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Abstract

Background Pharmacogenomic (PGx) factors significantly influence how patients respond to antipsychotic
medications This systematic review was performed to synthesize the clinical utility of PGx-assisted treatment versus
standard of care in schizophrenia.

Methods PubMed, Embase, and Cochrane CENTRAL databases were searched for randomized controlled trials (RCTs)
from inception till June 2024 that had compared the clinical utility of PGx-assisted intervention as compared to the
standard of care in schizophrenia. The primary outcome was safety, and the secondary outcomes were efficacy and
medication adherence. Pooled standardized mean differences (SMD) along with a 95% confidence interval (Cl) were
calculated (random-effects model) wherever feasible.

Results A total of 18,821 studies were screened, and five were included for review. All the RCTs had a high risk of bias.
Four studies included the commonly used antipsychotics. Three studies reported negative outcomes (safety, efficacy,
and medication adherence) and two reported positive outcomes (safety) using different scales. In the meta-analysis,
there were significant differences in the total Udvalg for Kliniske Undersogelser Side-Effect Rating scale score [SMD
0.95 (95% Cl: 0.76-1.13), p<0.001); 12=0%)] and the total Positive and Negative Syndrome Scale score [SMD 10.65 (95%
Cl:2.37-18.93), p=0.01); 12=100%)] between the PGx-assisted treatment and standard of care arms. However, the
results were inconsistent, and the certainty of evidence (GRADE criteria) was very low.

Conclusion Current evidence on the clinical utility of PGx-assisted treatment in schizophrenia is limited and
inconsistent and further evidence is required in this regard.
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Background

The global burden of schizophrenia is 23.6 [95% con-
fidence interval (Cl): 20.2-27.2] million [1]. The effec-
tiveness of antipsychotic treatment in individuals with
schizophrenia varies greatly, making it impossible to fore-
see which patients will respond positively or negatively
to the medication. Furthermore, around 20-50% of these
patients do not respond well to antipsychotics leading to
adverse repercussions for the patients, their families, and
the broader society [2, 3]. Further, many antipsychotic
medications have substantial adverse effects profiles
[4]. The trial-and-error approach is frequently necessary
prior to finding effective treatment, leading to treatment
delays that can potentially affect patient adherence and
worsen the disease [5].

Pharmacogenomic (PGx) factors significantly influence
how patients respond to antipsychotic medications [6, 7].
It has been suggested that the selection of antipsychotics
and adjustment of doses according to the genetic profile
(presence of functional polymorphisms) of patients has
the potential to significantly improve the safety profile
and efficacy of antipsychotics [8]. Strong evidence sup-
ports the influence of cytochrome (CYP) variants on the
development of drug-induced adverse reactions [9, 10].
Some randomized controlled trials (RCTs) have explored
PGx-assisted intervention encompassing genotype-spe-
cific antipsychotic selection and/or dosing to aim for an
optimal response; however, there is no summarized evi-
dence in this regard. As this field is evolving, it is impor-
tant to synthesize the available evidence and identify the
evidence gaps to pave the way for future research. Hence,
this systematic review was performed to evaluate the
clinical utility of PGx-assisted treatment versus standard
of care in schizophrenia.

Methods

Search strategy

A literature search was conducted in the MEDLINE/
PubMed, Embase, and Cochrane CENTRAL electronic
databases for interventional studies published in Eng-
lish from inception till June 2024. Various search terms
were utilized, as outlined in Table S1. These search terms
were adapted for different bibliographic databases, incor-
porating database-specific filters. Four independent
authors identified relevant studies based on their titles
and abstracts using the search strategy. The Rayyan soft-
ware was used for this purpose. They then obtained the
abstracts and, if necessary, the full texts of the articles to
evaluate their suitability for inclusion. The discrepancies
were resolved by discussion with another author who
acted as an arbiter.
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Study selection

The authors included RCTs that had compared the clinical
utility (safety and/or efficacy) of PGx-assisted interven-
tion as compared to the standard of care in patients with
schizophrenia. Those RCTs that had not included PGx
information as a part of the initial intervention but per-
formed genotyping post-hoc in a subgroup of patients
guided by safety and/or efficacy response, those RCTs
that had randomized patients based on their clinical
response and genotyping results from an initial run-in
period, and all kinds of observational studies evaluating
genetic association with antipsychotic safety and/or effi-
cacy were excluded. The primary outcome was safety,
and the secondary outcomes were efficacy and medica-
tion adherence.

