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Pharmacogenomics could optimize antipsychotic treatment by preventing
adverse drug reactions, improving treatment efficacy or relieving the cost
burden on the healthcare system. Here we conducted a systematic review
toinvestigate whether pharmacogenetic testing in individuals undergoing
antipsychotic treatment influences clinical or economic outcomes. On 12
January 2024, we searched MEDLINE, EMBASE, PsycINFO and Cochrane
Centrale Register of Controlled Trials. The results were summarized using
anarrative approach and summary tables. In total, 13 studies were eligible
forinclusionin the systematic review. The current evidence base is either
infavor of pharmacogenetics-guided prescribing or showed no difference
between pharmacogenetics and treatment as usual for clinical and

economic outcomes. In the future, we require randomized controlled trials
with sufficient sample sizes that provide recommendations for patients who
take antipsychotics based on a broad, multigene panel, with consistent and

comparable clinical outcomes.

Psychotic disorders affect about 3% of the population’ and entail a major
economicburdenfor healthservices. A recent systematic review indi-
cated that the annual societal cost of schizophrenia varies per patient,
from US$819 in Nigeria to US$94,587 in Norway?.

Antipsychotic drugs have demonstrated efficacy, and like almost
every medication, they are prescribed in a prioritized order based on
our knowledge of their tolerability and are adapted to the patient’s
needs using clinical observations to identify the optimal medication
and dose that will maximize response and minimize toxicity’. However,
this process canlead to substantial delaysin finding the drug and dose
of choice for each patient® because the response to antipsychotics

is highly variable among individuals*. While the majority of patients
diagnosed with schizophrenia experience symptom improvements
with antipsychotics, approximately 34% of patients are ‘treatment-
resistant’, indicating a limited or lack of response to at least two trials
ofanantipsychotic therapy at an appropriate dose*”. In addition, antip-
sychoticdrugs have aplethora of adverse drugreactions (ADRs), some
of which are serious and thought to contribute to the excess mortality
associated with severe mental illness®.

The interindividual variability in response to antipsychotic
therapy is partly explained by genetics in conjunction with clinical,
demographic and environmental factors’. Indeed, cytochrome P450
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Identification of studies via databases and registers

Identification of studies via other methods

Fig.1|/PRISMA flow diagram.
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(CYP450) are asuperfamily of enzymes that areinvolved in the metabo-
lism of drugs?, and the genes coding CYP isoforms are highly poly-
morphic®. Based on an individual’s genotype, studies and guidelines
classify individuals into metabolic phenotypes: poor metabolizers,
intermediate metabolizers, normal metabolizers, and rapid or ultrara-
pid metabolizers, which correspond to individuals carrying deleted or
defective, partially defective, normal, duplicate or higher expression
of CYP genes, respectively. These genetic variants may impact enzyme
activity, which could affect the rate of clearance of antipsychotics, and
possibly anindividual’s response and adverse reactions™’.

Knowledge of patients’ drug metabolic status through pharma-
cogenetic testing might optimize the selection of medication and
adjustment of doses’. A systematic review of qualitative and quan-
titative studies by Hansen et al.’ underlined the potential benefits
of pharmacogenetic testing for any medication, from patients’ and
clinicians’ perspectives. Patients felt that pharmacogenetics would
increase their confidence with the choice of drug, therefore motivating
them to adhere to their medication plan. Ongoing adherenceiskey to
optimal outcomes in patients, but up to 75% of patients at 2 years post
hospital discharge are nonadherent with antipsychotic medication®.
Nonadherenceis associated with worse prognosis, increased frequency
of relapse, rehospitalization and, therefore, increased utilization of
healthcare resources and costs™. Inaddition, Swen et al.” reported that
the pharmacogenetics-guided treatment with an index drug (that is,
any drug with recommendations in the guidelines of the Dutch Phar-
macogenetics Working Group, including antipsychotics as well as other
drugs, such as antidepressants, anticoagulants and analgesics, among
others) using a 12-gene panel significantly reduced the incidence of
developing an ADR by 30%. Other pharmacogenetic studies covering
awide range of drugs have been conducted", and many have similarly
reported improved tolerability”, reduced symptom severity'*" and
reduced healthcare costs'®".

Fleeman et al.”° conducted a systematic review for pharmaco-
genetic testing in adults taking antipsychotics over a decade ago.

