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Abstract: (1) Background Pharmacological treatment for psychiatric disorders has shown to only be
effective in about one-third of patients, as it is associated with frequent treatment failure, often because
of side effects, and a long process of trial-and-error pharmacotherapy until an effective and tolerable
treatment is found. This notion emphasizes the urgency for a personalized medicine approach
in psychiatry. (2) Methods This prospective patient- and rater-blinded, randomized, controlled
study will investigate the effect of dose-adjustment of antidepressants escitalopram and sertraline or
antipsychotics risperidone and aripiprazole according to the latest state-of-the-art international dosing
recommendations for CYP2C19 and CYP2D6 metabolizer status in patients with mood, anxiety, and
psychotic disorders. A total sample of N = 2500 will be recruited at nine sites in seven countries
(expected drop-out rate of 30%). Patients will be randomized to a pharmacogenetic group or a
dosing-as-usual group and treated over a 24-week period with four study visits. The primary
outcome is personal recovery using the Recovery Assessment Scale as assessed by the patient (RAS-
DS), with secondary outcomes including clinical effects (response or symptomatic remission), side
effects, general well-being, digital phenotyping, and psychosocial functioning. (3) Conclusions
This is, to our knowledge, the first international, multi-center, non-industry-sponsored randomized
controlled trial (RCT) that may provide insights into the effectiveness and utility of implementing
pharmacogenetic-guided treatment of psychiatric disorders, and as such, results will be incorporated
in already available dosing guidelines.
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1. Introduction

Psychiatric disorders are noncommunicable diseases that pose a major health challenge
in Europe in the 21st Century [1,2]. In 2019, it was estimated that worldwide 970 million
people were living with a psychiatric disorder [3], a number that has only risen since the
COVID-19 pandemic and is expected to rise even more over time [1,3,4]. The economic
burden of adults with major depressive disorder in the United States alone was estimated at
210.5 USD in 2010 [4]. As such, the growing global economic burden of unmet psychiatric
health needs is putting a large strain on healthcare budgets. Our fundamental understand-
ing of etiopathogenic mechanisms underlying psychiatric disorders, in particular in the
field of genomics, has greatly advanced in recent years. For many years, however, the
development of new drugs with fundamentally new therapeutic targets has unfortunately
stagnated, leaving existing drugs as the only treatment alternatives to psychological inter-
ventions [5]. However, the use of these drugs is associated with frequent treatment failure,
often due to side effects, and many patients are left with a long and arduous process of
trial-and-error pharmacotherapy until they receive effective and tolerable treatment [6].
Pharmacological treatment for psychiatric disorders has shown to be only effective in about
one-third of patients, resulting in a considerable number of therapy-resistant patients [5–7],
an increased risk for comorbid diseases, and a reduced life expectancy of up to 20 years [3].
Moreover, the efficacy of effective treatments is limited by low compliance, often due to
adverse effects [8]. These adverse effects are, in part, driven by the heterogeneity in genes
encoding drug-metabolising enzymes [9]. Growing evidence suggests that genotyping may
help to identify which patients benefit from what treatments, using so-called pharmaco-
genetics to personalize medicine, which can also be used in psychiatry [5,7,10,11]. These
advances have not yet reached clinical practice on a larger scale [12,13].

By identifying genetic variations that influence the effectiveness and adverse effects
of medications, more informed decisions about treatment can be made, leading to more
effective treatment. Although pharmacogenetic dosing guidelines currently exist for over
100 medications, amongst others for antidepressants and antipsychotics [14–16], the clinical
evidence of pharmacogenetic testing in psychiatry is still debated even though recent pub-
lications show clinical benefits [17,18] by reducing adverse drug reactions and maximizing
the intended use of medications [19–23]. Previous prospective randomized controlled trials
have demonstrated the positive effects of pharmacogenetics for antidepressants on clinical
symptoms (recently meta-analyzed by [17]). A recent study showed that pharmacogenetic-
guided antidepressant use in the treatment of major depressive disorder resulted in consid-
erable population health benefits while substantially reducing healthcare costs, suggesting
that implementing pharmacogenetic-guided treatment in psychiatry may have large health-
care and economic benefits [24,25]. However, the implementation of pharmacogenetics in
psychiatry is still hampered, partly because previous prospective clinical trials were based
on mostly small samples, which were (at least in part) industry-sponsored, all used commer-
cial pharmacogenetic combinatorial panels and used so-called ‘black-box’ algorithms, in
which the inner workings of the algorithm is unknown to users [22,23,26–38]. Additionally,
the studies that were subject to the meta-analysis by Brown and colleagues in 2022 [17] were
not very comparable in terms of drugs that were studied and time intervals, warranting the
need for a coherent protocol, such as the work presented here. Most pharmacogenetic stud-
ies in psychiatry focus solely on participants with depressive disorders [17], overlooking
the clinical utility of pharmacogenetics for patients with other psychiatric conditions [39].
Only one prospective trial included anxiety disorder as a comorbid disorder in addition to
depressive disorder [32]. As there are pharmacogenetic guidelines available not only for
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antidepressants [40] but also for antipsychotics [41], there are other disorders of interest to
include in pharmacogenetic clinical trials. Few studies have investigated the potential of
pharmacogenetics in treating patients with psychotic disorders in prospective randomized
control settings [20,42], and also patients who are diagnosed with anxiety disorders that
are commonly treated with antidepressants could benefit, as was shown by Greden and
colleagues [32]. A recent retrospective study found that pre-emptive genotyping may be
valuable for individualizing antipsychotic dosing and treatment [43]. Thus, to address the
main obstacle impeding the implementation of clinical guidelines of pharmacogenetics in
psychiatry, larger prospective evidence on clinical outcomes is needed [44].

Several genes involved in psychopharmaceutical metabolism have been identified;
specifically, the cytochrome P450 drug-metabolizing enzymes have been found to con-
tribute to interindividual differences in antidepressant and antipsychotic metabolism [45].
Individuals can be classified into phenotypic subgroups based on inherited alleles that
are associated with different classifications of drug metabolism. These groups include
normal metabolizers (NMs), intermediate metabolizers (IMs), poor metabolizers (PMs),
and ultra-rapid metabolizers (UMs). Most antidepressants and antipsychotics are metab-
olized by cytochrome P450 enzymes, and especially CYP2C19 and CYP2D6 have been
shown to significantly influence psychopharmaceutic drug levels and, therefore, seem best
fitted for clinical use in psychiatry [46–48]. The CYP2C19 and CYP2D6 genes are highly
polymorphic with multiple allelic variants associated with altered enzymatic capacity, and
their genotype status may predict treatment response in certain individuals [49]. The distri-
bution of CYP allele variants differs considerably between populations [50]. However, more
non-industry-sponsored research, also including non-mood disorder patients, is needed to
determine whether this translates to improvement in clinical outcomes by genotype-guided
treatment selection [21]. Therefore, we hereby present the protocol of the PSY-PGx Clinical
Study, which is an international, non-industry-sponsored, prospective pharmacogenetic
clinical study conducted at nine clinical sites in seven countries. Here, we aim to investigate
the effect of pharmacogenetic-informed dose adjustment of the antidepressants escitalo-
pram and sertraline or the antipsychotics risperidone and aripiprazole according to the
latest state-of-the-art international dosing recommendations for CYP2C19 and CYP2D6
metabolizer status in patients with mood-, anxiety- or psychotic disorder.

