European Archives of Psychiatry and Clinical Neuroscience (2023) 273:1567-1578
https://doi.org/10.1007/500406-022-01542-1

ORIGINAL PAPER q

Check for
updates

Clozapine once- versus multiple-daily dosing: a two-center
cross-sectional study, systematic review and meta-analysis

Nazar Kuzo'? - Ekkehard Haen® - Dominic M. Ho' - Hiroyoshi Takeuchi* - Marianna Piras® - Chin-Bin Eap>®1213.
Renato de Filippis’ - Philipp Homan#%'. John M. Kane®°'* . Marc-André Roy'%'> - Michael Paulzen'"'6.
Georgios Schoretsanitis’3'*

Received: 6 July 2022 / Accepted: 16 December 2022 / Published online: 29 December 2022
©The Author(s) 2022

Abstract

Evidence regarding effectiveness and safety of clozapine once- vs. multiple-daily dosing is limited. We compared demo-
graphic and clinical parameters between patients with once- vs. multiple-daily dosing in the Department of Psychiatry and
Psychotherapy, University of Regensburg, Germany (AGATE dataset), and the Department of Psychiatry, Lausanne Uni-
versity Hospital, Switzerland, using non-parametric tests. Effectiveness and safety outcomes were available in the AGATE
dataset. We performed a systematic review in PubMed/Embase until February 2022, meta-analyzing studies comparing
clozapine once- vs. multiple-daily-dosing. We estimated a pooled odds ratio for adverse drug-induced reactions (ADRs)
and meta-analyzed differences regarding clinical symptom severity, age, percentage males, smokers, clozapine dose, and
co-medications between patients receiving once- vs. multiple-daily dosing. Study quality was assessed using the Newcastle—
Ottawa-Scale. Of 1494 and 174 patients included in AGATE and Lausanne datasets, clozapine was prescribed multiple-daily
in 74.8% and 67.8%, respectively. In the AGATE cohort, no differences were reported for the clinical symptoms severity
or ADR rate (p > 0.05). Meta-analyzing eight cohorts with a total of 2810 clozapine-treated individuals, we found more
severe clinical symptoms (p =0.036), increased ADR risk (p =0.01), higher clozapine doses (p <0.001), more frequent co-
medication with other antipsychotics (p <0.001), benzodiazepines (p <0.001), anticholinergics (p =0.039), and laxatives
(»<0.001) in patients on multiple- vs. once-daily dosing. Of six studies, five were rated as good, and one as poor quality.
Patients responding less well to clozapine may be prescribed higher doses multiple-daily, also treated with polypharmacy,
potentially underlying worse safety outcomes. Patient preferences and adherence should be considered during regimen
selection.
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Introduction

Prescribing antipsychotics once-daily may be convenient
for patients and eagerly adopted by clinicians [1-3]. Spe-
cifically, a recent meta-analysis comparing once- vs. multi-
ple-daily dosing regimens for various psychotropic agents
reported a better safety profile while preserving comparable
efficacy in patients prescribed antipsychotics once-daily [4].
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The pharmacological aspects of the debate between once- vs
multiple-daily dosing regimens include the half-life of the
prescribed medications [5, 6], for example, for antipsychot-
ics with short half-lives, i.e., less than 24 h, efficacy may
benefit from dividing dosing over day [7], although morning
intake of a sedating antipsychotic may cause daytime sleepi-
ness, which may impair functioning.

This may also hold for clozapine, which is the only antip-
sychotic agent approved for the indication of treatment-
resistant schizophrenia (TRS) [8, 9] and has a half-life of
12 h at steady state [10]. For example, splitting of the main-
tenance clozapine dose of 150-300 mg/day is being recom-
mended in Canada with an option of a single-dose admin-
istration if the daily dose is lower than 200 mg/day [10],
while dividing daily clozapine is recommended in the US
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for target daily doses ranging above 300—450 mg/day [11]. In
Japan, divided dosing is recommended already above 50 mg/
day [12]. These differences regarding recommendations for
clozapine dose splitting may result in different prescription
patterns worldwide with different percentages of patients
being treated with clozapine once vs. multiple times per day
in different countries [13, 14].

