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ABSTRACT

INTRODUCTION. Despite the proven clozapine effectiveness in patients with treatment resistant schizophrenia, its
use can cause adverse drug reactions, including clozapine-induced sialorrhoea (CIS). Data on CIS pathogenesis are
limited. Identifying CIS pharmacogenetic predictors will make it possible to both predict adverse drug reactions
prior to therapy and specify individual pathogenetic elements.

AIM. This review aimed to identify CIS predictors using systematic analysis of literature data.

DISCUSSION. Research was conducted independently by two co-authors using PubMed, Google Scholar, Gene-
Cards, and PharmGKB databases. A total of six (6) studies were selected that examined 17 candidate genes. The
ADRAZA and DRD4 genes were associated with CIS. The rs1800544 polymorphism of ADRAZA gene regulates the
expression of alpha-2A adrenergic receptor (ADRA2A). Alpha-2-adrenoreceptors regulate salivation, thus clozap-
ine antagonistic effect causes CIS. The 120-bp polymorphism of DRD4 will reduce expression of type 4 dopamine
receptor (DRD4). In turn, this may result in CIS as clozapine increases the receptor blockade. However, the results
contradicted other studies, presumably due to assessment of different polymorphisms in the above studies. More-
over, the analysed studies had a number of methodological limitations.

CONCLUSIONS. The performed systematic review made it possible to identify CIS pharmacogenetic predictors.
However, large multicenter studies using a strong prospective design and considering these limitations are re-
quired in order to verify the identified associations and develop a pharmacogenetic panel with high predictive ac-
curacy for CIS.

REGISTRATION. Systematic review protocol is included in the international systematic review register (PROSPERO),
Registry No. CRD420251089235.
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adverse drug reaction; genetic polymorphisms; pharmacogenomic testing; systematic review
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PE3IOME

BBEAEHUE. Kno3anuH acddeKTMBEH NPU NIYEHUU NALMEHTOB C TEPANEBTUYECKON PE3UCTEHTHOCTbLIO MPU LIN30-
(peHun, Ho ero NPUMeHEHUE MOXET CONPOBOXAATLCS PA3BUTUEM HEXENATENbHbIX PeaKLMiA, B YACTHOCTM KJ103aMNWH-
uHayumpoaHHoi cuanopeeit (KUC). JaHHble 0 MexaHu3me pa3sutus KUC orpaHuyeHsbl. Boigenenve dapmakoreHe-
Tnueckunx npeaukTopos KMC no3BonuT oLeHUTb BEPOSTHOCTb BO3HUKHOBEHWUS OCIOKHEHWI 10 HA3HAYEHUS TEpanuu,
a TakXe YTOYHUTb OTAE/bHbIE 3BEHbS NATOrEHETUYECKOrO0 MEXaHW3MA AAHHOM HEXENaTeNbHOW peakLmu.

LEJIb. BrissneHne dapMakoreHeTMHECKUMX NPEAUKTOPOB K03anuH-UHAYLMPOBAHHOW CUAZIOPeN NMpU MOMOLLU CUC-
TEMATUYECKOro aHanM3a AaHHbIX TUTepaTypbl.