They confirmed the compelling biological evidence supporting
CYP450 genetic testing as well as analytical validity and accuracy of
assays but did not identify any observational or randomized studies
thatinvestigatedits clinical utility or cost-effectiveness. Inthis Analysis,
consideringrecent technological and researchadvancements, we con-
ducted a systematic review to investigate whether pharmacogenetic
testing for individuals undergoing antipsychotic treatmentinfluences
clinical or health economic outcomes.

Results

Inclusion and exclusion of studies

The database search yielded 970 publications: EMBASE (n =530),
MEDLINE (n =242), PsycInfo (n =100) and Cochrane Library (n=98)
(Fig. 1). After removing duplicates and screening on the basis of titles
and abstracts, we were left with 25 potentially eligible studies. After
applying the prespecified inclusion criteria to the full-text articles,
seven studies remained. An additional 14 potentially eligible stud-
ies were identified from manual screening of citations and Google
Scholar. After assessing for eligibility, six studies remained. Informa-
tionabout the excluded studiesis detailed in Supplementary Tablel.In
total, 13 eligible studies were included in the systematic review (Fig. 1).
Table 1summarizes the design and key findings from each of the stud-
iesincluded.

Study characteristics

The sample size of the studies ranged from 80 to 290 participants,
and the average age ranged from 14 to 49 years. Regarding gender,
most studies were well balanced, except three studies that included
less than 40% female participants* >*and one study that included only
male participants**. Most studies were conducted in Europe and North
America, although there was one study conducted in China?*. Only two
studies reported the ethnicity or ancestry of their participants®**. The
primary diagnosis among the studies was a psychotic disorder (schizo-
phrenia, schizotypal disorder, schizoaffective disorder, persistent
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delusional disorder, brief and acute psychotic disorder, and bipolar
vl 8 Q disorder). However, one study focused on patients with a diagnosis
g g g < of autism spectrum disorder?, and one study included patients with
3| o z different diagnoses, including schizophrenia, anxiety and depression
(although schizophrenia accounted for over 50% of the diagnoses in
” this sample)®. Including the decision/Markov models, four studies had
c % o three comparators (for example, pharmacogenetics versus extensive
215 o 2 linical monitoring versus treatment as usual (TAU)), six studies had
S| S < clinica g ,
g 8 g § . two comparators (for example, pharmacogenetics versus TAU) and
2= 2 8 g three studies had one group (pharmacogenetics only). Several studies
= focused exclusively onantipsychotics (n =11), while others focused on
” o § antipsychotics as well as other psychotropic medications, as part of a
3 8 é broader combinatorial treatment (n =2). The genes included in the
f’zj g 3 pharmacogenetic tests varied widely, but the CYP2D6 gene was included
2|0 8 38 g in many studies. There were no industry-funded studies included in
5|5 © ® S thereview.
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AR E S %  Clinical outcomes
g % é é 8 Overall, there were four randomized controlled trials (RCTs), two ret-
§ a 10% g g e rospective studies and two prospective studies that reported clinical
3| 2= £ £ g outcomes. Studies reported ADRs, symptom severity, medication,
@ . . . P , . .
£ hospitalizations, polypharmacy and physicians’ opinions (Table 2).
2 The results for the different clinical outcomes are visualized in Fig. 2.
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g 2 S g ’
g k5 2 % significant difference in UKU score between the two treatment arms
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= N b= . . . .o .
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= § ) 2 8 intervention group compared to the control at the end of week 12
kS () 8 3 (29.4 ng mIin the pharmacogenetics group versus 40.4 ng ml™ in
2 28 3 9 TAU,P=0.03)
3 = 3 5 HF=0.03).
o | 3 2a 2 £
L c c 9 c S
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£l 3 c 2= 8 3 of Positive Symptoms (SAPS), Positive and Negative Symptoms Scale
§ s £ 33 IS Z  (PANSS), Clinical Global Impression-Severity (CGI-S) and Children’s
E. 88 g §) s I Global Assessment (CGA) scale. Jiirgens et al.>® and Arranz et al.” did
8 § Sg § 2 é % not identify a significant difference in the change in symptom sever-
® R E ity in the pharmacogenetics group compared to TAU. In contrast,
2 - 2 5 5 59 § g Kangetal.”* found that the pharmacogenetics group had a higher per-
2 8 02 S § £ S 2 % f 25 < s centage PANSS score change from baseline than the TAU group at the
% e 8 S E 4 S ‘3 £s ‘§ 2 g o % end of week 6 (74.2% versus 64.9%; 95% confidence interval (CI) 4.4
o = = s 3 g % e S Q@ g 283 £ g to 14.1 percentage points; P< 0.001). In their study, the response rate
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® >~ 305553 3 £8528<|3 s g ax5 < E °o=5 2 remission at the end of week 12 were also significantly higher in the
5082 50 ® @ 598G O - . .
S 2| 8ECEE|8E88SQE| 883555 ETSEE|S  pharmacogeneticsgroup (62.8%) compared to TAU (45.4%) (adjusted
z|? - T 7T T £ OR2.03;95%ClIL11t03.60, P=0.02). Arranz et al.” also identified an
E | . c 5 improvement in symptomology: 39 treatment-resistant patients (93%)
€ |&|a =9 T o s demonstrated improvementin their CGlscores, and 37 (88%) showed
3 | 5|3 2 22 » . . . . .
(77} § é 5 g £8 g improvements in their CGA scores. Indeed, after pharmacogenetic
5 5 testing, a2-and 20-pointaverage improvementin CGland CGA scores
T = 9 g was identified for the pharmacogenetics group, respectively (P=1x107°
é § Q Q 2 t% for CGl scores, P=5 x10"8for CGA scores).
o £ L
) = . 2 Clinicians’ opinions
P £13 P § § Physicians’ opinions were evaluated using the Pharmacogenetics in
o |£| 29 SEe; 55 £ Psychiatry Follow-up Questionnaire (PIP-FQ) by Walden et al.”. The
g [<[¥T xa o e ® Z  PIP-FQrevealed that 23% (n = 14) of physicians concluded that their
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Table 2| Clinical outcomes included in the systematic
review and their corresponding definition/measure of the
outcome

