. 

7 Many PGx tests are not standardized, reimbursed, or regulated, limiting their clinical utility. 

8 Successful widespread PGx implementation is limited by a lack of evidence of clinical utility 

and cost-effectiveness studies. 

9 Education and advocacy initiatives are needed to increase the adoption of PGx 

10 Additional challenge: The threshold for clinical actionability based on cell-free DNA testing is 

unknown. 

 

As the scope of this thesis covers merely a part of the prevailing challenges, only a selection thereof 

(namely challenge 7, 8, and 9) is developed in the following. 

Limited evidence for the clinical utility of PGx testing  

A major obstacle to the translation of knowledge about PGx variability into practice is the lack of studies 

on clinical utility for PGx testing. Although numerous associations of genetic variations with altered 

drug response have been demonstrated and guidelines on drug management in case of gene variations 

are available, the practice of PGx (testing) is still discussed due to missing prospective randomized 

controlled trials (RCTs). Up to date, prospective RCTs have been compulsory to show the effectiveness 

of new tests. However, if one compares a PGx test with a non-genetic diagnostic test where no RCT was 

needed, this approach appears unjustified as the inclusion of renal and hepatic insufficiencies into 

therapeutic decision-making did not need evidence from RCT. One could argue that non-genetic 

diagnostic tests are much cheaper; however, they have to be repeated several times in contrast to genetic 

tests 60. 

In consequence, the question remains, whether one needs RCTs to show the benefit of PGx testing. In 

fact, there is sufficient evidence to go for PGx testing in a selected set of patients. Whereas clinical trials 

generate evidence for the efficacy of interventions in a controlled setting, case reports yield evidence 
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for effectiveness in a real-world setting. Even if case reports provide low to no evidence for hereditable 

factors contributing to the susceptibility, they can help to discover underlying mechanisms, especially 

if the ADR is rare (rare genetic variant) and/or if the drug is given to a small number of patients (rare 

disease). In addition, case reports are also crucial for the improvement of the education of HCPs 61.  

Awareness and knowledge of PGx and PGx testing  

To date, most HCPs and patients are not aware of the high prevalence of actionable PGx variations for 

common drugs 50. 

For HCPs, being aware of the significance of a PGx test means being able to appraise 50 

• the appropriateness of the specific genes and variants detected (e.g. SLCO1B1 is tested for 

statins whereas PROM2 is a disease-related gene), 

• the robustness of testing (e.g. whether the copy number variation is tested for in CYP2D6), 

• how test results are documented (e.g. with a PGx profile or with a substance query directly 

deviating from the available phenotypes), 

• how test results are available (e.g. only to the patient because of data protection), 

• what kind of clinical guidance is provided (e.g. current updates), 

• cost and reimbursement possibilities (e.g. whether the patients have to pay all by themselves), 

• the turnaround time for test results (e.g. one day or 14 days) 50.  

One important reason for the missing awareness in HCPs is that they do not know about resources on 

evidence-based guidance for the interpretation of a PGx test (e.g. PharmGKB). The goal is not for every 

clinician to become a geneticist, but clinicians need to be ready for the use, interpretation, and 

application of PGx data in practice 50. 

Moreover, the current state of education on PGx for either pharmacists or physicians is not as thorough 

as needed for the implementation and practice of PGx. In Switzerland, PGx is taught as part of the 

pharmacology curriculum. However so far, PGx mainly features in advanced education 62-64. Kuzelicki 

et al. 65 showed that the majority of the study programs in global schools of medicine, pharmacy, nursing, 

and other HCPs include education on PGx; however, not as a separate subject. 

In the end, the patients will decide whether they like PGx. Just as awareness strategies must be sought 

for HCPs, the same must be done for patients. Patients’ perspectives on commercial PGx panel testing 

have been evaluated 66, 67, with the call for further research.  

Lack of standard operating procedure for PGx testing  

When looking into clinical practice, besides reimbursement and regulations for PGx testing, also 

standard operating procedures (SOPs) for PGx testing are still lacking to a large extent. Possible reasons 

are the great complexity of PGx and the lack of collaborations between medical and technological 
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organizations not allowing the necessary information transfer from literature into clinics 68. Nonetheless, 

the development of an SOP for PGx testing was regarded as important initial step in this thesis. 

5.5. Pharmacist-led pharmacogenetic testing – a chance 

Recently, numerous attempts have been taking place to overcome the barriers. Belief in the clinical 

utility of PGx, the setup of EHRs, the implementation of interdisciplinary education structures as well 

as the building of interdisciplinary networks for exchange on PGx have been stated as enablers of PGx 

testing 69. Additionally, the pharmacist as a potential provider of PGx testing and counseling is 

increasingly being discussed. The American Society for Health-System Pharmacists (ASHP) made a 

statement on the pharmacist’s role in clinical pharmacogenomics 70, where they appraised the pharmacist 

as uniquely positioned to lead interprofessional structures for the translation of PGx testing in patient 

care. Not only do they see a role in the pharmacist, but they also see the rational, ethical use, and clinical 

application of PGx in the responsibility of the pharmacist. In the UK 50 and the Netherlands 45, 69, studies 

have revealed the emerging role of the pharmacist in the implementation of PGx testing. Trained clinical 

pharmacists are especially well-positioned to implement PGx testing, considering their expertise in 

pharmacokinetics, pharmacodynamics, and patient care 71. With their dedication to medication 

surveillance, pharmacists are leading candidates to manage requesting PGx testing, recording PGx 

results, and applying the PGx guidelines 3. Application of PGx testing demands a comprehension of the 

influence of genetic variations on drug response (i.e. PK and PD) in combination with multiple further 

factors (adherence, comorbidities, renal function, etc.). It seems that the pharmacist is well suited to take 

this responsibility. In the following chapter, an example of a large European study on PGx testing 

including the competencies of pharmacists shall be shown. 
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6. The PREPARE study 

U-PGx consortium 

“Making actionable PGx information and effective treatment optimization 

accessible to every European citizen.” 

The U-PGx consortium 

The Ubiquitous Pharmacogenomics (U-PGx) consortium (https://upgx.eu/) comprises 17 universities 

from different European countries working on the implementation of PGx testing in patient care. The 

consortium is coordinated by Leiden University Medical Care (LUMC) in the Netherlands and aims to 

focus on the challenges of PGx testing by addressing the topic ubiquitously (all over Europe), setting up 

a large study (the PREPARE study), providing educational material, and curating guidelines on PGx 

(DPWG Guidelines). 

Because this large European study was repeatedly referred to for further decisions during the thesis, a 

brief overview shall be provided hereafter. 

Pilot study  

Before the start of the PREPARE study, a two-year pilot study in 200 patients was conducted in the 

Netherlands 55. Community pharmacists could dispense a free PGx test for patients with a prescription 

for a selection of drugs. The majority of the patients received an incident prescription on atorvastatin (n 

= 115), simvastatin (n = 29), amitriptyline (n = 15), citalopram (n = 7), escitalopram (n = 3), nortriptyline 

(n = 17) or venlafaxine (n = 14) and the PGx test covered eight genes, including 40 variants (CYP2C9, 

CYP2C19, CYP2D6CYP2D6, CYP3A5, DPYD, SLCO1B1, TPMT and VKORC1). The results were 

transmitted to the pharmacist as well as to the physician. The PGx test results revealed an actionable test 

result for 90% of the patients, of which 31% needed therapeutic intervention. Up to 90% of the suggested 

recommendations were adopted. The pilot study was able to show the feasibility of pre-emptive PGx 

testing in the community pharmacy 55. 

Study Design 

The large European study PREPARE (PREemptive Pharmacogenomic testing for prevention of Adverse 

Drug Reactions) was launched in October 2016. The program was unique in its multicenter, multigene, 

multidrug, multi-ethnic, and multi-health-care system approach. The PREPARE study aimed for a 30% 

regression of ADRs with PGx testing. Seven European countries were included and 8100 patients were 

recruited over six years. Patients were randomized either into the cohort of standard care or into the 

cohort of additional PGx testing. Pharmacists and physicians received online training on PGx. As tools, 

they used a safety code system for the patients and a diagnostic report tool for HCPs. In contrast to many 

previous studies based on the CPIC guidelines, the PREPARE study applied the guidelines from the 

DPWG. Patients were asked to provide a blood or saliva sample which was analyzed for up to 50 variants 

https://upgx.eu/
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across 13 important pharmacogenes and genotyping was performed with an array specifically designed 

for the PREPARE study using the LGC SNPline platform. Patients were recruited at their first 

prescription of a drug for which a DPWG dosing recommendation was present. Therapeutic areas 

comprised primary care, general medicine, cardiology, oncology, psychiatry, neurology, and 

transplantation. To assess the primary composite outcome of ADRs, a follow-up was added at 4 weeks, 

12 weeks, and the end of the study. The recommendations from the PGx results that were relevant to the 

individual patient were included in the written PGx report to support the HCPs 64. 

Education 

In the education part of the PREPARE study 64, an e-learning based knowledge platform was developed. 

Lectures covered the main topics (basics of PGx, drug metabolism, drug dosing, targeted therapies, 

regulations and guidelines for PGx diagnostics in drug development and pharmacovigilance, companion 

diagnostics, obligatory genetic tests, good genomic practice, and PGx information in drug labels) 

necessary for the implementation and practice of PGx in the patient setting. It was offered to physicians, 

pharmacists, and post-academics. 

CDSS 

One of the great challenges of the U-PGx project consisted in the development of a flexible clinical 

decision support system (CDSS) 72. The CDSS had to meet the requirements of different workflows, 

different languages, and PGx results presented on digital, paper-, or mobile-based tools. The goal of the 

CDSS was that all the HCPs could access the PGx recommendations by scanning the QR code of the 

personal safety-code card that each patient received. The QR-code seemed a simple but powerful 

solution. Nevertheless, a lot of time had to be invested, first for the setup and then for the maintenance 

of the CDSS, especially the mapping of raw data on genetic variants with the interpretation of the 

corresponding phenotype. Furthermore, a lot of time had to be invested at the user level for the HCPs to 

be sufficiently trained to apply the CDSS in clinical practice. Though, it has been shown that HCPs – 

indeed, pharmacists (96%) more so than general practitioners (68%) – were able to record PGx 

information into the EHR, and therefore, almost all patients had access to their PGx results for 

therapeutic decision making 3. 
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7. Rationale, goal and approach of thesis 

Rationale: Pharmacist-led PGx testing and counseling 

To date, PGx is not standard in primary care in Switzerland. The Federal Act on Human Genetic Testing 

(Gesetz für genetische Untersuchungen am Menschen, GUMG) 73 currently only allows physicians to 

initiate PGx testing as part of their therapeutic decision. PGx testing in Switzerland can be applied with 

reimbursement by health insurance for only five substances defined by the Swiss Society for Clinical 

Pharmacology and Toxicology (Schweizerische Gesellschaft für Klinische Pharmakologie und 

Toxikologie, SGKPT) 74. In detail, the five substances comprise abacavir (to exclude HLA-B*5701), 

carbamazepine (to exclude HLA-A*3101 and HLA-B*1502), 6-mercaptopurin/azathioprine (to exclude 

TPMT IM or PM Status), for 5-fluoruracil/capecitabin (to exclude DPYD IM or PM Status), and 

irinotecan (to exclude UGT1A1 with low expression levels). The Federal Law on Human Genetic 

Testing (GUMG) has been revised in 2018. A new differentiation is made between genetic testing in 

medical and non-medical fields. In general, investigations in the medical field are reserved to physicians 

whereas pharmacists and other HCPs are able to start investigations in the non-medical field (e.g. 

ancestry). However, the Federal Council has the option of attributing certain investigations in the 

medical field to non-medical specialists (e.g. pharmacogenetic examinations to pharmacists) 75. 

Currently, the legal ordinance on human genetic testing (Verordnung über genetische Untersuchungen 

am Menschen, GUMV) as of 14 February 2007 76 is being revised and final agreements for law 

enforcement are expected.  

Although knowledge of PGx has already been available for a long time 1, awareness of PGx among 

HCPs has only emerged in the last few years, as shown by the efforts to implement PGx services in 

other European countries, such as the Netherlands 77 and the UK 5. Experts agree that the time for pre-

emptive PGx panel testing is now, thereby stressing that the remaining gaps must be closed, and missing 

resources must be made accessible 50. Even ten years ago, pharmacists expressed their willingness to 

learn more about PGx 7.  

All these facts urged the Pharmaceutical Care Research Group to also strive for implementation of PGx 

in Switzerland.  

Goal: Implementation of PGx in pharmaceutical care  

To prepare for the implementation of PGx in pharmaceutical care, the goals of this thesis were to identify 

PGx information for clinical practice and to develop a SOP for pharmacist-led PGx testing and 

counseling in primary care. The thesis approaches this goal in two projects. 

Approach: Pharmacist-led PGx testing and counseling in Switzerland 

The first project focused on pharmacogenetic information for clinical practice. Swiss DLs were analyzed 

to get an overview of the current state of PGx-relevant information on metabolizing enzymes and 
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transporters as well as HLA risk alleles, to classify the recommendations provided to HCPs by the PGx 

levels as suggested by PharmGKB 11, and finally, to compare the respective PGx level with those 

provided in DLs authorized by agencies of other countries. Furthermore, studies investigating HLA 

alleles in relation to ADRs were summarized to give an overview of the evidence on the described ADRs 

and the investigated genetic factors, as an illustrative example.  

In the second project, a case series with patients with adverse drug reactions (ADRs) or therapy failure 

(TF) was established. PGx panel testing was applied to determine the hereditable component of the 

patient’s susceptibility of experiencing the observed ADRs or TF when taking substances known to be 

affected by PGx. The aim was the compilation of case reports to gather experience and later, develop a 

SOP for “PGx testing and counseling” in primary care. By presenting and discussing individual cases, 

where pharmacist-led PGx testing and counseling had been applied in primary care, the potential benefit 

of PGx to improve the efficacy or safety of a patient’s pharmacotherapy was demonstrated. Finally, the 

PGx service was evaluated from the perspective of patients and their treating physicians. 

A detailed overview on the projects is provided in the following chapter. 
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Project Overview 

Project Overview Project A –Pharmacogenetic information for clinical practice 

Project A aimed to identify pharmacogenetic information for clinical practice. 

Project A1 Pharmacogenetic information in Swiss drug labels - a systematic analysis 

Publication in Pharmacogenomics J. 2021;21(4):423-34. 78  

Health care professionals (HCPs) use drug labels (DLs) as reliable information about 

drugs. Swiss DLs were analyzed to give an overview on the currently available PGx 

instructions.  

Aims: 

➢ to provide an overview of the current state of PGx-relevant information on 

metabolizing enzymes and transporters as well as HLA risk alleles in Swiss 

DLs, 

➢ to classify PGx recommendations provided to HCPs in Swiss DL by the PGx 

levels as suggested by PharmGKB 11, 

➢ to compare the respective PGx level in Swiss DL with those provided in DLs 

authorized by agencies of other countries. 

 

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. 
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Project A2 HLA-associated adverse drug reactions - scoping review 

Publication in Clin Transl Sci. 2021;14(5):1648-58. 79  

Alleles of the human leukocyte antigen (HLA) system have been associated with the 

occurrence of idiosyncratic adverse drug reactions (ADRs). Accordingly, it is assumed 

that pre-emptive testing for the presence of certain HLA alleles (HLA-typing) could 

prevent these ADRs in carriers. 

Aim: 

➢ to perceive the current evidence for HLA-associated ADRs as an illustrative 

example. 

 

Abstract 

Alleles of the human leukocyte antigen (HLA) system have been associated with the occurrence of 

idiosyncratic adverse drug reactions (ADRs). Accordingly, it is assumed that pre-emptive testing for the 

presence of certain HLA alleles (HLA-typing) could prevent these ADRs in carriers. In order to perceive 

the current evidence for HLA-associated ADRs, we conducted a scoping review according to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). The literature 

searches on PubMed and on Embase was carried out on the July 8 and 9, 2020, respectively. To be 

included in the scoping review, the studies had to investigate an association of any HLA-associated 

ADR with any small molecule approved and available on the Swiss market. We considered English and 

German primary literature published since 2002. A total of 149 studies were included, whereof most 

were retrospective, whereas one was a prospective randomized controlled trial. The majority of the 

studies (n = 33) described the association of HLA-B*15:02 with carbamazepine. It was not possible to 

directly compare the studies, as they were too heterogeneous in terms of the ADR definition, the HLA 

alleles, the number of participants, and the study types. Therefore, we summarized the results in a 

descriptive manner. Even if an interpretation of the outcomes remains open, the descriptive overview 

revealed the prevailing complexity and uncertainty in the field. For the future, consistent definitions on 

the different phenotypes need to be established and applied and the reporting of association studies 

should follow a harmonized structure. 
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Project B – Pharmacogenetic testing of patients with adverse drug reactions or therapy failure - 

development of a standard operating procedure in primary care 

Project B aimed to develop a standard operating procedure (SOP) for pharmacist-led PGx testing and 

counseling in primary care. 

Project B1 Case series - Pharmacogenetic testing of patients with unwanted adverse 

drug reactions or therapy failure – study protocol 

(Clinicaltrials.gov: NCT04154553) 

With the developing knowledge on genetic variants influencing pharmacokinetics 

and/or pharmacodynamics of frequently applied drugs, multiple providers are now 

offering PGx testing using DNA isolated from buccal swaps. Stratipharm offers 

genotyping in combination with evidence-based interpretation of the genotype. For the 

development of a reliable SOP for PGx testing and counseling in primary care, a case 

series where PGx panel testing was applied to determine the hereditable component of 

the patient’s susceptibility of experiencing the observed ADRs or TF was set up. 

Aims: 

➢ to establish a case series of patients with adverse drug reactions (ADRs) or 

therapy failure (TF) where PGx panel testing is applied to determine the 

hereditable component of the patient’s susceptibility of experiencing the 

observed ADRs or TF, 

➢ to compile and discuss individual cases, where pharmacist-led PGx testing and 

counseling is applied in primary care, including: 

o cases, where PGx panel testing was applied reactively to patients with 

TF or ADR with substances known to be affected by PGx, 

o cases, where PGx panel testing was applied pre-emptively to patients 

with prescribed substances known to affected by PGx, 

o cases, where PGx panel testing was applied pre-emptively to patients 

with relatives with ADRs or TF with substances known to be 

affected by PGx, 

➢ to develop a SOP for the pharmacist-led service “PGx testing and counseling”. 
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Study description 

Genetic makeup of a patient influences the efficacy and safety profile of a drug. This study is to 

summarize individual cases, where PGx has been applied during pharmaceutical care. Health-related 

data of patients experiencing TF or ADRs is collected and will then be supplemented with 

pharmacogenetic testing during pharmaceutical care in a study pharmacy. The patient data (diagnoses, 

medications and results of pharmacogenetic testing) is harmonized in order to generate a compilation of 

case reports. The primary objective is the compilation of case reports, where pharmacogenetic testing is 

applied to determine the hereditable component of the patient's susceptibility to experience therapy 

failure and/or adverse drug reactions. The experience with the compiled cases will be basis for the 

development of a reliable standard of procedure for pharmacogenetic testing in the community 

pharmacy. The cases will be supplemented with information on additional parameters reported in the 

literature to affect efficacy or safety of the respective drug. 

 

The project was approved by the local ethics committee northwestern and central Switzerland 

(Ethikkommission Nordwest- und Zentralschweiz, Hebelstrasse 53, 4056 Basel, eknz@bs.ch) (EKNZ-

2019-01452) on 31.10.2019. 
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Project B2 Enriching medication review with a pharmacogenetic profile - a case of 

tamoxifen adverse drug reactions 

Publication in Pharmgenomics Pers Med . 2021;14:279-86. 80 

One drug that has been extensively studied for the relevance of the patient’s genetic 

predisposition is tamoxifen (TMX). Nonetheless, only little is known about the 

influence of the variability of other CYPs involved in the metabolism of TMX.  

Aims: 

➢ to present the case of a patient, where ADRs with TMX had prompted the 

patient to do PGx testing, 

➢ to reveal the added value of a medications review enriched with a large PGx 

panel, 

➢ to show the complexity of integrating a PGx profile into a recommendation.  