OBCYXXOEHMUE. MNounck nccnenoBaHuii NpoBOAMAM HE3aBMCMMO [Ba coaBTopa no 6asam PubMed, Google Scholar,
GeneCards, PharmGKB. B o6Lwei cnoxHocTH 6bino HaaeHo 6 UcCienoBaHW, B KOTOPbIX paccMaTtpmBanocb 17 re-
HOB-KaHaMAaToB. Accoumaumsa ¢ KMUC 6obina BoiseneHa ana reHoB ADRAZA, DRD4. NMonumopdusm rs1800544 rena
ADRAZA perynupyeT skcnpeccuio agpeHopeuentopa anbda 2A tuna (ADRA2A). [Mpu 3ToM a.2-aapeHopeLenTopbl yya-
CTBYIOT B PETYNALUU CEKPELMM CITHOHDI, @ aHTAarOHUCTMYECKOE AEWCTBMUE KNO3amnuHa HAa HUX NPUBOAMT K BOSHUKHOBE-
Huto KUC. HocutenbctBo nonumopdusma 120-bp DRD4 npuBOAUT K CHUXKEHMIO YPOBHS 3KCMpeccun LohaMUMHOBOIO
peuentopa 4 Tuna (DRD4). 370, B CBOKO 04Yepenb, MOXeT Bbi3BaTb pa3BuTtue KMC 3a cyeT noBbiweHus cteneHn 6no-
Kafbl peuenTopa knosanuHoM. OfHaKo Mony4YeHHble faHHble MPOTMBOPEYAT pe3ynbTaTaM psaa ApYrux UCCnenoBa-
HWI. BO3MOXHbIM 06bSACHEHWEM [LJAHHOTO HECOOTBETCTBUS SBMISIETCS aHAIM3 PA3NIMYHbIX MOMMOPGHU3MOB B YKa3aHHbIX
pabotax. Kpome Toro, npoaHasM3MpoBaHHble UCCEL0BAHUS UMENU PSA, METOLONOMMYECKUX OFPaHUYEHWIA.

BbIBOADbI. MpoBeneHHbIM cucteMaTnyeckmii 0630p nutepaTypbl NO3BOAUA onpenenvTb GapMakoreHeTUYeCKue npe-
auktopbl KUC. Ho fns yTOYHEHMS MOMyYeHHbIX accoumaumii U pa3pabotkmM dpapMakoreHeTMYeCckon naHenu C BbiCo-
KO NMPOrHOCTMYECKOW TOYHOCTbIO B oTHOWeHUn KUC HeobxoauMMo npoBeseHue KpYMHbIX MYNbTULLEHTPOBBIX MUCCe-
[LOBaHU, MCMONb3YIOLMX CTPOTMIA MPOCMEKTUBHBIN AU3aMH C YYETOM BbISIBNEHHbIX OrPaHUYEHUIA.

PETUCTPALUA. MpoTokon cucteMatnyeckoro o63opa 3aperucTpypoBaH B MeXAYHapOAHOM MPOCNeKTUBHOM pee-
cTpe cuctematuyecknx o63opos (PROSPERO), pernctpaumnoHHbii Homep CRD420251089235.

KnioueBble cnoBa: (I)apMaKOI'eHETl/IKa; KNO3anuH; aHTUNCUXOTUKHU; LLIVIBO(DDGHMH; TepaneBTUYECKAA
PE3UCTEHTHOCTb NpKU LIJI/IBOCDDEHI/II/I; cnanopesq; HexenatenbHbl€ peakKUunuu; I'IOJ1I/1MOp(bl/13MbI reHOoB;
q)apMaKOFeHETVIHeCKOE TECTUPOBAHUE; CUCTEMATUYECKUI o630p

Dna umtupoBanusa: Kuposa A.l., bennesuy H0.C., Cocun I.H., Moconos C.H., CbiueB [1.A. DapmMakoreHeTMueckue
61MoMapkepbl cManopew, BbiI3BaHHOM NPUMEMOM K03anMHa: cMcTeMaTuyeckuin 063op. bezonacHocme U puck
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®uHaHcupoBaHue. [laHHas paboTa BbiNoNHEHA Npu GUHAHCOBOW Nopnepxke MuUHUCTepCTBa 34paBoOOXpaHeHus Poccuitckoin
Qepepaumu, TeMaTUKA roCyfLapCTBEHHOMO 3afaHua «Pa3paboTka papMakoreHeTUYEeCKOW TeCT-CUCTEMbl A5 MOBbIWEHUS
3ddekTMBHOCTM M 6e3onacHOCTU GapMakoTepanuMu NauMeHTOB KapAMONOrMYeCcKoro u ncuxmuatpuyeckoro npodunei» (EFTMCY

HUOKTP N2 124021200054-3).