Outcome Definition/measure of outcome
ADRs UKU adverse effects score’®”
Symptom severity SAPS?
PANSS?
CGI-§™
Children’s Global Assessment Scale (CGAS)*
Clinicians’ opinions PIP-FQ*

Hospitalizations Overall hospitalization stays per patient®

Antipsychotic drug persistence, measured as
time in days to the first

modification of the initial antipsychotic
treatment (drug or dose

change), to indicate tolerability of medication®®
Drug changes®

Dose changes by visual inspection of temporal
dose-adjustment

graphs®

Mean daily dose*

Polytherapy through the number of
antipsychotics prescribed®

Medication prescribing

patients improved after pharmacogenetics testing for CYP2D6 and
CYP2C19 genes. The remaining physicians concluded that the patients
did not change (n =25), their patients were not assessed (thatis, due to
alack of follow-up appointment with the patient) (n = 21) or no answer
was provided (n =20).

Hospitalization

Carrascal-Laso et al.”> demonstrated that, before applying the pharma-
cogenetics test, participantsin the study accounted for 504 hospitali-
zation stays. This was reduced to 218 hospitalizations after adjusting
treatment on the basis of the pharmacogenetics test. Arranz et al.” also
found that pharmacogenetic testing led to areduction in the visits to
their clinicians (ten fewer visits per patient per year) and areductionin
hospital stays (total reduction of 3 months in hospital stays).

Medication prescribing

Jiirgens et al.”* found no difference in antipsychotic drug persistence
(number of days until amedication or dose change) in the pharmaco-
genetics group compared to TAU, even in a subgroup analysis includ-
ing only extreme metabolizers (poor and ultrarapid metabolizers for
CYP2D6 and/or CYP2C19 genes). However, Jiirgens et al.” showed that
extreme metabolizers in the intervention group experienced fewer
drugand dose changes than the TAU group (pharmacogeneticgroup,
L=-12;95%Cl-4.1t01.2; TAU, B =-2.3;95% Cl -5.0 to 0.4). Carrascal-
Laso et al.”? demonstrated that the average number of antipsychot-
ics prescribed per patient reduced from 1.82 at baseline to 1.27 after
pharmacogenetics testing, and this change was statistically significant
(P<0.05).Similarly, at baseline, almost 21% of patients were prescribed
more than five drugs (any mental/physical health drugs), which was
reduced to less than 11% post-pharmacogenetics testing, again a sig-
nificant reduction in polypharmacy (P < 0.05).