Objectives

The main aim of the current study is to compare outcomes of individualized medica-
tion dosing based on pharmacogenetics with outcomes following dosing prescription as
usual in patients diagnosed with psychotic disorders, depressive disorders, and anxiety
disorders. To that end, we will assess patient recovery, as reported by patients themselves
(Recovery Assessment Scale: RAS-DS), in response to psychopharmacological treatment
from baseline to the end of week 24 of the study. The secondary objective is to evaluate the
impact of pharmacogenetic testing on clinical response, symptomatic remission, side effects,
general well-being, and psychosocial functioning. Further, patients will be phenotyped to
identify other factors besides pharmacogenetics that may influence individual medication
response, including passive monitoring of behavioral aspects by means of a mobile phone
application. Finally, a further aim is to investigate other genetic factors related to medica-
tion response and pathophysiology, including genetic variants related to drug absorption,
distribution, metabolism, and elimination.

2. Experimental Design
2.1. Study Design

This international, multi-center study applies a prospective, 24-week randomized,
patient- and rater-blinded, two-arm, parallel-group controlled, non-commercial trial of
pharmacogenetic-informed pharmacotherapy. The basis for this trial is a non-commercial
outpatient clinic on pharmacogenetics that was set up in Amsterdam by the Chief Principal
Investigator in 2017. In this clinical trial, psychiatric patients with a diagnosis of anxiety-,
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mood- or psychotic disorders will be randomized in a 1:1 ratio to either the intervention
(dosing based on pharmacogenetics) or a control condition (dosing as usual; DAU). The
study is expected to recruit participants over a 2.5-year period (starting in 2023).

All procedures contributing to this work comply with the ethical standards of the
relevant national and institutional committees on human experimentation and are in line
with the Helsinki Declaration of 1975 (revised in 2008). All procedures will be approved
by the local ethics committees in each of the participating countries prior to any study-
related activities, using either local ethics procedures or via the Clinical Trials Information
System (CTIS). The study was registered at ClinicalTrials.gov (accessed on 17 January 2024,
Identifier: NCT05656469).

2.2. Recruitment and Participants

Written informed consent to participate in this study will be obtained from each
participant prior to any study-related activities. All participants aged between 16 and years
70 years will be recruited from referrals of inpatient and outpatient facilities to the nine
participating centers: Parnassia Groep BV (PGB), Farmaceutski Fakultet Univerzitetau
Beogradu (FFUB), University Hospital Bonn (UKB), Maastricht University (MU), LMU
University Hospital Munich (LMUM), King’s College London (KCL), Fundació Clínic per
a la Recerca Biomèdica (FCRB), Universitatea Babeş-Bolyai (UBB), and SUNY Upstate
Medical School, Syracuse, NY, USA (SUNY). All participants will have a primary diagnosis
of one or more of the following diagnoses. (1) Mood disorder (major depressive disorder or
bipolar disorder (currently depressive episode). (2) Anxiety disorder (e.g., panic disorder,
generalized anxiety disorder). (3) Psychotic disorder (schizophrenia or schizoaffective
disorder). All diagnoses will be confirmed using psychiatric evaluation in agreement with
DSM-5 criteria by means of the Mini-International Neuropsychiatric Interview (MINI) [51].

2.3. Inclusion and Exclusion Criteria

The inclusion criteria for participants are: (a) diagnosed with a depressive episode
(major depressive disorder or bipolar disorder; currently depressive episode), and/or an
anxiety disorder (e.g., panic disorder, social phobia, specific phobia, agoraphobia, gener-
alized anxiety disorder) and/or a psychotic disorder (schizophrenia and schizoaffective
disorder) of at least moderate severity as assessed using the Structured Interview Guide for
the Hamilton Depression Scale (SIGH-D; score of 14 or higher), the Structured Interview
Guide for the Hamilton Anxiety Scale (SIGH-A; score of 18 or higher), or the Positive
and Negative Syndrome Scale (PANSS; score of 75 or higher), respectively; (b) previous
inadequate response to at least one psychotropic treatment (defined as insufficient effi-
cacy of a psychotropic treatment when dosed high enough and maintained long enough,
or discontinuation of a psychotropic treatment due to adverse events or intolerability);
(c) about to switch medication to sertraline or escitalopram (for patients with mood or
anxiety disorders), or to aripiprazole or risperidone (for patients with psychotic disor-
ders), or have switched within the last 2 weeks prior to first contact with an investigator;
(d) receiving inpatient or outpatient psychiatric treatment; (e) understanding requirements
of the study and providing written informed consent; (f) possessing a mobile phone (An-
droid or iOS operation system) for passive behavioral monitoring.

The exclusion criteria include (a) prior pharmacogenetic testing; (b) no prior use of
psychotropic medication; (c) severe somatic comorbidities as reported in participant’s
medical history or based on clinical chemistry and electrocardiogram (ECG) (e.g., liver
disease: alanine-aminotransferase (ALAT) > 70 u/L; renal disease: estimated glomerular
filtration rate (eGFR) < 60 mL/min/1.73 m2; diabetes: blood glucose > 11.1 mmol/L or two
times fasting glucose > 7.0 mmol/L; cardiac disease: prolonged QT-interval) (d) alcohol
and substance abuse or dependence (except nicotine), (e) polypharmacy defined as routine
use of 5 or more medications (including over-the-counter, prescription and/or traditional
and complementary medicines), excluding the study medication [52]; (f) inability to use
the mobile phone application; (g) pregnant or breastfeeding women.

ClinicalTrials.gov
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3. Procedures
3.1. Study Procedure

The study comprises a baseline visit, a randomization visit, three follow-up visits,
and one phone call. The study flow is depicted in Figure 1 (for details, see Table S1 in
Supplementary Materials). Patients will be approached by the treating physician at the
local inclusion sites. At the baseline visit (V0), all participants will be asked to sign an
informed consent form prior to inclusion, which will be co-signed by the investigator. After
inclusion, baseline assessments will be performed on the same day, and blood samples
will be taken to determine the pharmacogenetic profile and therapeutic drug monitoring
analyses. Patients will be randomized (V1) between two to four weeks later. V1 can be a
visit or also a short phone call, in which participants will be randomized to a “treatment
guided by pharmacogenetic testing” (PGx) group or to a “dosing as usual” (DAU) group
with a 1:1 ratio for allocation to either group. Randomization will be stratified by diagnosis
(mood, anxiety, and psychotic disorder) and carried out using the Electronic Case Report
Form (eCRF) Castor EDC [53]. Participants and raters will be blinded throughout the study.
Medication will be prescribed by the participants’ prescribing clinician, either a psychiatrist
or a general physician. Until randomization, patients will continue to use their current
medication. If necessary, medication can be started in the lowest dose already before
randomization. From randomization onwards, prescribing physicians in both treatment
groups may alter a patient’s psychotropic medication regimen in terms of the type of
medication, dose, schedule, or number of medications if necessary. The medication and
dosages used will be recorded at each visit.
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application [54] will be conducted during the whole study period. Baseline visit (V0) and Visit
two assessments include somatic measurements (ECG, blood sampling, weight, blood pressure,
heart rate), clinical modulators, and questionnaires. Visit 3 (V3) and 4 (V4) assessments include
clinical modulators, anthropometric measurements (weight, blood pressure, heart rate), and psy-
chometric questionnaires. Abbreviations: IC = informed consent; DAU = dosing as a usual group;
PGx = pharmacogenetic-guided group; R = randomization; V = visit.

To compare pharmacotherapy prescribed as usual with personalized treatment us-
ing pharmacogenetic information, all enrolled patients will be followed up after baseline
(V0) for a 24-week period and will be assessed at randomization (V1), 4 weeks post-
randomization (V2), 10 weeks post-randomization (V3), 22 weeks post-randomization
(V4; Table S1 in Supplementary Materials). Two weeks after randomization, a telephone
call will be made with the participant to increase motivation to maintain medication ad-
herence and answer potential questions. During V2, V3, and V4, follow-up assessments
will be conducted, including self-reported measures of medication efficacy. The estimated
window for the follow-up visits is ±2 days for V2, ±5 days for V3, and ±7 days for
V4, always in relation to V1, during which randomization takes place. All study pro-
cedures and assessments will be conducted by trained investigators. After the end of
the study, participants in both the PGx and DAU groups will be informed about their
pharmacogenetic profile.

