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1 Abstract 

An individual’s genetic makeup can affect the pharmacokinetic and 

pharmacodynamic behavior of a drug, which may have a clinically relevant impact on 

the drug’s efficacy and tolerability. Pharmacogenetics aims to identify patients who are 

susceptible to therapy failure, adverse drug reactions or severe toxicities, as a result of 

their genetic predisposition. Such genetic information may be used to individualize 

pharmacotherapy to increase effectiveness and minimize adverse drug reactions. 

Multiple international consortia are translating pharmacogenetic (PGx) findings from 

research into recommendations for clinical practice, to support the use of genetic 

information in optimizing pharmacotherapy in terms of drug selection and dosing. Such 

recommendations exist for several antidepressants commonly used in Switzerland, 

including the selective serotonin reuptake inhibitors (e.g., citalopram, escitalopram, 

paroxetine and sertraline). Pharmacotherapy with antidepressants is an important pillar 

in the treatment of patients with major depressive disorder (MDD). However, it is 

known that about half of these patients do not respond sufficiently to a first-line 

treatment. As mentioned before, genetic predisposition is one factor affecting 

antidepressant efficacy and tolerability. Still, clinicians in Switzerland do not routinely 

consider PGx information in the pharmacotherapeutic management of patients with 

MDD. This thesis investigates the integration of PGx into clinical practice and evaluates 

opportunities and challenges for the pharmaceutical care of MDD patients in this 

context. The thesis presented here consists of four parts (A–D): 

Project A: In a prospective, observational case study we collected and analyzed 

individual patient cases from primary and secondary care, where PGx information was 

used by pharmacists to elucidate histories of therapy failure and adverse drug reactions, 
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as well as to elaborate recommendations for further therapy optimization. This thesis 

gives an insight into five exemplary patient cases related to antidepressant treatment in 

secondary care. The application of individual PGx information to real-world, depressive-

disorder patient cases did not always prove to be straightforward. Despite the availability 

of PGx dosing guidelines for certain drug-gene pairs, evidence for precise PGx-based 

drug selection and dosing is still fragmentary. Moreover, the integration of PGx 

information required consideration and evaluation of additional individual factors, 

including non-genetic factors such as the patients’ comedication and comorbidities.  

Project B: Pharmacists already consider several interindividual factors when 

analyzing a patient’s medicines to propose interventions for therapy optimization and 

are an important point of contact for patients and healthcare professionals concerning 

drug-related problems. Accordingly, owing to the identified complexity of applying PGx 

information in individual patient cases (Project A) and the lack of education being 

described as a major barrier to the adoption of PGx in clinical practice, we developed 

and conducted a continuing education program. The aim of this training program was 

to prepare Swiss pharmacists for the application of PGx information in clinical practice. 

After attending the program, participants showed measurable improvement in both 

knowledge and skills to apply PGx information in providing pharmaceutical care to 

patients. However, the actual implementation of a PGx service presented several 

challenges for the participating pharmacists. One major challenge appeared to be the 

lack of interprofessional networks and physician support for such a PGx service. 

Project C: In order for the PGx information processed by pharmacists to be taken 

into account in the treatment of patients, close collaboration with other healthcare 

professionals, especially the treating physician, is of importance. Based on our working 
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experience with over 140 patient cases in the aforementioned observational case study, 

we defined a six-step-approach for the implementation of a pharmacist-led PGx testing 

and counseling service (PGx service) for primary and secondary care settings. In this 

approach, pharmacists play a key role in enabling an individual and comprehensive 

evaluation of the patients’ PGx profile by integrating this information into a medication 

review. In this way, non-genetic factors that may enhance or compensate for the genetic 

predisposition are also taken into account. 

Project D: To evaluate the impact of the proposed pharmacist-led PGx service 

(Project C) on patient outcomes, we developed a clinical trial addressing antidepressant 

therapy in MDD patients. The PrePGx study is a multi-center, open-label, randomized 

controlled, parallel three-arm trial. We compare pharmacist-guided preemptive PGx 

testing for the selection and dosing of an antidepressant (intervention arm) to the 

current standard approach (control arm), where the psychiatrist prescribes the 

antidepressant without information on the patient’s PGx profile and without a 

consultation with a pharmacist. We anticipate that this trial will have a direct impact on 

the application and handling of PGx information in routine psychiatric and pharmacy 

practice.  
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2 Introduction 

People vary not only in appearance and preferences, but also in their inter-

individual responses to drugs. When taking the same drug, some may achieve a 

sufficient effect, while others do not respond, suffer from unwanted side effects or even 

experience severe toxicities. Among other things, differences in systemic drug exposure 

can cause inter-individual drug reactions, leading to either toxicity in the case of supra-

therapeutic drug plasma concentration or inefficacy due to sub-therapeutic drug plasma 

concentration [1]. In addition to modifiable factors such as drug–drug interactions (DDI) 

and medication adherence, drug plasma concentrations may also be affected by certain 

predispositions, including renal or hepatic function, and, notably, genetics [2,3]. 

The effect of individual genetic predisposition on drug response and treatment 

outcome is studied in the field of pharmacogenetics (PGx) [4]. Genetic variation can 

affect the function of enzymes and transporters involved in drug absorption, 

distribution, metabolism, or excretion (ADME), causing inter-individual differences in 

the pharmacokinetic behavior of substrate drugs. Moreover, genetic variation can affect 

the expression and/or the structure of receptors, enzymes and other drug targets, 

potentially altering the pharmacodynamic behavior of a compound. Both 

pharmacokinetics- and pharmacodynamics-related genetic variants can affect drug 

response [1,4,5]. Such effects may result in an increased risk of adverse drug reactions 

(ADR) or therapy failure (TF) in certain individuals. Pharmacogenetics aims to identify 

patients who are susceptible to TF, ADR or severe toxicities, due to their genetic 

predisposition. As a consequence, genetic information may be used to individualize 

pharmacotherapy in terms of drug selection and dosing to increase effectiveness and 

minimize adverse drug reactions [1,4,5].  
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Multiple consortia are aiming to translate pharmacogenetic findings from research 

into recommendations for clinical practice, in supporting the use of genetic information 

to optimize pharmacotherapy. In particular, the Clinical Pharmacogenetics 

Implementation Consortium (CPIC) [6] and the Dutch Pharmacogenetics Working 

Group (DPWG) [7], have published guidelines for PGx-guided drug selection and dosing. 

Today, their recommendations cover over 70 drug-gene pairs [8].  