 

Abstract 

Pharmacogenotyping is applied to determine the hereditable component of a patient's susceptibility to 

experience therapy failure and/or adverse drug reactions (ADRs). We present the case of a female patient 

diagnosed with breast cancer and treated with tamoxifen as recurrence therapy who experienced various 

ADRs. Pharmacogenotyping revealed variants in the cytochrome P450 (CYP) enzymes CYP2D6, 

CYP2C9, and CYP2C19. The observed genotype was associated with a risk for lower tamoxifen 

efficacy. Aside from the tamoxifen therapy, the co-medication was reviewed for the influence of the 

patient's pharmacogenetic profile. As a result of this pharmacist-led medication review with 

pharmacogenetic analyses, concrete genotype-driven recommendations for the treating gynecologist 

were compiled. This case revealed the added value of a large pharmacogenetic panel and the complexity 

of integrating a pharmacogenetic profile into a recommendation. 
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Project B3 Is pharmacogenetic panel testing applicable to low-dose methotrexate in 

rheumatoid arthritis? - a case report 

Publication in  Pharmgenomics Pers Med. 2022. 81  

Methotrexate (MTX) is another drug where explanations for the interindividual 

differences in drug response may be due to its complex metabolism. Various enzymes 

and transporters that are part of the MTX metabolism are described and those, where 

genetic variants have been linked to changes in MTX efficacy or safety are highlighted. 

Aims: 

➢ to recap the pathway of MTX and, simultaneously, highlight genetic variations 

influencing transport and metabolism of MTX, 

➢ to discuss the case of a patient who was treated with MTX, suffered from 

ADRs, and obtained a reactive PGx panel testing. 

 

Abstract 

Pharmacogenetic (PGx) panel testing could help to determine the heritable component of a rheumatoid 

arthritis (RA) patient’s susceptibility for therapy failure and/or adverse drug reactions (ADRs) from 

methotrexate (MTX). Considering the literature mentioning the potential applicability of PGx panel 

testing within MTX regimens, we discuss the case of a patient who was treated with MTX, suffered 

from ADRs, and obtained a reactive PGx panel testing. We used a commercial PGx panel test involving 

the ABC-transporters P-glycoprotein (P-gp; gene: ABCB1), and breast cancer resistance protein (BCRP; 

gene: ABCG2), the solute carriers reduced folate carrier 1 (RFC1; gene: SLC19A1), and organic anion 

transporting polypeptide 1B1 (OATP1B1; gene: SLCO1B1), and the enzymes inosine triphosphatase 

(ITPA), and glutathione transferase P1 (GSTP1). In addition, we genotyped the patient for the enzymes 

5-aminoimidazole-4-carboxamide ribonucleotide formyltransferase (AICAR)/inosine monophosphate 

(IMP) cyclohydrolase (gene name: ATIC), gamma-glutamyl hydrolase (gene name: GGH) and 

methylenetetrahydrofolate reductase (gene name: MTHFR). The PGx profile of the patient revealed 

genetic variants in SLC19A1, ABCB1, and MTHFR, which may explain the ADRs experienced during 

the treatment with MTX and a potentially lower efficacy of MTX. Based on our interpretation of the 

PGx profile, we recommended the patient to avoid MTX in the future. The MTX pathway is complex, 

which makes the interpretation of genetic variants affecting metabolism challenging. A reactive PGx 

panel test was applicable to explain ADRs experienced during MTX treatment for a patient with RA. 

However, the clinical utility of PGx-guided MTX treatment in a primary care setting is still limited. In 

order to base a recommendation for MTX on PGx data, we need genome-wide association studies, large 

prospective multicenter studies and PGx studies, which analyze different multi-gene haplotypes and 

gene-drug-drug interactions for MTX. 
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Project B4 Pharmacogenetic testing and counselling in the community 

pharmacy: mixed‑methods study of a new pharmacist‑led service 

Publication in  International Journal of Clinical Pharmacy. 2023. 141  

Pharmacogenetic (PGx) testing and counseling in the community pharmacy is not 

routinely practiced. A comprehensive pharmacist-led service where PGx information 

is integrated into medication reviews is proposed. 

Aim: 

➢ to evaluate the pharmacist-led service comprising PGx testing and counseling 

from the perspective of patients and their treating physicians. 

 

Abstract 

Background Pharmacogenetic (PGx) testing and counselling (short: PGx service) in the community 

pharmacy is not routinely practiced. We propose a comprehensive pharmacist-led service where PGx 

information is integrated into medication reviews. 

Aim To evaluate the pharmacist-led service comprising PGx testing and counselling (PGx service) from 

the perspective of patients. 

Method For this mixed-methods study, we conducted two follow-up interviews F1 and F2 with patients 

recruited for the PGx service in a community pharmacy after 1st of January 2020. The semi-structured 

interviews were held by phone call and covered understanding of PGx, the implementation of 

recommendations, handling of PGx documents (list of concerned substances and PGx recommendation), 

gain in medication knowledge, and willingness to pay for the PGx service. 

Results We interviewed 25 patients in F1 and 42 patients in F2. Patients were generally able to 

understand and use results of the PGx service. At least one PGx recommendation was implemented for 

69% of the patients. Handling of PGx documents ranged from patients having forgotten about the PGx 

results to patients consulting the list for every medication-related decision; the latter often expecting 

negative effects. Finally, 62% of the patients were willing to pay for the PGx service. 

Conclusion For future PGx testing and counselling, HCPs should consider the patients’ health literacy 

in a standardized way and use adequate communication skills to enhance the patient's understanding in 

PGx and to attenuate potential negative expectations. 
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General Discussion 

To prepare for the implementation of PGx in pharmaceutical care, the goals of this thesis were to identify 

pharmacogenetic (PGx) information for clinical practice and to develop a standard operating procedure 

(SOP) for a pharmacist-led service comprising PGx testing and counseling in primary care.  

In the following, the projects will be discussed separately. Each section starts with a summary, proceeds 

with a discussion of results, strengths, and limitations, and finally, follows with a conclusion of the 

respective project. Wherever appropriate, an overall discussion or conclusion has been included. 

1. Project A1 - Pharmacogenetic information in Swiss drug labels 

Summary 

Currently, no overview of PGx-relevant information in Swiss drug labels (DLs) exists. Project A1 aimed 

to get an overview of the current state of PGx-relevant information on metabolizing enzymes and 

transporters as well as HLA risk alleles, to classify recommendations provided to HCPs by the PGx 

levels as suggested by PharmGKB 11, and finally, to compare the respective PGx level with those 

provided in DLs authorized by agencies of other countries. The PGx information from Swiss DLs was 

extracted by natural language processing (NLP). The analysis showed that up to 10% of all Swiss DLs 

mentioned PGx-relevant information. In total, 167 reference drug labels were defined and the most PGx 

information (55%) was classified as “actionable PGx” (PGx level 3).  

Discussion 

General 

The pharmacokinetics section represented the most frequent section containing PGx-relevant 

information. Indeed, this particular section is one of the last specified sections in a DL, not only in Swiss 

DLs, but also in those approved by other agencies 82. Therefore, it may be speculated that there is a risk 

that PGx information could be overlooked by the health care professionals (HCPs). For some drugs 

coded with PGx level 1 (“testing required”), the PGx-relevant information was located within the section 

on precautionary measures which reports on genetic polymorphisms known to be associated with 

adverse drug reactions (ADRs) (especially in the case of HLA-associated ADRs, e.g. carbamazepine). 

The findings are in line with those by Ehmann et al. 83 reporting that the pharmacokinetic and the 

precaution measures section are most likely to state PGx information in DLs approved by the EMA.  

CYP2D6 was the most frequently mentioned biomarker, which was also in accordance with findings 

from other countries 84-87. This cytochrome P450 enzyme is known for its genetic variability with about 

100 different alleles 88 resulting in the phenotypes of poor, intermediate, normal, and ultra-rapid 

metabolizer with a prevalence of 0.4–5.4%, 0.4–11%, 67–90%, and 1–21%, respectively 89. Moreover, 
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CYP2D6 is known to be involved in the metabolism of a wide range of commonly used drugs 18, 

including selective serotonin reuptake inhibitors (SSRIs), opioids, and tamoxifen. 

The most frequently retrieved information on PGx concerned drugs from the anatomic group N “nervous 

system” involving antiepileptics, antidepressants such as SSRIs, or analgesics such as opioids, all of 

these representing substance groups where treatment is often associated with difficulties (e.g. therapy 

failure (TF)). Indeed, Bschor et al. 15 and Muller et al. 16 assume that psychiatric patients would likely 

benefit from a PGx test before the therapy to avoid ADRs or TF.  

Although some of the recommendations on drug-gene interactions (DGIs) are translated into the sections 

“indication”, “dosage/application”, “contraindication”, “precautionary measures”, or 

“pharmacokinetics” in the respective DL, the representation of PGx information shows a remarkable 

heterogeneity. To give an example: the DL on rosuvastatine holds information in the sections on 

“dosage/application”, “precautionary measures”, “contraindication”, and “pharmacokinetics” whereas 

the DL on omeprazole only contains information in the section on “pharmacokinetics”; however, both 

are classified as “actionable PGx”. In addition, the information on PGx is often not precise and the 

presentation lacks a predefined structure, thereby leading to different PGx levels and various 

recommendations. Similar findings have also been reported by Ehmann et al. (EMA) 83 and Shimazawa 

& Ikeda (the USA and Japan) 90. 

Entering the extracts of 126 Swiss DLs on the PharmGKB website enabled making the information not 

only publicly accessible but also comparable to the information approved by regulatory agencies of four 

other countries. A striking discrepancy can be recognized for some drugs. In the case of carbamazepine 

and the variant HLA-B*15:02, Swissmedic and FDA (USA) require a test whereas HSCS (Canada) 

recommends a test, PMDA (Japan) provides actionable PGx information, and EMA (Europe) does not 

provide any information at all. 

Limitations 

For the extraction of PGx information from Swiss DLs, the search was restricted to stem words 

associated to pharmacokinetics (drug metabolism and transport) and HLA risk alleles. PGx information 

related to pharmacodynamics (e.g. information on testing for the CFTR gene in the ivacaftor DL) and 

also PGx information on drug-targeted therapy (e.g. imanitib) was thereby excluded. This decision was 

taken because a clear delineation from genetics related to disease prognostics as well as drug-targeted 

therapies mainly used in oncology was pursued.  

Moreover, the definition of stem words for NLP was challenging. First of all, in-depth knowledge of 

PGx as well as of the format of the DL was required. Additionally, it was the first time that the PGx 

expert team worked with this new technological approach. Therefore, communication between 

pharmacist and information scientist was not always straightforward.  
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Indeed, a direct comparison of Swiss DLs with DLs of selected European countries was not possible, 

with exception of a comparison of seven substances in German DLs.  

Finally, some substances posed problems in terms of categorization of the PGx levels. 

Strengths 

This is the first work where NLP was applied to Swiss DLs to screen for PGx information. NLP 

represents an attractive technology for further investigations of DLs and other health care-related 

information. Notably, for the accessibility of DLs for NLP, standardization would be a necessary 

facilitator. 

Additionally, it was a great opportunity to collaborate with the experts of PharmGKB and to benefit 

from their specific knowledge of PGx. Not only did they help classify Swiss DLs, but they were open 

to discussions about the current definitions of DLs which thereafter were adopted. The collaboration 

with PharmGKB, which resulted in the integration of the PGx-related Swiss DLs into the knowledge 

base, is a good example of scientific collaboration seeking harmonization on a global level. 

Implication for practice 

Finally, the question is, whether optimization of the DL would change clinical practice. Giacomini et al. 

91 declare that there is no reason in associating missing PGx information in the DL with a barrier to PGx 

testing. Unfortunately, no investigations checking either the frequency of use of DLs by HCPs or how 

many physicians prescribe single gene testing for the five drugs listed according to the SGKPT 74 were 

available. Therefore, one should be careful when relying too much on the fact that if something is written 

in the DL, this will change clinical practice, as this may not be the case. 

Conclusion 

The analysis of PGx information provided in Swiss DLs revealed a large heterogeneity. PGx information 

varies not only in the wording used to describe the information but also in the section in which the 

information appears. The predominance of PGx level 3 “actionable PGx” demonstrates that numerous 

actionable DGIs exist, which could be considered in optimized drug therapy. Here, the instructions for 

clinical practice are rather vague. In addition, a large discrepancy was also present when comparing DLs 

on an international level. In summary, this makes the identification and interpretation of PGx 

information difficult for HCPs.  
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2. Project A2 - HLA-associated adverse drug reactions 

Summary 

One of the identified drug labels (DLs) in project A1 was that for abacavir, where pre-emptive testing 

for HLA-B*57:01 is required to prevent administration to patients with a higher risk of hypersensitivity 

reaction. This PGx testing is supported by the findings of “PREDICT-1” 13, 14 where carriers of the HLA-

B*57:01 allele showed a higher risk of developing the abacavir hypersensitivity syndrome compared to 

non-carriers. In the case of HLA alleles, it has been suggested that pre-emptive testing for a specific 

HLA allele (aka HLA-typing) may prevent the associated ADRs if exposure to carriers of certain HLA 

alleles is avoided. Project A2 aimed to summarize the current evidence for HLA-associated ADRs. The 

methodologic approach of a scoping review according to the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) was applied to generate an overview of studies reporting on 

HLA-associated ADRs. In the summary, 149 studies reporting on 26 substances or 7 substance groups 

(HMG-CoA reductase inhibitors, thyreostatics, betalactam antibiotics, agents for the treatment of 

tuberculosis, pyrimidine analogs, anti-epileptic drugs, and cold medicine) as indicated by the ATC code 

were included. The HLA-B*15:02 risk allele in carbamazepine was the most frequently described 

association (n=33). The descriptive summary of the 149 studies revealed a large heterogeneity in terms 

of used definitions for the ADRs, examined HLA alleles, number and origin of study participants, and 

study types. HLA alleles were associated with an increased risk for ADRs, had no association with the 

ADR, or were reported to be protective (reducing the risk for the ADR). 

Discussion 

General 

The studies investigated many various HLA‐associated ADRs. It is extremely difficult, especially for 

cutaneous ADRs, to decide whether the investigators are reporting on the same manifestation or a 

different one because in many cases there is no clear definition of the phenotype. For example, for 

allopurinol, an association of the HLA‐B*58:01 was investigated for the cutaneous manifestations with 

six different definitions, namely Stevens-Johnson syndrome/toxic epidermal necrolysis, severe 

cutaneous adverse reaction, drug-induced hypersensitivity syndrome, cutaneous ADRs, maculopapular 

exanthema, and drug reaction with eosinophilia and systemic symptoms. 

The association with ADRs induced by carbamazepine has been confirmed in many Asian populations 

92-100. Indeed, Asians are the most studied population for HLA‐associated ADRs, followed by 

Caucasians.  

Except for the PREDICT‐1 study 13, all the other HLA‐associated ADRs were investigated in 

retrospective studies (case control studies, cohort studies, PGx analysis, e.g. 101) where the testing was 

performed after manifestation of ADR. A case control study is a reasonable study design to confirm 

associations of HLA alleles with certain ADRs. However, in retrospective studies, one has to consider 
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the bias of potentially including incorrectly diagnosed cases as it is extremely difficult to validate the 

ADR retrospectively. Accordingly, confirmation of the clinical diagnosis can rarely be performed. In 

the end, this poses the danger of overestimating the prevalence of an ADR. Furthermore, the literature 

search also included a substantial number of genome-wide association studies (GWAS), e.g. 102, 

examining frequencies of single nucleotide polymorphisms (SNPs) to identify alleles contributing to a 

specific phenotype, which shows the importance of this study type in PGx. GWAS with a focus on the 

HLA region are a good approach to obtain unbiased evidence on potential associations in patients with 

ADRs. In total, 15 case reports (thereof 6 for carbamazepine, e.g. 103) were included in the literature 

search, most of them describing the case of a single patient. Even if case reports provide low to no 

evidence for hereditable factors contributing to the susceptibility, they can help to discover underlying 

mechanisms: the genotype reported in a single case can be the basis for further analyses in case control 

studies. 

The anatomic groups J “antiinfectives for systemic use”, L “antineoplastic and immunomodulating 

agents”, and N “nervous system” contain most of the substances currently investigated for the 

association of HLA alleles with ADRs. According to project A1, the anatomic group J mainly covers 

substances rated with PGx level 1 (“testing required”) whereas substances in the anatomic group N 

mostly include a PGx level 3 (“actionable PGx”). 

Besides the association of carbamazepine‐induced cutaneous drug reactions with HLA‐B*15:02, 

allopurinol and HLA‐B*58:01 allele‐mediated cutaneous ADRs, and abacavir and HLA‐B*57:01 allele‐

mediated hypersensitivity reactions were frequently reported. Of all HLA alleles mentioned in Swiss 

DLs, HLA-B*15:02 was mentioned third most after HLA-A*31:01 (with carbamazepine) and HLA-

B*58:01 (with allopurinol). This shows that HLA-associated ADRs with clear evidence have found their 

way into the DL. There is one GWAS 102 indicating that the HLA-B*57:01 is associated with a risk of 

drug-induced liver injury (DILI) at the intake of flucloxacillin. Although there is just this GWAS, the 

DL indicates a risk of flucloxacillin-induced liver damage for patients carrying the HLA-B*57:01 allele. 

In contrast, the scoping review revealed that terbinafine, an antimycotic drug, was associated with 

hepatotoxicity in carriers of HLA-A*33:01, HLA-A*33:03, and HLA-A*33:01-B*14:02-C*080 in two 

well developed PGx analyses 101, 104. However, the DL on terbinafine does not mention such an 

association. 

Finally, an important topic that came up during the scoping review was clinical validity. The clinical 

validity of HLA-associated ADRs depends on a positive association of the HLA risk allele and the ADR, 

on the frequency of the HLA risk allele, on the frequency of the ADR, and finally, also on the severity 

of the ADR. HLA-DRB1*0701 was associated with hepatotoxicity for patients taking lapatinib 105, an 

oncologic drug. The association had a high NPV, but only a moderate PPV, which means that the 

majority of individuals who experience serious lapatinib-induced liver injuries carry the allele, but the 

majority of HLA-DRB1*0701 allele carriers will not experience liver injuries. In consequence, if HLA-
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typing is included in the therapeutic decision of lapatinib, where the frequency of the HLA risk allele is 

higher than the frequency of the ADR, there might be patients who are deprived of efficient therapy. 

Limitations 

With the performance of the scoping review, the inclusion of the studies, and later, the extraction and 

analysis of the data had to be figured out. Notably, the literature search was restricted to small molecules, 

because knowledge of the PGx of biologics and other protein-derived substances is still limited. 

However, the limitation to drugs currently approved in the Swiss market resulted in the active exclusion 

of studies on dapsone, ximelagatran, ticlopidine, stavidine, lomefloxacin, and flupirtine. In the scoping 

review, different values, (e.g. the odds ratio) were also extracted; however, without being able to 

compare the values but rather to give a descriptive summary. 

Strengths 

Screening the different factors influencing the HLA-associated ADRs helped to identify the basic points 

for further investigations in the field of HLA-associated ADRs. The aim of the scoping review was not 

to find out the clinical relevance of the HLA-associated ADRs but to see which associations have been 

described in the literature until the moment of searching. The different possibilities to analyze extracted 

studies show one of the big advantages of a scoping review, because a systematic review seemed 

premature at the current state of evidence. For this not so simple task, the help of an information 

specialist was enlisted. 

Conclusion 

The scoping review identified a considerable number of studies that investigated various substances, 

HLA alleles, and associated ADRs. The extracted studies revealed large heterogeneity in terms of 

definitions for the ADRs, examined HLA alleles, number and origin of study participants, and study 

types. Despite the prevailing complexity and uncertainty, it became clear that pre-emptive testing of 

HLA alleles (HLA-typing) may have potential. However, it is not possible to derive the actual clinical 

relevance from these studies because the overview of HLA-associated ADRs ranged from poor to strong 

available evidence. Nevertheless, the screening of the different factors influencing the HLA-associated 

ADRs helped to identify the basic points for further investigations in the field of HLA-associated ADRs. 
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3. Project B1 - Case series - Pharmacogenetic testing of patients with 

unwanted adverse drug reactions or therapy failure 

Summary 

The genetic makeup of a patient influences the efficacy and safety profile of a drug. The aim of the 

herein proposed study was the compilation of case reports, where PGx testing was applied to determine 

the hereditable component of the patient’s susceptibility to experiencing ADRs and/or TF. Reactive 

testing was applied to patients who observed TF or ADRs with past substances known to be affected by 

PGx whereas pre-emptive testing was applied to patients with future substances known to be affected 

by PGx, and to patients with relatives with ADRs or TF. By summarizing individual cases, where 

pharmacist-led testing and counseling had been applied in primary care, the potential benefit of PGx to 

improve the efficacy or safety of a patient’s pharmacotherapy was demonstrated. In total, 100 patients 

were collected for PGx testing and counseling in the primary care setting. The case series enabled to 

develop a standard operating procedure (SOP) for PGx testing and counseling as a pharmacist-led 

service. 