Furthermore, the available evidence regarding the effec-
tiveness and safety outcomes for different clozapine dosing
regimens currently derives from two cross-sectional studies
[13, 14]. First, Takeuchi et al. compared groups of patients
treated with clozapine once- vs. multiple-daily dosing in two
large psychiatric hospitals in North America [13]; research-
ers suggested that clozapine was prescribed once-daily at
doses even higher then 200-300 mg/d without differences
for the effectiveness or reported clozapine-related seizures
between patients with once- vs. multiple-daily dosing [13].
In a more recent cross-sectional study in two large Japanese
psychiatric hospitals, Kitagawa et al. did not find any differ-
ences for clinical response or tolerability outcomes between
patients with once- vs. multiple-daily dosing [14]; however,
prevalence of depression/anxiety symptoms was lower in
patients with divided vs. once-daily, which may have been
mainly attributed to placebo effects [14]. Moreover, this
study did not report any differences for peak and trough
clozapine plasma levels between patients with divided vs.
once-daily dosing, contrasting the assumptions of a previous
pharmacokinetic simulation study [6]. This early pharma-
cokinetic simulation study had suggested that because of
differences regarding pharmacokinetic variation, multiple-
daily dosing might be associated with better effectiveness
and tolerability outcomes compared to once-daily dosing
of clozapine [6].

The aim of our study was to cross-sectionally compare
the effectiveness and safety of clozapine prescribed once-
vs. multiple-daily dosing in two different European cohorts.
Further, we systematically reviewed and meta-analyzed
available data on effectiveness and safety outcomes from
previous comparisons between different clozapine dosing
regimens.

Materials and methods
Study design and setting

Data collection was performed in two centers: the Depart-
ment of Psychiatry and Psychotherapy at the University
of Regensburg, Germany, and the Department of Psychia-
try of the Lausanne University Hospital, Switzerland. In
the Regensburg center, data was collected between 2005
and 2015 as part of the standard clinical practice of the
AGATE (Arbeitsgemeinschaft Arzneimitteltherapie bei
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psychischen Erkrankungen), a non-profit working group
aiming to improve drug efficacy and safety in the treat-
ment of mental illnesses [15]. Therefore, we refer to it
as AGATE cohort. For both available datasets, reporting
adheres to the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) guidelines
(Supplementary table S1) [16].

AGATE (Arbeitsgemeinschaft Arzneimitteltherapie bei
psychiatrischen Erkrankungen) cohort

A dataset containing clinical outcomes, demographic char-
acteristics, therapeutic regimen information and plasma
concentrations of clozapine of 1644 in- and outpatients
with a broad spectrum of psychiatric diseases was used.
Treating clinicians assessed clinical response using the
Clinical Global Impressions (CGI) scale [17, 18] as a
part of usual case. The CGI scale consists of two one-
item measures: one for the severity (CGI-S), which was
assessed by treating clinicians at the admission timepoint,
and one for improvement (CGI-I), which was assessed by
treating clinicians at the discharge timepoint. In the group
of responders, we included patients with CGI-I values of
1 (very much improved) or 2 (much improved), whereas
non-responders were patients with a CGI-I> 2. Raters
were blinded for plasma levels of clozapine, as clinical
ratings were performed at the same time when blood sam-
ples were collected. Assessment of safety was based on
detailed narrative reports of adverse drug-induced reac-
tions (ADRs) provided by treating clinicians. Addition-
ally, information about ADRs was classified according
to domains of Udvalg for kliniske undersogelser-Scale
(UKU) [19]. Blood samples were drawn just before clo-
zapine administration reflecting trough concentrations at
steady-state conditions. A validated high-performance
liquid chromatography with ultraviolet detection was
used [20]. The laboratory regularly runs internal quality
controls and participates in external quality assessment
schemes by INSTAND (Diisseldorf, Germany, www.insta
ndev.de). Data registration followed standardized proto-
cols [21]. The following data were extracted: age, sex,
body mass index (BMI), smoker status, clozapine dosing
regime, clozapine daily dose, as well as concomitant use
of other antipsychotics, benzodiazepines, antidepressants,
mood stabilizers, anticholinergic agents, and laxatives.
Information on diagnoses made by the consulting physi-
cian according to the International Classification of Dis-
eases (ICD-10) was also extracted.