In addition to guidelines, healthcare professionals consult drug labels for 

information on drug selection and dosing. PGx information is also included on these 

labels and is approved by drug regulatory agencies, including Switzerland’s 

Swissmedic [9]. PGx information on drug labels is of a diverse nature, ranging from 

references to specific PGx testing requirements to purely informative content about 

potential drug–gene interactions. The Pharmacogenomics Knowledge Base (PharmGKB, 

www.pharmgkb.org) [10] proposes a classification into four levels of PGx information, 

according to the indicated action: (i) “testing required”, genetic testing is needed before 

drug usage; (ii) “testing recommended”, genetic testing is recommended before drug 

usage; (iii) “actionable PGx”, information on the impact of genetic variation on drug 

effectiveness or tolerability, without suggesting PGx testing; (iv) “informative PGx”, 

genetic variation does not affect a drug or is not clinically relevant [11]. A recent analysis 

of Swiss drug labels found that 167 approved compounds contain PGx information in 

their drug label. However, over 55% of the PGx information is classified as “informative 

PGx”, with only around 8% of the annotated information referencing specific genetic 

testing recommendations or requirements (“testing required” or “testing 

recommended”) [9].  
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2.1 Pharmacogenetics and antidepressants 

The vast majority of PGx information on Swiss drug labels was found to be 

attributed to drugs of the anatomical group “N – nervous system” [9], as defined by the 

Anatomical Therapeutic Chemical (ATC) classification system [12]. The anatomical 

group “N” includes antidepressants, such as selective serotonin reuptake inhibitors 

(SSRI), for which the CPIC and the DPWG have published specific PGx-guided dosing 

recommendations [13,14]. Multiple clinically used antidepressants are metabolized by 

polymorph cytochrome P450 (CYP) enzymes, notably, CYP2D6 and CYP2C19 (Table 1).  

Table 1. Overview of antidepressants marketed in Switzerland and the cytochrome P450 isoforms 
involved in the respective phase I biotransformation. Adapted from Crisafulli et al. [15]. 

Antidepressant Enzymes involved in Phase I 
biotransformation 

Agomelatine CYP1A2 

Bupropion CYP2B6 

(Es-)Citalopram CYP2C19, CYP2D6, CYP3A4 

Duloxetine CYP2D6, CYP1A2 

Fluoxetine CYP2D6, CYP2C9, CYP2C19, CYP3A4 

Fluvoxamine CYP1A2, CYP2D6 

Mirtazapine CYP2D6, CYP1A2, CYP3A4 

Paroxetine CYP2D6, CYP3A4 

Reboxetine CYP3A4 

Sertraline CYP2C9, CYP2C19, CYP2D6, CYP3A4 

Trazodone CYP3A4 

Tricyclic antidepressants CYP2C19, CYP2D6, CYP1A2, CYP3A4 

Venlafaxine CYP2D6, CYP3A4 



Introduction 

7 

For these polymorphic enzymes, individuals can present a broad range of 

metabolic capacities, which are generally divided into four main phenotypes: normal 

metabolizer (normal function, NM), ultra-rapid/rapid metabolizer (increased function, 

UM/RM), intermediate metabolizer (decreased function, IM) and poor metabolizer (no 

function, PM) [16,17]. These phenotypes are predisposed by the individual’s genetic make-

up, and therefore can be predicted by genotyping nucleotide polymorphisms (e.g. single 

nucleotide polymorphism, SNP) or in the case of CYP2D6 also by complete gene 

deletions or duplications (copy number variations, CNV) [18]. The highly polymorphic 

CYP2D6 for instance is involved in the major biotransformation of over 20% of marketed 

compounds (Figure 1), including commonly prescribed antidepressants and other 

psychotropic drugs [2]. In fact, it was reported that over 50% of psychiatric patients are 

using at least one CYP2D6 substrate drug [19]. 

Figure 1. Proportions of cytochrome P450 (CYP) drug substrates used in clinical practice by their major 
metabolic pathways. CYP enzyme activity can be increased (↑) and/or decreased (↓) by multiple factors, 
the most important of which are depicted in bold. These factors include genetic polymorphism of CYP 
enzymes involved in antidepressant biotransformation (e.g. CYP1A2, CYP2B6, CYP2C9, CYP2C19, 
CYP2D6 and CYP3A; compare Table 1). Adapted from Zanger and Schwab [2]. 
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As an illustration, a relevant gene–drug pair is CYP2D6 and the SSRI paroxetine. 

Paroxetine undergoes extensive first pass metabolism via CYP2D6, which forms an 

inactive metabolite in terms of serotonin reuptake inhibition [20]. Genetic variation of 

CYP2D6 has repeatedly been associated with altered paroxetine exposure. This was also 

the case in two pharmacokinetic studies of patients taking a recommended daily dosage 

of 20 mg paroxetine (n = 108) by Gex-Fabry et al. and Charlier et al. On the one hand, 

patients identified by pharmacogenotyping as CYP2D6 UMs (n = 5) had significantly 

lower paroxetine steady-state plasma concentrations (Css) compared with CYP2D6 

NMs. In fact, paroxetine plasma concentrations were below or just at the limit of 

detection for all CYP2D6 UMs. On the other hand, patients identified by 

pharmacogenotyping as CYP2D6 PMs (n = 8) had significantly higher paroxetine Css 

(127–346%) compared with CYP2D6 NMs [21,22]. In addition, Gex-Fabry et al. assessed 

therapy response (specified as a ≥ 50% reduction in the Montgomery-Asberg Depression 

Rating Scale) after four weeks of treatment with paroxetine. Notably, all the CYP2D6 

UMs with sub-therapeutic paroxetine plasma concentrations (n = 4) did not achieve a 

persistent therapy response [21]. However, there are currently no conclusive reports 

directly linking CYP2D6 PMs with an increased risk of experiencing adverse reactions to 

paroxetine [14]. Still, it is conceivable that the reported significantly increased Css in 

CYP2D6 PMs may affect paroxetine tolerability. Based on the available data a CPIC 

guideline was published, which recommends the choice of an antidepressant other than 

paroxetine, which is not extensively metabolized via CYP2D6, for both CYP2D6 ultra-

rapid and poor metabolizers [13]. This recommendation applies to a substantial, non-

negligible part of the population. In fact, genetic CYP2D6 UMs and PMs are present in 

over 3% and 5% respectively of the European population [16]. 
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Another pharmacokinetics-related genetic marker that has been associated with 

antidepressant response is ABCB1, which encodes the efflux transporter P-glycoprotein 

(P-gp). At the blood–brain barrier (BBB) P-gp has a protective function by extruding 

xenobiotics and drug molecules, including certain antidepressants [23]. Homozygous 

carriers of the ABCB1 reference allele (wild type) are assumed to be less likely to respond 

to antidepressants that are P-gp substrates due to a reduced permeability of their BBB, 

limiting the antidepressants’ concentration at their site of action [24]. This hypothesis is 

based on a very limited number of clinical studies linking two intronic ABCB1 single 

nucleotide polymorphisms (rs2235015 and rs2032583) to antidepressant treatment 

outcome [24-26]. One of these studies is an analysis of 443 inpatients under 

antidepressive pharmacotherapy, where homozygous carriers of the rs2032583 

reference T-allele had a significantly higher risk of therapy failure (depression non-

remission) compared to carriers of the variant C-allele (62% vs. 25%) after six weeks of 

treatment with a P-gp substrate antidepressant (amitriptyline, paroxetine, venlafaxine, 

or citalopram) [24]. Although there are currently no mechanistic studies supporting the 

role of the aforementioned ABCB1 polymorphisms in antidepressant efficacy, the Swiss 

Society for Anxiety and Depression (SGAD) suggests genotyping the P-gp 

polymorphisms rs2235015 and rs2032583 after antidepressant treatment failure [27]. 