MoTeHumnanbHblit KOHOAUKT MHTepecoB. [1.A. CbiueB ABNSETCS YNeHOM peAakLMOHHOW Konnermn xypHana «besonacHocTb u puck
tapmakotepanuu» ¢ 2019 r. OctanbHble aBTOPbI 3aBASAKOT 06 OTCYTCTBUM KOH(IMKTA MHTEPECOB.

INTRODUCTION

Schizophrenia affects approximately 1% of the
global population [1]. Advances in modern psycho-
pharmacotherapy have taken the treatment of this
disorder to a new level: in addition to managing
positive symptoms (such as delusions, hallucina-
tions, etc.), it has become possible to improve
negative symptoms (for example, emotional-
volitional deficits), while safety profile of psycho-
pharmaceuticals has significantly improved [2].
However, approximately 30% of patients do not
respond to antipsychotic treatment, meaning they
have treatment-resistant schizophrenia (TRS) [3, 4].
Clozapine is the only antipsychotic effective in TRS
[3, 5]. It improves positive schizophrenia symptoms,
reduces suicide risk, and its long-term use is asso-
ciated with improved outcomes in TRS patients [6-
9]. However, clozapine is associated with a broad
range of adverse drug reactions (ADRs), the most
significant being agranulocytosis, myocarditis/
cardiomyopathies, seizures, metabolic disturbances,
constipation, sedation, and sialorrhoea [10, 11].

Sialorrhoea is one of the most frequently re-
ported ADRs associated with clozapine use [12,
13]; it induces excessive salivation significantly
more often than other antipsychotics [14, 15].
Pharmacoepidemiological data indicate that clo-
zapine-induced sialorrhoea (CIS) occurs to some
degree in 91.8% of patients [14], more commonly
in the early stages of treatment, and may persist
for a long time. Sialorrhoea significantly increases
the risk of aspiration pneumonia [16, 17], a leading
cause of death among patients treated with clo-
zapine [18].

The exact underlying mechanism remains
unclear. The primary hypothesis is clozapine se-
lectively stimulating muscarinic receptors in the
salivary glands [19, 20]. Salivary gland cells
express M; and Mz muscarinic receptors, with
the Mz receptor being primarily responsible
for regulating salivation [21]. Clozapine and its
metabolite, N-desmethylclozapine, are known
as partial agonists of muscarinic receptors [22].
A 2020 study demonstrated that high serum

! https://www.prisma-statement.org/prisma-2020
? https://www.crd.york.ac.uk/PROSPERO/home

concentrations of N-desmethylclozapine are asso-
ciated with the risk of developing CIS [23]. In vitro
studies show that, unlike clozapine, N-desmethyl-
clozapine modifies calcium flux in salivary gland
cells, while atropine inhibits this effect [23].

Currently, active pharmacogenetic research
is being conducted to enhance the safety and ef-
ficacy of pharmacotherapy based on patient ge-
nome analysis [24]. Significant progress has been
made in general medicine and cardiology. In psy-
chiatry, data remain limited; current guidelines
recommend pharmacogenetic testing for complex
patient groups, including those with treatment
resistance in psychiatric disorders [25, 26]. Clozap-
ine is a promising candidate for pharmacogenetic
testing since it is effective in treatment-resistant
schizophrenia; however, its use is limited by the
risk of serious ADRs [27]. Identification and subse-
quent systematisation of research findings aimed
at discovering CIS pharmacogenetic biomarkers
by separate scientific groups will help clarify the
mechanism of this ADR, allowing for earlier inter-
vention and management.

The aim of this study was to identify pharma-
cogenetic predictors of clozapine-induced sialor-
rhoea by conducting a systematic analysis of the
literature data.

The review was prepared according to the
PRISMA guidelines® (Figure 1). The systematic
review protocol was registered in the interna-
tional prospective register of systematic reviews
(PROSPERO?), Registry No. CRD420251089235, and
is publicly available. Two authors independently
performed the literature search (Yu.S. Bellevich,
A.G. Kirova). When selecting publications, any con-
troversies were resolved through discussion until
a consensus was reached. If the authors could not
reach an agreement, they consulted the other co-
authors (D.N. Sosin, S.N. Mosolov, D.A. Sychev).