3.2. Study Readouts (Table S1 in Supplementary Materials)
3.2.1. Psychiatric Evaluation

Psychiatric diagnoses will be assessed using MINI (Mini international neuropsychiatric
interview) version 7.0.2 for DSM-5 [51].

3.2.2. Patient Characteristics

The following patient characteristics will be assessed: age, sex, demographics (includ-
ing ethnicity, living conditions, marital status, education, occupation, parental education,
parental occupation), medication history (including duration, dosages, inefficacy, and
side effects), family history of psychiatric illness (including medications, inefficacy, and
side effects), diet, smoking, alcohol use, and comorbid conditions. Additional clinical
modulators will be evaluated, including duration of illness episode, baseline symptom
severity, suicidal ideation, and level of anxiety, since these have been described to influence
treatment response [55–57].

3.2.3. Primary and Secondary Outcomes

The primary outcome is personal recovery as assessed by the patient at 24 weeks,
using the recovery assessment scale (RAS domains and stages), which is a self-reported
questionnaire [58,59]. Over the last few years, there has been a shift towards patient-
oriented recovery, such as personal recovery, which focuses more on living a meaningful
life despite the potential constraints of one’s psychiatric disorder rather than clinical
improvement. The RAS-DS appears to have solid psychometric and conceptual features
that make it useful in psychiatric health services research [60].

Secondary outcomes that are examined will be measured over a 24 (up to 26) week
period (V0, V2, V3, and V4) and will include clinical effects (response or symptomatic
remission), side effects, general well-being, and psychosocial functioning. Clinical symp-
tomatology will be evaluated using the Structured Interview Guide for the Hamilton
Depression Rating Scale (SIGH-D) for participants with mood disorders [61], the Structured
Interview Guide for the Hamilton Anxiety Rating Scale (SIGH-A) for anxiety disorders [62],
and the Positive and Negative Syndrome Scale (PANSS) for psychotic disorders [63]. The
response will be defined as a 50%-point reduction in the SIGH-D for depressive disorders,
SIGH-A for anxiety disorders, or PANSS for psychotic disorders. Symptomatic remission
is defined as a SIGH-D score of 7 or less, a SIGH-A score of 7 or less, and a PANSS score
of 57 or less. Side effects will be assessed using both the Frequency, Intensity, and Burden
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of Side Effects Ratings (FIBSER) [64] and the Udvalg for Kliniske Undersogelse—Side Effects
Rating Scale (UKU-SERS) [65]. General well-being and quality of life will be assessed by
means of the EuroQol 5 Dimensions-5 levels questionnaire (EQ-5D-5L) [66] and psychoso-
cial functioning by means of the Functioning Assessment Short Test (FAST) [67]. Current
medication use will be recorded at each visit (V0, V1, V2, V3, V4) and include information
on type, dose, target symptoms, side effects, and effectivity.

3.2.4. Anthropometric Readouts

Blood samples will be collected by taking blood from the participants according to
a standard medical procedure (venipuncture) for clinical chemistry and therapeutic drug
monitoring (TDM) at V0 and V2 and for genotyping purposes at baseline (V0). An ECG
will be performed at V0 and V2. Other somatic and medical measures include hip-waist
circumference, height, weight, blood pressure, and blood pulse, which will be collected at
weeks 0, 6, 12, and 24 (V0, V2, V3, and V4, respectively).

3.2.5. Clinical Chemistry and Therapeutic Drug Monitoring (TDM)

Blood samples at V0 and V2 will be analyzed by performing standard laboratory blood
tests. The blood will be processed by centrifuging and supernatant collection immediately
after collection to obtain serum for medical biochemistry tests and plasma for the TDM. The
biochemistry assessment will include levels of glucose, sodium, creatinine, ALAT/ASAT,
GGT, fatty lipids, prolactin, TSH, Hb/MCV, vitamin B12 and D, and folic acid. Additionally,
at the end of the study, all blood samples collected at V0 and V2 will be used for TDM
at the research site in Belgrade, Serbia (FFUB). Steady-state blood concentrations of the
prescribed medications (sertraline, escitalopram, risperidone, or aripiprazole) in blood
plasma will be measured using high-performance liquid chromatography with tandem
mass spectroscopy (HPLC-MS/MS) according to the previously validated TDM protocol
for respective drugs [68,69].

3.2.6. Passive Behavioral Monitoring

The Behapp mobile application will be used to perform passive behavioral monitoring
of participants [54]. As monitoring behavioral data can assist in predicting relapse and
guide future interventions in preventing relapse [69], the Behapp data will be used for
more extensive phenotyping of the participants to contribute to further personalizing the
pharmacotherapy approach in psychiatry. Passive monitoring using Behapp has been
validated for research in psychiatric patients [70] (Table S2 in Supplementary Materials).
This app is currently not used in standard clinical practice.

3.3. Genotyping

After blood collection, the samples will be pseudonymized and transported from
the clinical sites to a central genotyping facility in Bonn. Genotyping will be performed
using either Polymerase Chain Reaction (custom TAQMan open array panel, ThermoFisher,
Waltham, MA, USA) or a genome-wide microarray analysis including specific pharma-
cogenetic content (Infinium Global Diversity Array with Enhanced PGx; Illumina, San
Diego, CA, USA). Both technologies contain detailed information on genotypes relevant to
pharmacogenetics. The genotypes tested will include all relevant common and some rare
functional allelic variants, including those that are expected to be prevalent within our study
population [50]. For CYP2C19, these include alleles implicated in absent enzymic function
(CYP2C19Null; alleles *2, *3, *4, *5, *6, *8), as well as increased function (CYP2C19Inc; allele
*17). Regarding expression of CYP2D6, absent enzymic function (CYP2D6Null; alleles *3, *4,
*5, *6, *7, *8, *11, *12, *14, *18, *19, *20, *29, *38, and *42), reduced function (CYP2D6Red; *9,
*10, *17, and *41), and increased function (through CYP2D6 multiplication; CYP2D6xN) are
included (Table 1). Interpretations and validation of the genotyping results are performed
continuously in the central laboratory.
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Table 1. CYP2D6 and CYP2C19 gene variants.

Genotype Enzyme Function Alleles

CYP2C19Null Loss of function CYP2C19*2, *3, *4, *5, *6, *8

CYP2C19Inc Increase CYP2C19*17

CYP2D6Null Loss of function CYP2D6*3, *4, *5, *6, *7, *8, *11, *12, *14,
*18, *19, *20, *29, *38, *42

CYP2D6Red Reduction CYP2D6 *9, *10, *17, and *41

CYP2D6xN Increase CYP2D6 multiplication

3.4. Dosing Recommendations

After genotyping, the prescribing clinician will receive dosing recommendations (in
case the patient is randomized into the PGx group) at V1 within two to four weeks after
the baseline visit (V0). Antidepressants escitalopram or sertraline will be prescribed for
mood- and anxiety disorders, and antipsychotics risperidone or aripiprazole for psychotic
disorders, as these drugs are commonly used in all countries participating and sufficient
scientific evidence for genotype-based dosage recommendations is present [71]. The cate-
gorization and dosing recommendations are based on recently published results from over
5000 patients (Table 2) [43,71,72] and according to guidelines of the Dutch Pharmacogenetic
Working Group (DPWG) [14,40,41] and the Clinical Pharmacogenetics Implementation
Consortium (CPIC) [15,16].

Table 2. Predefined dosing schedule per genotype (based on data from [43,72,73]).