All procedures involving human subjects/patients were
approved by the RWTH-Aachen University regulatory
authority.
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Lausanne cohort

The dataset was based on two longitudinal cohort stud-
ies, the PsyMetab and the PsyClin studies, including 174
in- and outpatients treated with clozapine collected in the
Department of Psychiatry of the Lausanne University Hos-
pital, Switzerland. The following data on all patients were
extracted from the existing database: age, sex, BMI, smoker
status, clozapine dosing regimen, clozapine daily dose as
well as concomitant use of other antipsychotics, benzodi-
azepines, antidepressants, mood stabilizers, anticholinergic
agents, and laxatives. Information on diagnoses made by
the consulting physician according to the International Clas-
sification of Diseases (ICD-10) was also extracted. Data on
clinical effectiveness and safety were not available for this
dataset. Trough clozapine plasma concentrations were quan-
tified using a previously validated ultra-high-performance
liquid chromatography (Waters ACQUITY UPLC I-Class)
coupled to electrospray ionization—tandem mass spectrom-
etry [22].

Ethical approval was warranted by the Ethics Committee
of the Canton Vaud (CER-VD) for PsyMetab, upon signature
of an informed consent for included patients. The CER-VD
also granted access to clinical data of patients followed at the
Department of Psychiatry of Lausanne University Hospital
from 2007 to 2015 (PsyClin) because of the non-interven-
tional post hoc analysis design.

The authors assert that all procedures contributing to
this work comply with the ethical standards of the relevant
national and institutional committees on human experimen-
tation and with the Helsinki Declaration of 1975, as revised
in 2013 [23].

Statistical analysis

Continuous variables are presented as means with stand-
ard deviations, and categorical variables as numbers and
percentages. The Shapiro—Wilk test was used to test for
normality, and the Levene’s test to assess the homogene-
ity of variance. Comparisons were performed using the
Mann—Whitney U test. Categorical variables were analyzed
by the Pearson’s Chi-square (or Fisher's exact) test. Given
the non-normal distribution of CGI-S ratings, a robust boot-
strapping analysis of covariate (ANCOVA) was conducted
to check on potential differences in CGI-S ratings between
patients receiving clozapine once- vs. multiple-daily strati-
fied by different clozapine daily doses. Additionally, we
applied generalized logistic regression models to assess
the risk of ADRs in total and for UKU subscales includ-
ing the following co-variates: clozapine regimen (once-
vs. multiple-daily), clozapine daily dose, age, sex, BMI,
smoker status and clozapine plasma concentration. Post
hoc Holm-Bonferroni correction was applied to account for

multiple testing. Given the substantial role of antipsychotic
co-medication, we performed a sensitivity analysis compar-
ing once- vs. multiple-daily dosing in a sub-cohort receiv-
ing clozapine treatment without any other antipsychotic. We
also performed a sensitivity analysis including only patients
with schizophrenia-spectrum disorders. All analyses were
performed with SPSS for Windows 25.0 (Chicago, Illinois)
and R [24].

Systematic review and meta-analysis

The systematic review and meta-analysis were conducted
and reported with the use of MOOSE (Meta-analysis of
observational studies in epidemiology) guidelines [25]
(Supplementary table S2) and registered with PROSPERO
(registration number CRD42022300114). Studies comparing
different clozapine daily dosing regimens were identified by
searching Medline and Embase, using the following search
terms: clozapine AND (“divided dosing” OR “split dosing”
OR “multiple dosing” OR “once daily” OR “twice daily”).
Databases were searched last on February 1, 2022, for pub-
lications without language restriction since data inception.
References from identified studies were hand-searched
for additional studies. Additionally, contacts with known
research groups carrying out research on clozapine were
performed to identify possible unpublished data.

Inclusion and exclusion criteria

Type of studies Included were studies reporting on dif-
ferent clozapine daily dosing regimens. Case reports were
excluded.

Types of participants Patients treated with different clo-
zapine daily dosing regimens without restrictions regarding
age, sex, diagnosis, treatment setting, illness duration, and
dosage or duration of clozapine treatment were included.

Comparator Patients receiving clozapine once-daily versus
multiple doses daily.

Types of exposure Antipsychotic medication with clozap-
ine.

Outcomes The primary outcome was defined as standard-
ized mean difference (SMD) of clinical symptom sever-
ity assessment scales ratings between patients treated
with clozapine once- vs. multiple-daily dosing. Further,
we estimated a pooled odds ratio (OR) for ADRs; ADRs
were defined on the basis of description (binary) [26],
or, in cases of standardized scales, such as the Glasgow
Antipsychotic Side-Effect Scale for Clozapine well-estab-
lished thresholds were used [14, 27]. Meta-analyses also
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included differences for age, percentage males, percent-
age smokers, clozapine daily dose, co-medication with
other antipsychotics, benzodiazepines, antidepressants,
mood stabilizers, anticholinergics, and laxatives between
patients receiving clozapine once- vs. multiple-daily dos-
ing.