Search queries for the scientific databases in-
cluded: 1) PubMed — “(clozapine OR sialorrhoea)
AND (schizophrenia OR pharmacogenetics) AND
(polymorphism OR gene)”; Google Scholar — “clo-
zapine”, “sialorrhoea”, “schizophrenia”, “pharma-
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Search of studies in the databases and registers

Number of published works identified
in all databases and registers
n=2172

Identification

Number of published works identified
in all databases and registers
n=1907

Screening

Number of published works identified
in all databases and registers
n=71

Selection

Number of published works identified
in all databases and registers
n=6

Inclusion

Studies excluded:

Duplicates
n=265

Published works excluded
due to title and abstract
n=183%6

Publications excluded due to full text
n=65

The figure is prepared by the authors / PucyHok noarotoBneH aBTopamu

Figure 1. Flowchart of publication search for inclusion in a literature review

» » «

cogenetics”, ‘polymorphism”, “gene”. Furthermore,
a search was performed in specialised pharmaco-
genetic and genetic databases: GeneCards® and
PharmGKB*. Candidate genes were selected using
the keyword “clozapine”. All genes identified by this
query were thoroughly examined for their poten-
tial role in CIS development. No timeframe was ap-
plied to the search.

Studies meeting the following criteria were
included in this literature review: 1) study popula-
tion: patients receiving clozapine as their primary
therapy; 2) patients aged 18 to 65 years; 3) detect-
ing association between genes and/or their poly-
morphisms and CIS; 4) works published in Russian
or English. Conference materials, reports, abstracts,
and results of preclinical studies were excluded.

At the literature screening stage, after remov-
ing duplicates, publication abstracts were analysed
to select works meeting the inclusion criteria.
Subsequently, the full texts were analysed. Further-
more, the authors examined reference lists of these
works to identify publications potentially eligible
for inclusion in this review (snowball method).

The following data were extracted from the
selected publications: study aim and design,

* https://www.genecards.org/ (authorised access)
* https://www.pharmgkb.org/ (authorised access)

sample description, diagnosis, therapy, CIS speci-
fics, studied gene polymorphisms, and statistical
significance of the obtained associations (p-values).
A critical assessment of the risk of systematic er-
rors and bias, as well as a meta-analysis, was not
performed due to the limited number of available
studies. The analysed data were grouped under
individual studies due to the small number of in-
cluded works.

RESULTS

This literature review included six publications
(Table 1).

S. Tsai et al. [28] conducted a 2001 study
in a Han Chinese population (n=97), with a pro-
spective patient observation period of at least
eight (mean 51.3%£39.5) weeks. The study enrolled
TRS patients switched to clozapine therapy. A cer-
tain limitation is the fact that the authors did not
specify the criteria for classifying TRS patients.
In addition to sialorrhoea, the authors assessed
clozapine efficacy and association of the ADRAZA
gene polymorphism rs1800544 with schizophrenia
(the study included a comparison group of healthy
volunteers).

Safety and Risk of Pharmacotherapy. 2025 4
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Clozapine dose ranged from 50 to 700 mg/day
(mean dose 276%+104 mg/day). The authors did not
explicitly state that clozapine was used as a mono-
therapy. However, the article lacks data on con-
comitant therapy, suggesting that patients were
likely to receive only clozapine during the study.
The presence of sialorrhoea was assessed using
the UKU scale (Udvalg for Kliniske Undersogelser
Scale) with only “hypersalivation” sub-item. As a re-
sult, CIS developed in 35 patients, while 48 did not
have sialorrhoea.