Economic outcomes

Overall, there were two study-based economic evaluations (using
patient-level data) and five model-based economic evaluations
(using data from existing literature). Most of these were cost-effec-
tiveness analyses (n =4), as well as a few cost analyses (n=2). There
was also one study that conducted a cost-benefit analysis. Among
these studies, two studies were conducted from a third-party per-
spective, one from a healthcare payer system perspective and one
fromasociety perspective. The remaining studies did not specify the

perspective (n=3). Moreover, the time horizonemployed varied widely,
includinglyear(n=1),2years(n=1),3 years(n=2)and10 years(n=1).
There was one study that did not specify a time horizon. Economic
outcomes included overall cost of healthcare resource utilization,
inpatient costs (hospitalizations), non-inpatient costs (primary care
and pharmaceutical costs) and incremental cost-effectiveness ratio
(ICER). Theresults for the economic outcomes are visualized in Fig. 2.

Overall healthcare costs

Herbild et al.” demonstrated that there was no statistically significant
differencein total costs between the pharmacogenetics and TAU group.
However, total costs were 177% higher in the extreme metabolizers
(poor and ultrarapid metabolizers for CYP2D6 and/or CYP2CI19 genes)
than among the normal metabolizers; this difference was reduced by
48%among extreme metabolizers in the interventiongroup (P= 0.058).
Moreover, Carrascal-Laso et al.”* found that pharmacogenetics testing
was associated with a reduction in total costs for 67% of the patients.

Inpatient costs

Regarding inpatient costs, such as the costs attributed to services in
the psychiatric hospital sector, Herbild et al.”® showed that there was
no difference between the pharmacogenetics and TAU group. How-
ever, extreme metabolizers were incurring significantly higher costs
than normal metabolizers; these excess costs in the extreme metabo-
lizers were significantly reduced by 28% through pharmacogenetic
testing (P < 0.05). Furthermore, no difference was identified for the
nonpsychiatric hospital costs between the intervention and TAU group.
Carrascal-Laso et al.” found that total hospital costs decreased from
US$2,335 before pharmacogenetics testing (2013-2015) to US$948
after pharmacogenetics testing (2016-2019), which is a 59% reduction.
Thiswas supported by apharmacoeconomic model by Kurylev etal.”
that found that pharmacogenetic testing reduced the length of stay of
patients in hospital, which translated to a total reduction in hospital
costs by 382,433 Russian Rubles.

Non-inpatient costs

Carrascal-Laso et al.” found that the pharmacogenetics interven-
tionled toareduction of 10% (before versus after pharmacogenetics,
US$3,142 versus US$2,827 per patient per year) in pharmaceutical costs.
Nosstatistically significant cost difference was identified by Herbild et
al.”®between theintervention and TAU group for primary care services;
there was no subgroup analysis for the extreme metabolizers.

ICER

The ICER is the difference in mean costs of two interventions (that
is, anew intervention and the standard intervention) divided by the
difference in mean health effects, such as quality-adjusted life years
(QALY)*.Ninomiyaetal.” compared pharmacogenetics-guided clozap-
inetreatment to TAU and calculated an ICER of £16,215 per QALY, that s,
it would cost an extra £16,215 to gain an additional QALY if the patient
were prescribed antipsychotics using the pharmacogenetics-guided
strategy as opposed to the traditional strategy. Similarly, Rejon-Parrilla
etal.”*found that pharmacogenetic testing entailed an additional cost
of £19,252 per QALY. Both of these values remain below the conventional
decisionthreshold of £20,000 per additional QALY gained outlined by
the National Institute for Health and Clinical Excellence®**. Perlis et
al.** compared pharmacogenetics-guided clozapine treatment as first-
line treatment for individuals who test negative for genetic variantsin
neurotransmitter-receptor-related genes (5-HT,,,5-HT,, 5-HTTLPR and
H2),to TAU, involving no testing and clozapine asathird-line treatment.
They identified a reduced likelihood of treatment failure and relapse
for the pharmacogenetics-guided group taking clozapine as afirst-line
treatment. Overall, they found that pharmacogenetic testing yields a
cost of US$47,705 per QALY gained, compared to TAU, which is below
the conventional decision threshold of US$50,000 per additional QALY
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Fig. 2| Visualization of the literature with key results for the clinical and
economic outcomes. Primary studies that reported a Pvalue are plotted