Selection of eligible studies was independently per-
formed by two authors (DMH and GS). In case of doubt,
papers were discussed, and consensus was reached. As
consensus was reached in all cases, no additional co-
author was involved.

Data extraction Two authors (DMH and GS) indepen-
dently extracted data regarding sample sizes, demographic
characteristics, psychopathological ratings, daily clozap-
ine dosages and clozapine dosing regimens, concomitant
medication, and ADRs. When data were not provided,
authors were contacted.

Quality of studies We assessed the quality of studies con-
tributing to the primary outcome; the modified version
of the Newcastle-Ottawa scale for cross-sectional stud-
ies was used for quality assessment [28]; we removed the
item “representativeness of the exposed cohort”, that we
judged to be related to applicability, and added ascertain-
ment of clozapine treatment by assessment of clozapine
plasma or serum levels.

Statistical analysis For the meta-analysis, a random-
effects model for outcomes was used, given the potential
heterogeneity related to patient populations, treatment set-
tings, and the inherently large variability of the variables.
Results were summarized using SMD and 95% confidence
intervals (95%CI) and were presented in Forest plots. The
heterogeneity variance parameter (z°) was calculated using
the DerSimonian—Laird estimator [29]. When more than
one cohort was reported in one study, they were treated
separately. We also estimated a pooled OR for ADRs using
a random-effects model. We calculated the I-square (/%)
statistic as a measure of the proportion of variability that
can be attributed to heterogeneity [30]. Mean differences
(MD, 95%CI) were estimated for age and clozapine daily
dose, whereas ORs (95%CI) were estimated for percent-
age of males, percentage of smokers, co-medication with
other antipsychotics, benzodiazepines, antidepressants,
mood stabilizers, anticholinergics, and laxatives. Further,
a sensitivity analysis excluding low-quality studies was
conducted. Last, we examined the potential of publication
bias using funnel plots and Egger’s test [31]. All analyses
were performed using the meta package in R [24].
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Results

AGATE dataset

Details for clozapine dosing regimen were available for
a total of 1494 patients, who were included in our analy-
sis. Patients’ demographic and clinical characteristics
and details on psychiatric diagnoses are summarized in
the Table 1. Clozapine was prescribed multiple-daily in
approximately three-fourths of patients (n=1117, 74.8%).
Patients on multiple-daily dosing of clozapine received
almost twice higher mean daily doses of clozapine com-
pared to once-daily dosing (p <0.001, Table 1) resulting
in 1.5-fold higher mean trough clozapine levels (p <0.001,
Table 1).

Patients prescribed multiple-daily dosing received
32% more often co-medication with other antipsychotics
(» <0.001), 40% more often benzodiazepines (p < 0.008),
31% less often antidepressants (p <0.001), and 2.3 times
more often laxatives (p <0.006) compared to patients pre-
scribed clozapine once-daily.

Scores for CGI-S and CGI-I were available in 972
(65.1%) of patients; no differences were reported for the
clinical symptom severity or the responders rate between
patients treated with multiple- vs. once-daily dosing clo-
zapine (p=0.25 and p=0.65, Table 1). Based on the
results of bootstrapping ANCOVA, no differences for
CGI-S scores were reported between patients receiv-
ing clozapine once vs. multiple-daily when stratifying
based on different clozapine daily doses (Supplementary
table S3).

Information about ADRs was available in total of
865 (57.9%) patients. There were no differences in the
rates of psychic, neurologic, autonomic, or other ADRs
between the two groups (Table 1). The odds of experienc-
ing of ADRs (in total) were increased for higher clozapine
plasma concentrations (OR [95% CI]=1.25, 1.04-1.52,
p=0.021), whereas the odds of other ADRs were higher
in patients with higher BMI values (OR [95% CI]=1.15,
1.08-1.23, p<0.001) and lower in non-smokers (OR
[95% CI]=0.43, 0.20-0.94, p =0.034) (Supplementary
Table S4).