The researchers investigated the association
of a biallelic polymorphism in the ADRAZA pro-
moter region (alpha-2A adrenergic receptor gene).
Since modern nomenclatures, specifically dbSNP
(database of Single Nucleotide Polymorphisms),
were not introduced at the time of the study,
the authors designated gene regions according
to S. Lario et al. (1997) [29]. Based on our analysis,
we determined that the authors studied associa-
tion of the C-1291G polymorphism (rs1800544)
with CIS. This study did not confirm an association
between rs1800544 and CIS.

A. Rajkumar et al. conducted two studies
in 2012 and 2013 [30, 31] in a population of In-
dian patients (n=101). Both publications present
identical patient data, indirectly indicating that the
studies were performed on the same clinical sam-
ple. The design in both cases was a cross-sectional
case-control study. The subjects were patients
with schizophrenia confirmed by the Diagnostic
and Statistical Manual of Mental Disorders of the
American Psychiatric Association (DSM IV-TR) and
taking clozapine for at least 12 weeks. Clozapine
was prescribed in patients meeting TRS criteria.
The authors do not explicitly state that patients
received clozapine as a monotherapy; however, the
publications lack data on concomitant therapy, in-
directly suggesting monotherapy. The mean dose
was 340.84%£119.04 mg/day (dose range 100 to
650 mg/day).

Safety assessment was performed clinically: the
authors collected complaints from patients and
their relatives, and also retrospectively evaluated
medical records. Besides sialorrhoea, other safety
and efficacy parameters of clozapine were assessed,
which are not considered within the scope of this
literature review.

The 2012 study [30] analysed two polymor-
phisms of the HTR3A gene (serotonin receptor type
3A), rs1062613, and rs2276302, while the 2013
study [31] examined four polymorphisms of the
CYP1A2 gene (cytochrome P450 1A2): rs2069514,
rs35694136, rs2069526, and rs762551. No asso-

ciation was found between the studied polymor-
phisms and CIS.

The study by V. Rajagopal et al. (2014) [32] was
also conducted in a South Indian population of pa-
tients (n=95). The key patient characteristics co-
incide with those of the two previously described
studies [30, 31]. Accordingly, the design, clozapine
prescribing regimen, duration of its use, and safety
assessment methods are also identical to the
previous studies. However, the authors focused
solely on CIS, without considering other safety
parameters or the efficacy of clozapine. Out of the
total number of patients (101 individuals), only 95
were included in the analysis due to insufficient
genetic material for 6 patients. Due to the reduced
number of patients, the mean daily clozapine dose
changed: it was 358.8 #110.28 mg/day in the group
of sialorrhoea patients and 334.5+124.32 mg/day
in the control group (p=0.025).

This study explored the correlation of 120-bp
polymorphism of the DRD4 gene (dopamine recep-
tor D4 gene) with CIS. This polymorphism is a tan-
dem duplication in the promoter region of DRD4.
It was found that one long allele in the patient’s
genome (DRD4 120/240bp genotype) was associ-
ated with a 2.95-fold increased risk of developing
CIS (odds ratio OR=2.95; 95% confidence interval
(Cl): 1.51-5.75; significance level p=0.0006), and
the presence of two long alleles (240/240bp geno-
type) increased the risk 8.7-fold.

The study by A. Solismaa et al. (2014) [33] was
performed in European patients (n=237). The au-
thors designed a cross-sectional observational study
with partial retrospective analysis. Patients diag-
nosed with schizophrenia, schizoaffective disorder,
or other non-organic and non-affective psychoses
were included (according to the International Clas-
sification of Diseases, 10th Revision (ICD-10)). ALl
patients were receiving clozapine treatment for
at least three months prior to inclusion in the study,
with a mean dose of 403£152 mg/day. The authors
did not identify TRS patients separately. Clozapine
was an antipsychotic monotherapy in 155 (65.4%)
patients; the remaining 82 (34.6%) patients received
it in combination with other antipsychotics. Thirty-
two patients receiving only clozapine were also
prescribed a tricyclic antidepressant (amitriptyline
or doxepin). The authors classified these patients
in the CIS group, as these drugs can be used to ma-
nage CIS. Based on the study description, it cannot
be concluded that clozapine was taken as a mono-
therapy (without psychopharmaceuticals from other