CYP2C19 Genotype Escitalopram
Daily Dose

Sertraline
Daily Dose CYP2D6 Genotype Risperidone

Daily Dose
Aripiprazole
Daily Dose

Poor (PM) Null/Null 5 mg 50 mg Poor (PM) Null/Null 3–4 mg
4 mg

15–20 mg
>10 mg

Max 10 mg

Intermediate
(IM)

Wt/Null
Inc/Null

5–10 mg 100 mg
Intermediate

(IM)
Null/Red
Red/Red 4–5 mg 20–25 mg

Intermediate
(IM+) Wt/Null 5–6 mg 25–30 mg

Normal
(NM) Wt/Wt 15–20 mg 100–150 mg Normal

(NM) Wt/Wt 6 mg 30 mg

Ultrarapid
(UM)

Wt/Inc
Inc/Inc 15–20 mg 100–150 mg Ultrarapid

(UM) Wt/Wt × 2 6 mg
Avoid or 12 mg 30 mg

3.5. Sample Size and Power Calculation

The current study aims to recruit a total of 2500 participants, including 1250 patients
with mood disorders, 750 patients with anxiety disorders, and 500 patients with psychotic
disorders. Based on previous prospective pharmacogenetic studies in psychiatry [32], a
drop-out rate of 10% after screening and an additional drop-out rate of 20% after random-
ization is estimated over a period of 2 years. The number of participants to be recruited
per diagnosis is divided per center based on their estimation of patients’ willingness to
participate in clinical studies and the estimated number of patients that each research center
indicated to be able to recruit. This sample size allows us to detect a small effect of 0.15
(Cohen’s d), which could be detected in a trans-diagnostic independent group’s comparison
(t-test) with a power of 90%. Assessment of the outcomes within each diagnostic group,
with adjustment of the alpha level for multiple comparisons, gives 90% power to detect a
between-groups difference of 0.23 (small) for mood disorders, 0.3 (small to moderate) for
anxiety disorders, and 0.36 (moderate) for psychotic disorders.
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3.6. Statistical Analysis

A descriptive analysis will summarize patient characteristics at baseline, also including
primary and secondary outcomes. The data analyst, an independent statistician, will be
blinded to patient allocation and will not participate in data collection.

The statistical analyses will be carried out using linear mixed-effects models according
to the intention to treat (ITT) principle. The model will be adjusted for several important
covariates (i.e., sex, age, ethnicity) that are plausibly predictive of missingness. The model
should be robust for complete missingness at random. The model corrects for this and
will yield valid results if missingness can be predicted depending on the diagnostic group
to which one belongs. Reasons for drop-out will be documented. The analyses of the
primary outcome, assessing patient recovery as measured using the RAS-DS, will be carried
out using a mixed effects model with a main effect for group and time (continuously),
including the interaction effect of group x time. The model will include a random intercept
for participants and a random slope for time. The secondary outcomes will be analyzed
using a three-way interaction with group, time, and diagnosis to assess differences in time
trends across diagnoses. If significant, post hoc analyses with pairwise contrasts will be
conducted to identify in which diagnosis group a difference in time trend is found. All
analyses will be performed separately for each diagnostic group.

An interim analysis will be performed after 50% of participants are included. In case
our primary research objective can be answered, the study will be prematurely terminated.
The Data Safety Monitoring Board (DSMB) will evaluate the interim data and has a further
advising role.

3.7. Overarching Project

The clinical study described in the study protocol is part of the PSY-PGx project
(www.PSY-PGx.org, accessed on 17 January 2024). This overarching project aims to com-
bine the outcomes of the current work with existing pharmacogenetic biobank data to
generate a medication prescription algorithm based on machine learning principles. A first
medication algorithm will be based solely on existing biobank data of the UK Biobank [73]
and the seven Finnish Biobanks [74], which will be further developed using the de-identified
data from the current study. Moreover, the biobanks will be assessed to identify potential
pharmacogenes and proxies for clinical outcomes. Besides pharmacogenetic factors, addi-
tional individual patient characteristics that mediate individual medication responses will
be evaluated and included in the medication algorithm. Finally, the PSY-PGx consortium
aims to set up a DNA biobank to allow for future pharmacogenetic research. The DNA
biobank will be established in collaboration with Systasy Bioscience GmbH (Munich, Ger-
many), which developed an extensive cellular biobank infrastructure comprising biological
samples from patients with psychiatric disorders. An additional optional written consent
is obtained from participants in order to use their data for these purposes. The PSY-PGx
project is coordinated by chief principal investigator RvW at Parnassia Psychiatric Institute,
comprises 16 global partners, and is funded by the European Union’s Horizon 2020 research
and innovation program (grant agreement No 945151).

4. Expected Results

This is the first non-industry-sponsored, large-scale international study to investi-
gate the clinical utility of pharmacogenetic-guided treatment in patients with psychotic
disorders, anxiety disorders, and depressive disorders in the frame of precision psychi-
atry [75,76]. There is an urgent need for a more effective and personalized approach to
the treatment of psychiatric disorders. Although an increasing number of studies have
indicated a positive relation between the use of pharmacogenetics and improved clinical
outcomes in psychiatry [26–33,43] and dosing recommendations are available [14–16], the
implementation of these guidelines in clinical practice, in general, is still lacking due to
limited evidence of improved clinical outcome in randomized clinical trials. To that end,
the current study aims to provide further evidence of the clinical utility of pharmacogenetic

www.PSY-PGx.org
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testing in psychiatry. Additionally, this work will also contribute to our understanding of
pharmaco-genes and other potential phenotypic biomarkers that are involved in the effect
of (medication) therapies. As previous studies have mostly focused on the use of phar-
macogenetics in antidepressants in patients with mood disorders, this study will provide
insights into the clinical use of pharmacogenetics in the treatment of mood-, psychotic, and
anxiety disorders. To our knowledge, this is the first prospective, randomized, patient- and
rater-blinded, and non-industry-sponsored study investigating pharmacogenetic-guided
treatment dosing for psychiatric disorders.

We hypothesize that patients in the pharmacogenetic-guided treatment group (PGx
group) will be treated more effectively and will experience fewer side effects than patients
who will be treated according to dosing as usual recommendations (DAU group). Our
primary outcome entails patient-measured recovery assessed using the RAS-DS, which
use has been shown to allow for a more personal recovery-oriented method of measuring
clinical outcomes [58]. We will investigate if this finding is also reflected in better patient
recovery as measured by the participants themselves. As this study has a longer follow-up
than previous pharmacogenetic studies (24 weeks in this study, compared to 12 weeks
in most others), we expect to detect a larger effect than previous studies reported. Addi-
tionally, we expect to find this effect more clearly in this study, as we include participants
with moderate to severe disease severity who have a history of inadequate response or
intolerability to at least one type of pharmacotherapy, a population that is expected to
benefit most from pharmacogenetic testing.

In regard to our secondary objectives, we hypothesize that participants in the PGx
group will experience greater symptom improvement, larger response and remission rates,
and fewer side effects compared to the DAU group. In addition, we expect these findings
to be reflected in better general well-being and psychosocial functioning. Finally, we expect
that the results of this study will further identify phenotypical characteristics that may be
involved in the prediction of clinical outcomes. For most psychiatric disorders, individual
treatment needs are not well defined, and therefore, it seems essential to conduct studies
that include a broader range of information regarding personalized treatment besides
pharmacogenetics. We expect to identify and determine the extent to which other factors
may influence medication response, including (in)efficacy or the emergence of adverse
effects, such as sex, age, comorbidity, co-medication, and specific behavior as assessed via
passive behavioral monitoring (via the Behapp-app), such as the use of mobile phone or
action radius. By more extensively phenotyping patients, we will contribute to further
developing a personalized pharmacotherapy approach toward better and safer treatment
outcomes in psychiatry.