Discussion 

Refinements 

The SOP of the pharmacist-led service is divided into the steps of patient referral (1), pre-test counseling 

(2), PGx testing (3), medication review (4), counseling (5), and follow-up (6). In the following, the 

refinements for the SOP that were undertaken within the corresponding steps are outlined (no 

refinements to the two steps pre-test counseling (2) and PGx testing (3) were made) 106. 

Patient Referral (1): Initially, patients were referred to PGx testing and counseling by their treating 

physicians who had been informed about this opportunity in quality circles. However, drug-related 

problems were frequently addressed by patients during consultations and drug dispensing in the 

community pharmacy. Therefore, pharmacists started to directly approach eligible patients. In a few 

cases, patients also approached the pharmacists on their own initiative due to word of mouth. In all 

cases, treating physicians were informed and asked for their support for the planned pharmacist-led PGx 

service.  

Medication Review (4): Based on the experience collected alongside the case series, pharmacists started 

to supplement the medication review report with a general overview of the patient’s PGx profile and 

thereof predicted phenotypes. Furthermore, whenever reasonable, the pharmacists provided 

interpretations for the impact of pharmacogenetically predicted phenotypes in pharmacokinetic 

considerations for substances without explicit PGx guidelines.  

Counseling (5): During the case series, some physicians and patients expressed different preferences 

regarding the format of counseling, which was originally intended to take place as a visit between the 
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pharmacist and the patient in the community pharmacy. Therefore, an individual adaption was initiated, 

so that the medication review provided by the pharmacist was explained to the patient via video 

conference or phone (instead of a second visit to the pharmacy) and in a few cases the treating physician 

wished to be part of the video conference for counseling with the patient and the pharmacist. 

Follow-up (6): Patients and physicians got the opportunity to clarify open questions and to place further 

queries. The planned follow-up calls to patients were primarily intended to evaluate the implementation 

of the pharmacists’ recommendations within the case series study analysis. However, the follow-up call 

was valuable because pharmacists were able to collect continuous feedback on their recommendations, 

and patients were reminded of the lifelong validity of their PGx profile. Therefore, the follow-up calls 

were used for the assessment of further data, which is shown in project B4.  

Strengths 

Even if case reports provide low to no evidence for hereditable factors contributing to susceptibility, 

they offer the opportunity of gathering experience and generating evidence at the same time. Case 

reports enabled us to better understand the underlying mechanisms including the genetic variants. 

Moreover, the establishment of case series enabled the development of a SOP for PGx testing and 

counseling in primary care. 

At the start of the case series, the whole PGx expert team was offered a PGx test to discover and explore 

their personal PGx profile. This was important with regard to the advocacy of PGx in practice. This 

strategy has also been applied by Thornley et al. 57, where not only patients but several pharmacists and 

physicians were offered a PGx test to increase awareness. Lee et al. 107 managed to show that personal 

PGx testing is one possible awareness strategy to improve HCPs’ attitude on PGx is personal PGx 

testing.  

Prior to effecting PGx testing and counseling, each pharmacist had to complete a very basic PGx-training 

provided by Stratipharm. During the case series, the pharmacists, as well as the treating physicians, were 

subject to continuous learning when they worked through the report on an individual patient. Cicali et 

al. 108 and Hayashi et al. 109 have shown the efficacy of discussing case reports in terms of education for 

physicians and pharmacists, respectively. Subsequently, the PGx expert team decided to start a more 

developed further education program for pharmacists 63. 

As this observational study involving the collection of saliva and blood samples designated for 

genotyping was the first of its kind, guidance and support were obtained from the clinical trial unit 

(CTU) from the University of Basel. The CTU revised the study protocol, made further suggestions for 

adoption (in particular, to collect and store blood samples in case of new evidence in the future), 

submitted the protocol to the local ethics committee northwestern and central Switzerland, and provided 

study nurses as well as a location for blood sampling.  
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4. Project B2 - Enriching medication review with a pharmacogenetic profile - 

a case of tamoxifen adverse drug reactions 

Summary 

A drug that has been extensively studied for the relevance of the patient’s genetic predisposition is 

tamoxifen (TMX). Project B2 aimed to present the case of a patient, where ADRs with TMX had 

prompted the patient to do PGx testing, to reveal the added value of a medications review enriched with 

a large PGx panel, and to show the complexity of integrating a PGx profile into a recommendation. Both 

genetic predisposition and the patient’s medication were considered when evaluating the reported ADRs 

observed during TMX treatment. Based on previous knowledge on TMX metabolism and its function 

as a selective estrogen receptor modulator, a CYP2D6 Ultrarapid Metabolizer (UM) status leading to an 

excess of endoxifen, thereby resulting in the reported ADRs, was expected. However, the PGx profile 

showed that the patient had the star alleles *6 (no function) and *41 (decreased function) of the CYP2D6 

enzyme resulting in the phenotype of an Intermediate Metabolizer (IM). Moreover, the testing revealed 

the patient’s CYP2C19 UM status with the star alleles *1 (wildtype) and *17 (increased function), and 

a CYP2C9 IM status with the star alleles *1 (wildtype) and *2 (decreased function).  

Decision: It was recommended to discontinue TMX due to the CYP2D6 IM phenotype and the fact that 

dose escalation would not be an option for this patient due to ADRs, which might be linked to the 

genetic-associated changes in TMX metabolism. In the recommendation, a switch to letrozole, a non-

steroidal aromatase inhibitor for post-breast cancer recurrence therapy after breast cancer, was 

suggested. 

Discussion 

Considerations for TMX 

For the decision, the metabolism of TMX as well as the information found in the drug label of TMX, 

the guidelines on breast cancer, and the PGx guidelines for TMX and CYP2D6 were considered. 

In addition to the demethylation by CYP3A4 (no polymorphism known, no DDI present) and the 

hydroxylation by CYP2D6 (IM status associated with worse clinical outcomes because of lower 

endoxifen concentrations), the genetic variations of CYP2C19 (UM status) in the side pathway were 

considered. On the one hand, CYP2C19 is involved in estrogen/progesterone metabolism, and on the 

other hand, there are studies indicating worse clinical outcomes of CYP2D6 PM and CYP2C19 UM 110 

or better response of CYP2C19 UM alone 111. Therefore, it remains unclear how important it is to take 

the side pathway into account. 

Both the Swissmedic and the FDA drug labels show actionable PGx information on TMX, thereby not 

explicitly recommending a PGx-guided treatment. Moreover, the S-3 guideline on mamma carcinoma 

by the Guideline Program Oncology 112 and the guideline on breast cancer of the National 
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Comprehensive Cancer Network (NCCN) 113do not recommend genotyping, mainly because of a lack of 

agreement between those for 114-116 and those against pre-emptive testing 117, 118. Notably, the latter 

studies demonstrating that there is knowledge of the influence of CYP2D6 PM date from 10 years ago 

but a consensus is still lacking. Ultimately, the Sanford Health Pharmacogenetics Committee 119 

submitted a request to the NCCN Breast Cancer Panel to change TMX guidelines to state 

recommendation of alternative hormonal therapy such as aromatase inhibitors (plus or minus ovarian 

suppression) for CYP2D6 PMs, thereby referring to the CPIC guideline 120 for CYP2D6 and TMX 

therapy. 

Alternative drugs to TMX 

As alternative drugs to TMX, the following options were discussed. Dose escalation as proposed by the 

guideline 120 was no option for this patient who already suffered from ADRs with a dosage of 10mg 

TMX. These ADRs might be linked to the genetic-associated changes in TMX metabolism; that is to 

say, to the accumulation of TMX in the blood plasma. However, this remains unclear, because no plasma 

samples for therapeutic drug monitoring were available. Toremifene is another selective estrogen 

receptor modulator indicated for the treatment of metastatic breast cancer in postmenopausal women; 

however, because is it not available on the Swiss market, it was not an option. Finally, the option of 

letrozole, a non-steroidal aromatase inhibitor for post-breast cancer recurrence therapy after breast 

cancer, was chosen. Aromatase inhibitors represent an equally good – if not even better 121, 122 – 

alternative to TAM, and besides, letrozole is primarily metabolized by CYP2A6 and CYP3A4, where no 

genetic variants are known so far.  

Conclusion 

Considering only the described ADRs would have tempted us to reduce the TMX dosage, suspecting 

that the patient’s endoxifen blood concentrations might be elevated due to an UM status. Surprisingly, 

the assessed CYP2D6 genotype (CYP2D6 IM) did not support this hypothesis. On the contrary, 

according to the PGx guidelines respecting the revealed CYP2D6 genotype, the patient might suffer 

from limited TMX effectiveness due to decreased bioactivation to endoxifen via CYP2D6 and therefore 

would not benefit from a dose reduction. It was recommended to stop TMX and switch to letrozole in 

combination with leuprorelin. Furthermore, recommendations on the co-medication of the patient were 

made. This case revealed the added value of a large PGx panel and showed the complexity of integrating 

a PGx profile into a recommendation.  
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5. Project B3 - Is pharmacogenetic panel testing applicable to low-dose 

methotrexate in rheumatoid arthritis? - a case report 

Summary 

Nearly 30% of the patients treated with methotrexate (MTX) experience inefficacy or ADRs. Project B3 

aimed to recap the pathway of MTX and, simultaneously, highlight genetic variations influencing 

transport and metabolism of MTX and discuss the case of a patient who was treated with MTX, suffered 

from ADRs, and obtained a reactive PGx panel testing. The MTX pathway is complex, which makes 

the interpretation of genetic variants affecting metabolism challenging. A commercial PGx panel test 

involving P-glycoprotein (P-gp; gene: ABCB1), breast cancer resistance protein (BCRP; gene: ABCG2), 

reduced folate carrier 1 (RFC1; gene: SLC19A1), organic anion transporting polypeptide 1B1 

(OATP1B1; gene: SLCO1B1), inosine triphosphatase (ITPA), and glutathione transferase P1 (GSTP1) 

was applied. In addition, the patient was genotyped for 5-aminoimidazole-4-carboxamide ribonucleotide 

formyltransferase (AICAR)/inosine monophosphate (IMP) cyclohydrolase (gene name: ATIC), gamma-

glutamyl hydrolase (gene name: GGH) and methylenetetrahydrofolate reductase (gene name: MTHFR). 

The PGx profile of the patient revealed genetic variants in SLC19A1, ABCB1, and MTHFR.  

Decision: Based on the interpretation of the PGx profile, it was recommended that the patient avoid 

MTX in the future and stay on his current treatment with tofacitinib (5mg, 2 times daily), a small 

molecule that is metabolized by CYP3A4 which is not currently well predicted by genetic variants. 

Discussion 

Complex pathway of MTX 

Due to its complexity, compiling the whole metabolism of MTX with the corresponding genetic variants 

behind proved hard work. As of May 2022, the PharmGKB describes clinical annotations in 30 genes 

covering up to 60 variants 123 involved in MTX with RA. In the case report, nine genes covering 19 

variants for MTX were examined, thereby representing only a part of the genetic landscape. The 

complex pathway of MTX and the many genetic variants involved makes it difficult for current PGx 

panel tests to draw a conclusion that is applicable in clinical practice. To date, the available commercial 

tests (e.g. Stratipharm) are still rather primitive, so the algorithm gives a warning as soon as there is a 

variant. If a drug such as MTX with several genetic variants is queried, there will always be some kind 

of warning. In consequence, patients would be deprived of the useful and cost-effective drug too 

frequently. Moreover, HCPs and patients would be lulled into a false sense of security in the case of an 

MTX treatment guided by such a PGx panel test. It is the overall interpretation of all variants that 

remains challenging and needs to be overcome. 
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Alternatives for MTX 

Thus, the question arises as to whether it would be easier to apply alternative drugs for a baseline 

treatment in RA. From the point of view of cost-effectiveness, surely not (MTX is a very effective and 

low-cost drug 124). However, from the point of view of ADRs 125 and inefficacy 126, there are constraining 

components. According to the guidelines on RA 127, 128, further treatment options would be biological 

DMARDs such as abatacept or rituximab and Janus kinase inhibitors. There is still little to no evidence 

for the impact of genetic variants involved in pharmacokinetics on these drugs. The recommendations 

provided by the commercial PGx panel test Stratipharm describe both biologics and Janus kinase 

inhibitors as uncritical (“no warning”). In contrast to the above-mentioned so to speak “always” present 

warning for MTX, there will be no warning for other drugs for treatment of RA.  

The application of PGx testing in both cases – MTX, always showing variants and biologicals and Janus 

kinase inhibitors, never showing a warning – creates a feeling of false security. 

Conclusion 

The pathway of MTX is complex and the prevailing genetic variants of diverse clinical relevance. A 

reactive PGx panel test was applicable to explain ADRs experienced during MTX treatment for a patient 

with RA. The PGx profile of the patient revealed genetic variants in SLC19A1, ABCB1, and MTHFR, 

which may explain the ADRs experienced during the treatment with MTX and potentially lower efficacy 

of MTX. For the patient, the genetic variants might or might not have explained the ADRs. There is still 

insufficient evidence for PGx in MTX (as well as in biologics and complex new small molecules, such 

as Janus kinase inhibitors) because the translation into clinical recommendations remains challenging. 

At the moment, the clinical utility of PGx-guided MTX treatment in a primary care setting is limited. 

For now, PGx panel testing for MTX appears to be limited to experts who have the possibility of in-

depth pharmacological investigations, including therapeutic drug monitoring. 
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6. Project B1, B2, B3 – overall discussion on patient cases 

Interestingly, in case reports from project B2 and B3, the described ADRs affecting the patients could 

not be measured by lab values. In the case of TMX, the patient suffered from menopausal and 

psychological symptoms leading to an inability to work. The treating gynecologist did not report any 

deviating lab values. In the case of MTX, the patient suffered from nausea, headache, and sore muscles. 

According to information from the treating rheumatologist, the monthly measured lab values (CRP, 

transaminases, blood count) did not show any abnormalities. Still, it can be assumed that other patients 

might also be confronted with ADRs that are not perceived by lab values. This shows the importance of 

HCPs taking note of the patients’ statements. On the one hand, clinical parameters can be collected by 

observing and examining the patient, but on the other hand, a lot of parameters must be collected by 

talking to the patient and asking questions. The latter can be perfectly effected by the pharmacist, 

especially when it comes to ADRs or inefficacy of a drug. Messerli et al. 129 were able to show the 

benefits of the Swiss Poly Medication Check (aka medication review) in an RCT, whereby patients 

appreciated recommendations resulting from the complex pharmacist-led intervention. Similarly, A 

medication review enriched with a large PGx panel might serve as complex pharmacist-led service for 

the implementation of pharmacogenotyping in pharmaceutical care. 

Notably, the processing of both patient cases urged the investigating pharmacists to go one step back 

and delve into the metabolism of the corresponding substance to be able to comprehend the impact of 

the genetic variants on the mechanism of action. Thereby, it became more and more intuitive to interpret 

drug-gene interaction in combination with a drug-drug interaction. In the course of the case series, much 

expertise in the interpretation of drug-drug-gene interactions was aggregated. For example, agomelatine 

and duloxetine, which are both metabolized by CYP1A2, generate no warning in the algorithm of 

Stratipharm because there is no evidence of the inducibility of CYP1A2 in the context of these specific 

drugs. However, in the case of smokers, the induced CYP1A2 metabolism might be responsible for non-

response and should therefore be considered. So far, most algorithms lack the integration of several 

parameters. Consequently, the pharmacist as an expert could play an important role in the facilitation of 

PGx in clinical practice. 

Indeed, the keeping apart of ADRs and disease remains difficult. In the case of MTX, the described 

ADRs (nausea, headache, and sore muscles) are very unspecific, the latter most possibly being a 

consequence of rheumatoid arthritis. In addition, the delineation of genetics related to drug response and 

disease prognostics is no less a challenge. In the case of TMX, possible disease-related symptoms, such 

as the hot flushes observed in the patient, had to be evaluated carefully because the pathophysiology of 

hot flushes, especially in breast cancer survivors, is not fully understood 130. Besides, there are studies 

linking CYP2D6 IM and PM to higher risk of hot flushes 118 whereas other studies claim there is no 

association 131. 
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Primarily, PGx-guided recommendations were provided on a reactive basis in both cases. Thanks to the 

added value of the PGx panel test, additional recommendations on co-medication were delivered. 

Interestingly, both patients were taking a non-steroidal anti-inflammatory drug (ibuprofen) in 

combination with a proton pump inhibitor. As seen in the course of the case series and another study 132, 

many patients with chronic pain or gastrointestinal reflux reveal genetic variants relevant to their 

pharmacotherapy. That is why pre-emptive testing was also applied for patients in the case series coming 

solely with a reactive quest. 
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7. Project B4 - Pharmacogenetic testing and counseling in the community 

pharmacy: evaluation of a new pharmacist-led service 

Summary 

Patients’ perspectives on commercial PGx panel testing are not well known. Project B4 aimed to 

evaluate the pharmacist-led service comprising PGx testing and counseling from the perspective of 

patients and their treating physicians. In general, patients were able to understand PGx results and 

experienced a gain in medication knowledge. Although most patients had yet not used them, the majority 

of the patients held their PGx documents ready for use. Moreover, PGx documents were available to 

referring as well as non-involved physicians. As for the list of concerned substances, the physicians 

expressed their concern about a potential nocebo effect. Despite the comment of the physicians that the 

PGx results were complex and difficult to transfer into clinical practice, two thirds of the patients had 

changed at least one drug as suggested by the PGx recommendations. Patients would recommend the 

pharmacist-led service and were also willing to pay for PGx testing and counseling. Finally, the follow-

up interviews helped to remind the patient of the availability and life-long validity of the PGx results 

and further questions could be clarified. 

Discussion 

General 

As most patients are unfamiliar with PGx testing, the language used during the communication of PGx 

results needs to be chosen very conscientiously 133. In our opinion, a subsequent consultation with the 

treating physician is compulsory for an adequate appraisal of PGx information. It has been shown that 

patients perceive PGx testing as useful 134; however, the communication of PGx results still needs effort 

on the part of HCPs so patients’ knowledge about their medication is increased. Therefore, the health 

literacy of the patient needs to be taken into account during PGx testing and counseling. 

According to the physicians, the substances labeled in yellow are prone to trigger an undesirable nocebo 

effect in patients. In 2009, Haga et al. 135 already postulated that PGx information could cause adverse 

effects or lack of adherence due to negative expectations triggered by the assumption that a drug would 

maybe not work. In particular, anxious patients might screen the list too critically and decide to change 

their pharmacotherapy, thereby leading to wrong behavior. 

Although the written recommendation was appraised as clear, it remains difficult for the treating 

physicians to translate the complex information on PGx into practice. 

In our study, two thirds of the patients had at least one recommendation implemented. Almost half of 

the recommendations consisted of substances of the nervous system, thereby confirming the need for 

PGx in the psychiatric setting in particular. 
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Patients and physicians appreciated the pharmacist-led service. This was previously shown by Haga et 

al. 54, 134, where the majority of patients would recommend a PGx test. Furthermore, more than half of 

the patients were willing to pay the estimated cost for the pharmacist-led PGx service. A similar 

willingness to pay for a pharmacist-led service was observed in a study on Swiss medication reviews 

129.  

The explanation of PGx results, the impact of PGx results on pharmacotherapy, and the life-long validity 

of PGx results are the three types of information that are necessary for the patient 133. A positive side 

effect of our study was that the follow-up interviews conducted by phone one month and more than four 

months after the PGx service reminded the patients of the availability and long-term validity of PGx 

results.  

Limitations 

PGx testing and counseling as well as the follow-up interviews F1 and F2 were conducted by the same 

pharmacist, therefore a social desirability bias cannot be excluded. Moreover, no standardized 

measurements of health literacy were made. Besides, the focus group discussion with four physicians 

was rather small. Finally, no patients and no treating physicians were involved in consensus finding 

because the evaluation of the results requested PGx expertise which could only be provided by members 

of the PGx expert team and otherwise would have overburdened patients and treating physicians.  

Conclusion 

In general, the pharmacist-led service involving PGx panel testing and counseling in the community 

pharmacy is appreciated by patients and physicians. Patients and physicians are able to understand and 

use the PGx recommendations. For PGx counseling, it is crucial to take the patient’s health literacy into 

account during PGx testing and counseling. The yellow-labeled substances on the list of concerned 

substances are prone to trigger an undesirable nocebo effect in the patient, which needs to be respected 

when communicating PGx results to the patient.  
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8. Project B – conclusion 

The case series was beneficial for several reasons. With case reports the underlying mechanisms of drugs 

with the respective genetic variants could be thoroughly investigated. In the course of the case series, it 

was possible to refine the SOP for PGx testing and counseling. Moreover, every single patient case also 

consisted of a learning opportunity for the application of PGx in the real-life setting. The case of TMX 

revealed the added value of a large PGx panel integrated into a medication review and showed the 

complexity of translating PGx results into a recommendation. Currently, PGx panel testing for MTX 

appears to be limited to experts who have the possibility of in-depth pharmacological investigations 

including therapeutic drug monitoring. 