Quality assessment

For the risk of bias analysis, the Cochrane risk of bias
tool 2 [11] was used by an independent author. The tool
includes the assessment of the following biases: random-
ization process, deviations from intended interventions,
missing outcome data, measurement of the outcome,
selection of the reported result, and overall.

Data collection and analysis

A standardized, pre-formatted form was used to extract
data from the eligible studies. The extracted information
encompassed various aspects, including the details of
interventions, comparators, and outcomes. The WebPlot-
Digitizer tool was used to extract information from the
figures. Summary estimates were employed in the analy-
sis, and meta-analysis was performed when sufficient and
homogenous data were available for the outcomes. The
statistical analysis was executed using RevMan version
5.3 software. Standardized mean differences with a cor-
responding 95% Cl were determined for the differences
in differences of the total Udvalg for Kliniske Underso-
gelser Side-Effect Rating scale (UKU-SERS) and Positive
and Negative Syndrome Scale (PANSS) scores between
the two groups using a random-effects model. If data
were not sufficient to conduct a meta-analysis, qualita-
tive/narrative summaries of the study findings were men-
tioned. The analysis also took into account attrition rates
(dropouts, loss to follow-up, and withdrawals). A critical
appraisal of missing data issues and the methods used for
imputation were performed. Heterogeneity was analyzed
by the Cochrane Q (x?) test conducted on n-1 degree of
freedom with a 5% a error for statistical significance and
the 12 test was calculated. The I values were categorized
as low (25%), medium (50%), and high (75%) [12].
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Certainty assessment

The GRADE (Grading of Recommendations Assessment,
Development, and Evaluation) approach was used to
assess the certainty of the generated evidence [13].

Study protocol

This meta-analysis complies with the Preferred Report-
ing ltems for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The study protocol was registered
apriori in the International Prospective Register of Sys-
tematic Reviews (PROSPERO ID: CRD42024558949).

Results

A total of 18,821 articles were screened and, five articles
[14-18] were included (Fig. 1) for systematic review. The
results of the risk of bias analysis are itemized in Table
S2. All the RCTs had a high risk of bias. The summary of

Records identified from:
Databases (total 18.821)

Embase (n = 6,756)

PubMed (n = 5,020)

Cochrane CENTRAL (n = 7,045)
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the study characteristics is enumerated in Table 1. Four
studies included the commonly used antipsychotics. CYP
[14-16] and non-CYP [17, 18] polymorphism information
was incorporated into the PGx-assisted intervention. The
study duration ranged from three to twelve months. The
scales used for safety were UKU-SERS and Common Ter-
minology Criteria for Adverse Events (CTCAE). The scales
used for efficacy were PANSS, Clinical Global Impressions
(CaGl), Scale for the Assessment of Positive Symptoms
(SAPS), Global Assessment of Functioning (GAF), and Per-
sonal and Social Performance (PASP).