groups).
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LUNSERS (Liverpool University Neuroleptic
Side Effect Rating Scale) was used to assess CIS.
The authors evaluated role of the following gene
polymorphisms in the occurrence of CIS: CHRM1
(cholinergic receptor muscarinic 1 gene) rs2507821,
rs542269, rs2075748; CHRM3 (cholinergic recep-
tor muscarinic 3 gene) rs4620530, rs6429157,
rs6690809; CLOCK (clock circadian regulator gene)
rs1801260, rs3749474, rs4580704, rs6850524;
ADRAZA (adrenergic receptor alpha 2A gene)
rs1800544.

As a result, a role for the ADRA2A gene poly-
morphism rs1800544 was demonstrated: carriers
of the CC genotype were twice as likely to develop
CIS compared to carriers of the CG and GG geno-
types (OR=2.13,95% Cl: 1.17-3.88, p=0.013). This
correlation obtained in the overall sample persist-
ed in the subset of patients taking only clozapine
(n=155, p=0.044), but was not confirmed in patients
taking other antipsychotics together with cloza-
pine (n=82, p=0.11).

This team of authors published the results
of another study [34] conducted in 2024 in the
same patient sample (with identical clinical pa-
rameters), although analysing other pharmacoge-
netic endpoints. The study employed a genotyping
method using microarrays, analysing 531,983
single nucleotide polymorphisms (SNPs). However,
the authors selected 14 genes that could poten-
tially be associated with CIS or dry mouth dur-
ing clozapine treatment and investigated 9,039
polymorphisms of these genes (the complete
list of studied polymorphisms was not presented
in the work). Polymorphisms of the following
genes were studied: VIP (vasoactive intestinal pep-
tide gene), ERBB1 (epidermal growth factor recep-
tor gene), ERBB2 (erb-b2 receptor tyrosine kinase
2 gene), ERBB4 (erb-b2 receptor tyrosine kinase
4 gene), GRK2 (G protein-coupled receptor kinase
2 gene), GRK5 (G protein-coupled receptor kinase
5 gene), CHRM1, CHRM3, CHRM4 (cholinergic recep-
tor muscarinic 4 gene), IP3’, NK1 (NK1 homeobox
transcription factor gene), NTS (neurotensin gene),
ADRAZ2A, and DRD4. None of the studied SNPs
showed an association with CIS.

DISCUSSION

Clozapine stands out among other atypical an-
tipsychotics due to its efficacy in TRS; however, its
use in clinical practice is limited by the potential
development of serious ADRs [35, 36]. Sialorrhoea
is reported four times more frequently with clo-

zapine than with other antipsychotics [32]. The
mechanism underlying CIS is quite complex and
remains incompletely understood to date [12].

As a result of the conducted systematic litera-
ture review, we have identified a relatively small
number of published studies. Of the six published
works, three studies were performed for the same
patient sample [30-32]; another two were also
conducted on a single sample [33, 34]. It is im-
portant to note that in all studies, the authors in-
vestigated genetic panels related to the pathways
of clozapine mechanism of action (either pharma-
cokinetic or pharmacodynamic). In total, 17 genes
were analysed across all publications for an asso-
ciation with CIS. ADRAZA was the most frequently
studied gene evaluated in three publications, with
two of these studies conducted on the same sam-
ple. Notably, these studies yielded conflicting re-
sults (whereas the work by H. Puolakka et al., 2024
[34], does not specify the particular polymorphisms
assessed by the authors).

The DRD4 gene was included in two studies, also
with the opposing results [32, 34]. This is quite plau-
sible, as the authors evaluated the association of dif-
ferent single nucleotide polymorphisms with CIS.

The CHRM1 and CHRM3 genes were also stu-
died in two works conducted in the same patient
sample [33, 34]. The remaining genes were exam-
ined only once in the above studies.