to depict the direction of effect for each outcome (whether they favor
pharmacogenetics or TAU or whether there is no significant difference between
the two treatment arms). The y axis lists the outcomes grouped by themes.
Thexaxis plots the Pvalue reported in the primary study as ameasure of the
strength of the evidence. The solid line marks a Pvalue of 1, and the dotted

line marks the significance threshold of P < 0.05. The study design (RCT or

observational) and sample size are displayed. Herbild et al.**conducted a

main analysis comparing PGx versus TAU (denoted [PGx]) and a subanalysis
comparing extreme metabolizersin the PGx group (denoted [PGx, ExM]) to TAU.
For non-inpatient costs (primary care costs) there was no subgroup analysis for
the extreme metabolizers. Studies that did not report Pvalues were excluded
from the visualization. FPG, fasting plasma glucose; PGx, pharmacogenetics;
RCT, randomized control trial. *Exact Pvalue not indicated but specified that it is
>0.05; **exact Pvalue not indicated but specified that it is <0.05.

gained. Finally, Girardin et al.> compared TAU to pharmacogenetics-
guided clozapine treatment that would involve absolute neutrophil
count monitoring only for patients who test positive for one or both
susceptibility alleles. They reported an ICER of $3.9 million per QALY,
meaning that TAU cost an extra US$3.93 million (95% C12.01t0 8.17) per
additional QALY gained compared to the pharmacogenetic strategy.
Theresults of these studies were primarily sensitive to the pharmacoge-
netic test parameters, such as sensitivity and cost, as well as clozapine-
induced agranulocytosis prevalence and infection-related death rates.

Quality assessment
Quality assessment was conducted using the Downs and Black
checklist for RCTs and non-RCTs that reported a clinical outcome,
and results varied from 15 to 24 (out of 27), with a mean score of 19.7
(Supplementary Table 2). The studies demonstrated a good ability
to report the study objectives, methods, sample characteristics and
main findings. However, details regarding patients lost to follow-up
was poorly described in 50% of the studies (n =3). More than half of
the participants in the studies were not blinded to the intervention
(n=4),and there was no attempt to blind those measuring the main
outcomesin50% of studies (n =3). Moreover, in atleast half of the stud-
ies, participants were not randomized to intervention groups (n = 3),
randomization was not concealed from both patients and staff until
recruitment was complete (n = 4) and there was inadequate adjust-
ment for confounding (n = 3).

Quality assessment was also conducted for economic evalua-
tions using the Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) checklist, and results varied widely. Total scores

ranged from 43% to 75%, with a mean score of 62% (Supplementary
Table 3). For most of the studies, a clear title, abstract and background
was provided, findings were summarized effectively in the results,
and a comprehensive discussion was provided. However, reporting
of methodology was weaker: none of the studies provided a health
economic analysis plan; three studies did not clearly outline their
methods for analysis; four studies failed to report or justify their
chosen time horizon; five studies did not report or justify their cho-
sen discount rate or perspective; heterogeneity was characterized
by only one study; and none of the studies incorporated patient and
publicinvolvementin the design of the study. Furthermore, sources of
funding could have been more transparent as several studies did not
specify funding (n =3). We assessed certainty of the evidence using
the Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) guidelines, which demonstrated low certainty
for most outcomes (Supplementary Table 4).

Discussion

In this systematic review, we highlighted several important findings.
Firstly, clinical outcomes showed either no difference with TAU or a
benefitin favor of pharmacogenetics, although there was stronger evi-
dence of clinical utility when pharmacogenetic testing was conducted
using amultigene panel. We hypothesize that pharmacogenetic testing
for antipsychotics using amultigene panel, such as the 11-gene panels
used by Kang et al.**, increases the frequency of actionable variants
in the sample, which increases statistical power to detect differences
between theintervention and TAU groups. Similarly, pharmacogenet-
icstesting either demonstrated no differencein costsorareductionin
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overall,inpatientand outpatient costs, compared to TAU, particularly
for extreme metabolizers that were suggested to incur higher costs.