The compiled case reports contributed to the development of a SOP for the pharmacist-led service “PGx 

testing and counseling” in primary care. To conclude, the following can be said: 

• PGx results must be integrated into a pharmacist-led medication review, 

• the application of a PGx panel test offers the possibility to counsel on several drugs, 

• a pharmacist-led service gives opportunity to initiate an interdisciplinary collaboration with 

physicians. 

Although the core part of the SOP for the pharmacist-led service PGx testing and counseling is set up 

in the meantime, slight refinements will continue to be necessary for the future. Examples could be the 

further optimization of the communication to the patients by considering a patient’s health literacy, the 

improvement of the written recommendation to the physician, or the integration of PGx data into the 

electronic health record. Finally, potential future decisions on the legal level might also force adoption 

of the SOP. The pharmacist-led service can therefore be considered as a service constantly evolving by 

receiving regular feedback.  
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Outlook 

1. Project A - Pharmacogenetic information for clinical practice 

A1 - Pharmacogenetic information in Swiss drug labels 

If we start from the fact that health care professionals (HCPs) depend on the drug label (DL) as a 

supportive tool for their therapeutic decision-making and patient counseling in clinical practice, the 

following considerations for the future can be made. 

➢ Considering DLs in general, they need a more structured presentation as well as a more 

standardized language. This is particularly important for facilitating the integration and in 

consequence, the accessibility of corresponding PGx-relevant information. In addition, a more 

structured and standardized presentation of the DL would pave the way for further natural 

language processing of other topics. 

➢ Notably, a specific section on PGx within the DL, as is already the case for the predefined format 

of the FDA DL, could be useful. A specific PGx section would enable efficient identification of 

PGx information, especially for those HCPs who are aware of PGx and seek specific PGx 

information. In the long run, a specific PGx section could also help to increase awareness of the 

topic of PGx.  

➢ Furthermore, the instructions for clinical practice related to PGx must become more explicit. A 

substantial part of DLs includes “actionable” PGx, i.e. information on the influence of a genetic 

variant on drug efficacy or safety is mentioned but without a recommendation for genetic 

testing. In these cases, the consequent handling of HCPs remains difficult and HCPs have good 

reason to ignore the information because of a lack of concrete instructions. 

➢ There is a need for a better transfer of PGx information from guidelines into DLs. To date, most 

HCPs are not aware of clinical guidelines on PGx. Shekani et al. 136 have shown that only 50% 

of actionable PGx information provided in guidelines from DPWG and CPIC are represented in 

the DLs of the FDA and the EMA and thereof only 18% of the DLs were in agreement with the 

guideline. Particularly when taking a more detailed look at the anatomic group N referring to 

the nervous system, there are numerous substances where more information on PGx (e.g. on the 

ABCB1 gene 21, 22) would be helpful for a PGx-guided treatment. 

➢ Also the harmonization of PGx information provided by regulatory agencies needs to improve. 

Koutsilieri et al. 137, 138 are working on the harmonization of guidance on PGx provided by 

regulatory authorities and have issued a call for action: consistency of PGx recommendations 

presented in DLs across the world is crucial for the implementation of PGx testing into clinical 

practice 137, 138. Therefore, regular comparisons and harmonization of the different existing 

guidelines on PGx are important, such as has been effected by Bank et al. 44 for the guidelines 
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of CPIC and DPWG. In this project, the collaboration with experts from PharmGKB proved as 

valuable. In the future, further international collaborations should be repeated in the light of 

harmonization of PGx information on a global level. 

➢ Finally, a fully automatized natural language processing of PGx information in Swiss DLs and 

the subsequent transmission to PharmGKB should be established in the future. For the near 

future, at least a manual update of PGx information in Swiss DLs is necessary.  
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A2 - HLA-associated adverse drug reactions  

Because the summary of the current evidence on HLA alleles showed a still prevailing complexity and 

uncertainty in the field of HLA-associated ADRs, further investigations based on the following 

considerations in relation to HLA-associated ADRs should be set up. 

First, genome-wide association studies (GWAS) can help to assess genetic variants associated with 

ADRs. 

➢ For newly confirmed HLA-associated ADRs, generation of more evidence is needed. In 

addition, the clinical confirmation (if possible, by an independent institution of the HLA-

associated ADR) is crucial. 

➢ For HLA alleles that have been revealed as protective, further exploration is needed. 

➢ For HLA alleles for which no associations to ADRs were demonstrated, an exclusion from 

further systematic analyses is important to receive comprehensible data of good quality and 

validity.  

Second, large prospective multicenter studies need to be set up to capture all genetic variants affecting 

HLA-associated ADRs.  

➢ Studies need to include a large number of participants to get significant values, e.g. positive and 

negative predictive values. 

➢ Studies should ideally be set up on a global level to collect a preferably heterogeneous 

population. 

➢ Consistent definitions for ADRs as suggested by the Phenotype Standardization Project 139 

should be applied. 

➢ A harmonized structure for the reporting of further HLA-associated ADRs (e.g. GWAS and 

their inclusion in larger biobanks) should be aimed for. 

Third, PGx studies analyzing multi-gene haplotypes as well as drug-drug interactions are essential for a 

thorough comprehension and interpretation of the impact of genetic variants. 

Last but not least, publication bias should be broached. As might be the case for flucloxacillin, many 

associations with a low allele prevalence and/or a non-severe ADR are likely not to be reported in the 

literature. To limit publication bias and increase transparency, an evidence-based medicine approach 

should engage all scientists in publishing results of HLA alleles with no associations as well as those of 

low prevalence and/or non-severe ADRs. 

Indeed, HLA-typing does seem to have potential. In the future, testing of HLA alleles should be 

integrated into a panel covering HLA risk alleles associated with ADRs as well as HLA alleles with 

potential protective functions. However, it might be of use not only to create a panel on HLA alleles but 

to integrate it into a large PGx panel with other genes involved in drug metabolism and transport. A 
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meta-analysis by Su et al. 140 of four combined risk alleles for HLA-B*15:01 and CYP2C9 showed 

significant associations with phenytoin-induced adverse skin reactions. The commercial tool 

Stratipharm (by humatrix AG, Germany) also includes HLA risk alleles in their panel besides other 

genes involved in drug response. Both examples show that a combined risk assessment makes sense, 

thereby potentiating the usefulness of pre-emptive PGx testing. For the further development and 

optimization of PGx panels, the algorithms behind the panel could be augmented by artificial 

intelligence.   
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2. Project B - Pharmacogenetic testing of patients with adverse drug reactions 

or therapy failure - development of a standard operating procedure in 

primary care 

For the future of PGx testing and counseling, a few implications for practice are mentioned: 

Medication review enriched with a PGx panel  

The information provided by a PGx panel test should be embedded into a medication review. 

➢ A medication review offers an excellent opportunity for the integration of PGx. By talking to 

the patient and asking concrete questions on the tolerability and efficacy of medication, several 

non-measurable aspects can be assessed to integrate PGx-guided recommendations. A 

medication review enriched with a large PGx panel might soon be implemented in primary care 

as a complex pharmacist-led service. 

➢ In the future, PGx panels should give clear weight to each of the prevailing genetic variants 

thereby showing the respective clinical relevance. This implies the use of algorithms augmented 

by artificial intelligence that consider the relevance of all tested variants in addition to further 

relevant patient data.  

➢ Furthermore, pre-emptive PGx testing should be practiced to provide PGx-guided 

recommendations on co-medication as well as potential future medication, thereby using a 

lifelong valid PGx panel to its full capacity. 

As next steps, further experience with single patient cases shall be gathered, the SOP shall be further 

refined, and at last, a well-chosen implementation strategy for the SOP in primary care shall be set up. 

Furthermore, a prospective study with the defined SOP in a selected patient group, e.g. polypharmacy 

in geriatric patients, should be established. In the long run, also cost-effectiveness for an SOP for PGx 

testing and counseling needs to be investigated. 

PGx - an interdisciplinary discipline 

The implementation of PGx seeks an interdisciplinary approach. Networks for effective exchange and 

collaboration need to be set up and continuously strengthened. 

➢ Because it is difficult to establish therapeutic drug monitoring in primary care, collaboration 

with pharmacologists is essential. The examination of individual patient cases revealed the 

necessity of in-depth knowledge of pharmacokinetics and pharmacodynamics. Pharmacists can 

provide this knowledge. In drugs with sufficient evidence on PGx (e.g. tamoxifen), the 

pharmacist should be able to provide PGx-guided recommendations for therapeutic decision-

making. In drugs with insufficient evidence on PGx (e.g. methotrexate), comprehensive 
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pharmacological knowledge and the ability to establish therapeutic drug monitoring is necessary 

for the application of PGx-guided recommendations. 

➢ Notably, contact between pharmacists and physicians such as general practitioners, 

psychiatrists, rheumatologists, and cardiologists that treat patients who are potentially taking 

substances affected by PGx, should be held regularly (e.g. quality circles). That way, knowledge 

and awareness of PGx can be further developed and exchange can contribute to further learning. 

➢ Furthermore, a regular exchange between pharmacists as PGx providers and stakeholders from 

the commercial PGx test is indispensable to understand the needs and procedures of each other 

and to foster team-based solutions for an efficient application of PGx panel tests in clinical 

practice. 

➢ Further efforts for HCPs to collaborate with information specialists to find digital solutions to 

support pharmacotherapy need to be initiated. With the further progress of digitalization, 

electronic patient dossiers, online tools for PGx education, and electronic health record with 

integrated PGx results can be expected. This will help to accelerate the implementation of PGx 

into clinical practice; however, the applicability of information solutions clearly depends on the 

quality of the teamwork. The natural language processing in project A1 was a promising start 

of a first collaboration between pharmacist and information specialist. However, further 

developments in personalized medicine, such as whole genome sequencing, will bring 

challenges demanding good quality discussions. 

➢ Finally, stakeholders such as regulatory agencies, health insurers, etc. must be addressed to find 

solutions for the regulation and reimbursement of PGx testing and counseling. 

In the end, an interdisciplinary approach also involves the patient. For a successful implementation of 

PGx, a shared decision-making process should be enabled.  

Bringing PGx to the patient  

At the level of the patient, awareness and knowledge on PGx and personalized medicine need to be 

reinforced. 

➢ HCPs need to learn good communication strategies when talking to the patient about a complex 

information concerning PGx. Notably, it is essential to further evaluate how the nocebo effect 

can be minimized during PGx counseling. 

➢ When explaining PGx, it is important to take into account a patient’s health literacy. In the 

future, assessments of PGx understanding related to a patient’s health literacy should be 

initiated. At last, health literacy of patients in general must be further promoted so that they can 

understand and use the advancements in PGx and personalized medicine. 
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By integrating a patient’s PGx profile into therapeutic decision-making, the pharmacist can contribute 

to the optimization of a patient’s pharmacotherapy and thereby facilitate the implementation of 

pharmacogenotyping in primary care. 

  



References 

141 
 

References 

1. Meyer, U.A. Pharmacogenetics - five decades of therapeutic lessons from genetic diversity. Nat Rev Genet. 5, 

669-676 (2004). 

2. Bättig, V.A., Roll, S.C. & Hahn, M.J.P. Pharmacogenetic Testing in Depressed Patients and Interdisciplinary 

Exchange between a Pharmacist and Psychiatrists Results in Reduced Hospitalization Times. (2020). 

3. van der Wouden, C.H., Bank, P.C.D., Özokcu, K., Swen, J.J. & Guchelaar, H.-J. Pharmacist-Initiated Pre-

Emptive Pharmacogenetic Panel Testing with Clinical Decision Support in Primary Care: Record of PGx 

Results and Real-World Impact. Genes. 10, 416 (2019). 

4. Duarte, J.D., et al. Multisite investigation of strategies for the clinical implementation of pre-emptive 

pharmacogenetic testing. Genet Med. 23, 2335-2341 (2021). 

5. Youssef, E., Kirkdale, C.L., Wright, D.J., Guchelaar, H.-J. & Thornley, T. Estimating the potential impact of 

implementing pre-emptive pharmacogenetic testing in primary care across the UK. British Journal of Clinical 

Pharmacology. 87, 2907-2925 (2021). 

6. Bank, P.C., Swen, J.J. & Guchelaar, H.J. A nationwide survey of pharmacists' perception of pharmacogenetics 

in the context of a clinical decision support system containing pharmacogenetics dosing recommendations. 

Pharmacogenomics. 18, 215-225 (2017). 

7. Roederer, M.W., Van Riper, M., Valgus, J., Knafl, G. & McLeod, H. Knowledge, attitudes and education of 

pharmacists regarding pharmacogenetic testing. Per Med. 9, 19-27 (2012). 

8. Hepler, C.D. & Strand, L.M. Opportunities and responsibilities in pharmaceutical care. American Journal of 

Hospital Pharmacy. 47, 533-543 (1990). 

9. Allemann, S.S., et al. Pharmaceutical Care: the PCNE definition 2013. International Journal of Clinical 

Pharmacy. 36, 544-555 (2014). 

10. Thorn, C.F., Klein, T.E. & Altman, R.B. PharmGKB: the Pharmacogenomics Knowledge Base. Methods Mol 

Biol. 1015, 311-320 (2013). 

11. PharmGKB. PharmGKB Drug Label Legend. https://www.pharmgkb.org/page/drugLabelLegend. last access: 

23.05.22 

12. ViiV Healthcare GmbH. Ziagen®. https://compendium.ch/product/77435-ziagen-filmtabl-300-mg/MPro. last 

access: 23.05.22 

13. Mallal, S., et al. Association between presence of HLA-B*5701, HLA-DR7, and HLA-DQ3 and 

hypersensitivity to HIV-1 reverse-transcriptase inhibitor abacavir. Lancet. 359, 727-732 (2002). 

14. Mallal, S., et al. HLA-B*5701 screening for hypersensitivity to abacavir. N Engl J Med. 358, 568-579 (2008). 

15. Bschor, T., Baethge, C., Hiemke, C. & Muller-Oerlinghausen, B. [Genetic tests for controlling treatment with 

antidepressants]. Nervenarzt. 88, 495-499 (2017). 

16. Muller, D.J., et al. [Pharmacogenetics in psychiatry: state of the art]. Nervenarzt. 89, 290-299 (2018). 

17. Bättig, V.A.D.U.S.o.H.E.M.z.S. Master’s Thesis, University of Basel, Basel, Switzerland. (2018). 

18. Zanger, U.M. & Schwab, M. Cytochrome P450 enzymes in drug metabolism: regulation of gene expression, 

enzyme activities, and impact of genetic variation. Pharmacol Ther. 138, 103-141 (2013). 

19. Caudle, K.E., et al. Standardizing terms for clinical pharmacogenetic test results: consensus terms from the 

Clinical Pharmacogenetics Implementation Consortium (CPIC). 19, 215 (2017). 

https://www.pharmgkb.org/page/drugLabelLegend
https://compendium.ch/product/77435-ziagen-filmtabl-300-mg/MPro


References 

142 
 

20. Koren, G., Cairns, J., Chitayat, D., Gaedigk, A. & Leeder, S.J. Pharmacogenetics of morphine poisoning in a 

breastfed neonate of a codeine-prescribed mother. Lancet. 368, 704 (2006). 

21. Uhr, M., et al. Polymorphisms in the drug transporter gene ABCB1 predict antidepressant treatment response 

in depression. Neuron. 57, 203-209 (2008). 

22. Breitenstein, B., et al. ABCB1 gene variants and antidepressant treatment outcome: A meta-analysis. Am J 

Med Genet B Neuropsychiatr Genet. 168b, 274-283 (2015). 

23. de Bakker, P.I.W., et al. A high-resolution HLA and SNP haplotype map for disease association studies in the 

extended human MHC. Nature genetics. 38, 1166-1172 (2006). 

24. Redwood, A.J., Pavlos, R.K., White, K.D. & Phillips, E.J. HLAs: Key regulators of T-cell-mediated drug 

hypersensitivity. HLA. 91, 3-16 (2018). 

25. Watson, J.D. & Crick, F.H.C. Molecular Structure of Nucleic Acids: A Structure for Deoxyribose Nucleic 

Acid. Nature. 248, 765-765 (1974). 

26. Elkin, L.O. Rosalind Franklin and the double helix. Physics Today. 56, 42-48 (2003). 

27. Collins, F.S., Morgan, M. & Patrinos, A. The Human Genome Project: lessons from large-scale biology. 

Science. 300, 286-290 (2003). 

28. Motulsky, A., Yoshida, A. & Stamatoyannopoulos, G. Variants of glucose‐6‐phosphate dehydrogenase. J 

Annals of the New York Academy of Sciences. 179, 636-643 (1971). 

29. European Medicines Agency. ICH Topic E15: Defintions of genomic biomarkers, pharmacogenomics, 

pharmacogenetics, genomic data, sample coding categories. 

https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-15-definitions-genomic-biomarkers-

pharmacogenomics-pharmacogenetics-genomic-data-sample-coding_en.pdf. last access: 23.05.22 

30. Dingermann, T. & Zündorf, I. Stratifizierte Pharmakotherapie: Genetische Grundlagen, praktisches Vorgehen 

(Govi-Verlag, 2017). 

31. Urban, T.J. Race, ethnicity, ancestry, and pharmacogenetics. Mount Sinai Journal of Medicine: A Journal of 

Translational and Personalized Medicine: A Journal of Translational and Personalized Medicine. 77, 133-139 

(2010). 

32. Relling, M.V., et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guidelines for 

Rasburicase Therapy in the Context of G6PD Deficiency Genotype. Clinical Pharmacology & Therapeutics. 

96, 169-174 (2014). 

33. Nkhoma, E.T., Poole, C., Vannappagari, V., Hall, S.A. & Beutler, E. The global prevalence of glucose-6-

phosphate dehydrogenase deficiency: a systematic review and meta-analysis. Blood Cells, Molecules, and 

Diseases. 42, 267-278 (2009). 

34. Dunnenberger, H.M., et al. Preemptive clinical pharmacogenetics implementation: current programs in five 

US medical centers. Annu Rev Pharmacol Toxicol. 55, 89-106 (2015). 

35. Van Driest, S.L., et al. Clinically actionable genotypes among 10,000 patients with preemptive 

pharmacogenomic testing. Clin Pharmacol Ther. 95, 423-431 (2014). 

36. Bank, P.C.D., Swen, J.J. & Guchelaar, H.J. Estimated nationwide impact of implementing a preemptive 

pharmacogenetic panel approach to guide drug prescribing in primary care in The Netherlands. BMC Med. 17, 

110 (2019). 

37. Mega, J.L., et al. Cytochrome p-450 polymorphisms and response to clopidogrel. N Engl J Med. 360, 354-362 

(2009). 

https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-15-definitions-genomic-biomarkers-pharmacogenomics-pharmacogenetics-genomic-data-sample-coding_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/ich-e-15-definitions-genomic-biomarkers-pharmacogenomics-pharmacogenetics-genomic-data-sample-coding_en.pdf


References 

143 
 

38. Russmann, S., et al. Implementation and management outcomes of pharmacogenetic CYP2C19 testing for 

clopidogrel therapy in clinical practice. European Journal of Clinical Pharmacology. 77, 709-716 (2021). 

39. Valeria, C., et al. The need of a multicomponent guiding approach to personalize clopidogrel treatment. 

Pharmacogenomics J. 21, 116-127 (2021). 

40. Lee, C.R., et al. Clinical Pharmacogenetics Implementation Consortium Guideline for CYP2C19 Genotype 

and Clopidogrel Therapy: 2022 Update. Clinical Pharmacology & Therapeutics. 0. 

41. Shah, R.R. & Smith, R.L. Addressing phenoconversion: the Achilles' heel of personalized medicine. Br J Clin 

Pharmacol. 79, 222-240 (2015). 

42. Klomp, S.D., Manson, M.L., Guchelaar, H.J. & Swen, J.J. Phenoconversion of Cytochrome P450 Metabolism: 

A Systematic Review. J Clin Med. 9, (2020). 

43. Whirl-Carrillo, M., et al. Pharmacogenomics knowledge for personalized medicine. Clin Pharmacol Ther. 92, 

414-417 (2012). 