In addition to the aforementioned genetic variants affecting the pharmacokinetic 

behavior of certain antidepressants, there is evidence that polymorphisms in 

pharmacodynamically relevant genes may affect antidepressant response [28]. These 

include the genes encoding proteins involved in serotonin signaling, such as the 

tryptophan hydroxylase (TPH) [29], the serotonin receptors (e.g. 5-HT1A, and -2A) [30,31], 

and the serotonin transporter (SLC6A4) [32]. However, there is still ongoing debate 
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about whether genetic variants of antidepressant targets should be considered in clinical 

practice. To date, PGx guidelines and recommendations for the selection and dosing of 

antidepressants are not based on any pharmacodynamics-related gene variants [28]. 

Nevertheless, it is plausible that variants in both pharmacokinetics- as well as 

pharmacodynamics-related genes jointly influence the efficacy and tolerability of 

antidepressants (Figure 2).  

Figure 2. Overview of candidate genes associated with antidepressant (AD) efficacy and tolerability, e.g., 

selective serotonin reuptake inhibitors (SSRIs) and tricyclic antidepressants (TCAs). Pharmacokinetic 
candidate genes encode cytochrome P450 enzymes (CYP) and the P-glycoprotein transporter (ABCB1). 
Pharmacodynamic candidate genes encode the serotonin transporter (SLC6A4), the tryptophan 
hydroxylase (TPH), serotonin receptors (5-HT), dopamine receptors (DRD), the adrenoceptor (ADR), the 
guanine nucleotide-binding protein (GNB3), the brain-derived neurotrophic factor (BDNF) and the 
corticotropin-releasing hormone receptor (CRHR1). Used with permission of Springer Singapore from 
Islam et al. [28]. 

2.2 Major depressive disorder 

Depression is a common affective disorder affecting an estimated 5% of adults 

worldwide [33]. In Switzerland, the prevalence of major depressive disorder (MDD) was 

estimated at 8 to 10% of all people over 15 years of age in 2017 [34]. Recently, the situation 

surrounding the COVID-19 pandemic has additionally impacted mental health. In fact, 
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it is estimated that the COVID-19 pandemic triggered an increase of over 25% in MDD 

cases worldwide in 2020 [35].  

A depressive episode is defined by at least two of three key symptoms, namely 

depressed mood, anhedonia and loss of energy. In addition, symptoms such as weight 

loss or -gain, sleep disorders, cognitive dysfunction, as well as suicidality and others, 

may be observed. A combination of the aforementioned symptoms needs to be present 

for at least two weeks in order to be classified as a depressive episode in accordance with 

the International Statistical Classification of Diseases and Related Health Problems 

(ICD-10, version 10) [36]. When referring to MDD, one commonly speaks about 

depressive disorder (single or recurrent episodes) with an at least moderate severity as 

defined by the ICD-10 (F32.1, F32.2, F33.1 or F33.2) [37]. For these patients, 

pharmacotherapy, in addition to psychotherapy, is a relevant pillar in their 

treatment [27,37]. Fortunately, clinicians and patients today can choose from a variety of 

antidepressants. However, treating MDD remains challenging, with around 50% of 

these patients responding inadequately to a first-line antidepressant [38,39]. 

Multiple depression rating scales are available to assess the course of depression 

and therapy outcome. One commonly used scale is the Hamilton Depression Rating 

Scale (HAM-D), which is scored by an external rater [40]. Additionally, there are also 

patient self-assessed scales, such as the Beck Depression Inventory (BDI) [41]. In general, 

a reduction of at least 50% in the scale baseline score is considered as therapy 

response [37].  

Effective treatment is important because MDD imposes a high burden of disease 

on patients. Globally, depressive disorders rank 13th among the leading causes of disease 

burden [42]. More precisely, a cumulative annual health loss of 45.7 million disability 
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adjusted life years (DALYs) was estimated for MDD in 2019 [42]. DALYs are a 

quantitative indicator of health loss resulting from premature death and disability that 

make the burden of disease comparable between different conditions. As an illustration, 

MDD is estimated to have a similar global disease burden as lung cancer and malaria, 

which each accounted for about 1.8% of global DALYs in 2019 [42]. Moreover, the 

disorder challenges healthcare systems and society, particularly because of the costs 

incurred. Most of these costs are indirect and result from unemployment, sick leave and 

early retirement [43,44]. For Switzerland, it is estimated that an individual suffering from 

severe MDD generates annual direct and indirect costs of up to 32’800 euros. 

Cumulatively, the approximated annual cost of depression is over 8 billion euros, which 

corresponds to about 20% of the expenditure on healthcare in Switzerland [43]. 

Ineffective and intolerable antidepressant treatment can prolong the illness and 

interfere with continued medication adherence, increasing the burden on the patient, 

the healthcare system, and society. Since recent approvals of novel antidepressant drugs 

are scarce [45], it is conceivable that interventions to improve the response rates and 

tolerability of already available antidepressants are important. In particular, an early or 

even preemptive prediction of the antidepressant treatment outcome could be 

beneficial. Today, treatment response can only be assessed after about four weeks of 

antidepressant drug exposure [27], which can make a trial-and-error approach 

inefficient, in terms of both time and money. Therefore, the goal of several studies 

currently underway is to identify biomarkers for the prediction of antidepressant 

treatment outcome [e.g. 46,47]. However, as mentioned before, evidence is already being 

compiled on PGx affecting antidepressant response. Indeed, it is estimated that over 
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40% of interindividual differences in antidepressant response may be attributed to the 

effects of common genetic variation [48]. 

2.3 Pharmacogenetic testing to guide antidepressant therapy 

At this point, it seems plausible that PGx testing may provide an opportunity to 

optimize drug selection and dosing in order to increase response rates and the 

tolerability of antidepressants. Today, commercial PGx tests that consider several 

polymorphic genes involved in antidepressant pharmacokinetic as well as 

pharmacodynamic behavior, so-called panel testing, are already offered and used [49]. 

Hitherto, however, only a limited number of mainly commercially sponsored, 

prospective clinical trials that test the influence of PGx-guided antidepressant therapy 

on patient outcomes have been conducted. The clinical trials available to date have 

shown some promising effects of PGx-guided treatment of MDD. Two recent meta-

analyses pooled the risk ratios of (i) 6 (n = 799) and (ii) 4 (n = 1556) clinical studies, and 

found significantly improved antidepressant response rates for patients receiving 

combinatorial PGx panel testing compared to patients under treatment as usual that did 

not consider their genetic profile ((i) RR=1.36; (ii) RR=1.40) [50,51]. Nevertheless, PGx 

testing is not yet part of routine clinical practice when prescribing antidepressants in 

Switzerland.  

Diverse barriers to the adoption of PGx have been described, which include lack of 

education among healthcare professionals, restricted reimbursement for PGx tests and 

the still limited evidence from prospective clinical trials [52]. Hitherto, in Switzerland, 

PGx testing could only be initiated by physicians. Only recently, a revision of the Swiss 

law on genetic investigations in humans was passed, allowing additional healthcare 

professionals, including pharmacists, to initiate PGx testing [53]. It can be surmised that 
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the expansion of pharmacists’ competencies in PGx may enhance the accessibility of PGx 

testing for patients, improve the interprofessional collaboration between healthcare 

professionals in PGx and thereby support the further adoption of PGx in clinical practice. 

Still, to ensure coverage by health insurers, most PGx tests must be ordered by a 

specialized pharmacologist. This is particularly the case for genetic variants of CYP2D6 

and CYP2C19, for which there are recommendations for PGx-guided antidepressant 

selection and dosing [54].  