Quality assessment of RCTs and non-RCTs using the Downs and
Black checklist revealed several methodological limitations. Firstly, sev-
eral studies were not blinded and/or randomized. There was an under-
estimation of the confounding factors, as studies did not consider that
participants who opt to undergo pharmacogenetic testingmay be more
engaged (selection bias) and, therefore, have greater adherence, or that
the effect of closer monitoring by the clinicians may increase patients’
adherence; this confounder was addressed only by Jiirgens et al.?®, who
included three armsin their study: pharmacogenetics-guided group,
TAU and structured clinical monitoring, in which the patients’ primary
contact person systematically recorded adverse effects and factors
affecting the patient’s adherence at least once quarterly. Finally, the
studies were limited by statistical power due to small sample sizes, as
allthe studies had lessthan 300 participants. The CHEERS checklist for
economic evaluations revealed that several studies failed to report or
justify their chosen perspective, time horizonand discount rates. There
was also no consideration of how findings may vary for subgroups,
except by Herbild et al.”®, who explored healthcare costs for extreme
metabolizers. Thus, based on the quality assessment of the included
studies, the results should be interpreted with caution.

The widespread implementation of pharmacogenetics has yet
to occur in most healthcare systems globally and has predominantly
been restricted to academic and other highly specialized centers®®.
Nonetheless, an important milestone for pharmacogenetics in the
United Kingdom has been the implementation of routine screening
for four dihydropyrimidine dehydrogenase variants associated with
toxicity for fluoropyrimidine chemotherapy into the National Health
Servicein2020 to reduce the development of ADRs™.

Similarly, antipsychotic medications are associated with increased
incidence of ADRs, such as clozapine, which makesitadrugrequiring
mandatory full-blood count monitoring due to the risk of neutropenia
and agranulocytosis®. Ameta-analysis demonstrated thatindividuals
carrying the HLA-DRB1*04:02 allele had nearly sixfold-higher odds of
clozapine-induced agranulocytosis®. Inaddition, arecent retrospec-
tive study found that, in a cohort of patients taking clozapine, 4.3%
reported minor neutropenia and 1.2% reported serious neutropenia
leading to cessation of clozapine*°. While clozapine reduces the mor-
tality rate in severe schizophrenia by reducing the suicide rate, it may
increase the mortality rate for common causes of death, such as pul-
monary embolism and cardiac problems*. Thus, pharmacogenetics
could perhaps benefit this patient population to reduce the incidence
of adverse events in patients who take clozapine, and this requires
further investigation.

There is a considerable need to invest in mental health research,
specificallyinresearch thatimproves service users’ care and quality of
life*>**. This systematic review has revealed alimited number of studies
with sufficient sample sizes that contain clinical and/or economic data;
thus, further research is warranted to address the specific benefits of
pharmacogenetic testing for patients. In addition, arecent report by
the Royal College of Psychiatrists indicated that pharmacogenetic
testing cannot be recommended for psychotropic medication due
to gaps in the literature, such as insufficient evidence of clinical util-
ity**. Despite the need for further research in this field, mental health
research globally receives less funding than research into physical
conditions. Indeed, the median government spending on mental health
around the world per capitain 2017 was US$2.50 (ref. 42). Furthermore,
mental healthresearch funding is predominantly allocated to biologi-
caland etiological research, which makes up over 50% of funding, and
only 7% to health services, clinical and prevention research, each®.

To our knowledge, this systematic review is the first to evalu-
ate whether pharmacogenetic testing for antipsychotic medication
may improve clinical and/or economic outcomes and to assess the
quality and certainty of the findings. In addition, the authors are not

affiliated with industry, which reduces bias. However, our study had
several limitations. First, the scope of this review was wide due to the
scarcity of the data. This meant that there was heterogeneity among
the studies dueto differences in study design (RCTs and non-RCTs with
multiple different comparators) and outcomes measured, particularly
for clinical outcomes that were assessed using many different clinical
scales. Second, the search picked up very few studies from outside
of Europe and North America, indicating limited clinical generaliz-
ability of the findings, therefore highlighting animportant gap in the
literature that should be addressed in future research. Thisis important
because the prevalence of schizophrenia is high in East and South
Asia, witha patient population of approximately 7.2 and 4.0 million*¢.
In addition, compared to Caucasian cohorts, these populations have
different frequencies of variants for CYP450 enzymes. For example,
while CYP2D6*10 is the most abundant allele in East Asian populations
(minorallele frequency 58.7%), this allele is considerably lesscommon
in Europeans (minor allele frequency 0.2%)". Thirdly, not all antipsy-
chotics have pharmacogenetic recommendations, which would further
reduce the ability to detect differences.