44. Bank, P.C.D., et al. Comparison of the Guidelines of the Clinical Pharmacogenetics Implementation 

Consortium and the Dutch Pharmacogenetics Working Group. Clin Pharmacol Ther. 103, 599-618 (2018). 

45. Royal College of Physicians and British Pharmacological Society joint working party. Personalised prescribing 

- Using pharmacogenomics to improve patient outcomes. 2022. 

46. Khor, A.H.P., et al. HLA-A∗31:01 and HLA-B∗15:02 association with Stevens-Johnson syndrome and toxic 

epidermal necrolysis to carbamazepine in a multiethnic Malaysian population. Pharmacogenetics and 

Genomics. 27, 275-278 (2017). 

47. Sukasem, C., et al. HLA-B (*) 58:01 for Allopurinol-Induced Cutaneous Adverse Drug Reactions: Implication 

for Clinical Interpretation in Thailand. Front Pharmacol. 7, 186 (2016). 

48. Chen, C.B., et al. Risk and association of HLA with oxcarbazepine-induced cutaneous adverse reactions in 

Asians. Neurology. 88, 78-86 (2017). 

49. Roden, D.M., et al. Benefit of Preemptive Pharmacogenetic Information on Clinical Outcome. Clin Pharmacol 

Ther. 103, 787-794 (2018). 

50. Weitzel, K.W., Cavallari, L.H. & Lesko, L.J. Preemptive Panel-Based Pharmacogenetic Testing: The Time is 

Now. Pharm Res. 34, 1551-1555 (2017). 

51. Kroemer, H.K. & Meyer zu Schwabedissen, H.E. A piece in the puzzle of personalized medicine. Clin 

Pharmacol Ther. 87, 19-20 (2010). 

52. Rosskopf, D., Meyer zu Schwabedissen, H.E., Kroemer, H.K. & Siegmund, W. [Pharmacogenomics in routine 

medical care]. Dtsch Med Wochenschr. 135, 133-144 (2010). 

53. Khan, D.A. Pharmacogenomics and adverse drug reactions: Primetime and not ready for primetime tests. J 

Allergy Clin Immunol. 138, 943-955 (2016). 

54. Haga, S.B., Moaddeb, J., Mills, R. & Voora, D. Assessing feasibility of delivering pharmacogenetic testing in 

a community pharmacy setting. Pharmacogenomics. 18, 327-335 (2017). 

55. Bank, P.C.D., et al. A pilot study of the implementation of pharmacogenomic pharmacist initiated pre-emptive 

testing in primary care. Eur J Hum Genet. (2019). 

56. Papastergiou, J., Tolios, P., Li, W. & Li, J. The Innovative Canadian Pharmacogenomic Screening Initiative in 

Community Pharmacy (ICANPIC) study. J Am Pharm Assoc (2003). 57, 624-629 (2017). 

57. Thornley, T., et al. Implementation of a Pharmacogenomic Testing Service through Community Pharmacy in 

the Netherlands: Results from an Early Service Evaluation. Pharmacy. 9, 38 (2021). 



References 

144 
 

58. Caraballo, P., Bielinski, S.J., St. Sauver, J. & Weinshilboum, R.M. Electronic medical record‐integrated 

pharmacogenomics and related clinical decision support concepts. Clinical Pharmacology & Therapeutics. 

102, 254-264 (2017). 

59. Chenoweth, M.J., et al. Global Pharmacogenomics Within Precision Medicine: Challenges and Opportunities. 

Clinical Pharmacology & Therapeutics. 107, 57-61 (2020). 

60. Pirmohamed, M. & Hughes, D.A. Pharmacogenetic tests: the need for a level playing field. Nature reviews 

Drug discovery. 12, 3-4 (2013). 

61. Vandenbroucke, J.P. Case reports in an evidence-based world. 1999; 4: 159-163. 

62. Crown, N., Sproule, B.A., Luke, M.J., Piquette-Miller, M. & McCarthy, L.M. A Continuing Professional 

Development Program for Pharmacists Implementing Pharmacogenomics into Practice. Pharmacy (Basel). 8, 

(2020). 

63. Stäuble, C.K., Jeiziner, C., Hersberger, K.E., Meyer Zu Schwabedissen, H.E. & Lampert, M.L. 

Pharmacogenetics in Pharmaceutical Care-Piloting an Application-Oriented Blended Learning Concept. 

Pharmacy (Basel). 9, (2021). 

64. Van Der Wouden, C., et al. Implementing pharmacogenomics in Europe: design and implementation strategy 

of the Ubiquitous Pharmacogenomics Consortium. 101, 341-358 (2017). 

65. Karas Kuzelicki, N., et al. Pharmacogenomics education in medical and pharmacy schools: conclusions of a 

global survey. Pharmacogenomics. 20, 643-657 (2019). 

66. Bright, D., Worley, M. & Porter, B.L. Patient perceptions of pharmacogenomic testing in the community 

pharmacy setting. Res Social Adm Pharm. (2020). 

67. Liko, I., Lai, E., Griffin, R.J., Aquilante, C.L. & Lee, Y.M. Patients’ Perspectives on Psychiatric 

Pharmacogenetic Testing. Pharmacopsychiatry. 30, 256-261 (2020). 

68. Weinshilboum, R.M. & Wang, L. Pharmacogenomics: Precision Medicine and Drug Response. Mayo Clin 

Proc. 92, 1711-1722 (2017). 

69. van der Wouden, C.H., et al. Assessing the Implementation of Pharmacogenomic Panel-Testing in Primary 

Care in the Netherlands Utilizing a Theoretical Framework. Journal of clinical medicine. 9, 814 (2020). 

70. Haidar, C.-E., Petry, N., Oxencis, C., Douglas, J.S. & Hoffman, J.M. ASHP statement on the pharmacist’s role 

in clinical pharmacogenomics. American Journal of Health-System Pharmacy. 79, 704-707 (2022). 

71. Owusu-Obeng, A., et al. Emerging roles for pharmacists in clinical implementation of pharmacogenomics. 

Pharmacotherapy. 34, 1102-1112 (2014). 

72. Blagec, K., et al. Implementing pharmacogenomics decision support across seven European countries: The 

Ubiquitous Pharmacogenomics (U-PGx) project. 25, 893-898 (2018). 

73. Bundesversammlung der Schweizerischen Eidgenossenschaft. Bundesgesetz über genetische Untersuchungen 

beim Menschen (GUMG) 810.12. https://www.fedlex.admin.ch/eli/cc/2007/131/de. last access: 23.05.22 

74. Schweizerische Gesellschaft für Klinische Pharmakologie und Toxikologie (SGKPT). Liste der gängigen 

pharmakogenetischen Tests, die durch jeden Arzt unabhängig vom Facharzttitel verordnet werden können. 

2016. 

75. pharmaSuisse Schweizerischer Apothekerverband. Gentests in der Apotheke. 

https://www.pharmasuisse.org/de/2088/Gentests-in-der-Apotheke.htm. last access: 23.05.22 

76. Bundesrat, D.S. Verordnung über genetische Untersuchungen beim Menschen (GUMV) 810.122.1. 

https://www.fedlex.admin.ch/eli/cc/2007/132/de. last access: 23.05.22 

https://www.fedlex.admin.ch/eli/cc/2007/131/de
https://www.pharmasuisse.org/de/2088/Gentests-in-der-Apotheke.htm
https://www.fedlex.admin.ch/eli/cc/2007/132/de


References 

145 
 

77. van der Wouden, C.H., et al. Generating evidence for precision medicine: considerations made by the 

Ubiquitous Pharmacogenomics Consortium when designing and operationalizing the PREPARE study. 

Pharmacogenetics and genomics. 30, 131-144 (2020). 

78. Jeiziner, C., et al. Pharmacogenetic information in Swiss drug labels - a systematic analysis. 

Pharmacogenomics J. 21, 423-434 (2021). 

79. Jeiziner, C., Wernli, U., Suter, K., Hersberger, K.E. & Meyer Zu Schwabedissen, H.E. HLA-associated adverse 

drug reactions - scoping review. Clin Transl Sci. 14, 1648-1658 (2021). 

80. Jeiziner C, S.C., Lampert ML, Hersberger KE, Meyer zu Schwabedissen HE. Enriching Medication Review 

with a Pharmacogenetic Profile – A Case of Tamoxifen Adverse Drug Reactions. . Pharmgenomics Pers Med. 

14, 279-286 (2021). 

81. C Jeiziner, H.M.z.S., KE Hersberger, SS Allemann,. Is pharmacogenetic panel testing applicable to low-dose 

methotrexate in rheumatoid arthritis? - a case report Pharmgenomics Pers Med. (2022). 

82. European Commission. A Guideline on Summary of Product Characteristics. 2009. 

83. Ehmann, F., et al. Pharmacogenomic information in drug labels: European Medicines Agency perspective. 

Pharmacogenomics J. 15, 201-210 (2015). 

84. Reis-Pardal, J., Rodrigues, A., Rodrigues, E. & Fernandez-Llimos, F. Comparing cytochrome P450 

pharmacogenetic information available on United States drug labels and European Union Summaries of 

Product Characteristics. Pharmacogenomics J. 17, 488-493 (2017). 

85. Frueh, F.W., et al. Pharmacogenomic biomarker information in drug labels approved by the United States food 

and drug administration: prevalence of related drug use. Pharmacotherapy. 28, 992-998 (2008). 

86. Zineh, I., et al. Availability of pharmacogenomics-based prescribing information in drug package inserts for 

currently approved drugs. Pharmacogenomics J. 4, 354-358 (2004). 

87. Drozda, K., Muller, D.J. & Bishop, J.R. Pharmacogenomic testing for neuropsychiatric drugs: current status of 

drug labeling, guidelines for using genetic information, and test options. Pharmacotherapy. 34, 166-184 

(2014). 

88. Zanger, U.M., Raimundo, S. & Eichelbaum, M. Cytochrome P450 2D6: overview and update on 

pharmacology, genetics, biochemistry. Naunyn Schmiedebergs Arch Pharmacol. 369, 23-37 (2004). 

89. Gaedigk, A., Sangkuhl, K., Whirl-Carrillo, M., Klein, T. & Leeder, J.S. Prediction of CYP2D6 phenotype from 

genotype across world populations. Genet Med. 19, 69-76 (2017). 

90. Shimazawa, R. & Ikeda, M. Pharmacogenomic biomarkers: Interpretation of information included in United 

States and Japanese drug labels. J Clin Pharm Ther. 43, 500-506 (2018). 

91. Giacomini, K.M., et al. Pharmacogenomics and patient care: one size does not fit all. Sci Transl Med. 4, 

153ps118 (2012). 

92. Aggarwal, R., Sharma, M., Modi, M., Garg, V.K. & Salaria, M. HLA-B * 1502 is associated with 

carbamazepine induced Stevens-Johnson syndrome in North Indian population. Hum Immunol. 75, 1120-1122 

(2014). 

93. Chang, C.C., Too, C.L., Murad, S. & Hussein, S.H. Association of HLA-B*1502 allele with carbamazepine-

induced toxic epidermal necrolysis and Stevens-Johnson syndrome in the multi-ethnic Malaysian population. 

Int J Dermatol. 50, 221-224 (2011). 

94. Chen, P., et al. Carbamazepine-induced toxic effects and HLA-B*1502 screening in Taiwan. N Engl J Med. 

364, 1126-1133 (2011). 



References 

146 
 

95. Wang, Q., et al. Association between HLA-B*1502 allele and carbamazepine-induced severe cutaneous 

adverse reactions in Han people of southern China mainland. Seizure. 20, 446-448 (2011). 

96. Kulkantrakorn, K., et al. HLA-B*1502 strongly predicts carbamazepine-induced Stevens-Johnson syndrome 

and toxic epidermal necrolysis in Thai patients with neuropathic pain. Pain Pract. 12, 202-208 (2012). 

97. Tassaneeyakul, W., et al. Association between HLA-B*1502 and carbamazepine-induced severe cutaneous 

adverse drug reactions in a Thai population. Epilepsia. 51, 926-930 (2010). 

98. Shi, Y.W., et al. Association between HLA and Stevens-Johnson syndrome induced by carbamazepine in 

Southern Han Chinese: genetic markers besides B*1502? Basic Clin Pharmacol Toxicol. 111, 58-64 (2012). 

99. Van Nguyen, D., et al. HLA-B*1502 and carbamazepine-induced severe cutaneous adverse drug reactions in 

Vietnamese. Asia Pacific Allergy. 5, 68-77 (2015). 

100. Zheng, Z., Zhong, H., Zhang, Q., Huang, Q. & Wu, H. HLA-B*1502 is associated with aromatic 

anticonvulsant drug-induced cutaneous adverse drug reactions among the Hakka population in China. Journal 

of International Medical Research. 48, 1-9 (2020). 

101. Fontana, R.J., et al. The role of HLA-A*33:01 in patients with cholestatic hepatitis attributed to 

terbinafine. J Hepatol. 69, 1317-1325 (2018). 

102. Nicoletti, P., et al. Drug-Induced Liver Injury due to Flucloxacillin: Relevance of Multiple Human 

Leukocyte Antigen Alleles. Clin Pharmacol Ther. 106, 245-253 (2019). 

103. Pan, C.W., Yu, C.H. & Liao, D.L. Carbamazepine-induced hypersensitivity syndrome in chronic 

schizophrenia. General Hospital Psychiatry. 35, 575.e579-575.e510 (2013). 

104. Nicoletti, P., et al. Association of Liver Injury From Specific Drugs, or Groups of Drugs, With 

Polymorphisms in HLA and Other Genes in a Genome-Wide Association Study. Gastroenterology. 152, 1078-

1089 (2017). 

105. Tonk, E., Gurwitz, D., Maitland-Van Der Zee, A. & Janssens, A.J.T.p.j. Assessment of pharmacogenetic 

tests: presenting measures of clinical validity and potential population impact in association studies. 17, 386 

(2017). 

106. Stäuble, C.K., et al. A Guide to a Pharmacist-Led Pharmacogenetic Testing and Counselling Service in 

an Interprofessional Healthcare Setting. Pharmacy. 10, 86 (2022). 

107. Lee, K.H., Min, B.J. & Kim, J.H. Personal genome testing on physicians improves attitudes on 

pharmacogenomic approaches. PLoS One. 14, e0213860 (2019). 

108. Cicali, E.J., et al. Challenges and lessons learned from clinical pharmacogenetic implementation of 

multiple gene-drug pairs across ambulatory care settings. Genet Med. (2019). 

109. Hayashi, M., Mahmoud, S.H. & Hamdy, D.A. The Efficacy of a Didactic and Case-Based 

Pharmacogenomics Education Program on Improving the Knowledge and Confidence of Alberta Pharmacists. 

Pharmacogenomics and Personalized Medicine. 15, 409-427 (2022). 

110. Sim, S., Lövrot, J., Lindh, J.D., Bergh, J. & Xie, H. Effect of CYP2C19 and CYP2D6 genotype on 

tamoxifen treatment outcome indicates endogenous and exogenous interplay. Pharmacogenomics. 19, 1027-

1037 (2018). 

111. Schroth, W., et al. Breast Cancer Treatment Outcome With Adjuvant Tamoxifen Relative to Patient 

CYP2D6 and CYP2C19 Genotypes. Journal of Clinical Oncology. 25, 5187-5193 (2007). 

112. Leitlinienprogramm-Onkologie. S3-Leitlinie Mammakarzinom Version 4.2. 

https://www.leitlinienprogramm-onkologie.de/home/. last access: 23.05.22 

https://www.leitlinienprogramm-onkologie.de/home/


References 

147 
 

113. National Comprehensive Cancer Network. NCCN Guidelines® Breast Cancer Version 2.2022. 

https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1419. last access:  

114. Goetz, M.P., et al. CYP2D6 Metabolism and Patient Outcome in the Austrian Breast and Colorectal 

Cancer Study Group Trial (ABCSG) 8. Clinical Cancer Research. 19, 500-507 (2013). 

115. Schroth, W., et al. Association between CYP2D6 polymorphisms and outcomes among women with early 

stage breast cancer treated with tamoxifen. JAMA. 302, 1429-1436 (2009). 

116. Kiyotani, K., et al. Significant effect of polymorphisms in CYP2D6 and ABCC2 on clinical outcomes of 

adjuvant tamoxifen therapy for breast cancer patients. Journal of clinical oncology : official journal of the 

American Society of Clinical Oncology. 28, 1287-1293 (2010). 

117. Rae, J.M., et al. CYP2D6 and UGT2B7 genotype and risk of recurrence in tamoxifen-treated breast 

cancer patients. Journal of the National Cancer Institute. 104, 452-460 (2012). 

118. Regan, M.M., et al. CYP2D6 genotype and tamoxifen response in postmenopausal women with 

endocrine-responsive breast cancer: the breast international group 1-98 trial. Journal of the National Cancer 

Institute. 104, 441-451 (2012). 

119. Sanford Health Pharmacogenomics Committee. Submission Request to NCCN Guidelines panel: Breast 

Cancer Panel. 2018. 

120. Goetz, M.P., et al. Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for 

CYP2D6 and Tamoxifen Therapy. Clin Pharmacol Ther. 103, 770-777 (2018). 

121. Early Breast Cancer Trialists’ Collaborative Group Aromatase inhibitors versus tamoxifen in early breast 

cancer: patient-level meta-analysis of the randomised trials. Lancet. 386, 1341-1352 (2015). 

122. Jeong, S., Woo, M.M., Flockhart, D.A. & Desta, Z. Inhibition of drug metabolizing cytochrome P450s 

by the aromatase inhibitor drug letrozole and its major oxidative metabolite 4,4'-methanol-bisbenzonitrile in 

vitro. Cancer chemotherapy and pharmacology. 64, 867-875 (2009). 

123. PharmGKB. Clinical annotations for MTX in Rheumathoid Arthritis. 

https://www.pharmgkb.org/chemical/PA450428/clinicalAnnotation. last access: 23.05.22 

124. Bedoui, Y., et al. Methotrexate an Old Drug with New Tricks. Int J Mol Sci. 20, (2019). 

125. Tanoshima, R., et al. Analyses of Adverse Drug Reactions-Nationwide Active Surveillance Network: 

Canadian Pharmacogenomics Network for Drug Safety Database. J Clin Pharmacol. 59, 356-363 (2019). 

126. Eektimmerman, F., Swen, J.J., Madhar, M.B., Allaart, C.F. & Guchelaar, H.-J. Predictive genetic 

biomarkers for the efficacy of methotrexate in rheumatoid arthritis: a systematic review. The 

Pharmacogenomics Journal. 20, 159-168 (2020). 

127. Singh, J.A., et al. 2015 American College of Rheumatology Guideline for the Treatment of Rheumatoid 

Arthritis. Arthritis & Rheumatology. 68, 1-26 (2016). 

128. Fiehn, C., et al. S2e-Leitlinie: Therapie der rheumatoiden Arthritis mit krankheitsmodifizierenden 

Medikamenten. Zeitschrift für Rheumatologie. 77, 35-53 (2018). 

129. Messerli, M., Vriends, N. & Hersberger, K.E. Humanistic outcomes and patient acceptance of the 

pharmacist-led medication review "Polymedication Check" in primary care in Switzerland: a prospective 

randomized controlled trial. Patient preference and adherence. 12, 1071-1078 (2018). 

130. Lee, C.I., et al. Tamoxifen-induced severe hot flashes and endoxifen levels: is dose reduction a safe and 

effective strategy? Breast. 46, 52-57 (2019). 

https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1419
https://www.pharmgkb.org/chemical/PA450428/clinicalAnnotation


References 

148 
 

131. Sestak, I., et al. Relationships between CYP2D6 phenotype, breast cancer and hot flushes in women at 

high risk of breast cancer receiving prophylactic tamoxifen: results from the IBIS-I trial. Br J Cancer. 107, 

230-233 (2012). 

132. Elchynski, A.L., et al. Determining the potential clinical value of panel-based pharmacogenetic testing in 

patients with chronic pain or gastroesophageal reflux disease. The Pharmacogenomics Journal. 21, 657-663 

(2021). 

133. Haga, S.B., Mills, R. & Bosworth, H. Striking a balance in communicating pharmacogenetic test results: 

Promoting comprehension and minimizing adverse psychological and behavioral response. Patient Education 

and Counseling. 97, 10-15 (2014). 

134. Haga, S.B., et al. Patient experiences with pharmacogenetic testing in a primary care setting. 

Pharmacogenomics. 17, 1629-1636 (2016). 

135. Haga, S.B., Warner, L.R. & O'Daniel, J. The potential of a placebo/nocebo effect in pharmacogenetics. 

Public Health Genomics. 12, 158-162 (2009). 