As briefly mentioned in the beginning, other factors besides PGx can influence 

drug response. In particular, these may include non-genetic factors such as organ 

function, drug–drug interactions (DDI), food–drug interactions and medication 

adherence [2,3]. Thus, a patient identified as a CYP2D6 NM by genotyping, may become 

a phenotypic IM or even PM with concomitant administration of a CYP2D6-inhibiting 

agent. Indeed, for NMs it has been demonstrated that the antitussive and CYP2D6 

model substrate dextromethorphan shows an increased metabolic ratio 

(dextromethorphan/dextrophan), comparable to CYP2D6 IMs or PMs, when the potent 

CYP2D6 inhibitor paroxetine was co-administered. This effect was more pronounced in 

individuals already carrying a non-fully functional CYP2D6 allele (activity score < 2), 

leading to a significantly increased number of individuals converted to PMs (94% vs. 

56%) [55]. This deviation from the genotype-predicted phenotype due to non-genetic 

factors is referred to as phenoconversion [56]. Today, PGx analyses often seem to focus 

on single drug–gene interactions (DGI) only. However, as previously described, several 

non-genetic factors can impact therapy response and may also modify genetically 

predisposed phenotypes [56]. Therefore, it is conceivable that an individualized 

evaluation of PGx information in the context of non-genetic factors such as co-
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medication, renal and hepatic function, and others is of importance for a beneficial 

integration of PGx in clinical practices, such as the selection and dosing of 

antidepressants.  

In pharmaceutical care, pharmacists aim to optimize the use of medicines and the 

health outcomes of individuals [57]. Pharmacist-led medication reviews are an 

established intervention in pharmaceutical care. An expert working group of the 

Pharmaceutical Care Network Europe (PCNE) recently proposed a definition of the term 

medication review: “Medication review is a structured evaluation of a patient’s medicines 

with the aim of optimizing medicines use and improving health outcomes. This entails 

detecting drug-related problems and recommending interventions” [58]. The PCNE 

further describes three main sources of information when performing a medication 

review: (i) patient interview, (ii) medication history and (iii) clinical data [58]. In the 

evaluation of a patient’s medication, pharmacists already consider a variety of accepted, 

inter-individual factors affecting drug response (e.g. DDI, age, weight, renal and hepatic 

function) [58]. Clinical data on PGx may provide supplementary information that allows 

for more comprehensive medication analysis and more individualized treatment 

recommendations. In order for the recommendations, developed by the pharmacist, to 

be considered in the treatment of the patient, close collaboration with the treating 

physician is important. The interprofessional collaboration between pharmacists and 

psychiatrists has been investigated before. In an inpatient psychiatry setting, 

pharmacist-led medication reviews and their subsequent interprofessional discussion 

significantly reduced the number of unsolved drug-related problems (DRP) by a factor 

of nearly 2, compared to a non-concurrent control group [59]. It was also reported that 

psychiatrists primarily seek the help of pharmacists in selecting medications [60]. As 
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described above, PGx information could make an important contribution to the 

selection of antidepressants. However, at least in Switzerland, no clear or formal 

structures are in place to support such advancements.  

In summary, the effectiveness and tolerability of certain antidepressants has been 

linked to genetic predisposition [7,13,14,61]. So far, a limited number of clinical studies 

have shown promising effects when PGx information was available for patients with 

MDD under treatment with antidepressants [50,51]. In addition to genetic predisposition, 

other non-genetic factors can also affect the effectiveness and tolerability of 

antidepressants [56]. When reviewing medications, pharmacists are trained to consider 

a variety of factors that may affect drug response [58]. Hitherto, PGx has not been 

considered when prescribing antidepressants in routine clinical practice in Switzerland. 

The barriers to the adoption of PGx are manifold [52]. Involving pharmacists in PGx 

testing may create an opportunity to beneficially integrate PGx into routine 

antidepressant prescribing.  
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3 Aims of the thesis 

The overall goal of the research presented in this thesis was to gain an 

understanding for PGx in the pharmaceutical care of MDD patients. This overall goal 

was addressed by the following aims: 

 To study the role of PGx in patients who experienced inefficacy or adverse 

reactions to their antidepressant pharmacotherapy (addressed in Project A). 

 To investigate the feasibility of integrating PGx into pharmaceutical care in 

clinical practice (addressed in Project B and C). 

 To further assess the impact of the proposed pharmacist-led PGx service in 

MDD patients (addressed in Project D). 
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4 Thesis overview 

The aforementioned aims of the thesis were approached with four overarching 

projects (A-D) which resulted in seven peer-reviewed publications (Error! Not a valid 

bookmark self-reference.).  

Table 2. Overview of projects (A-D) and associated publications 

Project A – PGx in patient cases with ADR and TF under antidepressant therapy 

A-1 Nonresponse to high-dose bupropion for depression in a patient carrying 

CYP2B6*6 and CYP2C19*17 variants: a case report 

Stäuble CK, Lampert ML, Mikoteit T, Hatzinger M, Hersberger KE,  

Meyer zu Schwabedissen HE 

A-2 Severe adverse drug reactions to quetiapine in two patients carrying CYP2D6*4 

variants: a case report 

Stäuble CK, Lampert ML, Mikoteit T, Hatzinger M, Hersberger KE,  

Meyer zu Schwabedissen HE 

A-3 Case report: Non-response to fluoxetine in a homozygous 5-HTTLPR S-allele 

carrier of the serotonin transporter gene 

Stäuble CK, Meier R, Lampert ML, Mikoteit T, Hatzinger M, Allemann S, 

Hersberger KE, Meyer zu Schwabedissen HE 

A-4 Pharmacogenetic-guided antidepressant selection as an opportunity for 

interprofessional collaboration: a case report 

Stäuble CK, Lampert ML, Mikoteit T, Hatzinger M, Hersberger KE,  

Meyer zu Schwabedissen HE 
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Project B – PGx in pharmaceutical care: Pharmacist training  

B Pharmacogenetics in pharmaceutical care - piloting an application-oriented 

blended learning concept 

Stäuble CK, Jeiziner C, Hersberger KE, Meyer zu Schwabedissen HE and 

Lampert ML 

Project C – PGx in pharmaceutical care: Pharmacist-led PGx service  

C A guide to a pharmacist-led pharmacogenetic testing and counselling service 

in an interprofessional setting 

Stäuble CK, Jeiziner C, Bollinger A, Wiss F, Hersberger KE, Lampert ML, Meyer 

zu Schwabedissen HE and Allemann SS 

Project D – Pre-emptive pharmacist-led PGx service in MDD patients (PrePGx) 

D Pharmacist-guided pre-emptive pharmacogenetic testing in antidepressant 

therapy (PrePGx): study protocol for an open-label, randomized controlled trial 

Stäuble CK, Lampert ML, Allemann S, Hatzinger M, Hersberger KE, Meyer zu 

Schwabedissen HE, Imboden C and Mikoteit T 
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5 Results 

5.1 Project A 

PGx in patient cases with ADR and TF under antidepressant therapy  

Nonresponse to high-dose bupropion for depression in a patient carrying CYP2B6*6 and 

CYP2C19*17 variants: a case report [A-1] 

 

Céline K. Stäuble1,2, Markus L. Lampert2,3, Thorsten Mikoteit4, Martin Hatzinger4,  

Kurt E. Hersberger2 & Henriette E. Meyer zu Schwabedissen1 

 