Comparisons of once- vs. multiple-daily dosing in
patients receiving clozapine as the only antipsychotic
agent are summarized in Supplementary Table S5a; no
differences between once- vs. multiple-daily dosing from
our main analysis survived in the sensitivity analysis apart
from daily dose, plasma concentrations and concentration-
to-dose (C/D) ratios of clozapine (p =0.001 in all three
comparisons).

Comparisons of once- vs. multiple-daily dosing in
patients with schizophrenia-spectrum disorders are
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Table 1 Differences in patient demographic and clinical characteristics between clozapine once- and multiple-daily dosing patients

AGATE dataset Lausanne dataset

Once-daily (n=377) Multiple-daily (n=1117) p-value  Once-daily (n=56) Multiple-daily (n=118) p- value

#Age, years, mean +SD 42.1+14.7 44.0+15.1 0.045 53.3+19.3 52.6+20.1 0.88

Sex, male, n (%) 238 (63.1) 687 (61.5) 0.57 27 (48.2%) 54 (45.8%) 0.87

"Body mass index (kg/m?), 28.3+6.0 28.4+59 0.85 26.78 +5.54 25.89+5.13 0.43
mean + SD

‘Smokers, n (%) 155 (52.0) 538 (57.4) 0.11 21 (37.5%) 43 (36.4%) 0.73

Clozapine daily dose, mg/day, 193.6+111.3 364.2+168.7 0.001 145.0+126.0 268.0+193.7 0.001
mean + SD

dClozapine plasma concentra-  257.4+199.9 383.2+236.7 0.001 197.3+180.2 313.5+228.5 0.003
tion (ng/mL), mean +SD

4C/D ratio (ng/mL/mg/day), 1.5+1.3 1.2+09 0.001 1.67+1.5 1.43+1.55 0.13
mean+ SD

¢Concomitant medications

Other antipsychotics, n (%) 180 (47.7) 701 (62.8) 0.001 17 (30.4%) 34 (28.8%) 0.86

Benzodiazepines, n (%) 60 (15.9) 249 (22.3) 0.008 22 (39.3%) 68 (57.6%) 0.034

Mood stabilizers, n (%) 64 (17.0) 240 (21.5) 0.06 10 (17.9%) 27 (22.9%) 0.55

Antidepressants, n (%) 113 (30.0) 230 (20.6) 0.001 19 (33.9%) 61 (51.7%) 0.034

Anticholinergics, n (%) 23 (6.1) 76 (6.8) 0.63 5(8.9%) 34 (28.8%) 0.003

Laxatives, n (%) 11(2.9) 75 (6.7) 0.006 12 (21.4%) 40 (33.9%) 0.11
{CGI-S, mean+SD 5.0+0.8 5.1+0.9 0.25 NA NA NA
fResponders (GCI-1>2),n (%) 31(13.3) 90 (12.2) 0.65 NA NA NA
fResponders (GCI-1>3),n (%) 79 (33.3) 283 (37.4) 0.28 NA NA NA
£Side effects, n (%) 34 (17.3) 127 (19.0) 0.58 NA NA NA
2UKU side effects rating scale

Psychic, n (%) 9 (4.6) 26 (3.9) 0.67 NA NA NA

Neurologic, n (%) 10 (5.1) 37 (5.5) 0.80 NA NA NA

Autonomic, n (%) 15 (7.6) 51(7.6) 0.99 NA NA NA

Other, n (%) 8 (4.1) 11 (1.6) 0.042 NA NA NA
"Diagnoses according to

ICD-10

Schizophrenia spectrum 217 (83.1) 690 (84.9) 0.07 25(48.9) 53 (51.4) 0.45

disorders (F20-29) except
for schizoaffective disorder,

n (%)
Schizoaffective disorder 11(4.2) 50 (6.2) 5(10.2) 16 (15.5)
(F25), n (%)
Bipolar disorders (F31), n (%) 7 (2.7) 11(11.4) 5(10.2) 5(4.8)
Depression (F32-F33), n (%) 10 (3.8) 12 (1.5) 7(14.3) 6(5.1)
Other 16 (6.1) 50 (6.2) 8 (16.3) 22 (21.3)

Numbers in bold indicate significant differences after Holm—Bonferroni multiple comparison correction