136. Shekhani, R., Steinacher, L., Swen, J.J. & Ingelman‐Sundberg, M. Evaluation of current regulation and 

guidelines of pharmacogenomic drug labels: opportunities for improvements. Clinical Pharmacology & 

Therapeutics. 107, 1240-1255 (2020). 

137. Koutsilieri, S., Tzioufa, F., Sismanoglou, D.-C. & Patrinos, G.P. Unveiling the guidance heterogeneity 

for genome-informed drug treatment interventions among regulatory bodies and research consortia. 

Pharmacological Research. 153, 104590 (2020). 

138. Koutsilieri, S., Tzioufa, F., Sismanoglou, D.-C. & Patrinos, G.P. Towards harmonizing guidance for 

genome-informed drug treatment interventions: The show must go on. Pharmacological research. 158, 104839 

(2020). 

139. Pirmohamed, M., Aithal, G.P., Behr, E., Daly, A. & Roden, D. The phenotype standardization project: 

improving pharmacogenetic studies of serious adverse drug reactions. Clin Pharmacol Ther. 89, 784-785 

(2011). 

140. Su, S.C., et al. HLA Alleles and CYP2C9*3 as Predictors of Phenytoin Hypersensitivity in East Asians. 

Clin Pharmacol Ther. 105, 476-485 (2019). 

141. Jeiziner, C., Meyer zu Schwabedissen, H.E., Hersberger, K.E., Allemann, S.S. Pharmacogenetic testing 

and counselling in the community pharmacy: mixed-methods study of a new pharmacist-led service. Int J Clin 

Pharm (2023). https://doi.org/10.1007/s11096-023-01596-8 

  



Appendix 

149 
 

Appendix 

PROJECT A1 ............................................................................................................................................................ 150 

Project A1 - Supplementary Figure 1 .................................................................................................................150 

Project A1 - Supplementary Figure 2 .................................................................................................................151 

Project A1 - Supplementary Figure 3 .................................................................................................................152 

PROJECT A2 ............................................................................................................................................................ 153 

Project A2- Supplementary Figure 1: Search string Embase ............................................................................153 

Project A2 – Supplementary Figure 2: Search string Pubmed ..........................................................................154 

PROJECT B1 ............................................................................................................................................................ 158 

Project B1 – Ethics approval ..............................................................................................................................158 

Project B1 – Case report form ............................................................................................................................161 

Project B1 – Form for polymedication check .....................................................................................................168 

Project B1 – Form for PGx anamnesis ...............................................................................................................169 

Project B1 – Form for laboratory .......................................................................................................................171 

Project B1 – Stratipharm SNPs and annotations ..............................................................................................172 

Project B1 – Template for written recommendation ........................................................................................174 

PROJECT B4 ............................................................................................................................................................ 178 

Project B4 – Guide follow-up interview 1 ..........................................................................................................178 

Project B4 – Guide follow-up interview 2 ..........................................................................................................182 

Project B4 – Guide for focus group discussion ..................................................................................................187 

Project B4 – Transcript focus group discussion .................................................................................................191 

  



Appendix 

150 
 

Project A1 

Project A1 - Supplementary Figure 1 

 

  



Appendix 

151 
 

Project A1 - Supplementary Figure 2 

 

  



Appendix 

152 
 

Project A1 - Supplementary Figure 3 

 

  



Appendix 

153 
 

Project A2 

Project A2- Supplementary Figure 1: Search string Embase 

  



Appendix 

154 
 

Project A2 – Supplementary Figure 2: Search string Pubmed 

 

 

  



Appendix 

155 
 

 

 

 

  



Appendix 

156 
 

 

 

 

  



Appendix 

157 
 

 

  



Appendix 

158 
 

Project B1 

Project B1 – Ethics approval 

  



Appendix 

159 
 

 

  



Appendix 

160 
 

  



Appendix 

161 
 

Project B1 – Case report form 

  



Appendix 

162 
 

 

  



Appendix 

163 
 

 

  



Appendix 

164 
 

 

  



Appendix 

165 
 

 

  



Appendix 

166 
 

 

  



Appendix 

167 
 

 

  



Appendix 

168 
 

Project B1 – Form for polymedication check 

 

  



Appendix 

169 
 

Project B1 – Form for PGx anamnesis 

 

  



Appendix 

170 
 

 

  



Appendix 

171 
 

Project B1 – Form for laboratory 

 

  



Appendix 

172 
 

Project B1 – Stratipharm SNPs and annotations 

 

  



Appendix 

173 
 

 

  



Appendix 

174 
 

Project B1 – Template for written recommendation 

 

  



Appendix 

175 
 

 

  



Appendix 

176 
 

 

  



Appendix 

177 
 

 

  



Appendix 

178 
 

Project B4 

Project B4 – Guide follow-up interview 1 

 



Appendix 

179 
 

 

  



Appendix 

180 
 

 

  



Appendix 

181 
 

 

  



Appendix 

182 
 

Project B4 – Guide follow-up interview 2 

 

  



Appendix 

183 
 

 

  



Appendix 

184 
 

 

  



Appendix 

185 
 

 

  



Appendix 

186 
 

 

  



Appendix 

187 
 

Project B4 – Guide for focus group discussion 

  



Appendix 

188 
 

 

  



Appendix 

189 
 

 

  



Appendix 

190 
 

 

  



Appendix 

191 
 

Project B4 – Transcript focus group discussion 

 

Transkript Fokusgruppe Ärzte: Pharmakogenetische Analyse 

 

Datum: 12.04.21 

Ort: Online, Zoom-Meeting 

Dauer: 56 Minuten 

Teilnehmer:  

- Moderator: Doktorandin, Pharmazeutin C.J.  

- Arzt 1: Psychiater, T.J. 

- Arzt 2: Rheumatologin, P.E. 

- Arzt 3: Hausärztin, S.B. 

- Arzt 4: Hausarzt, P.T. 

- Beobachter 1: Studienleiter, Professor K.H. 

- Beobachter 2: Pharmakologin, Professorin H.M.z.S.  

- Beobachter 3: Masterstudentin Pharmazie, S.M 

 

Moderator: Dann möchte ich schon einmal starten mit der Begrüssung. Herzlich willkommen zu 

dieser Fokusgruppendiskussion zum Thema pharmakogenetische Analyse. Es freut uns sehr, dass ihr 

euch jetzt alle bereit erklärt habt, mitzumachen. Ich starte gerade mit der Begrüssung. Und zwar stelle 

ich uns noch einmal kurz vor: Ich bin C.J., wir haben auch schon per Mail Kontakt gehabt. Meistens... 

Ich bin jetzt Doktorandin im dritten Jahr und beschäftige mich da mit dem Thema Pharmakogenetik. 

Ich werde sie jetzt dann auch durch die Diskussion leiten und dort gerade die erste Frage: Ist es in 

Ordnung, wenn ich Dialekt rede? (nicken der Ärzte) Gut. Dann mache ich gerade weiter. Ich würde 

auch gerne die anderen, die hinter der Kamera sind und vom Forschungsteam sind, kurz vorstellen. 

Das ist zum einen Professor K.H., er ist Leiter der Pharmaceutical Care Research Group und unter 

anderem auch Leiter von der Studie, von der Beobachtungsstudie, die wir da machen. Dann haben wir 

auch die Professorin H.M.z.S, sie ist Pharmakologin und sie ist Leiterin von der Biopharmazie, von 

der Biopharmaziegruppe am pharmazeutischen Departement von der Uni Basel. Mit ihr kollaborieren 

wir sehr eng in dem Thema Pharmakogenetik. Dann ist da auch noch die S.M., das ist aktuell die 

Masterstudentin bei mir. Da gerade schon mal einen grossen Dank, sie wird dann die Daten auch alle 

aufarbeiten, transkribieren und dann auswerten. Genau. Ja, jetzt würde ich euch kurz bitten, euch ganz 

kurz vorzustellen, am besten mit Name, Funktion, und vielleicht was dann auch interessant ist, wie 

viel von den pharmakogenetischen Fällen Ihr circa schon abgehandelt habt. Also ich mache kurz ein 

Beispiel: Ich bin die C.J., ich bin Apothekerin und habe jetzt schon im Rahmen der 

Beobachtungsstudie circa 67 Fälle abgehandelt. Genau. Vielleicht bevor wir zur Vorstellungsrunde 

kommen, noch einen kurzen Hinweis: Im Zoom gibt es die Funktion, dass man oben rechts unter 

Ansicht oder View, die Galerieansicht anwählen kann. Und im Rahmen der Diskussion ist es sehr 

empfehlenswert, damit man dann auch alle Gesichter sieht. Genau. Ja, wer würde gerne kurz starten?  

 

Arzt 1: Ja, ich kann sonst gerade starten.  

 

Moderator: Ja, sehr gerne. 

 

Arzt 1: Mein Name ist T.I. Ich bin Psychiater, Chefarzt von der Psychiatrie im [...] bei den Spitälern 

[...], also Hauptsitz hier in [...]. Überwiesen in die Studie habe ich glaube drei Patienten, wenn es mir 

Recht ist. Wir sind ja ausserregional, das hat nachher dazu geführt, dass nicht mehr ganz alle 
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teilnehmen konnten. Bedarf hätten wir einen höheren gehabt, das wäre sehr beliebt gewesen bei 

unseren Patientinnen und Patienten. Wir haben aber auch schon mit anderen Anbietern und Labors 

zusammengearbeitet und haben deswegen natürlich mehr Erfahrung.  

 

Moderator: Danke.  

 

Arzt 2: Mein Name ist P.E., ich bin Rheumatologin in der Praxis und bin eigentlich durch S.B. darauf 

gestossen, auf die pharmakogenetische Abklärung. Sie stellt sich dann unten auch noch vor. Ehm, ich 

habe, ich weiss gar nicht wie viele, ich würde jetzt mal schätzen ungefähr 15 überwiesen, maximal.  

 

Moderator: Ja, es waren noch mehr. 

 

Arzt 2: Ah, noch mehr? (Lachen) 

 

Moderator: Ja, noch mehr. (Lachen) 

 

Arzt 2: Waren sehr spannende Rückmeldungen gekommen. Ja, nachher können wir noch ein paar 

Sachen diskutieren, denke ich.  

 

Moderator: Sehr gerne, danke.  

 

Arzt 3: Mein Name ist S.B.. Ich bin Hausärztin in [...] und ich weiss auch nicht wie viele ich schon 

eingeschleust habe, aber einige. Ja.  

 

Moderator: Jawoll, sehr gut. Ja, vielen Dank. Deshalb ist es auch interessant für uns, wenn wir dann 

so eine Diskussion starten können. Genau, vielleicht bevor wir starten noch kurz ein paar Spielregeln. 

In so einer Diskussion ist es wichtig, dass man einen Rahmen hat. Grundsätzlich empfehle ich, das 

Mikrofon gerade angeschaltet zu lassen, dann kann man auch direkt reinsprechen. Die Kamera ist 

schon an, Soundcheck ist schon gemacht. Die Mitglieder von der Forschungsgruppe, welche ich 

vorgestellt habe, bleiben grundsätzlich im Hintergrund. Die würden nur intervenieren, wenn es 

notwendig ist. Jede Meinung zählt. Für uns ist jedes Feedback wertvoll und da gibt es kein Richtig und 

kein Falsch. Und ich versuche auch zu schauen, dass jeder einmal zu Wort kommt. Es kann sein, dass 

ich dann vielleicht sogar einmal unterbreche. Natürlich ist das ganze vertraulich. Die Diskussion wird 

aufgenommen. Das wird dann transkribiert und dann wird die Aufnahme gelöscht. Das zu den 

Spielregeln und vom Rahmen her: Es ist so, dass wir eine Stunde eingeplant haben und wir versuchen 

uns auch an den Rahmen dieser Stunde einzuhalten. Wir haben grundsätzlich drei Themen, die wir mit 

euch gerne besprechen möchten. Und jeweils einleitend machen wir eine kurze Umfrage im Zoom. 

Das ist so ein Fragetool, das es gibt. Das erkläre ich dann gerade, wenn es so weit ist. Genau, gut. 

Dann würde ich gerade mit dem ersten Themenblock starten: 

 

Ich schaue dort gerade noch einmal, jawoll. Genau. Und hier geht es um das Empfehlungsschreiben, 

wo wir auch immer an Sie richten. Und dort ist es jetzt, dass hat sich im Laufe der Zeit immer wieder 

angepasst, haben wir immer wieder angepasst, haben wir es immer wieder versucht zu optimieren. 

Und der aktuelle Aufbau ist eigentlich so, dass wir kurz die Medikamente aufführen, nochmals die 

Fragestellung machen, dann die Resultate präsentieren. Und für diese Resultate haben wir da eine 

Legende gemacht, neuerdings mit einem Farbcode. Der lehnt sich eigentlich grösstenteils an das 

Ampelsystem von Stratipharm an, mit der zusätzlichen hellgrünen Farbe, wo Stratipharm rein gar 

keine Aussage machen kann. Und das haben wir noch wichtig gefunden, dass wir das auch so darlegen 
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können. Dann beurteilen wir Interaktionen und geben das dann natürlich auch am Schluss in Textform 

wieder. Das ist soweit an sich bekannt, und dann vielleicht hier nochmals kurz: Dort ist immer am 

Anfang eine Übersicht von den betroffenen Genen. Das sagt dann vielleicht auf den ersten Blick noch 

nicht so viel, aber deshalb gibt es dann die detaillierte Beurteilung, wo dann bei jedem Wirkstoff steht, 

welches Gen jetzt dort involviert ist und ist das grün oder ist das eben vielleicht gelb, orange oder 

sogar rot kategorisiert. Ja, ich möchte dort nicht zu sehr ins Detail gehen und schon zur ersten Frage 

kommen: 

 

Und zwar möchten wir gerne ein bisschen abholen, wie übersichtlich Sie die Darstellung des 

Empfehlungsschreibens auf einer Skala von eins bis zehn finden. Wenn eins überhaupt nicht 

übersichtlich und zehn voll und ganz übersichtlich ist. Dazu würde ich gerade so eine Umfrage 

lancieren. Ehm, da poppt jetzt bei Ihnen ein Fenster auf und dann können Sie gerade, also dann auch 

hinunterscrollen bis zur zehn und dann können Sie gerade dort teilnehmen. Ich lasse Ihnen gerade ein 

paar Sekunden Zeit. Genau. Vielen Dank. Also, dann sehen wir das so: Es ist zweimal bei sieben 

gelandet und einmal bei zehn. Ja, dann möchte ich das gerne so in die Runde werfen. Ehm, was stört 

dann?  

 

Arzt 1: Also ich hätte jetzt vielleicht weniger gesagt, dass etwas stört, sondern dass die Problematik 

ist, dass Ihr etwas Hochkomplexes darstellen müsst. Also ich sehe dort das Problem und ich hätte jetzt 

von dem her auch nicht genau Tipps, wie man es vereinfachen kann. Aber sehr viel komplexe 

Information.  

 

Moderator: Ja, das wäre gerade die nächste Frage gewesen, ob es vielleicht eine 

Verbesserungsmöglichkeit gibt. Jetzt, wenn wir versuchen, das Empfehlungsschreiben möglichst 

kompakt zu machen... Gibt es da vielleicht noch einen anderen Input?  

 

Arzt 2: Also ich finde es eigentlich im grossen und ganzen schon gut dargestellt. Also das man zuerst 

kurz informiert wird, wo die Probleme sind, bei dem Medikamentenabbau etc., Stoffwechsel. Zum 

Teil bei den Empfehlungen, wenn natürlich mehrere Wirkstoffe, oder aus verschiedenen Gruppen 

geprüft werden, wie zum Beispiel noch ein Magenschutz und so weiter, dann denke ich, muss man je 

nach dem aufpassen, dass man nicht noch zu viel Information einpackt bezüglich den Empfehlungen.  

 

Moderator: Mhm. Also bei den Empfehlungen haben wir es grundsätzlich immer so gehalten, dass 

wir es nach Indikation zuordnen. Also oben die Tabelle und unten den Text. Und dann gibt es bei 

gewissen Medikamenten Wirkstoffe , welche dann noch zusätzlich sind oder in Reserve und so und 

das ist dann meistens einfach «andere Medikamente». Das haben wir jetzt so abgehandelt. Mhm. 

Genau.  

 

Arzt 2: Aber ich denke auch, dass es relativ schwierig ist, da (lacht) eine optimale Darstellung zu 

machen, weil es wirklich kompliziert ist.  

 

Moderator: Mmm, ja. 

 

Arzt 2: Und man (versucht), möglichst viel Information auf möglichst wenig Papier darzustellen.  

 

Moderator: Ja, grundsätzlich ist und das bewusst, dass es komplexe Information ist und deshalb 

haben wir auch immer versucht, dass zu optimieren. Im Moment ist es circa, je nach Patient natürlich 
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auch, ist es um drei bis fünf Seiten und da vielleicht kann ich schon überleiten zur nächsten Frage: Wie 

angemessen ist der Umfang? Oder, ich lanciere hier auch gerade wieder eine Umfrage. 

 

Beobachter 1: Darf ich mich vielleicht hier ganz kurz einmischen. Und vielleicht ist eben auch ein 

Aspekt, dass wir in den Empfehlungen einerseits die aktuelle Therapie drin haben, dann vielleicht eine 

Therapie, die früher Probleme gemacht hat, aber wir gehen auch in die Zukunft und machen 

preemptive. Und das gibt natürlich immer mehr. Das wäre vielleicht dann noch eine Zusatzfrage, wie 

sehr das preemptive, wo wir irgendetwas annehmen: vielleicht kommt dort irgendwann mal ein Opiat 

bei der Person auch zum Spiel, aber heute ist es ja gar kein Thema, ob das zu viel des Guten ist... ? 

 

Moderator: Ja genau. Also ich glaube das ist eine gute Überleitung zur nächsten Frage: Der Umfang, 

wo jetzt mit den drei bis fünf Seiten, wie angemessen finden Sie das jetzt auf einer Skala von eins bis 

zehn mit diesen drei bis fünf Seiten, je nach Patient? 

 

Arzt 1: Kann man auch Halbpunkte wählen? (lacht)  

 

Moderator: Ja das ist dann schwierig, oder... (lacht) Am besten ist dann, wenn man es aufrundet. 

(lacht)  

 

Arzt 2: Mhm.  

 

Moderator: Genau, vielen Dank. Dann beenden wir das schon. Okay, also es wird sicher eher 

tendenziell als angemessen angeschaut und klar gibt es immer Kürzungsbedarf. Oder.. Vielleicht, was 

für uns sicher noch wichtig ist zu wissen, welche Abschnitte sind für Sie jetzt überhaupt relevant? 

 

Arzt 3: Also für mich ist relevant, welche Substanzen überhaupt nicht empfohlen sind. Also dort wo 

man sieht, Achtung das ist ganz eine schwierige Verstoffwechselung. Und manchmal ist es ein 

bisschen problematisch, wenn steht, welche Stoffe empfohlen sind, wenn es nicht gerade das trifft, 

was die aktuelle Fragestellung ist, aber ich denke, so wie der K.H. gesagt hat, manchmal ist es halt 

dann in der Zukunft doch relevant, dass diese Substanzen aufgelistet sind. Also das sind die Themata, 

wo wir in der Sprechstunde dann sehr eingehend zusammen anschauen, der Patient und ich.  

 

Moderator: Mhm. Ja, vielen Dank. Ja, ich denke das mit dem preemptive oder das man in die Zukunft 

schaut... Also da schauen wir, da fragen wir nochmals beim Patienten nach, welche Medikamente sind 

ein Thema, wenn Sie Schmerzen haben, oder gibt es mit dem Schlaf und da, da kommt dann doch 

noch einiges an den Tag an Substanzen, wo schon einmal eingenommen worden sind, oder es eben 

auch sein könnte, dass es mal ein Thema wird. Genau.  

 

Arzt 1: Wenn ich so schaue, was Patienten vor allem interessiert, dann ist halt die Frage, also da sehe 

ich vor allem Personen mit Therapieresistenz, wo in der Regel 11 Antidepressiva gehabt haben, vier 

Stimmungsstabilisatoren und ein Stimulans und dann ist natürlich die Hauptfrage, was könnte helfen. 

Und dort mehr Unterstützung zu haben, dass man das probiert mit einer höheren Wahrscheinlichkeit, 

dass macht natürlich sehr viel Sinn. Sie sind aber auch immer sehr interessiert daran, 

zurückzuschauen, zum Schauen warum etwas nicht helfen konnte. Dort habe ich auch gemerkt, dass es 

die Leute sehr entlastet, wenn sie nachher ein Muster sehen, wo für sie nachvollziehbar ist.  