 

1 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

2 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

3 Institute of Hospital Pharmacy, Solothurner Spitäler, 4600 Olten, Switzerland 

4 Psychiatric Services Solothurn, Solothurner Spitäler, 4503 Solothurn, Switzerland 

 

 

 

 

 

 

 

 

 

Pharmacogenomics, 2020 November; 21(16):1145-1150 

doi: 10.2217/pgs-2020-0087 

PMID: 33124517 
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Severe adverse drug reactions to quetiapine in two patients carrying CYP2D6*4 variants:  

A case report [A-2] 

 

Céline K. Stäuble1,2,3, Markus L. Lampert2,3, Thorsten Mikoteit4, Martin Hatzinger4,  

Kurt E. Hersberger2 & Henriette E. Meyer zu Schwabedissen1 

 

 

1 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

2 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

3 Institute of Hospital Pharmacy, Solothurner Spitäler AG, 4600 Olten, Switzerland 

4 Psychiatric Services Solothurn, Solothurner Spitäler AG, 4503 Solothurn, Switzerland 

 

 

 

 

 

 

 

 

 

 

 

 

 

International Journal of Molecular Sciences, 2021 June; 22(12):6480 

doi: 10.3390/ijms22126480 

PMID: 34204223  



Results - Project A 

28 
 



Results - Project A 

29 
 



Results - Project A 

30 
  



Results - Project A 

31 
  



Results - Project A 

32 
  



Results - Project A 

33 
  



Results - Project A 

34 
  



Results - Project A 

35 
  



Results - Project A 

36 
  



Results - Project A 

37 

Case report: Non-response to fluoxetine in a homozygous 5-HTTLPR S-allele carrier of the 

serotonin transporter gene [A-3] 

 

Céline K. Stäuble1,2,3, Rebecca Meier1, Markus L. Lampert2,3, Thorsten Mikoteit4, Martin 

Hatzinger4, Samuel S. Allemann2, Kurt E. Hersberger2 & Henriette E. Meyer zu 

Schwabedissen1 

 

 

1 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

2 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

3 Institute of Hospital Pharmacy, Solothurner Spitäler AG, 4600 Olten, Switzerland 

4 Psychiatric Services Solothurn, Solothurner Spitäler AG, 4503 Solothurn, Switzerland 

 

 

 

 

 

 

 

 

 

 

 

 

Frontiers in Psychiatry, 2022 July; 13:942268 

doi: 10.3389/fpsyt.2022.942268 

PMID: 35911243  
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Pharmacogenetic-Guided Antidepressant Selection as an Opportunity for Interprofessional 

Collaboration: A Case Report [A-4] 

 

Céline K. Stäuble1,2,3, Markus L. Lampert2,3, Thorsten Mikoteit4, Martin Hatzinger4,  

Kurt E. Hersberger2 & Henriette E. Meyer zu Schwabedissen1 

 

 

1 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

2 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

3 Institute of Hospital Pharmacy, Solothurner Spitäler AG, 4600 Olten, Switzerland 

4 Psychiatric Services Solothurn, Solothurner Spitäler AG, 4503 Solothurn, Switzerland 

 

 

 

 

 

 

 

 

 

 

 

 

 

Life, 2021 July; 11(7):673 

doi: 10.3390/life11070673 

PMID: 34357045
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5.2 Project B 

PGx in pharmaceutical care: Pharmacist  training  

Pharmacogenetics in pharmaceutical care – piloting an application oriented blended learning 

concept [B] 

 

Céline K. Stäuble1,2,3, Chiara Jeiziner2, Kurt E. Hersberger2, Henriette E. Meyer zu 

Schwabedissen1, Markus L. Lampert2,3 

 

 

1 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

2 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

3 Institute of Hospital Pharmacy, Solothurner Spitäler, 4600 Olten, Switzerland 

 

 

 

 

 

 

 

 

 

 

 

Pharmacy, 2021 September; 9(3):152 

doi: 10.3390/pharmacy9030152 

PMID: 34564559 
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5.3 Project C 

PGx in pharmaceutical care: Pharmacist -led PGx service  

A guide to a pharmacist-led pharmacogenetic testing and counselling service in an 

interprofessional healthcare setting [C] 

 

Céline K. Stäuble1,2,3, Chiara Jeiziner1, Ann Bollinger1, Florine M. Wiss1,2, Martin 

Hatzinger4, Kurt E. Hersberger1, Thomas Ihde5, Markus L. Lampert1,2,  

Thorsten Mikoteit4, Henriette E. Meyer zu Schwabedissen3, Samuel S. Allemann1 

 

 

1 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

2 Institute of Hospital Pharmacy, Solothurner Spitäler, 4600 Olten, Switzerland 

3 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

4 Psychiatric Services Solothurn, Solothurner Spitäler AG, Faculty of Medicine, University of Basel, 
4503 Solothurn, Switzerland 

5 Institute of Psychiatry, Spitäler Frutigen Meiringen Interlaken AG (fmiAG), 3800 Unterseen, 
Switzerland 

 

 

 

 

 

 

 

 

Pharmacy, 2022 July; 10(4):86 

doi: 10.3390/pharmacy10040086 

 PMID: 35893724  
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5.4 Project D 

Pre-emptive pharmacist -led PGx service in MDD patients (PrePGx)  

Pharmacist-guided pre-emptive pharmacogenetic testing in antidepressant therapy (PrePGx) 

study protocol for an open label, randomized controlled trial [D] 

 

Céline K. Stäuble1,2,3, Markus L. Lampert2,3, Samuel S. Allemann2, Martin Hatzinger4, 

Kurt E. Hersberger2, Henriette E. Meyer zu Schwabedissen1, Christian Imboden5, 

Thorsten Mikoteit4 

 

 

1 Biopharmacy, Department of Pharmaceutical Sciences, University of Basel, 4056 Basel, Switzerland 

2 Pharmaceutical Care, Department of Pharmaceutical Sciences, University of Basel, 4001 Basel, 
Switzerland 

3 Institute of Hospital Pharmacy, Solothurner Spitäler, 4600 Olten, Switzerland 

4 Psychiatric Services Solothurn, Solothurner Spitäler AG, Faculty of Medicine, University of Basel, 
4503 Solothurn, Switzerland 

5 Private Clinic Wyss, 3053 Münchenbuchsee, Switzerland 

 

 

 

 

 

 

 

 

Trials, 2021 December; 22(1):919 

doi: 10.1186/s13063-021-05724-5 

PMID: 34906208  
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6 Discussion and Conclusion 

Today, healthcare professionals in Switzerland do not consider PGx information as 

a standard for the pharmacotherapeutic management of MDD patients. The work and 

findings of this thesis presented here contribute to an understanding of the 

opportunities and challenges of PGx in the clinical practice of antidepressant therapy, 

and to the recognition of the role of pharmacists in this context. These findings are based 

on four overarching projects (A-D). In summary, Project A provides an insight into five 

exemplary depressive disorder patient cases from a prospective observational case study. 