5. Strengths and Limitations

The strengths of the present study include the prospective randomized controlled
patient and rater-blinded design, which allow us to determine the association between
pharmacogenetic-guided treatment and clinical outcome with greater power. In contrast to
prior prospective studies investigating pharmacogenetics in psychiatry, this study is not
industry-sponsored, decreasing the risk of bias, as compared to more favorable outcomes
that are potentially associated with previous industry-sponsored studies [77]. In contrast
to previous pharmacogenetic trials, we here blind both the participants and raters for the
pharmacogenetic phenotype. Another strength of the current study is that the information
generated in this study will be used to strengthen an algorithm for the personalized
treatment of psychiatric patients further. The phenotypical characteristics, as well as
pharmacogenetic factors that are found to mediate medication response, will be used to
enrich a medication prescription algorithm based on machine learning principles, which
will be set up by the PSY-PGx consortium using existing biobank data. Finally, patients
with polypharmacy (>5 medications) were excluded, which allows us to better investigate
the efficacy and adverse events of the antidepressants and antipsychotics studied here.
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A limitation is that we will not extensively evaluate the symptomatic severity of
secondary diagnoses by adding additional questionnaires in the case of comorbid patients;
however, we evaluate double diagnoses at baseline. A second limitation is that therapy
choices are restricted to only two treatment options per diagnosis, limiting results and
disregarding other pharmacotherapeutics that have been found to be metabolized by the
cytochrome P450 enzymes. Another limitation is that only the genotype status of CYP2C19
and CYP2D6 are evaluated for the treatment decision. However, the allelic variants of
these genotypes are relevant for the medications studied in this trial [6,14], and only for
these two is there solid scientific evidence that it influences clinical outcomes in psychiatric
patients, and we, therefore, do not expect this to affect our primary outcome. Future studies
should broaden the treatment options and evaluate more clinically relevant genotypes.
Results from this study may provide further insights into which genes may be implicated
in medication response, and these could be included in future studies.

6. Ethics and Dissemination

The results of this study will be published in peer-reviewed scientific journals that
have open-access options. The current work will also be disseminated at national and
international conferences. The PSY-PGx consortium has set up a work package dedicated
to Dissemination and Exploitation, working with the European patient advisory organi-
zation GAMIAN-Europe (Global Alliance of Mental Illness Advocacy Networks-Europe,
Brussels, Belgium).

All procedures contributing to this work comply with the ethical standards of the
relevant national and institutional committees on human experimentation and are in line
with the Helsinki Declaration of 1975 (revised in 2008). The coordinating site has received
approval from the Medical Ethics Committee at Maastricht University (reference num-
ber NL79649.068.21/METC21-081). All procedures have been or will be approved by
local ethics committees in each of the participating countries prior to any study-related
activities, using either local ethics procedures or via CTIS. The study was registered at
ClinicalTrials.gov (accessed on 17 January 2024, Identifier: NCT05656469). Written in-
formed consent is obtained from each participant before any study-related activities will
be conducted.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ph17020151/s1, Table S1: Visit schedule; Table S2. Be-
happ is an integral part of the new PSY-PGx model of care.
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Treatment: How Far Have We Got and Where Are We Going? Front. Psychiatry 2020, 11, 94. [CrossRef] [PubMed]

6. Van Westrhenen, R.; Ingelman-Sundberg, M. Editorial: From Trial and Error to Individualised Pharmacogenomics-Based
Pharmacotherapy in Psychiatry. Front. Pharmacol. 2021, 12, 725565. [CrossRef] [PubMed]

7. Porcelli, S.; Drago, A.; Fabbri, C.; Gibiino, S.; Calati, R.; Serretti, A. Pharmacogenetics of Antidepressant Response. J. Psychiatry
Neurosci. 2011, 36, 87. [CrossRef]

8. Vanderkooy, J.D.; Kennedy, S.H.; Bagby, R.M. Antidepressant Side Effects in Depression Patients Treated in a Naturalistic Setting:
A Study of Bupropion, Moclobemide, Paroxetine, Sertraline, and Venlafaxine. Can. J. Psychiatry 2002, 47, 174–180. [CrossRef]

9. Ingelman-Sundberg, M. Genetic Polymorphisms of Cytochrome P450 2D6 (CYP2D6): Clinical Consequences, Evolutionary
Aspects and Functional Diversity. Pharmacogenom. J. 2005, 5, 6–13. [CrossRef]

10. Altar, C.A.; Carhart, J.; Allen, J.D.; Hall-Flavin, D.; Winner, J.; Dechairo, B. Clinical Utility of Combinatorial Pharmacogenomics-
Guided Antidepressant Therapy: Evidence from Three Clinical Studies. Complex Psychiatry 2015, 1, 145–155. [CrossRef]

11. Wong, W.L.E.; Fabbri, C.; Laplace, B.; Li, D.; van Westrhenen, R.; Lewis, C.M.; Dawe, G.S.; Young, A.H. The Effects of CYP2C19
Genotype on Proxies of SSRI Antidepressant Response in the UK Biobank. Pharmaceuticals 2023, 16, 1277. [CrossRef] [PubMed]

12. Baune, B.T. Clinical Use of Pharmacogenomics in Psychiatry: The Future Has Not yet Arrived. Eur. Neuropsychopharmacol. 2022,
58, 4–6. [CrossRef] [PubMed]

13. van Westrhenen, R.; van Schaik, R.H.N.; van Gelder, T.; Birkenhager, T.K.; Bakker, P.R.; Houwink, E.J.F.; Bet, P.M.; Hoogendijk,
W.J.G.; van Weelden-Hulshof, M.J.M. Policy and Practice Review: A First Guideline on the Use of Pharmacogenetics in Clinical
Psychiatric Practice. Front. Pharmacol. 2021, 12, 640032. [CrossRef]

https://doi.org/10.1016/j.euroneuro.2011.07.018
https://www.ncbi.nlm.nih.gov/pubmed/21896369
https://doi.org/10.31887/DCNS.2015.17.3/bbandelow
https://www.ncbi.nlm.nih.gov/pubmed/26487813
https://www.who.int/news-room/fact-sheets/detail/mental-disorders
https://doi.org/10.1007/s40273-021-01019-4
https://www.ncbi.nlm.nih.gov/pubmed/33950419
https://doi.org/10.3389/fpsyt.2020.00094
https://www.ncbi.nlm.nih.gov/pubmed/32226396
https://doi.org/10.3389/fphar.2021.725565
https://www.ncbi.nlm.nih.gov/pubmed/34630101
https://doi.org/10.1503/jpn.100059
https://doi.org/10.1177/070674370204700208
https://doi.org/10.1038/sj.tpj.6500285
https://doi.org/10.1159/000430915
https://doi.org/10.3390/ph16091277
https://www.ncbi.nlm.nih.gov/pubmed/37765085
https://doi.org/10.1016/j.euroneuro.2022.01.006
https://www.ncbi.nlm.nih.gov/pubmed/35093788
https://doi.org/10.3389/fphar.2021.640032


Pharmaceuticals 2024, 17, 151 13 of 15

14. Swen, J.J.; Nijenhuis, M.; De Boer, A.; Grandia, L.; Maitland-Van Der Zee, A.H.; Mulder, H.; Rongen, G.A.P.J.M.; Van Schaik,
R.H.N.; Schalekamp, T.; Touw, D.J.; et al. Pharmacogenetics: From Bench to Byte—An Update of Guidelines. Clin. Pharmacol.
Ther. 2011, 89, 662–673. [CrossRef] [PubMed]