 

Moderator: Mhm. 
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Arzt 1: Bei mir ist es ja genauso gewesen. Paroxetin hat nicht gewirkt und jetzt weiss ich vielleicht ein 

bisschen mehr, warum.  

 

Moderator: Ja... 

 

Arzt 1: Wenn ich es den Leuten anpreise, in Anführungs- und Schlusszeichen, dann gebe ich auch 

immer den Hinweis, dass wird Ihnen aber auch Hinweise geben für die Zukunft, vielleicht auch für 

andere Medikamente. Also von dem her, schätze ich das sehr, dass die Leute dort eigentlich auch 

Hilfsmittel haben, wie sie vielleicht auch bei zukünftigen medizinischen Problemen bessere 

Entscheidungsgrundlagen haben.  

 

Arzt 2: Mhm.  

 

Arzt 1: Ich finde daher, es braucht viel Information. Also ich denke, wenn man es nachher auch schon 

macht, dann sollte man auch das Maximum herausholen können. Ich hätte jetzt 8.5 gegeben vom 

Umfang her.  

 

Moderator: Jawoll. 

 

Arzt 1: Wenn man jetzt mehr in die Breite gehen würde und jetzt wirklich Wald und Wissens- 

Psychiater und Psychiaterinnen anschauen würde, für die wäre es jetzt vielleicht effektiv ein bisschen 

zu viel. Dort wäre dann vielleicht eine bisschen kondensiertere Version gut. 

 

Moderator: Mhm.  

 

Arzt 1: Und eben auch gerade so mit indermediate metabolizer, also in diese muss man ja wie so ein 

bisschen hineinkommen und darum ist es nachher gerade sehr viel Information.  

 

Moderator: Mhm, ja ich denke, dass sind sehr viele wichtige Punkte, welche Sie jetzt dort 

ansprechen, Herr T.I., und also zum einen macht es sicher Sinn, wenn man das Pannel schon hat, dass 

man in die Vergangenheit und in die Zukunft schaut. Und, ehm, dass es eben auch beides, wirklich 

beides, dem Patienten helfen kann. Und natürlich, dass ist uns bewusst, dass ist dann auch noch eine 

Frage, die wir gerne fragen möchten, einfach das interdisziplinär Setting, die Kommunikation, das 

muss gegeben sein, sonst kann ein Arzt dann vielleicht auch Nichts mit so einem 

Empfehlungsschreiben anfangen. Genau. 

 

Arzt 2: Was noch wichtig ist, dass was wir natürlich machen, dass wir dem Patienten auch sagen, dass 

auch wenn die pharmakogenetische Toleranz da sein sollte, heisst das noch lange nicht, dass er nicht 

trotzdem Nebenwirkungen bei irgendwas machen kann. Das ist dann immer so, noch ein bisschen 

schwierig, oder... Und gleichzeitig, wenn es eben gelb ist, könnte man es sicher trotzdem einmal 

probieren als Option. Oder... Das heisst ja jetzt nicht, dass man das nicht einsetzten dürfte.  

 

Moderator: Ja genau. Also zu den gelben Substanzen komme ich auch noch darauf zurück. Und, ja, 

das ist sicher so , dass muss man immer wieder klar kommunizieren, dass es ein Teil der 

Nebenwirkungen erklären kann oder der Nichtwirkung, dass es aber nur ein Puzzleteil ist. Das da, 

auch viele andere, das haben wir immer wieder auch mit Allergien, dass man das den Patienten 

erklären muss, dass wir eine allergische Reaktion nicht im pharmakogenetischen Profil voraussehen 

können. Ja, jetzt im Zusammenhang mit dem Empfehlungsschreiben, mit drei bis fünf Seiten, ist für 
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uns natürlich auch die Frage im praktischen Alltag, Wie viel Zeitaufwand müssen Sie jetzt dafür 

aufwenden, dass Sie die Änderungen, dass Sie das Empfehlungsschreiben, dass Sie sich damit 

auseinandersetzten können? Da starte ich auch gerade kurz eine Umfrage.  

 

Arzt 1: Also nur das Empfehlungsschreiben, oder das ganze Paket, wo Ihr schickt? 

 

Moderator: Ja, es ist jetzt Fokus auf das Empfehlungsschreiben. Sie müssen ja dies zuerst lesen und 

sich mit dem auseinandersetzten. Ja, eigentlich Fokus auf das Empfehlungsschreiben, weil sie haben ja 

nachher auch noch eine Konsultation mit dem Patienten und das jetzt mal aussen vor. Also wirklich 

wie viel Zeit brauchen Sie beim Empfehlungsschreiben. Ich lanciere das gerade...  

 

Genau, super. So präsentieren sich die Resultate: Genau, ich sehe gerade, dass Herr P.T. noch gerade 

dazu gestossen ist. Guten Abend, schön konnten Sie sich auch noch Zeit nehmen. Ich mache einfach 

immer wieder eine Umfrage im Zoom und dann wird die Diskussion lanciert. Genau, also ich sehe die 

Mehrheit ist so zwischen 11 und 20 Minuten. Vielleicht die erste Frage, was ist das zeitaufwändige, ist 

es, wenn man jetzt so ein Empfehlungsschreiben liest?  

 

Arzt 1: Ehhm... Es ist eine hohe Komplexität und ich muss danach innerlich auch immer den Abgleich 

machen mit der Patientin oder dem Patient. So dass ich das wie innerlich überprüfen muss. Ehm und 

es ist die Vorbereitung auf das Patientengespräch natürlich.  

 

Moderator: Jawoll.  

 

Arzt 1: Also es ist daher schon aufwändig neben Befunde, wie EEG- und MRI-Befunde. Aber es ist 

natürlich schon gerechtfertigt, weil es eben keine Routineuntersuchung ist.  

 

Moderator: Mhm. Also würden Sie sagen, dass es gut investierte Zeit ist? 

 

Arzt 1: Ja und eben auch die Leute, die ich schicke, die haben nicht drei Antidepressiva probiert. Dort 

wäre ich wesentlich schneller.  

 

Moderator: Ja, das ist klar. Es kommt dann auch auf das Patientenbild drauf an und meistens handelt 

es sich dort auch um komplexe Fälle.  

 

Ja, wenn ich vielleicht eine weitere Frage in die Runde werfen kann, wie umsetzbar sind die 

Empfehlungen im praktischen Alltag? Welche Sie jetzt so bekommen...  

 

Arzt 2: Also ich denke, also für mich als Rheumatologin sind sie eigentlich gut umsetzbar, das 

einzige, dass mir aufgefallen ist, dass bei niemandem Methotrexat als verträglich empfunden ist 

(lacht). Also dort gibt es immer irgendwas, dass nicht funktioniert und das schränkt mich ein bisschen 

ein, da fange ich langsam ein bisschen an zu zweifeln... Ich weiss, dass viele Leute Probleme haben 

mit Methotrexat, aber dass es praktisch mit niemanden funktionieren soll... Das hat mich ein bisschen 

irritiert. Ja... 

 

Moderator: Mhm, das ist uns auch schon aufgefallen, um nur kurz auf das zu kommen und da ist 

natürlich jetzt die Frage: Ist es jetzt das Patientensetting, wo eben diese Unverträglichkeiten vorweist, 

oder ist es die schwierige und komplexe Genetik des Methotrexats? 
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Arzt 2: Ja. 

 

Moderator: Was halt auch einiges vorweist. Ja, aber das ist eine offene Frage. Ja... (lacht) Mhm. 

 

Arzt 3: Für mich als Internistin, ich muss einfach, wenn ich die Empfehlungen anschaue, muss ich 

immer schauen, was steht jetzt gerade im Vordergrund, so dass ich nachher meine Anpassungen 

vornehmen kann. Meistens versuche ich nicht gerade alles umzusetzen, sonst kann ich auch keinen 

Verlauf mehr beurteilen.  

 

Moderator: Ja, das ist klar.  

 

Arzt 4: Also es ist auf jeden Fall sehr hilfreich, ist sehr ausführlich. Ich habe viele Patienten gehabt, 

wo vielleicht eher im Schmerzmittel-/Psychopharmaka- Bereich ihre Probleme hatten. Und ich war 

dann fast ein bisschen verloren, dann muss man, dann hat man ja fast eine A4-Seite mit Substanzen, 

wo man kann oder nicht brauchen kann. Wo ich mich gefragt habe, Umsetzbarkeit bei so einem 

Patient, gäbe es dort, gäbe es dort irgendeine App, wo die Daten drin wären, und dann könnte ich 

irgendetwas eingeben, z.B Methotrexat oder, und dann leuchtet es auf oder nicht, oder ehm es ist von 

der Umsetzbarkeit eigentlich super gewesen, weil man endlich Schwarz auf Weiss etwas festes hat, 

aber auch eine riesige Information an Daten, habe ich gefunden, und meistens am Schluss bei den 

Menschen, das geht vielleicht ein bisschen in das hinein, was P.E. gesagt hat, das was sie dann 

eigentlich vertragen, ist eigentlich noch auf einem kleinen Ort und vieles ist dann plötzlich irgendwie 

leicht gelb oder rötlich und umgekehrt sind dann Sachen auf einmal super verträglich, wo man denkt, 

die müssten eigentlich nicht verträglich sein. (Telefon klingelt) 

 

Moderator: Ja klar, dass ist, also das mit der A4-Seite «Liste der betroffenen Wirkstoffe», das ist 

natürlich immer noch eine analoge oder sehr statische Sache. Wenn man jetzt den Zugang zu der 

Stratipharmsoftware nicht hat... Und das ist natürlich sehr wünschenswert, dass es dann irgendwo in 

einer elektronischen Version eingespeist werden kann. Dass das nicht nur eine einmalige Sache bleibt, 

sondern, dass auch in Zukunft immer wieder darauf zurückgegriffen werden kann. Genau... 

 

Arzt 1: Eine Empfehlung im Kernbereich, wo es mir darum geht, bei den Antidepressiva, die 

erschienen mir sehr hilfreich, sehr genau das, was ich eigentlich gesucht habe. Manchmal hat es 

noch... also eigentlich ein Fall, nicht manchmal, (lacht) hat es noch Empfehlungen gehabt bezüglich 

einer Schlafmedikation, wo nachher Leitlinien ins Spiel kamen. Und das habe ich dann eine komische 

Vermischung gefunden, weil bei therapieresistenten Patienten sind die therapeutischen Leitlinien 

schon immer ausgeschöpft. Also da ist man weit... (lacht) 

 

Moderator: Ja, das ist... Ja, danke für die Rückmeldung. Das war uns wahrscheinlich dort gar nicht so 

bewusst gewesen, dass man dort die Guidelines eher im Hintergrund lässt. Genau..  

 

Arzt 1: Mhhm.  

 

Moderator: Mhhm... Ja, ehm, die Frage, welche ich jetzt noch notiert habe, erübrigt sich jetzt 

wahrscheinlich, also: Haben Sie aufgrund der Empfehlung Änderungen in der Therapie 

vorgenommen? Ich denke, aufgrund von den Follow-up-Gesprächen, die wir auch mit den Patienten 

gemacht haben, haben wir doch gesehen, dass es dort immer wieder, dass dort auch immer wieder 

Änderungen vorgenommen worden sind. Hat dort noch jemand gerade einen Kommentar machen 

wollen? Sonst würde ich zum nächsten Thema übergehen...  
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Arzt 1: Also für mich ist ja das in der Regel genau der Grund, warum ich euch brauche. Weil ich für 

jemanden, für einen weiteren Schritt bei jemandem mit Therapieresistenz, eben Hilfe brauche, um zu 

entscheiden, was man als nächstes probieren könnte. Und dort ist dann meistens das genauso benützt 

worden. Mhm.  

 

Moderator: Genau und deshalb braucht es das auch, also Sie müssen zuerst wissen, dass es die 

Möglichkeit gibt und dann auch die interdisziplinär Kommunikation, genau. Aber ja, dann würde ich 

das so mal stehen lassen und würde weitergehen. Jetzt habe ich gesehen, dass ich vor lauter 

Diskussion, mit den Folien nicht weitergegangen bin im Verlauf. Aber das haben wir ja alles schon 

abgehandelt. Dann würde ich mal weitergehen zum nächsten Punkt.  

 

Und das ist die Liste der betroffenen Wirkstoffe. Das ist die Liste, die wir euch auch immer mitsenden 

in der Auswertung und das ist vor allem auch etwas, was wir dem Patienten auch immer sehr nahe 

legen, dass er das irgendwo bei sich hat, vielleicht eine Fotokopie, falls es eben in Zukunft zu einer 

neuen Therapie kommt, dass man das kurz checken kann. Und das ist ja, wie gesagt, Liste der 

betroffenen Wirkstoffen, das heisst, alle die grün sind, oder im Stratipharm, oder im 

pharmakogenetischen Profil nicht betroffen sind, sind nicht auf der Liste drauf. Sie sehen dort, Stand 

16.04.19, das kann man also immer wieder machen, die Abfrage und in die Datenbank werden auch 

immer wieder neue Wirkstoffe eingespiesen. Und von der Kategorie her, dass ist Ihnen ja schon 

bestens bekannt. Mit gelb, wo es einen Hinweis gibt, orange, wo es eben doch einen Verdacht gibt mit 

entsprechender Anpassungsempfehlung oder Alternativmedikation und die Stufe rot, gibt es auch 

noch, das sehen wir aber sehr selten. Und bei diesem Wirkstoff, welcher jetzt in diesem Beispiel 

erwähnt ist, der ist zum Beispiel nicht erhältlich auf dem Schweizer Markt. Genau. Dann gehe ich dort 

gleich weiter. Ja jetzt uns interessiert so ein bisschen der Nutzen, wie Sie den so einschätzen.  

 

Arzt 4: Darf ich noch etwas, darf ich noch schnell eine Frage stellen, Frau C.J.?  

 

Moderator: Ja, auf jeden Fall.  

 

Arzt 4: Das kann man immer wieder updaten? Aber wo kann man das updaten? Wo kann man wider 

einloggen und nach einem Jahr/zwei wieder irgendetwas herausholen? Das habe ich nirgends gesehen.  

 

Moderator: Also, ja danke für die Frage. Also grundsätzlich ist es so, dass jede Apotheke und auch 

jeder Arzt sich bei der Stratipharm registrieren kann und ehm so, wie soll ich sagen, ein Benutzerkonto 

einrichten kann. Und dann kann man auch in die Daten hineinschauen. Jetzt, wenn Sie aber eine 

konkrete Frage haben zu einem, zu einem Patienten, wo bei uns in der Studie mitmachte, dann können 

auch wir das noch einmal, können wir nochmals eine aktuelle Anfrage machen. Also das ist jederzeit 

möglich. Aber das passiert innerhalb dieser Stratipharmsoftware. Genau.  

 

Arzt 4: Aha.. Weil praktisch wäre es ja, wenn der Patient ein Login und ein Passwort hätte, wie für 

anderes auch und dann kann man ihm, nach einem Jahr loggt man dort noch einmal ein. Und dann gibt 

es dort ein Update: Brrrmp,100 neue Substanzen und so weiter. Das habe ich nicht gewusst, dass man 

das noch einmal machen könnte.  

 

Moderator: Doch das könnte man, weil das ist in dem Sinne, die Gene verändern sich ja nicht und 

deshalb sind die Daten lebenslänglich gültig, in dem Sinn und die Patienten bekommen auch jeweils 
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ein Patientenkarte, mit dem Patientencode und mittels dem Code und unserem Zugang zur Software 

können wir da wieder in die Daten hineinschauen. Genau, das ist also möglich.  

 

Ja, jetzt vielleicht nochmals kurz zu der Liste der betroffenen Wirkstoffe. Ehm, da, wie hilfreich 

finden Sie das im klinischen Alltag auf einer Skala von eins bis zehn? Eins ist überhaupt nicht 

hilfreich und zehn voll und ganz hilfreich. Ich starte hier gerade wieder eine Umfrage.  

 

Genau, da haben wir also auf jeder Stufe etwas. (lacht) Sehr gut. Ehm.. Ja vielleicht gerade eine 

Anschlussfrage. Wie häufig greifen Sie auf die Liste zurück, Sie als behandelnder Arzt?  

 

Arzt 1: Sehr häufig.  

 

Moderator: Mhhm.  

 

Arzt 3: Ich auch. Sehr häufig.  

 

Arzt 2: Also es sind ja unterschiedliche Patienten. Diejenigen, wo wir vor allem am Anfang geschickt 

haben sind solche, bei denen viele Unverträglichkeiten aufgefallen sind. Und andere, wo wir gesagt 

haben, sogar vor Behandlungsbeginn mit einer sogenannten Basistherapie. Und dann, und die, die 

natürlich sowieso auf verschiedenes vorher schon reagiert haben, dort ist es natürlich erst recht 

sinnvoll, auf diese Liste zu schauen, wenn man ein neues Medikament einsetzten will.  

 

Arzt 1: Es ist aber auch die Liste, die mir manchmal am meisten Kopfzerbrechen bereitet... 

(allgemeines Lachen)  

 

Moderator: Ja genau... 

 

Arzt 1: Weil dort habe ich nachher oft Schwierigkeiten, also ich sehe zwar den Namen, bei 

irgendwelcher Farbe und nachher muss man überlegen, wieso ist es jetzt hier... Weil zum Beispiel 

Interaktionen nützen wir zum Teil bewusst aus in der Psychiatrie. Also es gibt Kombinationen, welche 

nachher zur besseren Wirksamkeit führen, also dass wo nachher eigentlich als negativ gilt vom System 

her, aber eigentlich ein positives Kriterium ist. Und dort muss ich nachher immer wieder überlegen, ist 

es jetzt ein Problem oder das, was ich gerade will? 

 

Moderator: Mhhm... Ja das ist so... Oder, das ist, das müssen wir auch immer ganz gut schauen. Wir 

haben zum einen die Genetik, die mitspielt und zum anderen die Interaktionen, die auch ein Faktor 

machen und dann, muss man dann immer die Analyse über das Ganze machen, oder... 

 

Arzt 1: Mhhm. 

 

Moderator: Und wenn es dann im Psychiatriesetting noch dazu kommt, dass man eine Interaktion 

noch ausnützen möchte, dann ist es halt speziell wertvoll, wenn man den genetischen Hintergrund 

auch kennt. Mhm. Aber ja, Sie haben, Sie sagen richtig, es ist eine lange Liste, vor allem die gelb 

kategorisierten Wirkstoffe. Das sind doch einige Wirkstoffe und dort vielleicht ganz konkret die Frage, 

wie gehen Sie mit den gelb kategorisierten Wirkstoffen um?  

 

Arzt 2: Also ich probiere sie aus. Vor allem dann, wenn ich je nach dem schon andere Sachen 

ausprobiert habe, die nicht funktioniert haben.  
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Moderator: Mhm. Also Sie sagen, wenn, also gelb kategorisierte Substanzen lieber nicht?  

 

Arzt 2: Ja, wenn ich die Abhandlung habe. Aber je nachdem muss ich trotzdem und dann würde ich 

halt, je nachdem was steht, eher tief anfangen oder so und langsam. Ja.. 

 

Moderator: Mhm. Jawoll. Und wie machen es die anderen?  

 

Arzt 3: Manchmal hat man halt nicht so viel Wahl... bei der Polypharmazie, dann wechsle ich diese 

sicher nicht als erste aus. Aber wenn ich kann und muss eine neue Substanz einsetzten, dann nehme 

ich keine, welche auf der gelben Liste ist, versuche...  

 

Moderator: Mhm.  

 

Arzt 3: Aber ich denke, die gelbe Liste ist diejenige, welche uns am meisten Schwierigkeiten bereitet.  

 

Arzt 2: Mhm.  

 

Moderator: Ja, das ist genau richtig. Denn schlussendlich ist es ein Hinweis und dann müssen wir 

immer gut schauen, auch im Patientensetting, was machen wir jetzt mit dem Hinweis, oder... Ist es 

womöglich gerade das, was entscheidend ist und wo besser ist, dass wir das vermeiden oder ist das 

jetzt einfach lebensnotwendig und wir beobachten es sorgfältig. Genau..  

 

Arzt 1: Bei vielen Leuten komme ich um die gelbe Liste gar nicht herum. Weil es gar nicht mehr, weil 

man alles grüne durchprobiert hat, was es gibt. Und dort ist nachher schon noch oft die Schwierigkeit, 

das Gelb löst wie ein Nocebo-Effekt aus. Also ich möchte selbst auch kein Medikament, dass Gelb 

aufleuchtet... Und das, was wir häufig haben mit den Apotheken, wenn sie dann Interaktionschecks 

machen, wenn nachher, dass verunsichert nachher den Patienten recht, wenn er dort die Mitteilung 

bekommt, dass es problematisch ist, was er nimmt. Ehm...  