There, PGx information was used by pharmacists to elucidate histories of TF and ADR, 

as well as to elaborate recommendations for further therapy optimization. It became 

apparent that applying PGx information to real patient cases requires individual patient 

consideration and evaluation, which in turn require advanced knowledge that has not 

yet been adequately covered in either Swiss undergraduate or in continuing pharmacy 

education. Therefore, Project B was concerned with overcoming this educational gap 

by developing and conducting a continuing education program to prepare pharmacists 

for the application of PGx information in clinical practice. In order for the PGx 

information processed by pharmacists to be taken into account comprehensively in the 

treatment of patients, an equal and close interprofessional collaboration with other 

healthcare professionals, especially the treating physician, appeared to be of importance. 

In this context, Project C defined a six-step-approach for the implementation of a 

pharmacist-led PGx testing and counseling service (PGx service) in an interprofessional 

healthcare setting. To evaluate the impact of the proposed pharmacist-led PGx service 

on patient outcomes, an open-label randomized controlled clinical trial in MDD patients 

was developed in Project D. 
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Based on the findings of Project A, I conclude that applying individual PGx 

information to real-world, depressive-disorder patient cases is not always 

straightforward and requires individual patient consideration and evaluation. In our 

studies we came across two particular challenges highlighted by the exemplary case 

reports of Project A-1–3. 

First, although there are international initiatives such as the PharmGKB and the 

CPIC to facilitate the use of PGx information for patient care, evidence for precise PGx-

based drug selection and dosing is still fragmentary. Detailed PGx-based dosing 

guidelines are currently only available for a limited number of antidepressant–gene 

pairs, including SSRIs, tricyclic antidepressants, CYP2C19, CYP2D6 and ABCB1 

[13,14,27,61]. Project A-1 and A-2 highlight that, despite the well-known involvement of 

polymorphic CYPs in the metabolism of bupropion and quetiapine, there is a lack of 

studies investigating the role of genetics in the interindividual differences in their 

pharmacokinetic behavior. Moreover, too few clinical studies investigating the 

relationship between genetics and therapy outcome and tolerability of bupropion and 

quetiapine have been conducted to form a basis for PGx guidelines. However, genetically 

predicted CYP metabolizer phenotypes could provide insights into the pharmacokinetic 

behavior of substrate drugs that are not yet covered by therapeutic recommendations 

analogous to drug–drug-interaction predictions. Moreover, in addition to 

pharmacokinetics, pharmacodynamics-related gene variants may also have an impact 

on antidepressant response. In this context we highlighted a case in Project A-3 where 

the patient’s SLC6A4 genotype likely had an effect on the antidepressant treatment 

course. Genetic variation in antidepressant targets such as the serotonin transporter 

(SERT1 encoded by SLC6A4) have been shown to affect therapeutic response [28,32]. 
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However, current guidelines do not recommend that polymorphisms in SLC6A4 or in 

other pharmacodynamics-related genes be considered in antidepressant selection and 

dosing. In addition to the lack of PGx recommendations, complex genetic variants such 

as the serotonin transporter linked promotor region polymorphism (5-HTTLPR) may 

hamper the adoption of SLC6A4 genotyping in clinical practice. 5-HTTLPR is a variable 

number tandem repeat polymorphism (VNTR), which cannot be genotyped with real-

time polymerase chain reaction (PCR) TaqMan® assays, as used in the commercial PGx 

panel test applied here (Stratipharm®, Appendix B), that primarily targets single 

nucleotide polymorphisms (SNP) [e.g. 62].  

For the genotyping of complex genetic variants such as VNTR, other more 

elaborate methods have to be applied. In Project A-3 we used a PCR assay with 

subsequent gel electrophoresis for visual size analysis of the PCR product to determine 

5-HTTLPR variants [63]. A more recent alternative for the genotyping of VNTR offers 

next-generation sequencing (NGS). Although NGS methods allow for timely whole 

genome sequencing (WGS), this approach also poses major challenges for the 

application of genetic testing including PGx in clinical practice [64]. WGS generates a 

large amount of data that requires analysis by experts using sophisticated bioinformatics 

tools. Further, the large amount of data increases the likelihood of detecting genetic 

variants with unknown clinical significance, as well as incidental findings of genetic 

variants with disease risks or disease modifying risks [64]. In the context of SLC6A4 it is 

important to mention that there are genetic variants that not only influence drug 

response, but also have disease modifying properties. The 5-HTTLPR, which we 

investigated in Project A-3, has been linked to depression susceptibility [65,66]. A meta-

analysis that pooled the results of 54 studies showed an increased risk for carriers of the 
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variant 5-HTTLPR short allele (S-allele) to develop depression when exposed to 

stress [67]. In clinical practice, it must therefore be taken into account that genetic 

information collected to predict drug response may also be associated with disease risks 

or disease-modifying risks in certain cases. Under these conditions, the evaluation and 

communication of PGx test results would have to involve more sophisticated 

approaches. In Switzerland, PGx tests that can also detect disease risks could jeopardize 

the involvement of pharmacists in PGx, as the assessment of genetic diseases and genetic 

disease risks is legally reserved for experts such as human geneticists. 

Second, PGx-based dosing guidelines are often derived from considerations of 

single drug–gene interactions (DGI) [7,10]. However, DGI may be affected by additional 

factors, including physiological, environmental, and behavioral factors [2,3]. In addition, 

different genetic predispositions may also influence each other.  

In Project A-1 we describe a potential combined effect of CYP2B6 and CYP2C19 

pharmacogenotypes, both known to be involved in the metabolism of bupropion. It is 

conceivable that the pharmacokinetic behavior of a drug metabolized via multiple 

polymorphic enzymes may be affected by the combined effect of the genetic 

predisposition of these enzymes. Indeed, this effect has been described as drug–gene–

gene interaction (DGGI) before [68], and may also need to be taken into account for 

certain antidepressants which are metabolized by multiple polymorphic CYPs (Table 1). 

Notably, the CPIC already considers the combined effect of CYP2D6 and CYP2C19 

genotypes in their dosing recommendations for tricyclic antidepressants. As mentioned 

before, such effects could also affect other antidepressants, including bupropion, not yet 

covered by therapeutic PGx recommendations.  
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Moreover, non-genetic factors such as a patient’s comedication can also affect DGI. 

In Project A-2 we identified a potential combined effect of the known CYP2D6 inhibitor 

escitalopram and the patient’s genetic predisposition for CYP2D6 intermediate 

metabolizer on the tolerability of quetiapine. Such effects have been described before as 

drug–drug–gene interaction (DDGI) [69], which are a possible form of 

phenoconversion [56]. As previously mentioned, additional, non-genetic predispositions 

may influence DGI. In Project-A2, the patient’s impaired renal function might have 

influenced quetiapine excretion and therefore tolerability in addition to the CYP2D6 

genetic predisposition. In summary, additional factors such as other genetic 

predispositions, renal function and polypharmacy (DDI) may counterbalance or 

enhance the expected clinical effects of DGI. To accurately assess the impact of these 

additional factors on DGI and drug response, stratified outcome studies would need to 

be conducted, taking into account all types of additional factors and their combinations 

as previously described. 

Still, PGx may provide an opportunity to optimize pharmacotherapy. Clinical 

pharmacists already consider several interindividual factors when analyzing a patient’s 

medicines in medication reviews to propose interventions for therapy optimization, 

including clinical data (e.g., age, weight, lab values and comorbidities) [58]. Moreover, 

pharmacists are an important point of contact for patients and healthcare professionals 

in the event of drug-related problems [70]. The patient case in  

Project A-4 demonstrates, based on the example of psychiatric practice, that 

pharmacists are well positioned and equipped to include PGx information in medication 

reviews and give individualized recommendations for therapy optimization in an 

interprofessional healthcare setting. 
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Notably, in Project A-1–4 we are reporting the cases of single patients in clinical 

routine care. Accordingly, this certainly limits the conclusions that can be or should be 

drawn from the observations. Nevertheless, these exemplary cases provide important 

insights into the challenges and opportunities of PGx in the clinical practice of 

depression therapy. 