Arranz et al, 2019 [14] found that adjusting antipsy-
chotic doses based on CYP polymorphisms did not sig-
nificantly reduce adverse effects overall, but patients with
certain CYP2D6 and CYP1A2/CYP2C19 variants showed
notable improvements. Eadon et al., 2023 [15] reported
no significant overall reduction in adverse effects or

Records removed before screening
Duplicate records removed (n=11737

] [ IDENTIFICATION ]

A 4

Records screened
(n=7,084)

Records excluded (n=7029)
Wrong outcome (n=6,600), wrong population (n=150), wrong study
design (n=200), and wrong publication type (n=79)

A4

Reports sought for retrieval
(n=55)

SCREENING

Reports not retrieved (n=50)
Wrong outcome (n=45) and wrong publication type (n=10)

A 4

Reports assessed for eligibility
(n=5)

Reports of included articles
(n=5)

INCLUDED

Fig. 1 Study flowchart

Reports excluded (n=00)
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mortality with PGx-assisted interventions, though a
significant reduction was observed for patients tested
for aripiprazole. Jurgens et al., 2020 [16] found no sig-
nificant benefits in adherence, safety, or efficacy with
PGx-assisted treatment, while Kang et al,, 2023 [17] and
Qin et al,, 2024 [18] showed significant improvements in
efficacy and response rates in the Chinese population.
In the meta-analysis, there was a significant difference in
the UKU-SERS score [standardized mean difference, 0.95
(95% Cl: 0.76-1.13), p<0.001); I>’=0%] and the PANSS
score [standardized mean difference, 10.65 (95% Cl: 2.37-
18.93), p=0.01); [2°=100%] between the PGx-assisted
treatment and standard of care arms at the end of the
treatment period. (Fig. 2). Except for CYP1A2 or CYP2C19
extreme metabolizers and clozapine in the study by
Arranz, et al.,, 2019 [14], no conclusive results could be
obtained on other gene-drug pairs and extreme metabo-
lizers in different populations. The certainty of evidence
generated (GRADE criteria) was; however, very low for
both safety and efficacy outcomes (Table S3-S5).

Arranz, et al,, 2019 [14] compared the effects of adjust-
ing antipsychotic doses based on CYP polymorphisms
with the standard of care in the Spanish population.
Although no significant differences in adverse effects
were observed overall, the intervention group resulted
in a greater reduction in adverse effects, though not sta-
tistically significant. Notably, patients in the intervention
group carrying CYP2D6 ultra-rapid or poor metabolizer
variants and treated with CYP2D6 substrates showed sig-
nificantly higher improvements in various adverse effects
compared to those in the standard-of-care group. Simi-
larly, CYP1A2 or CYP2C19 ultra-rapid or poor metabolizer
variant patients in the intervention group treated with
clozapine showed a higher reduction in adverse effects
although the differences were not statistically significant.

PGx-assisted treatment Standard of care

Std. Mean Difference
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The risk of bias in this study was high because the anti-
psychotic treatments and severity of symptoms were not
evenly distributed in the groups post-randomization.

Eadon, et al., 2023 [15] conducted a pragmatic RCT in
the United States of America using propensity matching
and evaluated the clinical utility of PGx-assisted interven-
tion for twenty-six drugs in different disease areas based
on the guidelines of the Clinical Pharmacogenetics Imple-
mentation Consortium or the Dutch Pharmacogenetics
Working Group. For patients with psychotic disorders,
aripiprazole and its related genes were included. Overall,
the intervention did not significantly reduce the occur-
rence of adverse effects or mortality. However, subgroup
analyses indicated a significant reduction in serious
adverse effects and mortality for those tested for aripipra-
zole. The risk of bias in this study was high because of the
pragmatic nature.

In the study by Jurgens, et al., 2020 [16], Danish patients
were randomly allocated to PGx-assisted intervention,
structured clinical monitoring, or standard of care groups
using a predictive enrichment design. No significant
improvements in antipsychotic drug adherence, safety,
or efficacy were observed by PGx-assisted treatment
as compared to the other groups. Kang, et al., 2023 [17]
and Qin, et al., 2024 [18] compared the effects of select-
ing antipsychotics and adjusting doses based on CYP
and non-CYP polymorphisms with standard of care in
the Chinese population. The intervention led to a signifi-
cant improvement in efficacy (schizophrenia symptoms
and social functioning), response rate, and remission rate
as compared to the standard of care, and the effect was
noticed before the trial was completed. The studies by
Jurgens, et al., 2020 [16], Kang, et al., 2023 [17], and Qin,
et al., 2024 [18] were single-blind studies, physicians were
not masked in the study groups, which might increase

Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV,R 95% CI IV, Random, 95% CI

Arranz, etal,, 2019 3.62 0.66 123 3 056 167 58.2% 1.02[0.78,1.27) ——

Jurgens, etal., 2020 2 225 95 0 25 101 41.8% 0.84[0.54,1.13) —_—

Total (95% Cl) 218 268 100.0% 0.95[0.76, 1.13] R

Heterogeneity: Tau*= 0.00; Chi*= 0.91, df=1 (P = 0.34); F= 0% 42 51 5 19 %

Test for overall effect: Z=9.81 (P < 0.00001) A Favours standard of care Favours PGx-assisted treatment
PGx-assisted treatment Standard of care Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Rand 95% CI

Arranz, etal, 2019 26.81 1.3 123 266 1 167 33.7% 0.18[-0.05,0.42] P

Kang, etal., 2023 6097 1.1399 113 508 1.484 97 336% 7.74[6.94,853) -

Qin, etal.,, 2024 63.23 0.32 109 5243 0569 77 327%  24.43[21.90, 26.96) =

Total (95% CI) 345 341 100.0% 10.65 [2.37, 18.93] T

Heterogeneity: Tau®= 52.91; Chi*= 653.34, df= 2 (P < 0.00001), F= 100% _50 _1?0 ) 190 250

Test for overall effect: Z= 2.52 (P = 0.01)

Favours standard of care Favours PGx-assisted treatment

Fig. 2 Forest plot showing the difference in the total Udvalg for Kliniske Undersogelser Side-Effect Rating scale score (A) and the Positive and Negative
Syndrome Scale score (B) between the pharmacogenomics (PGx)-assisted treatment group and the standard of care group. For Jurgens, et al,, 2020 study,
the data of the PGx-assisted treatment and the standard of care groups were included. The median and interquartile range were approximated to mean

and standard deviation
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the clinicians’ attention toward the patient’s medical
treatment. Also, in the study by Qin, et al., 2024 [18] more
patients who had reached remission or response levels of
efficacy dropped out or were lost to follow-up.

Discussion

In this systematic review, it was found that, overall,
there were mixed results in terms of safety and efficacy
between PGx-assisted treatment and standard of care in
patients with schizophrenia. The studies by Arranz, et al.,
2019 [14] and Jurgens, et al., 2020 [16] showed negative
results. Although Eadon, et al., 2023 [15] showed positive
results, only aripiprazole and a limited number of genes
and polymorphisms were included, and thus, a compre-
hensive PGx-assisted treatment algorithm was not used.
Two RCTs conducted in the Chinese population showed
significant improvement in the efficacy outcomes follow-
ing PGx-assisted treatment as compared to the standard
of care [17, 18]. These studies used different formulas to
estimate the efficacy outcomes (PANSS score) and safety
outcomes were not reported in these studies. None
of the studies utilized therapeutic drug monitoring to
ensure clinical response. Also, the risk of bias in three of
the included RCTs was high. In our meta-analysis, it was
found that PGx treatment led to a significant improve-
ment in the UKU-SERS and PANSS scores as compared to
the standard of care. However, not all studies could be
included in the meta-analysis and because of the incon-
sistencies, the GRADE of evidence generated was very
low.