 

Arzt 2: Ja.  

 

Arzt 1: Es hat immer auch so einen... Transparenz ist ganz wichtig, aber eben, es macht es nachher 

auch nicht einfacher.  

 

Moderator: Ja, das ist sicher ein wichtiger Aspekt, das mit dem Nocebo-Effekt. Ich denke vor allem 

im Setting mit Psychiatriepatienten muss man da sicher noch eine Stufe vorsichtiger sein, wie man das 

dann kommuniziert.  

 

Arzt 1: Mhm...  

 

Moderator: Genau.  

 

Beobachter 1: Darf ich dort vielleicht doch noch rasch dazukommen? Ich glaube, das ist ja eine sehr 

grobe Einteilung in das Gelbe und Orange. Und wenn wir im Detail bei einer gelben Substanz 

nachschauen gehen, dann sehen wir natürlich viel vertiefter. Ist das jetzt noch hellgelb oder noch 

dunkelgelb. Also dort gibt es also auch noch mal Nuancen. Und es gibt ganze Klassen, ich denke jetzt 

da zum Beispiel an Statine, wo zwar zum Teil gleich gelabelt kommen können, aber im Profil würden 
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wir sehen, das eine ist jetzt ist jetzt ein bisschen heller gelb oder dunkelgelb. Also das ist schon 

plakativ auf dieser Liste und es könnte sich lohnen, im Zweifelsfall bei uns nochmals nachzufragen. 

Ehm, sie müssen eins von den gelben, a, b oder c, alle drei sind gelb, welches wäre jetzt noch das 

günstige? Das dürften Sie nachfragen.  

 

Moderator: Ja genau. Das ist auf jeden Fall möglich. Ja wenn es dort zur Liste keine Anmerkung gibt, 

dann würde ich gerade schon weitergehen zum letzten und wahrscheinlich auch wichtigsten Punkt.  

 

Genau und dort möchten wir noch einmal gerne allgemein über die pharmakogenetische Analyse 

reden. Genau, ja, wenn Sie jetzt an die Fälle zurückdenken, wo sie bis anhin schon überwiesen haben, 

stelle ich ganz konkret die Frage: Wie relevant ist die pharmakogenetische Analyse für die 

therapeutische Entscheidung gewesen? Da lanciere ich auch nochmals gerne eine Umfrage. Auch 

wieder mit der Skala von eins bis zehn. Das ist immer superschnell, vielen Dank. Genau, also 

durchschnittlich wird das mit neun bewertet. Genau, also, wenn Sie jetzt nochmals konkret an die 

verschiedenen Fälle, wo sie gehabt haben, denken, können Sie vielleicht je ein Beispiel nennen, wo es 

hilfreich gewesen ist und wo es vielleicht nicht unbedingt so hilfreich gewesen ist? 

 

Arzt 2: Also ich denke, was noch wichtig ist, ist auch die Kommunikation. Sie informieren ja die 

Patienten auch, was herausgekommen ist. Und dann muss man manchmal auch sehr aufpassen, weil es 

doch auch ängstliche Leute gibt. Und wenn man dann von einer Spritze redet, zum Beispiel, dass es 

dann klar, dass es sich um eine konkrete Substanz handelt und nicht um Spritzen allgemein, etc. Oder 

halt vielleicht gar nicht so viel dazu sagen und dann lieber uns die Information weiterleiten. Ich finde 

es zwar schon gut, dass Sie es auswerten, weil Sie nehmen sich ja auch viel Zeit, aber ich denke da 

muss man im Zweifelsfall, also Sie haben ja das auch mitbekommen, ich habe zum Teil Patienten 

gehabt, wo extrem komplizierte Hintergründe haben und dann ist es manchmal gut, wenn man vorher 

nochmals kurz Kontakt aufnimmt.  

 

Moderator: Mhm. Ja, das ist sehr gut. Danke für den Input. Das ist natürlich immer auch eine 

Möglichkeit, dass die Kommunikation mit uns und den Ärzten auch schon parallel immer passiert. 

Oder, wenn man das Resultat jetzt hat und sieht, okay das Methotrexat kann ich jetzt nicht geben, dann 

gibt es jetzt noch die Möglichkeit ,dass man das noch kurz abspricht, bevor man es mit dem Patient 

macht. Aber grundsätzlich ist unsere Idee immer, dass wir dem Patient zeigen, das ist das Resultat der 

Analyse, das wäre jetzt eine Möglichkeit, aber es ist der Entscheid vom behandelnden Arzt. Oder.. 

Einfach zum Kommunizieren, das ist dabei herausgekommen, das wären jetzt die Möglichkeiten und 

dann die Information noch in schriftlicher Form weiterzuleiten. Genau.  

 

Arzt 1: Also meine Patienten haben die Rückmeldungsgespräche enorm geschätzt. Dort ist sehr ein 

gutes Feedback gekommen von ihnen. Es hat auch etwas technisches sehr menschlich gemacht. Also 

die (Signalstörung) haben wie ein Gesicht bekommen, was wie die Angst nimmt bei den Patienten vor 

dem Ganzen. Ich habe mich dort auch gefragt, wieso bin ich dort eigentlich nicht mit dabei? Könnte 

man das nicht auch zu dritt machen? Das hätte ich sehr geschätzt. Da hätte man auch gerade auch das 

Ganze noch einmal anschauen können: Warum hat dann Wellbutrin früher nicht funktioniert und dann 

hätte es, also würde dort würde es gewisse Risiken von so einer Beratung eigentlich aus dem Weg 

räumen, dass nachher wirklich gemeinsam wie ein weiterer Weg skizziert werden kann.  

 

Moderator: Mhm. Ja. Reden Sie nur.  
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Arzt 1: Wegen der Frage, ich habe eine Patient gehabt, dort ist das Resultat der Analytik völlig im 

Widerspruch gewesen zu seiner bisherigen Erfahrung. Also die Medikamente, auf die er in der 

Vergangenheit angesprochen hat, waren gerade die gewesen, welche man nicht geben durfte und 

diejenigen, die man geben sollte, auf die hat er genau nicht angesprochen. Ich habe dort auch eine 

Patientin gehabt, die hat wirklich, ja 20 Präparate durchprobiert und dort ist es wirklich wie die Faust 

auf das Auge gewesen. Das hat so gepasst. Also das heisst, es hat Leute gegeben, bei denen habe ich 

wirklich noch einmal schauen müssen. Was heisst jetzt das, stimmt etwas bei der Diagnostik nicht? 

Wobei diese in der Psychiatrie ja sowieso sehr ungenau ist. Aber es hat wirklich auch Leute gegeben, 

wo es nachher wirklich sehr hilft, gut auswählen zu können.  

 

Moderator: Mhm, ja ich denke, dass was wir auch immer beobachten: Es gibt Fälle, wo wir einen 

sehr konkreten Verdacht haben und der sich dann auch bestätigt, aber es gibt auch die Fälle, bei denen 

man dann doch nichts findet in der Genetik. Oder, und dann ist es in der Kommunikation auch 

nochmals eine Herausforderung, das dann mit den Patienten zu besprechen.  

 

Beobachter 1: Darf ich dort vielleicht eine Idee einfach aufnehmen, welche ich jetzt noch genommen 

habe vom Herr T.I.. Wenn Sie sagen zusammen, wäre das natürlich ideal. Wir wären dann quasi in 

einem Dreiergespräch. Sie als Arzt, wir, die die Analyse gemacht haben plus der Patient. Wir haben ja 

jetzt sehr häufig covidbedingt das sogar über Zoom gemacht mit den Patienten. Und das ist natürlich 

jetzt eine neue Möglichkeit, wo wir sehr einfach, und damit niederschwelliger sich zu dritt finden zu 

können. Wäre das für sie noch hilfreich als Option, dass Sie bei der Überweisung sagen könnten, jetzt 

bei dieser Patientin möchte ich auch schon beim Gespräch, dass wir führen nach Vorliegen der 

Resultate, dabei sein, wäre das für Sie eine wünschenswerte Option?  

 

Arzt 1: Für mich wäre das sehr wünschenswert und als Bergler liebe ich natürlich Technologie, dass 

wir Leute nach Basel schicken können, das ist natürlich vorher, natürlich immer der grosse, also wäre 

jetzt die Studie nur vor Ort gewesen, wäre es schwieriger gewesen, Leute zu motivieren. Die haben 

das enorm geschätzt, dass sie von hier aus das machen konnten. Und eben, es bietet sich die 

Möglichkeit, solche Konferenzgespräche mit wenig Aufwand zu machen. Was sonst logistisch 

natürlich immer sehr schwierig ist, dass das nachher irgendwie klappt.  

 

Moderator: Mhm.  

 

Arzt 2: Ich finde es auch einen guten Vorschlag, dass man das online machen könnte und durch das 

sicher sehr viel einfacher ist, als ein Termin vor Ort.  

 

Arzt 3: Ich glaube es wäre ein hervorragendes Tool, weil die Patienten, auch wenn es um rein 

internistische Angelegenheiten/ Fragestellung geht, haben sich enorm ernstgenommen gefühlt und die 

wünschen sich ja, dass wir interaktiv miteinander kommunizieren und wenn das in so einem 

Zoommeeting während der Sprechstunde wäre, wäre natürlich hervorragend. Ich habe beobachtet, dass 

insbesondere die kardiologischen Medikamente wirklich wahnsinnig gutes Ansprechen gezeigt haben. 

Wenn ich dort etwas wechseln konnte, wo wir gesehen haben, dass es nicht gematched hat, dort ist es 

für mich am eindrücklichsten gewesen bei den Patienten.  

 

Moderator: Okay, ja, vielen Dank für die Rückmeldung. Das ist natürlich immer positiv, denn wir 

haben jetzt verschiedenste Fälle angeschaut. Mit Herr Dr. T.I. sind es Fälle aus der Psychiatrie 

gewesen, aber eben mit Ihnen Frau S.B. im internistischen Setting und ja Kardiologie, ist , am 
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Startpunkt sind wir uns nicht so sicher gewesen, wie viel wir dann aus dem Profil mitgeben können, 

darum ist das sicher eine wertvolle Rückmeldung.  

 

Arzt 3: Ich kann vielleicht noch ganz kurz sagen, ich habe ja jemanden aus Bern geschickt, also nein 

besser gesagt aus Steffisburg (lacht) und die Rheumatologen aus Bern, also an der Insel, die sind 

miserabel gestimmt gewesen... (lacht) nach dem sie die Daten bekommen haben. Ich denke, 

Interprofessionalität ist jetzt etwas, was an der Uni gefordert ist und ich denke, gerade wenn wir so 

arbeiten könnten, dass man eben mittels Zoomkonsultationen bessere Transparenz zustande bekommt, 

wäre das sehr gut.  

 

Moderator: Ja, das ist, also ich glaube diese Frage ist schon auf eine Art ein bisschen beantwortet 

worden, wie Sie das empfunden haben mit der Kommunikation mit uns und die interdisziplinäre 

Zusammenarbeit. Möchte dort noch jemand etwas hinzufügen oder anmerken?  

 

Arzt 2: Ich möchte euch einfach Dankeschön sagen für die Initiative, die Sie ergriffen haben, das 

aufzugleisen. Ehm.. Also eben im Grossen und Ganzen denke ich auch, es bringt wirklich viel, sowohl 

für die Betroffenen, als auch für mich und ich, ehm, also ich habe vorher nicht Kritik ausüben wollen 

an den Gesprächen, einfach dass es zum Teil halt heikel ist. Aber das wäre ja dann genau so ein 

Zusammenhang, wo man sagen könnte, hey dort könne man dann die Sachen noch ein bisschen anders 

bringen.  

 

Moderator: Ja genau. Dafür sind wir hier. Vielen Dank Frau P.E.. Herr Dr. P.T., Sie haben, glaube 

ich, vorher noch die Hand aufgehoben?  

 

Arzt 4: Ja, ich habe gefunden, das ist eigentlich die Zukunft. Also wenn ich jetzt dort in einer 

Konsultation wäre mit meinem Patient und sage: «Ou dort habe ich jetzt wirklich noch eine Frage, 

Moment schnell, ich schalte schnell ein. Ah ja, Frau Jeiziner, grüetzi, wie geht es Ihnen? Ja, wir haben 

noch schnell eine Frage zum Thioridazin.» Ich glaube, das wäre die Zukunft, oder? Wenn wir 

natürlich Konferenzen machen müssen, um uns zu sehen, wird das natürlich fast wie in der Geriatrie 

mit den Riesenkonferenzen und dann wird es mühsam. Also ich glaube, der way to go ist sicher 

irgendwie digital, einschalten zu können, aber auch on time, on spot zu sein, dass weiss ich nicht wie 

das geht, dann müsste man vielleicht sogar einen Chatpot haben oder irgendein Tool, das einem dort 

hilft. Aber das Vernetzten und das Big Data-Wissen wo wir dort zusammenkriegen finde ich, ist super. 

Wer von uns würde schon noch bei einer Schwangeren ohne irgendwas zu konsultieren, irgend ein 

Medikament verschreiben. Niemand, oder? Und das haben wir schon seit Jahrzehnten drin und ich 

denke auch, dass wir dort für das Blutplättchen für die Phenylketonurie, wo man bei den Babies 

abnimmt, könnte doch auch gerade das Blutplättchen für 15 000 verschiedene Enzymmarker sein, wo 

man in Zukunft könnte laufen lassen und der Mensch wäre digitalisiert. Also ich finde es grossartig in 

den Möglichkeiten, allerdings, Gespräche geht immer noch von einem menschlichen Hirn zum 

anderen und das braucht immer noch Zeit und so Konferenzen wären sehr aufwändig aber für den 

Patienten sicher sehr hilfreich. Ich persönlich bin noch froh gewesen, dass Sie die Patienten kompetent 

abgeholt haben und ich nicht auch noch Dreiviertel oder eine Stunde dabeisitzen und mitbesprechen 

musste, was geht, sondern ich habe nachher eine zweite Runde machen können und nochmals daraus 

Fragen beantworten können. Das ist für mich als Hausarzt noch praktisch gewesen, was der zeitliche 

Ablauf betrifft. Ehhm aber ganz sicher, dass ist ein Zukunftsmodell und ich hätte sehr, sehr gerne bei 

viel mehr Patienten bereits so einen genetischen, gläsernen Mensch dahinter, der mir wie eine 

Datenbank sagt: «Halt! Nimm nicht Wellbutrin, nimm irgendetwas anders.» Ich darf vielleicht noch 

kritisch sagen. In der Erfahrung von meinen Patienten hat es ja nicht immer funktioniert. Glaube, die 
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S.B. hat das auch schon gesagt, also gewisse Medikamentengruppen haben super funktioniert, andere 

nicht. Bei anderen hat man genau das gemacht, was die Genanalyse sagt und es ist trotzdem nicht ganz 

so gut herausgekommen. Also ich bin noch fasziniert gewesen, wie vielfältig dann trotzdem noch die 

Pharmakodynamik gewesen ist, unabhängig von den paar Genmarkern, wo wir da hatten. Und wie viel 

man trotzdem noch improvisieren musste, im gelben Bereich oder nicht, und so. Ehm, eigentlich 

spannend das eben die ganze Therapie nicht machbar ist. Ehm. Nicht machbar ist, sie so 

zuzuschneiden, dass man nur noch künstliche Intelligenz braucht. Also tolle Sache, Zukunft ja, ehm 

unbedingt einbauen und so die schnellen Plop-ins von Wissenssachen oder von Konferenzen wären für 

die Zukunft sicher, sicher möglich und sicher wünschbar, so dass wir in Zukunft nicht nur Patienten 

dort haben, wo wir wohnen, sondern in Steffisburg, im Tessin, in Tokio, in London... Grossartig! Wie 

wenn wir sonst nichts zu tun hätten... Also es ist super! Ich bin ganz begeistert von dem Zeugs. Es ist 

eine spannende Sache.  

 

Moderator: Ja, vielen Dank für die Rückmeldung Herr P.T.. Ich denke, dass ist grundsätzlich auch 

unsere Idee. Es ist eine Information, wo möglich ist, diese heutzutage abzurufen und deshalb müssen 

wir diese Information auch berücksichtigen. Und es verlangt eine gewisse Sorgfältigkeit und vor allem 

das interdisziplinäre Setting. Und ja, digital ist der Weg. Ich denke, dass sehen wir in der aktuell Zeit 

mehr als je. Und so ein Zweitgespräch mit oder ohne Ärzte, das kann man natürlich auch dann immer 

optional gestalten. Aber das wäre sicher eine gute Möglichkeit. Genau. Ja, gibt es sonst gerade noch 

eine Anmerkung, Kommentar oder irgendwas, was wir noch verbessern könnten?  

 

Es bleibt still. Gut. Dann komme ich auch schon langsam zum Abschluss in meiner Präsentation. Also, 

erst einmal vielen Dank für die wertvolle Zeit, die sie jetzt dort eingesetzt haben und für das Feedback, 

das ist wirklich sehr wertvoll für uns, wenn wir jetzt das so bei euch abholen können und entsprechend 

auch die pharmakogenetische Analyse als Dienstleistung optimieren können. Also auch für mich, und 

ich denke auch für die, die im Hintergrund zugeschaut haben, ist es sehr spannend gewesen und 

interessant und wir freuen uns natürlich auf die weitere Zusammenarbeit und auch allenfalls auf 

weitere Überweisungen. Genau.  

 

Beobachter 1: Darf ich dort das Stichwort übernehmen C.J.? Ehm einfach, dass sie das noch wissen. 

Die Studie geht jetzt sicher noch weiter, noch mindestens bis Ende Jahr. Wir hoffen sogar, dass das 

noch viel länger weiter gehen kann. Es ist immer ein bisschen ein Ressourcenproblem, aber für den 

Moment sind wir noch voll dabei. Und die Ideen, von wie könnte man die ganze 

Rückmeldungsgeschichte besser gestalten, ich glaube dort gehen wir jetzt in uns, jetzt wir da von der 

Uni Basel und Sie werden von uns hören, wie wir das ausprobieren könnten, die Möglichkeiten, dass 

man die Besprechung zu dritt mit dem Patienten machen könnte. Also das nehme ich sicher auf und 

dort werden sie von uns wieder hören, auch bezüglich dem, was wir jetzt gelernt haben in dieser 

Stunde. Auch ich sage: «Ganz herzlichen Dank! Ist ganz toll, es freut mich sehr, dass wir diese 

Zusammenarbeit erleben dürfen.» 

 

Beobachter 2: Darf ich auch noch mich bedanken. Ich, ehm, man kommt so aus dem Hintergrund, das 

tut mir leid. Ich habe sehr, wir lernen sehr, sehr viel in dem Prozess, den wir bisher gemacht haben mit 

Ihnen und mit den Patienten. Und ich bin wahnsinnig dankbar, dass wir mit Ihnen zusammen das 

Lernen dürfen und optimieren müssen. Es ist nämlich, oder dürfen... Es ist nämlich sehr wichtig, dass 

man diese Empfehlungen, dass wir die an das anpassen, was die Realität ist. Und, ehm, ich hoffe Sie 

haben gelernt, dass wir auch gelernt haben in der Zwischenzeit. (lacht) Vielen herzlichen Dank!  
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Arzt 1: Darf ich nochmals kurz die Frage stellen: Das ist aber weiterhin so, dass aber 

Berneroberländer-Patienten nicht an der Studie teilnehmen können?  

 

Moderator: Also, es ist einfach so: Die Studie ist von der Ethik Nordwestschweiz genehmigt, aber es 

ist nach wie vor die Situation: Wenn der Patient die Möglichkeit hat, für eine Konsultation nach Basel 

zu kommen, dann kann man das machen, ja.  

 

Arzt 1: Mhhm. Okay.  

 

Moderator: Mhhm. Ja 

 

Arzt 1: Dann ist gut.  

 

Moderator: Auf jeden Fall.  

 

Beobachter 1: Aber wir können auch diskutieren, ob man dies ausweitet. Man kann ein Amendment 

machen bei der Ethikkommission und dann ist Bern dabei. Also in dem Sinne machen wir die Türe 

nicht zu ins Berner Oberland. Müssten wir vielleicht noch mal bilateral besprechen.  

 

Arzt 1: Mhhm.  

 

Moderator: Ja dann denke ich, war das das Schlusswort und wünsche euch allen ganz einen schönen 

Abend!  

 

Arzt 2: Danke gleichfalls!  

 

Arzt 1: Danke gleichfalls. 

 

Arzt 4: Danke, ade.  

 

Kollektives Verabschieden.  
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