Applying PGx to individual patient cases requires patient-specific consideration 

and evaluation, which in turn requires advanced knowledge of PGx that is to our 

understanding so far not sufficiently covered in either Swiss undergraduate or 

continuing pharmacy education. A recent survey of Swiss pharmacists (n = 372) found 

that nearly 75% of them rated their knowledge of PGx as inadequate to counsel their 

patients. Nevertheless, just as many pharmacists felt a responsibility to advise their 

patients about PGx and therefore showed interest to participate in a continuing 

education program [71]. Similar findings have been made in surveys conducted in other 

countries. Pharmacists and healthcare professionals practicing in Singapore, Canada, 

and the Netherlands, among other countries, considered PGx testing useful but judged 

their knowledge as insufficient to apply it in practice [72-74]. Indeed, lack of education 

has been described as a major barrier to the adoption of PGx in clinical practice [52]. In 

Project B we therefore, developed and piloted a continuing education program to 

prepare Swiss pharmacists for the application of PGx information in clinical practice, 

which to our knowledge is the first of its kind in Switzerland. Prior to the program, 

participants already expressed a favorable attitude towards PGx and were convinced 

about its importance in pharmacy practice. After attending the program, participants 

showed measurable improvement in their knowledge of PGx and their competence in 

integrating PGx information into the pharmaceutical care of patients. I conclude that 
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pharmacists can be enabled to integrate PGx information in clinical practice through a 

continuing education program. At this point, it should be mentioned that the 

participants of the education program are a selected cohort subject to selection bias and 

therefore do not necessarily reflect all Swiss pharmacists. Registration on the course was 

voluntary and open to all pharmacists for a fee. We, therefore, expected pharmacists 

with a positive attitude and general interest in PGx to participate. This may have 

beneficially influenced the participants’ learning outcomes. However, at the end of the 

training the participants expressed mixed intentions to integrated a PGx service into 

their pharmacy practice. Several barriers to the adoption of a PGx service were indicated, 

including lack of resources and lack of coverage by health insurers. To further assist 

participants with implementation, we initiated a peer group for pharmacists who were 

generally interested in offering PGx services. In our experience with the peer group, even 

six months after completing the continuing training program, none of the participants 

had implemented a PGx service in their practice. At the time, this may have been 

influenced by the situation surrounding the COVID-19 pandemic, including staff 

shortages and the implementation of other new services such as COVID testing and 

vaccination. In addition, a major challenge appeared to be the lack of interprofessional 

networks and physician support for such a PGx service. Broader coverage of PGx during 

the undergraduate education of healthcare professionals, using interprofessional 

education concepts, could perhaps promote collaboration between pharmacists and 

physicians at an early stage, and increase the uptake of PGx in clinical practice. Such 

programs do already exist, for instance in the United States [75,76]. Still, for PGx to 

actually be implemented in clinical practice, appropriate interprofessional procedures 

need to be defined. Indeed, a recent study piloting an outpatient PGx service in the 
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Netherlands found that unclear allocation of responsibilities between the involved 

pharmacists and physicians was a major barrier to the adoption of the service [77].  

In Project C we described and proposed a structured PGx service considering the 

multi-professional setting in both primary and secondary care. This structured 

procedure was designed and refined based on our working experience in the 

observational case series study, where we applied PGx testing and counseling in both 

settings. Exemplary patient cases recruited within the secondary care setting are 

described in Project A. As mentioned above, we also recruited cases in the primary care 

setting, of which two exemplary cases were published by Jeiziner et al. [78,79]. In 

Project C we defined a six-step-approach for PGx testing and counseling, supporting the 

importance of interprofessional collaboration for the adoption of PGx in clinical 

practice. In this approach, pharmacists play a key role in enabling an individual, 

comprehensive evaluation of the patient’s PGx profile by integrating this information 

into a medication review. Thereby, non-genetic factors (e.g. co-medication, renal 

function), that may enhance or compensate the genetic predisposition (e.g. 

phenoconversion), are also taken into account. With this structured medication review, 

pharmacists aim to identify drug-related problems and make individualized 

recommendations to optimize the patient’s medication to improve health outcomes. 

Finally, pharmacists are responsible for the counseling of patients, physicians and other 

care givers prior to and after PGx testing. This service was designed and refined for the 

Swiss healthcare system and may therefore not be directly transferable to other 

countries. However, since the Swiss healthcare system is heterogeneous, with 26 

different cantonal systems, the service could still be adapted to a different healthcare 

system. 
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The role of pharmacists in PGx considerations in clinical practice has been 

previously described as essential by several parties. For instance, a working group of the 

National Health Service England (NHS) recently concluded in its report on personalized 

prescribing that PGx services should be multidisciplinary, including pharmacists to 

guide therapeutic decisions across medical disciplines. They further highlighted that the 

role of pharmacists in the implementation of PGx in clinical practice is an important 

area of research [80]. Notably, the Mayo Clinic in the United States has already 

established a PGx service (“nine-gene pharmacogenomics profile service”) in which 

pharmacists are responsible for interpreting PGx test results to enable their 

consideration in clinical practice [81].  

Until now, specific outcome analyses of such structured PGx services have been 

limited, inter alia concerning the treatment of depression. In our observational case 

series study, over 60% of the enrolled patients were diagnosed with a psychiatric 

disorder, predominantly a depressive disorder. A limited number of industry-sponsored 

studies has shown that response rates to antidepressants are higher when reports from 

commercial combinatorial PGx test panels are available [50,51]. In these studies, 

physicians generally adopted their patients’ PGx information from the commercial test 

reports without consulting other healthcare professionals such as pharmacists [50,51]. 

However, as already described, the involvement of pharmacists in the individual analysis 

and transfer of PGx information into recommendations for clinical practice may have an 

additional benefit. Pharmacists are specialists in pharmacotherapy and key contacts for 

drug-related problems. They are therefore in an ideal position to assist other healthcare 

professionals with patient-specific medication reviews that take PGx information into 

account.  
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Ideally, such a pharmacist-led PGx service is applied to prevent ADR and TF. So-

called pre-emptive PGx testing is performed prior to drug prescription. With this 

strategy, PGx information that is already available can be considered to guide drug 

selection and dosing in order to enhance medication safety and efficacy [82]. Pre-emptive 

PGx testing often entails a panel-testing approach, where multiple genes, relevant for 

the response to several drugs, are genotyped simultaneously. In the projects described 

here we applied a commercial PGx panel test (Appendix B). This approach may be 

particularly useful for MDD patients, as multiple antidepressants can be impacted by 

the patients’ genetic predisposition in several genes (e.g., CYP2D6, CYP2C19, 

ABCB1) [7,13,14,61].  

Furthermore, a recent analysis of Swiss drug claims showed that antidepressants 

with PGx recommendations, namely escitalopram and trimipramine, are readily used. 