AGATE Arbeitsgemeinschaft Arzneimitteltherapie bei psychiatrischen Erkrankungen; CGI-S Clinical Global Impression — Severity; C/D ratio
concentration-to-dose ratio; /CD-10 International Classification of Diseases; NA not available; SD standard deviation; UKU Udvalg for kliniske
undersogelser

*Data was missing for 23 (1.5%) patients in AGATE Dataset

®Data was missing for 223 (14.9%) patients in AGATE Dataset and 21 (12.1%) in Lausanne dataset

“Data was missing for 258 (17.3%) patients in AGATE Dataset and 23 (13.2%) in Lausanne Dataset

9Data was missing for 43 (24.7%) patients in Lausanne Dataset

°Data was missing for 25 (14.4%) patients in Lausanne Dataset

"Data was missing for 501 (33.5%) patients in AGATE Dataset

£Data was missing for 629 (42.1%) patients in AGATE Dataset

"Data was missing for 420 (28.1%) patients in AGATE Dataset and for 22 (12.6%) patients in Lausanne Dataset
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summarized in Supplementary Table S5b; except for age
(p=0.08) and co-medication with laxatives (p =0.05), dif-
ferences for daily doses of clozapine (p <0.001), plasma
concentrations of clozapine (p <0.001), C/D ratios
(p» <0.007), and co-medication with other antipsychotics,
benzodiazepines and antidepressants (p < 0.002, p <0.001
and p <0.001, respectively) survived in the sensitivity
analysis.

Lausanne dataset

A total of 174 patients were included in this dataset. Clo-
zapine was prescribed in multiple-dosing regimens in
approximately two-thirds of the patients (n=118, 67.8%).
Comparisons of demographic and clinical characteristics of
patients receiving clozapine multiple- vs. once-daily dosing
are summarized in Table 1. There was no difference between
groups regarding age, sex distribution, BMI, or smoker sta-
tus (p=0.88, p=0.87, p=0.43 and p=0.73 respectively,
Table 1). Patients prescribed multiple-daily dosing received
85% higher daily doses of clozapine compared to once-daily
dosing (p <0.001), resulting in 59% higher trough clozap-
ine levels (p =0.003). Patients receiving multiple- vs. once-
daily dosing clozapine were prescribed 3.2 times more often
anticholinergics (p =0.003), and there was a trend in higher
prescription rates of benzodiazepines and antidepressants in
patients receiving multiple- vs. once-daily dosing (p =0.034
for both comparisons).

In patients receiving clozapine as the only antipsychotic
agent, no differences from our main analysis survived apart
from daily dose (p <0.001) and plasma concentrations
(p <0.009), which were higher in patients treated with mul-
tiple- vs. once-daily dosing, whereas prescription of anticho-
linergic agents and laxatives (p=0.019 and p=0.033),
which were both more frequent in the multiple- vs. once-
daily dosing (Supplementary Table S5a).

In patients with schizophrenia-spectrum disorders, dif-
ferences for daily clozapine doses (p < 0.003), plasma con-
centrations of clozapine (p <0.019), and co-medication with
laxatives (p <0.003) remained significant in the sensitivity
analysis (Supplementary Table S5b).

Systematic review and meta-analysis

The electronic database search yielded 98 articles from
Medline and 548 from Embase and one from the full-text
reviewed articles' reference lists. We also included the two
previously datasets from AGATE and Lausanne. Follow-
ing removal of duplicates, 574 unique articles remained and
were screened based on title and abstract. Consequently, 552
articles were excluded leading to 23 articles, which were
full-text screened. Afterward, 12 papers were excluded due
to lack of information on clozapine daily dosing regimen,
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two papers for reporting pharmacokinetic modeling, one
paper not related to clozapine, one review and one paper
reporting duplicate data. Ultimately, four studies and our
two datasets (AGATE and Lausanne) reporting a total eight
cohorts (Table 2) fulfilled all inclusion criteria and were
used for data extraction (Supplementary figure S1).

Study and patient characteristics

We meta-analyzed eight cohorts for a total of 2,810 clozap-
ine-treated individuals with 1565 vs. 1245 patients treated
with multiple- vs. once-daily dosing regimen, respectively
(Table 2). There was no difference for age (p =0.09) or
the percentage of sex (p =0.07) between the two groups
(Supplementary figure S2A, B). Patients treated with clo-
zapine multiple-dosing were 1.22-fold more often smok-
ers (95%CI: 1.09-1.38, p <0.001, Supplementary figure
S2C) and received 126.2 mg more clozapine daily (95%CI:
91.4-161.1, p<0.001, Supplementary figure S2D) com-
pared to patients prescribed clozapine once-daily.