15. Hicks, J.K.; Bishop, J.R.; Sangkuhl, K.; Muller, D.J.; Ji, Y.; Leckband, S.G.; Leeder, J.S.; Graham, R.L.; Chiulli, D.L.; LLerena, A.; et al.
Clinical Pharmacogenetics Implementation Consortium (CPIC) Guideline for CYP2D6 and CYP2C19 Genotypes and Dosing of
Selective Serotonin Reuptake Inhibitors. Clin. Pharmacol. Ther. 2015, 98, 127–134. [CrossRef] [PubMed]

16. Hicks, J.K.; Sangkuhl, K.; Swen, J.J.; Ellingrod, V.L.; Müller, D.J.; Shimoda, K.; Bishop, J.R.; Kharasch, E.D.; Skaar, T.C.; Gaedigk,
A.; et al. Clinical Pharmacogenetics Implementation Consortium Guideline (CPIC®) for CYP2D6 and CYP2C19 Genotypes and
Dosing of Tricyclic Antidepressants: 2016 Update. Clin. Pharmacol. Ther. 2017, 102, 37. [CrossRef] [PubMed]

17. Brown, L.C.; Stanton, J.D.; Bharthi, K.; Al Maruf, A.; Müller, D.J.; Bousman, C.A. Pharmacogenomic Testing and Depressive
Symptom Remission: A Systematic Review and Meta-Analysis of Prospective, Controlled Clinical Trials. Clin. Pharmacol. Ther.
2022, 112, 1303–1317. [CrossRef]

18. Bousman, C.A.; Arandjelovic, K.; Mancuso, S.G.; Eyre, H.A.; Dunlop, B.W. Pharmacogenetic Tests and Depressive Symptom
Remission: A Meta-Analysis of Randomized Controlled Trials. Pharmacogenomics 2019, 20, 37–47. [CrossRef]

19. van Schaik, R.H.N.; Müller, D.J.; Serretti, A.; Ingelman-Sundberg, M. Pharmacogenetics in Psychiatry: An Update on Clinical
Usability. Front. Pharmacol. 2020, 11, 1443. [CrossRef]

20. Arranz, M.J.; Salazar, J.; Hernández, M.H. Pharmacogenetics of Antipsychotics: Clinical Utility and Implementation. Behav. Brain
Res. 2021, 401, 113058. [CrossRef]

21. Solomon, H.V.; Cates, K.W.; Li, K.J. Does Obtaining CYP2D6 and CYP2C19 Pharmacogenetic Testing Predict Antidepressant
Response or Adverse Drug Reactions? Psychiatry Res. 2019, 271, 604–613. [CrossRef]

22. Vos, C.F.; Ter Hark, S.E.; Schellekens, A.F.A.; Spijker, J.; van der Meij, A.; Grotenhuis, A.J.; Mihaescu, R.; Kievit, W.; Donders, R.;
Aarnoutse, R.E.; et al. Effectiveness of Genotype-Specific Tricyclic Antidepressant Dosing in Patients With Major Depressive
Disorder: A Randomized Clinical Trial. JAMA Netw. Open 2023, 6, e2312443. [CrossRef] [PubMed]

23. Swen, J.J.; van der Wouden, C.H.; Manson, L.E.; Abdullah-Koolmees, H.; Blagec, K.; Blagus, T.; Böhringer, S.; Cambon-Thomsen,
A.; Cecchin, E.; Cheung, K.C.; et al. A 12-Gene Pharmacogenetic Panel to Prevent Adverse Drug Reactions: An Open-Label,
Multicentre, Controlled, Cluster-Randomised Crossover Implementation Study. Lancet 2023, 401, 347–356. [CrossRef] [PubMed]

24. Ghanbarian, S.; Wong, G.W.K.; Bunka, M.; Edwards, L.; Cressman, S.; Conte, T.; Price, M.; Schuetz, C.; Riches, L.; Landry, G.; et al.
Cost-Effectiveness of Pharmacogenomic-Guided Treatment for Major Depression. CMAJ 2023, 195, E1499–E1508. [CrossRef]
[PubMed]

25. Slomp, C.; Morris, E.; Edwards, L.; Hoens, A.M.; Landry, G.; Riches, L.; Ridgway, L.; Bryan, S.; Austin, J. Pharmacogenomic Testing
for Major Depression: A Qualitative Study of the Perceptions of People with Lived Experience and Professional Stakeholders.
Can. J. Psychiatry 2023, 68, 436–452. [CrossRef]

26. Hall-Flavin, D.K.; Winner, J.G.; Allen, J.D.; Jordan, J.J.; Nesheim, R.S.; Snyder, K.A.; Drews, M.S.; Eisterhold, L.L.; Biernacka,
J.M.; Mrazek, D.A. Using a Pharmacogenomic Algorithm to Guide the Treatment of Depression. Transl. Psychiatry 2012, 2, e172.
[CrossRef] [PubMed]

27. Hall-Flavin, D.K.; Winner, J.G.; Allen, J.D.; Carhart, J.M.; Proctor, B.; Snyder, K.A.; Drews, M.S.; Eisterhold, L.L.; Geske, J.; Mrazek,
D.A. Utility of Integrated Pharmacogenomic Testing to Support the Treatment of Major Depressive Disorder in a Psychiatric
Outpatient Setting. Pharmacogenet. Genom. 2013, 23, 535–548. [CrossRef]

28. Bradley, P.; Shiekh, M.; Mehra, V.; Vrbicky, K.; Layle, S.; Olson, M.C.; Maciel, A.; Cullors, A.; Garces, J.A.; Lukowiak, A.A.
Improved Efficacy with Targeted Pharmacogenetic-Guided Treatment of Patients with Depression and Anxiety: A Randomized
Clinical Trial Demonstrating Clinical Utility. J. Psychiatr. Res. 2018, 96, 100–107. [CrossRef]

29. Pérez, V.; Salavert, A.; Espadaler, J.; Tuson, M.; Saiz-Ruiz, J.; Sáez-Navarro, C.; Bobes, J.; Baca-García, E.; Vieta, E.; Olivares, J.M.;
et al. Efficacy of Prospective Pharmacogenetic Testing in the Treatment of Major Depressive Disorder: Results of a Randomized,
Double-Blind Clinical Trial. BMC Psychiatry 2017, 17, 250. [CrossRef]

30. Singh, A.B. Improved Antidepressant Remission in Major Depression via a Pharmacokinetic Pathway Polygene Pharmacogenetic
Report. Clin. Psychopharmacol. Neurosci. 2015, 13, 150. [CrossRef]

31. Winner, J.G.; Carhart, J.M.; Altar, A.; Allen, J.D.; Dechairo, B.M. A Prospective, Randomized, Double-Blind Study Assessing the
Clinical Impact of Integrated Pharmacogenomic Testing for Major Depressive Disorder. Discov. Med. 2013, 16, 219–227.

32. Greden, J.F.; Parikh, S.V.; Rothschild, A.J.; Thase, M.E.; Dunlop, B.W.; DeBattista, C.; Conway, C.R.; Forester, B.P.; Mondimore,
F.M.; Shelton, R.C.; et al. Impact of Pharmacogenomics on Clinical Outcomes in Major Depressive Disorder in the GUIDED Trial:
A Large, Patient- and Rater-Blinded, Randomized, Controlled Study. J. Psychiatr. Res. 2019, 111, 59–67. [CrossRef] [PubMed]

33. Oslin, D.W.; Lynch, K.G.; Shih, M.C.; Ingram, E.P.; Wray, L.O.; Chapman, S.R.; Kranzler, H.R.; Gelernter, J.; Pyne, J.M.; Stone, A.;
et al. Effect of Pharmacogenomic Testing for Drug-Gene Interactions on Medication Selection and Remission of Symptoms in
Major Depressive Disorder: The PRIME Care Randomized Clinical Trial. JAMA 2022, 328, 151–161. [CrossRef] [PubMed]