Overall, the current evidence base shows either no difference
or is in favor of pharmacogenetics-guided prescribing for clinical
and economic outcomes. To support the clinical implementation of
pharmacogenetics testing into routine mental healthcare, RCTs with
sufficient sample sizes that provide recommendations for patients who
take antipsychotics based on a broad, multigene panel are required,
with consistent and comparable clinical outcomes.

Methods

The systematic review was registered with PROSPERO (registration
ID: CRD42023380454) and was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
2020 guidelines*®. This study involved the use of data from other stud-
ies, and therefore did not require ethics approval as ethics approval
was obtained in the original studies.

Eligibility criteria

On12January 2024, we searched for studies that evaluated clinical and/
oreconomic outcomes after pharmacogenetics-guided treatmentina
sample of individuals taking antipsychotics. No limits were applied on
patients’ age or diagnosis. No restrictions by country, healthcare set-
ting or monetary currency were applied. No restrictions wereimposed
on date range or language, but the search was conducted in English.
Studies were excluded if antipsychotics were not the primary pre-
scribed medication and if they were a protocol, review, commentary,
letter or editorial.

Searchstrategy

Several electronic databases were searched to identify relevant arti-
cles: MEDLINE (via Ovid), EMBASE (via Ovid), PsycINFO (via Ovid)
and Cochrane Centrale Register of Controlled Trials. The following
search string was used: (antipsychotic*) AND (pharmacogenetic* OR
pharmacogenomic* OR pharmacogenetics OR genetictest*) AND ((pro-
spective OR randomi* OR trial OR intervention) OR (cost and (effect*
or benefit* or utility or utilities or outcome* or analysis or analyses
or consequence* or minimi*))). Furthermore, a manual search of the
referencelists of the included articles and relevant existing reviews and
amanual search of papers that have referenced the included articles
using Google Scholar Citations was conducted.

Study selection

The first stage of the study selection involved collating articles that
appeared eligible from the title and abstract or were of unclear eligi-
bility. The titles and abstracts were initially assessed by independent
reviewersN.S.K.,S.R., G.M. and G.H. using Rayyan*. The second stage
involved screening full-text articles to determineifthe studies met the
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eligibility criteria. Any discrepancies were resolved by consulting an
additional independent reviewer, E.B.

Data extraction and presentation of results

The data were extracted from the selected studies using a custom
data extraction template in Excel. The extracted data included the
following: study authors, year of publication, study title, study design,
country, sample size, sample characteristics, test gene composition
and outcomes measured. A narrative approach was adopted due to the
substantial heterogeneity between the included studies.

Certainty of the evidence was rated by N.S.K. using the GRADE
guidelines®, which assessed the following domains for each outcome:
risk of bias, inconsistency, indirectness, imprecision and publica-
tion bias. A total score was determined to measure certainty: high
(=4 points, high certainty that the true effect is close to the estimated
effect), moderate (3 points), low (2 points) or very low (<1, the true
effectis probably different from the estimated effect).

Quality assessment

Quality assessment was conducted by N.S.K. using a modified Downs
and Black checklist for RCTs and non-RCTs that assessed clinical out-
comes”. The modified checklist includes 26 items that assess various
methodological components, such as reporting, external validity,
internal validity and power. Each item was either awarded one point if
the criteria were met or no points if the criteria were not met, except
item 5. This item assessed whether the principal confounders in each
group of subjects were clearly described and was awarded one point
if the criteria were partially met or two if the criteria were fully met. If
the item could not be inferred from the study, it was marked as ‘una-
ble to determine’. In total, studies are awarded a total score ranging
fromO0to27.

Moreover, the quality of economic evaluations were assessed
separately using the CHEERS 2022 checklist*’. The checklist consists
of 28 items, and each item is awarded a point if the criteria were met,
or no points if the criteria were not met or only partially met. If the
itemwasnotapplicableto the study (for example, a cost-minimization
analysis could not be assessed by items 11-13, which assess the selec-
tion, measurement and valuation of health outcomes), the item was
marked ‘N/A’. The total percentage score was calculated.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Data used (means, effect sizes, standard deviations and confidence
intervals) can be obtained from the original studies in the system-
atic review, listed in Table 1. Databases searched included MEDLINE,
EMBASE, PsycINFO and Cochrane Centrale Register of Controlled
Trials.

Code availability

No custom code was used in this study.
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