In a population of almost 890’000 people registered with the Swiss health insurer 

Helsana, 5.3% were treated with escitalopram and 1.9% with trimipramine between 2016 

and 2020 [83]. Moreover, combinatorial PGx panel testing of MDD patients (n = 1149) 

revealed that current or planned antidepressant medications were prevalently 

associated with gene–drug interactions. In detail, over 40% of the patients showed 

moderate gene–drug interactions and around 20% even clinically significant gene–drug 

interactions [84]. Therefore, a majority of patients under treatment or with planned 

treatment for MDD could benefit from PGx. 

In Project D, we followed-up on our proposed pharmacist-led PGx service from 

Project C with an outcome analysis of adult MDD inpatients who required a change or 

an initial prescription of their antidepressant therapy. The PrePGx study (pharmacist-

guided pre-emptive pharmacogenetic testing in antidepressant therapy, 
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ClinicalTrials.gov ID: NCT04507555, Swiss National Clinical Trials Portal ID: 

SNCTP000004015) is a multi-center, open-label, randomized controlled, parallel three-

arm trial. The focus of this study is on interprofessional collaboration for the handling 

and use of PGx information in the psychiatric practice of depression therapy. We are 

comparing a PGx intervention (pharmacist-guided pre-emptive PGx testing integrated 

in a medication review) to the current standard of care for the selection and dosing of 

antidepressants. In the standard of care (control group), the psychiatrist selects and 

doses the antidepressant without information on the patient’s PGx profile and without 

a pharmacist consultation and medication review. The primary endpoint is therapy 

response after four weeks of treatment with the newly introduced antidepressant. This 

study design facilitates the direct comparison of the two approaches and minimizes 

selection bias by randomly assigning patients to the intervention or control group. The 

third study arm is observational and follows up on patients for whom the introduction 

of a new antidepressant was evaluated as not necessary or possible. Because PGx 

information is collected for all patients, the observational arm allows for further 

explorative analyses beyond the primary endpoint. Notably, the trial design was 

developed in close collaboration with psychiatrists and clinical pharmacists. The 

pragmatic setup was chosen to allow direct transfer of the findings into clinical practice. 

However, such a pragmatic approach is also associated with certain limitations, such as 

the fact that patients and investigators are not blinded to group allocation, which may 

lead to expectation bias. Furthermore, because the study arms are conducted in parallel, 

a training effect among the physicians cannot be ruled out, which may lead to a 

preference for prescribing antidepressants without PGx implications. Regardless of the 

trial design, PGx is a constantly evolving field in which new evidence may further stratify 
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the currently available guidelines for antidepressant dosing and selection published by, 

for example, the CPIC and the DPWG. Therefore, the pharmaceutical recommendations 

based on those guidelines may be subject to certain changes from the beginning to the 

end of the study. It should also be emphasized here that this study does not allow for an 

isolated assessment of the impact of PGx data on treatment outcomes, as we are 

examining an integrated approach to PGx in the pharmaceutical care of patients with 

MDD. This sets our work apart from previous and ongoing studies, where the impact of 

commercial combinatorial PGx test panels is evaluated in randomized clinical trials 

without an interprofessional approach or pharmacist consultation in antidepressant 

therapy for MDD patients [50,85]. So far, we have been unable to perform an outcome 

analysis of the PrePGx study, as patient recruitment is still ongoing in two psychiatric 

clinics in Switzerland. Based on a sample-size calculation (power = 80%, α = 5%), we 

intend to enroll 85 patients each in the intervention and control arm (n = 190). As of 

September 2022 we have enrolled a total of 56 patients. Completion of the study is 

scheduled for the end of 2024. In conclusion we expect this trial to have a direct impact 

on the use and handling of PGx information in routine psychiatric and pharmacy 

practice.  
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Based on the underlying work from Project A–D, I conclude that:  

 First, PGx information should not be analyzed in isolation but within the context 

of other individual patient factors such as physiological factors (e.g., organ 

function), environmental factors (e.g., drug–drug interactions (DDI), smoking) 

and behavioral factors (e.g., medication adherence). Therefore, PGx information 

should be integrated into medication reviews in order to analyze and optimize a 

patient’s medicines.  

 Second, pharmacists are well positioned to initiate PGx testing and can be further 

trained to support other healthcare professionals with medication reviews that 

include PGx considerations. For this purpose, a pharmacist-led PGx testing and 

counseling service is feasible in an interprofessional setting of primary and 

secondary healthcare. 

 Third, the impact of a pharmacist-led PGx testing and counseling intervention 

needs to be evaluated in selective patient cohorts. MDD patients who require a 

change or an initial prescription of their antidepressant therapy are an 

appropriate cohort for such an outcome analysis. 
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7 Outlook 

PGx is an active field of research. Further insights will increase our knowledge on 

the impact of interindividual genetic predisposition on the pharmacokinetic and 

pharmacodynamic behavior of various drugs. However, there is already compelling 

evidence for certain drug–gene interactions, which has been processed by international 

consortia (e.g. CPIC, DPWG) into recommendations and guidelines for application in 

clinical practice. Still, today the utility of applying PGx in clinical practice is questioned 

and controversially discussed. On the one hand, this thesis points out the importance of 

practice-oriented research in PGx. In addition to MDD patients, other patient cohorts 

should also be studied to gain a broader understanding of the utility of a pharmacist-led 

PGx service. Patient cohorts that are particularly dependent on adequate medication 

management could be suitable for this purpose, for example elderly and chronically ill 

patients with polypharmacy. On the other hand, this thesis emphasizes 

interprofessional collaboration in PGx. Herein, interprofessional PGx education could 

further encourage the understanding of the role and competences of other healthcare 

professionals in PGx, as well as promote the formation of interprofessional networks for 

the implementation of PGx. Ideally, this form of interprofessional PGx education would 

already be introduced at an undergraduate level.  

Despite these notions, two major challenges to the implementation of PGx in Swiss 

clinical practice remain.  

First, currently PGx testing generally requires a prescription by a specialized 

pharmacologist to ensure basic healthcare coverage. However, in large parts of clinical 

practice pharmacologists are usually not readily available for consultation. Expanding 

reimbursement for PGx testing and related cognitive services to other healthcare 
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professionals could greatly improve the accessibility and uptake of PGx in clinical 

practice. 

Second, communication and exchange of PGx- and health data between healthcare 

providers is hampered by the lack of a coherent and interoperable e-health system. 

Improved digital networks, that consider data security, could enhance the continued use 

of PGx information across multiprofessional healthcare settings. This is particularly 

important, as PGx information derived from germline genes has lifelong validity and 

such data could be used pre-emptively for PGx guidance of patients’ future 

pharmacotherapies. Therefore, the implementation of a national e-health system could 

promote sustainability and cost-effectiveness through the clear documentation and 

accessibility of PGx data. 

Overall, this thesis contributes to the implementation of PGx in clinical practice 

by emphasizing the role of pharmacists as experts in pharmacotherapy and PGx in an 

interprofessional and collaborative healthcare setting. As of December 1, 2022, the 

revised Swiss law on genetic investigations in humans and associated ordinances came 

into force, officially allowing pharmacists to initiate PGx testing [53]. Nonetheless, 

further practice- and implementation-oriented research and notions are warranted to 

assess the utility of PGx in clinical practice and to improve societal recognition of 

pharmacists’ competencies in this context. 
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