Consequently, an association with CIS was dem-
onstrated only for two genes: ADRAZA and DRDA4.
In the first case, the authors studied the rs1800544
polymorphism associated with an increased
CIS risk. This polymorphism represents cytosine
to guanine transversion at position -1291 in the
promoter region of the ADRAZA gene [37]. Given
its location in an intergenic region, this polymor-
phism does not affect the protein structure; how-
ever, it may hypothetically regulate the expression
of the alpha-2A adrenergic receptor (ADRA2A) [29,
37]. The adrenergic system exerts a modulatory ef-
fect on saliva production in the human body, lead-
ing to an increased protein content therein [38];
a2-adrenoreceptors, among others, regulate saliva
secretion, and the antagonistic action of clozapine
on these receptors leads to CIS [39, 40].

The next gene associated with CIS is DRDA4.
An association was established between a 120-bp
tandem duplication in the promoter region of this
gene and the risk of developing CIS. This mutation
is known to be of functional significance, influen-
cing the DRD4 gene expression [41]. Lower tran-

* Inositol-1,4,5-trisphosphate is a signaling molecule. This system includes a large number of different genes; we could not deter-
mine exactly what genes the authors studied in their work [34], therefore we provide the description unchanged.
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scriptional activity associated with the long allele
of this polymorphism causes reduced expression
levels of the dopamine D4 receptor (DRD4) [41].
The authors hypothesise that due to the decreased
density of these receptors in carriers of the long
allele, these individuals might experience a higher
degree of receptor blockade by clozapine (com-
pared to carriers of short alleles), which, in turn,
could lead to CIS [32].

The studies included in this literature review
have several significant limitations. Primarily, this
concerns the sizes of the patient samples. The
number of patients in the studies ranged from
83 to 237, a relatively small sample size for phar-
macogenetic research. Furthermore, only one out
of the six studies employed a prospective design;
the rest were cross-sectional, which also some-
what increases the likelihood of systematic error.

Another substantial limitation is the inclusion
of patients taking clozapine in combination with
psychotropic drug classes. Other psychotropic
medications are known either to enhance CIS ma-
nifestations (e.g., paliperidone) or reduce them (e.g.,
amisulpride), which undoubtedly negatively affects
the experiment integrity and the risk of systematic
error [42-44].

A further limitation is the inclusion of patients
from nosological groups other than schizophrenia.
Specifically, not all studies separately identified
patients with TRS. This is an important aspect,
as TRS patients may have different underlying bio-
logy, which, in turn, could influence the risk of CIS
[45-47].

Moreover, the studies utilised different assess-
ment methods of sialorrhoea severity. In three
studies [28, 33, 34], researchers used specialised
rating scales, while in the remaining three works

(conducted on the same patient sample) [30-32],
a clinical method was used to determine ADRs.
This method involved analysing clinical manifesta-
tions based on patient self-reports, reports from
close relatives, and medical records. Besides the
inherent lack of objectivity associated with the
clinical approach to a considerable degree, the
use of different assessment methodologies leads
to difficulties in comparing results across studies
during analysis.

CONCLUSION

The data obtained from this systematic review
indicate the involvement of the ADRAZA and DRD4
genes in developing CIS. In both cases, hypotheses
regarding the underlying genetic mechanisms have
been proposed. Despite certain limitations in the
studies included in this review, the results are of
significant scientific value and can serve to de-
velop an algorithm for the personalised clozapine
prescription.

Carriers of the CC genotype (rs1800544 of the
ADRAZA gene) and of the long DRD4 allele are
found to be at an increased risk of CIS. Identifying
such patients prior to prescribing clozapine allows
for planning management tactics in clinical prac-
tice. This could include, among others, increasing
the frequency of CIS assessment, implementing
a slower dose titration of clozapine (compared
to patients without this risk factor) or dose reduc-
tion, and timely CIS management.

Large multicenter studies employing a strict
prospective design considering the above limita-
tions are required to further identify CIS pharma-
cogenetic predictors. The results of such studies
could form the basis for developing a pharmacoge-
netic panel with high predictive accuracy of CIS.
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