Optimizing medication, such as using PGx-assisted
treatment, for individuals with psychotic disorders who
are on multiple medications is complex and limited.
Therefore, a more holistic and integrated approach is
necessary [19]. Optimizing treatment through precision
medicine is essential to enhance efficacy and minimize
adverse drug reactions in patients undergoing antipsy-
chotic therapy. A key objective of precision medicine in
this context is to utilize genetic information to improve
safety, efficacy, and outcomes. Pharmacogenomic (PGx)
testing serves as a companion decision-support tool, con-
sidering all relevant individual clinical and demographic
data. Presently, the United States Food and Drug Admin-
istration includes information on PGx biomarkers in the
labeling of nine antipsychotic drugs [20]. Similarly, the
Pharmacogenomics Knowledge Base website identifies
ten antipsychotic drugs that should be used with caution
in patients who are poor CYP2D6 metabolizers [21]. Drug
labels for certain antipsychotics include pharmacoge-
nomic (PGx) information. The Royal Dutch Association
for the Advancement of Pharmacy-Dutch Pharmaco-
genetics Working Group has issued PGx dosing guide-
lines for six antipsychotics based on CYP2D6 genotypes
[22, 23]. Guidelines from the Clinical Pharmacogenetics
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Implementation Consortium [24] and the Canadian Phar-
macogenomics Network for Drug Safety [25] also offer
expert recommendations on drug dosing and selection
for drug-gene pairs. These guidelines are based on strong
evidence supporting the advantages of PGx testing with
antipsychotics.

Functional candidate gene variants have been exten-
sively studied in a variety of antipsychotic response
phenotypes in the treatment of schizophrenia [26].
Multiple alleles of genes involved in pharmacokinetics
(particularly isoenzymes of CYP450), as well as variants
of genes involved in dopamine, serotonin, and gluta-
mate neurotransmission, have already been identified
as ones of significant impact on antipsychotic response
in candidate-gene approach studies and genome-wide
association studies [27]. Multiple observational studies
have investigated genetic association with antipsychotic
responses and/or adverse effects [6, 28]. As the size of
genome-wide association study samples has increased,
more genes have been identified with high confidence
that has begun to provide insight into the etiological and
pathophysiological foundations of this disorder [29, 30].
RCTs, employing alternative designs, such as performing
post-hoc genotyping after the initial trial or randomizing
patients following clinical assessment and genotyping
in a run-in period based on their clinical response and
genotyping results from an initial run-in period, were also
performed previously [8, 31-33]. In this review, RCTs that
included PGx information as a part of the intervention
were included. The results were either in favor of PGx-
assisted prescribing or showed no difference between
PGx-assisted treatment and standard of care for clinical
outcomes. Regarding cost-effectiveness, PGx might offer
benefits over the standard of care in schizophrenia man-
agement [34, 35].

There are several commercially available pharma-
cogenetic tests that interrogate CYP functional poly-
morphisms, which can be potentially useful for the
personalization of antipsychotic drugs [36]. However,
despite growing evidence showing the influence of
genetic factors on antipsychotic treatment efficacy, PGx
information is rarely used in clinical settings for the per-
sonalization of treatment in psychotic disorders although
several studies have shown that most clinicians and
patients are in favor of PGx-assisted treatment [37, 38]. It
is also important to identify the relevant polymorphisms
from the pharmacokinetic and pharmacodynamic attri-
butes of the respective antipsychotic medicines and
include the information in the treatment (antipsychotic
selection and dosing) algorithm. The most robust results
are those that associate CYP functional polymorphisms
with adverse reactions [39], whereas other polymor-
phisms in dynamic genes have been also proven to be
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useful for the improvement of antidepressant medication
[40].

PGx-assisted treatment has a number of drawbacks as
well. From a decision-making perspective, the CYP test
is not a one-step solution that relates one test result to
a therapeutic target dose [41]. The phenotypic distinc-
tion of individuals with different CYP genotypes may
be blurred because of an overlap between pharmacoki-
netic parameters and possible phenotype conversion.
Attempts to estimate dose adjustments for psychotro-
pic drugs are based on average doses adjusted to mean
kinetic parameters or to numbers of functional alleles
[42]. PGx-assisted treatment allows for detecting more
potential pharmacogenetic problems but also creates
the possibility for more erroneous medical decisions and
might, in theory, lead to unjustifiably withholding effec-
tive pharmacological treatment from the patient. There
are also inconsistencies across guidelines for dose adjust-
ment of CYP2D6- and CYP2C19-dependent drugs [43, 44].