Quality assessment

Of the six studies contributing to the primary outcome, five
were rated as good, and one as poor quality (Supplementary
table S6).

Primary outcome

In six cohorts (n=1438) including 901 vs. 537 patients
receiving clozapine multiple- vs. once-daily dosing, clini-
cal symptom rating scores were higher in patients treated
with clozapine multiple- vs. once-daily dosing (SMD=0.13,
95%CI=0.01-0.25, p=0.036, Fig. 1). Heterogeneity was
minimal (*=0%, °=0, p=0.51). The OR of clozapine-
related ADRs was 1.12 (95%CI=1.02-1.22, p=0.01,
Fig. 2) in 736 patients prescribed clozapine multiple- vs.
263 patients prescribed once-daily dosing.

Secondary outcomes

Patients treated with multiple-dosing clozapine were
more likely to receive co-medication with other antipsy-
chotics (OR=1.52, 95%CI=1.23-1.88, p<0.001, Sup-
plementary figure S3A), benzodiazepines (OR =1.94,
95%CI=1.51-2.50, p <0.0001, Supplementary figure S3B),
anticholinergics (OR=1.83, 95%CI=1.03-3.24, p=0.039,
Supplementary figure S3E), and laxatives (OR=2.16,
95%CI=1.84-2.55, p<0.001, Supplementary figure S3F).
There were no group differences regarding co-medication
with antidepressants (OR =0.92, 95%CI=0.60-1.42,
p=0.72, Supplementary figure S3C) and mood stabilizers
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Multiple-dosing Once-dosing Standardised Mean Weight Weight
Study Total Mean SD Total Mean SD Difference SMD 95%-Cl (fixed) (random)
Takeuchi (ZHH) - BPRS-7 2016 79 11.73 4.15 229 10.85 3.82 0.22[-0.03;0.48] 21.6% 21.6%
de Filippis - BPRS 2021 12 32.50 4.60 9 34.70 7.90 -0.34 [-1.21; 0.53] 1.9% 1.9%
Kitagawa (Yamanashi) - BE-PSD 2021 36 10.20 4.30 12 10.80 3.90 -0.14 [-0.79; 0.51] 3.3% 3.3%
Kitagawa (Okayama) - BE-PSD 2021 25 13.20 3.60 35 13.20 3.10 0.00[-0.51; 0.51] 5.4% 5.4%
Leclerc - CGI-S 2021 10 3.70 1.50 19 2.60 1.70 0.65[-0.13; 1.44] 2.3% 2.3%
AGATE Cohort - CGI-S (Unpublished) 739 5.10 0.90 233 5.00 0.80 Ied 0.11[-0.03; 0.26] 65.5% 65.5%
|
Fixed effect model 901 537 é 0.13[ 0.01; 0.25] 100.0% -
Random effects model <> 0.13[ 0.01; 0.25] - 100.0%
Heterogeneity: 2 = 0%, 2 =0, p = 0.51
-1 05 0 05 1
More severe clinical ratingf in the once-dosing group  More severe clinical rating} in the multiple-dosing group
Fig. 1 Forest plot for clinical symptom rating scores in patients treated with clozapine multiple- vs. once-daily dosing
Weight  Weight
Study TE seTE Odds Ratio OR 95%-Cl (fixed) (random)
de Filippis 2021 -1.70 1.5909 - 0.18 [0.01; 4.11] 0.1% 0.1%
Kitagawa (Yamanashi) 2021 -0.48 0.4579 ™ 0.62 [0.25; 1.52] 0.9% 0.9%
Kitagawa (Okayama) 2021  0.02 0.3002 T 1.02 [0.56; 1.83] 2.2% 2.2%
Leclerc 2021 2.44 2.5689 11.47 [0.07;1763.04] 0.0% 0.0%
AGATE Cohort (Unpublished) 0.12 0.0453 113 [1.03; 1.23] 96.7% 96.7%
Fixed effect model 112 [1.02; 1.22] 100.0% --
Random effects model I I l I 112 [1.02; 1.22] - 100.0%

Heterogeneity: 2 =0%, 2=0, p =0.42
0.001 0.1
Higher OR of ADRs in the once-dosing group

1

10 1000

Higher OR of ADRs in the multiple-dosing group

«

»

Fig. 2 Forest plot for adverse drug-induced reactions (ADR) in patients treated with clozapine multiple- vs. once-daily dosing

(OR =1.36, 95%CI=0.98-1.88, p=0.064, Supplementary
figure S3D).