34. Han, C.; Wang, S.-M.; Bahk, W.-M.; Lee, S.-J.; Patkar, A.A.; Masand, P.S.; Mandelli, L.; Pae, C.-U.; Serretti, A. A Pharmacogenomic-
Based Antidepressant Treatment for Patients with Major Depressive Disorder: Results from an 8-Week, Randomized, Single-
Blinded Clinical Trial. Clin. Psychopharmacol. Neurosci. 2018, 16, 469–480. [CrossRef] [PubMed]

https://doi.org/10.1038/clpt.2011.34
https://www.ncbi.nlm.nih.gov/pubmed/21412232
https://doi.org/10.1002/cpt.147
https://www.ncbi.nlm.nih.gov/pubmed/25974703
https://doi.org/10.1002/cpt.597
https://www.ncbi.nlm.nih.gov/pubmed/27997040
https://doi.org/10.1002/cpt.2748
https://doi.org/10.2217/pgs-2018-0142
https://doi.org/10.3389/fphar.2020.575540
https://doi.org/10.1016/j.bbr.2020.113058
https://doi.org/10.1016/j.psychres.2018.12.053
https://doi.org/10.1001/jamanetworkopen.2023.12443
https://www.ncbi.nlm.nih.gov/pubmed/37155164
https://doi.org/10.1016/S0140-6736(22)01841-4
https://www.ncbi.nlm.nih.gov/pubmed/36739136
https://doi.org/10.1503/cmaj.221785
https://www.ncbi.nlm.nih.gov/pubmed/37963621
https://doi.org/10.1177/07067437221140383
https://doi.org/10.1038/tp.2012.99
https://www.ncbi.nlm.nih.gov/pubmed/23047243
https://doi.org/10.1097/FPC.0b013e3283649b9a
https://doi.org/10.1016/j.jpsychires.2017.09.024
https://doi.org/10.1186/s12888-017-1412-1
https://doi.org/10.9758/cpn.2015.13.2.150
https://doi.org/10.1016/j.jpsychires.2019.01.003
https://www.ncbi.nlm.nih.gov/pubmed/30677646
https://doi.org/10.1001/jama.2022.9805
https://www.ncbi.nlm.nih.gov/pubmed/35819423
https://doi.org/10.9758/cpn.2018.16.4.469
https://www.ncbi.nlm.nih.gov/pubmed/30466219


Pharmaceuticals 2024, 17, 151 14 of 15

35. Shan, X.; Zhao, W.; Qiu, Y.; Wu, H.; Chen, J.; Fang, Y.; Guo, W.; Li, L. Preliminary Clinical Investigation of Combinatorial
Pharmacogenomic Testing for the Optimized Treatment of Depression: A Randomized Single-Blind Study. Front. Neurosci. 2019,
13, 960. [CrossRef] [PubMed]

36. Perlis, R.H.; Dowd, D.; Fava, M.; Lencz, T.; Krause, D.S. Randomized, Controlled, Participant- and Rater-Blind Trial of Pharma-
cogenomic Test-Guided Treatment versus Treatment as Usual for Major Depressive Disorder. Depress. Anxiety 2020, 37, 834–841.
[CrossRef]

37. McCarthy, M.J.; Chen, Y.; Demodena, A.; Leckband, S.G.; Fischer, E.; Golshan, S.; Suppes, T.; Kelsoe, J.R. A Prospective Study to
Determine the Clinical Utility of Pharmacogenetic Testing of Veterans with Treatment-Resistant Depression. J. Psychopharmacol.
2021, 35, 992–1002. [CrossRef] [PubMed]

38. Tiwari, A.K.; Zai, C.C.; Altar, C.A.; Tanner, J.A.; Davies, P.E.; Traxler, P.; Li, J.; Cogan, E.S.; Kucera, M.T.; Gugila, A.; et al.
Clinical Utility of Combinatorial Pharmacogenomic Testing in Depression: A Canadian Patient- and Rater-Blinded, Randomized,
Controlled Trial. Transl. Psychiatry 2022, 12, 101. [CrossRef] [PubMed]

39. de Leon, J. Precision Psychiatry: The Complexity of Personalizing Antipsychotic Dosing. Eur. Neuropsychopharmacol. 2022, 58,
80–85. [CrossRef] [PubMed]

40. Brouwer, J.M.J.L.; Nijenhuis, M.; Soree, B.; Guchelaar, H.J.; Swen, J.J.; van Schaik, R.H.N.; van der Weide, J.; Rongen, G.A.P.J.M.;
Buunk, A.M.; de Boer-Veger, N.J.; et al. Dutch Pharmacogenetics Working Group (DPWG) Guideline for the Gene-Drug Interaction
between CYP2C19 and CYP2D6 and SSRIs. Eur. J. Hum. Genet. 2021, 30, 1114–1120. [CrossRef]

41. Beunk, L.; Nijenhuis, M.; Soree, B.; de Boer-Veger, N.J.; Buunk, A.M.; Guchelaar, H.J.; Houwink, E.J.F.; Risselada, A.; Rongen,
G.A.P.J.M.; van Schaik, R.H.N.; et al. Dutch Pharmacogenetics Working Group (DPWG) Guideline for the Gene-Drug Interaction
between CYP2D6, CYP3A4 and CYP1A2 and Antipsychotics. Eur. J. Hum. Genet. 2023, 1–8. [CrossRef]

42. Yoshida, K.; Müller, D.J. Pharmacogenetics of Antipsychotic Drug Treatment: Update and Clinical Implications. Rev. Artic. Mol
Neuropsychiatry 2019, 5, 1–26. [CrossRef] [PubMed]

43. Jukic, M.M.; Smith, R.L.; Haslemo, T.; Molden, E.; Ingelman-Sundberg, M. Effect of CYP2D6 Genotype on Exposure and Efficacy
of Risperidone and Aripiprazole: A Retrospective, Cohort Study. Lancet Psychiatry 2019, 6, 418–426. [CrossRef] [PubMed]

44. Minelli, A.; Barlati, S.; Baune, B.T. Evaluating Study Designs and Treatment Outcomes of Antidepressant Pharmacogenetic
Clinical Trials—Challenges and Future Perspectives. A Critical Review. Eur. Neuropsychopharmacol. 2022, 59, 68–81. [CrossRef]
[PubMed]

45. Hodgson, K.; Tansey, K.; Dernovšek, M.Z.; Hauser, J.; Henigsberg, N.; Maier, W.; Mors, O.; Placentino, A.; Rietschel, M.; Souery,
D.; et al. Genetic Differences in Cytochrome P450 Enzymes and Antidepressant Treatment Response. J. Psychopharmacol. 2014, 28,
133–141. [CrossRef] [PubMed]

46. Stingl, J.C.; Brockmöller, J.; Viviani, R. Genetic Variability of Drug-Metabolizing Enzymes: The Dual Impact on Psychiatric
Therapy and Regulation of Brain Function. Mol. Psychiatry 2012, 18, 273–287. [CrossRef]

47. Walden, L.M.; Brandl, E.J.; Tiwari, A.K.; Cheema, S.; Freeman, N.; Braganza, N.; Kennedy, J.L.; Müller, D.J. Genetic Testing for
CYP2D6 and CYP2C19 Suggests Improved Outcome for Antidepressant and Antipsychotic Medication. Psychiatry Res. 2019, 279,
111–115. [CrossRef]

48. Islam, F.; Marshe, V.S.; Magarbeh, L.; Frey, B.N.; Milev, R.V.; Soares, C.N.; Parikh, S.V.; Placenza, F.; Strother, S.C.; Hassel, S.; et al.
Effects of CYP2C19 and CYP2D6 Gene Variants on Escitalopram and Aripiprazole Treatment Outcome and Serum Levels: Results
from the CAN-BIND 1 Study. Transl. Psychiatry 2022, 12, 366. [CrossRef]

49. Ingelman-Sundberg, M.; Persson, A.; Jukic, M.M. Polymorphic Expression of CYP2C19 and CYP2D6 in the Developing and Adult
Human Brain Causing Variability in Cognition, Risk for Depression and Suicide: The Search for the Endogenous Substrates.
Pharmacogenomics 2014, 15, 1841–1844. [CrossRef]

50. Zhou, Y.; Ingelman-Sundberg, M.; Lauschke, V.M. Worldwide Distribution of Cytochrome P450 Alleles: A Meta-Analysis of
Population-Scale Sequencing Projects. Clin. Pharmacol. Ther. 2017, 102, 688–700. [CrossRef]

51. Sheehan, D.V.; Lecrubier, Y.; Sheehan, K.H.; Amorim, P.; Janavs, J.; Weiller, E.; Hergueta, T.; Baker, R.; Dunbar, G.C. The Mini-
International Neuropsychiatric Interview (M.I.N.I.): The Development and Validation of a Structured Diagnostic Psychiatric
Interview for DSM-IV and ICD-10. J. Clin. Psychiatry 1998, 59, 22–33.