When designing pharmacogenomic testing panels for
diverse populations, it is crucial to consider variations in
allele frequencies and tailor the design accordingly. There
have been ongoing discoveries of new genes and loci
associated with the efficacy and adverse effects of anti-
psychotic medications. These factors should be consid-
ered for inclusion in the design of PGx testing. In addition,
the contribution of each gene-drug pair to the treatment
outcome needs to be evaluated. For all these reasons, it
is often difficult to obtain consent from patients before
administering PGx-assisted treatment. On the other
hand, routine implementation of therapeutic drug moni-
toring can be an alternative cheaper technique to predict
variability in response to antipsychotics. Interestingly,
none of the included studies [14-18] utilized therapeu-
tic drug monitoring to ensure clinical response [45, 46].
There are specific evidence gaps in terms of the overall
clinical utility (safety and efficacy) of PGx-assisted treat-
ment in schizophrenia, especially with regards to specific
gene-drug pairs and extreme metabolizers in varied pop-
ulations, the cost-effectiveness of PGx-assisted treatment,
and the facilitators and barriers of implementing of PGx-
assisted treatment in routine clinical practice. Studies are
underway, including one from our group to address some
of these gaps [47-49].

One systematic review has been recently published on
this topic; however, the authors have included both RCTs
and observational studies [8]. The strengths of our study
are the inclusion of only RCTs involving diverse popula-
tions from the literature and the use of a robust method-
ology for analysis. Several limitations were identified in
the studies that were included. All the studies had a high
risk of bias. The sample sizes were small, and hence, the
proportion of patients having different genetic variants
was even smaller to make a meaningful comparison. The
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chance of publication bias could not be eliminated. Also,
all important antipsychotics and genotypes were not
evaluated in all studies, and physicians’ interpretations of
the PGx-assisted treatment algorithm based on genotyp-
ing results varied. Caution is warranted in generalizing
the findings of the results of one population to the other
due to variations in the genetic constitutions. Factors
such as smoking and coffee consumption, which could
affect the activity of the CYP enzymes, as well as concom-
itant nonpsychiatric medications were not accounted
for due to limitations in the data. Furthermore, there
were limitations in our review process. Data for all the
desired outcomes were either unavailable, resulting in
their exclusion from the review, or the inability to include
them in the meta-analysis. This was mostly because of the
variations in the outcome parameters and differences in
the scales used. Only descriptive statistics were used for
these data. Additionally, heterogeneity was observed in
some outcomes, likely due to variations in the design-
ing and implementation of treatment algorithms due
to differences in genotyping and antipsychotics, treat-
ment duration, and variations in the outcomes and cor-
responding scales used. This may lead to inconsistent
findings and limit the generalizability of the results. Not-
withstanding these limitations, to the best of our knowl-
edge, this is the first systematic review and meta-analysis
to synthesize the evidence on the clinical utility of PGx-
assisted treatment as compared to the standard of care in
schizophrenia.

Conclusion

The clinical utility of PGx-assisted treatment as compared
to the standard of care in schizophrenia in terms of safety
and efficacy has been conflictingly reported in the litera-
ture. These are variations in the results based on the stud-
ied population, antipsychotic drugs studied, and genes
and variations included in the treatment algorithm.
Hence, current evidence on the clinical utility of PGx-
assisted treatment in schizophrenia is limited and is of a
very low GRADE. High-quality large studies are warranted
in this regard. The clinical utility, cost-effectiveness, facili-
tators, and barriers of PGx-assisted treatment in schizo-
phrenia need to be evaluated in the future in large RCTs
in various populations.
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