52. WHO. Medication Safety in Polypharmacy: Technical Report. Available online: https://apps.who.int/iris/handle/10665/325454
(accessed on 3 February 2023).

53. Castor. EDC Castor Electronic Data Capture [Online]. Available online: https://castoredc.com (accessed on 7 January 2023).
54. Behapp. Digital Phenotyping. Available online: https://www.behapp.com/ (accessed on 10 January 2023).
55. Abbott, C.H.; Zisk, A.; Bounoua, N.; Diamond, G.S.; Kobak, R. Predicting Patterns of Treatment Response and Outcome for

Adolescents Who Are Suicidal and Depressed. J. Am. Acad. Child Adolesc. Psychiatry 2019, 58, 897–906. [CrossRef] [PubMed]
56. Andreescu, C.; Lenze, E.J.; Dew, M.A.; Begley, A.E.; Mulsant, B.H.; Dombrovski, A.Y.; Pollock, B.G.; Stack, J.; Miller, M.D.;

Reynolds, C.F. Effect of Comorbid Anxiety on Treatment Response and Relapse Risk in Late-Life Depression: Controlled Study.
Br. J. Psychiatry 2007, 190, 344–349. [CrossRef] [PubMed]

57. Altamura, A.C.; Buoli, M.; Serati, M. Duration of Illness and Duration of Untreated Illness in Relation to Drug Response in
Psychiatric Disorders. Neuropsychiatry 2011, 1, 81–90. [CrossRef]

58. Hancock, N.; Scanlan, J.N.; Honey, A.; Bundy, A.C.; O’Shea, K. Recovery Assessment Scale—Domains and Stages (RAS-DS): Its
Feasibility and Outcome Measurement Capacity. Aust. N. Z. J. Psychiatry 2015, 49, 624–633. [CrossRef] [PubMed]

https://doi.org/10.3389/fnins.2019.00960
https://www.ncbi.nlm.nih.gov/pubmed/31572113
https://doi.org/10.1002/da.23029
https://doi.org/10.1177/02698811211015224
https://www.ncbi.nlm.nih.gov/pubmed/33938307
https://doi.org/10.1038/s41398-022-01847-8
https://www.ncbi.nlm.nih.gov/pubmed/35288545
https://doi.org/10.1016/j.euroneuro.2022.03.001
https://www.ncbi.nlm.nih.gov/pubmed/35314415
https://doi.org/10.1038/s41431-021-01004-7
https://doi.org/10.1038/s41431-023-01347-3
https://doi.org/10.1159/000492332
https://www.ncbi.nlm.nih.gov/pubmed/32399466
https://doi.org/10.1016/S2215-0366(19)30088-4
https://www.ncbi.nlm.nih.gov/pubmed/31000417
https://doi.org/10.1016/j.euroneuro.2022.04.007
https://www.ncbi.nlm.nih.gov/pubmed/35561539
https://doi.org/10.1177/0269881113512041
https://www.ncbi.nlm.nih.gov/pubmed/24257813
https://doi.org/10.1038/mp.2012.42
https://doi.org/10.1016/j.psychres.2018.02.055
https://doi.org/10.1038/s41398-022-02124-4
https://doi.org/10.2217/pgs.14.151
https://doi.org/10.1002/cpt.690
https://apps.who.int/iris/handle/10665/325454
https://castoredc.com
https://www.behapp.com/
https://doi.org/10.1016/j.jaac.2018.12.013
https://www.ncbi.nlm.nih.gov/pubmed/30877051
https://doi.org/10.1192/bjp.bp.106.027169
https://www.ncbi.nlm.nih.gov/pubmed/17401042
https://doi.org/10.2217/npy.10.2
https://doi.org/10.1177/0004867414564084
https://www.ncbi.nlm.nih.gov/pubmed/25526940


Pharmaceuticals 2024, 17, 151 15 of 15

59. Corrigan, P.W.; Salzer, M.; Ralph, R.O.; Sangster, Y.; Keck, L. Examining the Factor Structure of the Recovery Assessment Scale.
Schizophr. Bull. 2004, 30, 1035–1041. [CrossRef]

60. Salzer, M.S.; Brusilovskiy, E. Advancing Recovery Science: Reliability and Validity Properties of the Recovery Assessment Scale.
Psychiatr. Serv. 2014, 65, 442–453. [CrossRef] [PubMed]

61. Williams, J.B.W. A Structured Interview Guide for the Hamilton Depression Rating Scale. Arch. Gen. Psychiatry 1988, 45, 742–747.
[CrossRef]

62. Hamilton, M. The Assessment of Anxiety States by Rating. Br. J. Med. Psychol. 1959, 32, 50–55. [CrossRef]
63. Kay, S.R.; Fiszbein, A.; Opler, L.A. The Positive and Negative Syndrome Scale (PANSS) for Schizophrenia. Schizophr. Bull. 1987,

13, 261–276. [CrossRef]
64. Wisniewski, S.R.; Rush, A.J.; Balasubramani, G.K.; Trivedi, M.H.; Nierenberg, A.A. Self-Rated Global Measure of the Frequency,

Intensity, and Burden of Side Effects. J. Psychiatry Pract. 2006, 12, 71–79. [CrossRef]
65. Lingjærde, O.; Ahlfors, U.G.; Bech, P.; Dencker, S.J.; Elgen, K. The UKU Side Effect Rating Scale. A New Comprehensive Rating

Scale for Psychotropic Drugs and a Cross-Sectional Study of Side Effects in Neuroleptic-Treated Patients. Acta Psychiatr. Scand.
1987, 76 (Suppl. S334), 1–100. [CrossRef] [PubMed]

66. Herdman, M.; Gudex, C.; Lloyd, A.; Janssen, M.; Kind, P.; Parkin, D.; Bonsel, G.; Badia, X. Development and Preliminary Testing
of the New Five-Level Version of EQ-5D (EQ-5D-5L). Qual. Life Res. 2011, 20, 1727–1736. [CrossRef] [PubMed]

67. Rosa, A.R.; Sánchez-Moreno, J.; Martínez-Aran, A.; Salamero, M.; Torrent, C.; Reinares, M.; Comes, M.; Colom, F.; Van Riel, W.;
Ayuso-Mateos, J.; et al. Validity and Reliability of the Functioning Assessment Short Test (FAST) in Bipolar Disorder. Clin. Pract.
Epidemiol. Ment. Health 2007, 3, 5. [CrossRef] [PubMed]
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Association of CYP2C19 and CYP2D6 Poor and Intermediate Metabolizer Status With Antidepressant and Antipsychotic Exposure:
A Systematic Review and Meta-Analysis. JAMA Psychiatry 2021, 78, 270–280. [CrossRef]
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