Sensitivity analysis

In a sensitivity analysis excluding the one study rated as
of poor quality, we did not report differences for clini-
cal symptom rating scores between patients receiving
clozapine multiple- vs. once-daily dosing (SMD =0.11,
95%Cl= -0.006-0.24, k=5, n=1,409, p=0.06) with
heterogeneity being minimal (I =0%, 7° =0.0), whereas
we estimated an OR of clozapine-related ADRs of 1.10
(95%CI=0.96-1.26, k=4, n=970, p=0.15) in patients
prescribed clozapine multiple- vs. once-daily dosing with
heterogeneity remaining low (I>=2.9%, 7>=0.003).

Publication bias
Neither the visual inspection of funnel plots (Supplementary

figure S4) nor Egger’s test results (p=0.77) revealed any
signs of publication bias.

@ Springer

Discussion

We used two complementary approaches to assess differ-
ences for effectiveness and safety of clozapine once- vs.
multiple-daily dosing in two European hospital networks,
but also in several clinical settings from around the world.
Despite differences regarding clozapine prescription
guidelines and patterns worldwide, our primary findings
aligned with our meta-analytical evidence to a substantial
extend.

Primary data

Dividing clozapine daily dose is recommended by manu-
facturer due to its relatively short half-life time aiming to
potentially improve clozapine’s tolerability and efficacy
[32]. However, our findings in two Central European hos-
pitals did not suggest any tolerability differences between
patients receiving once- vs. multiple-dosing of clozapine.
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Nevertheless, when assessing indirect measures of tol-
erability, co-medication with laxatives in the AGATE
cohort and co-medication with anticholinergic agents in
the Lausanne cohort was more frequent in patients treated
with multiple- vs. once-daily dosing. Therefore, dividing
clozapine dose over the day was less useful regarding the
risk of some ADRSs types, such as constipation and extrap-
yramidal symptoms. On the other hand, the risk of the
ADRs needs to be considered also under the light of the
higher frequency of co-medication with other antipsychot-
ics (apart from clozapine) for patients with multiple- vs.
once-daily dosing in the AGATE cohort. For example, in
case of extrapyramidal symptoms, for which we assessed
the co-medication with anticholinergic agents as surro-
gate, mechanisms are less likely to include clozapine [8],
but rather the prescription of other antipsychotic agents.
Interestingly, in our logistic regression, higher clozapine
concentrations were associated with higher odds of experi-
encing ADRs, whereas daily doses did not; in other words,
clozapine plasma concentrations may be better predictors
of ADRs risk over clozapine daily dose. Moreover, the
higher clozapine daily doses leading to higher clozap-
ine levels may be also part of the mechanism, underly-
ing worse tolerability profiles in patients with multiple-
daily dosing [6]. The role of elevated clozapine levels in
some types of clozapine-related ADRs including hyper-
salivation has been previously highlighted [33, 34]. Last,
clozapine dose and age have been previously reported as
independent predictors of laxative use in clozapine-treated
patients [35].

In Germany and Switzerland, splitting of the clozapine
maintenance dose over the day is generally recommended,
with doses <200 mg/d recommended once-daily at after-
noon [32]. The guidelines of the German Association for
Psychiatry, Psychotherapy, Psychosomatics and Neurology
(Deutsche Gesellschaft fiir Psychiatrie und Psychothera-
pie, Psychosomatik und Nervenheilkunde: DGPPN) how-
ever suggest the minimal effective daily dose of clozapine
for TRS treatment to be 300 mg/day [36]. This fact could
explain that the majority of patients in our cohorts were
treated with multiple-daily dosing regimens contrasting pre-
scription trends in the US and Canada [13]. Given that rec-
ommendations do not essentially differ among countries, we
hypothesize that gaps in clozapine dosing regimens might be
associated with differences in clinicians’ attitudes.

Meta-analytical data

Our findings suggested slightly better tolerability in patients
with once- vs. multiple-daily dosing; in fact, the risk of
ADRs was 12% higher in patients with multiple- vs. once-
daily dosing regimens, although this did not survive in our
sensitivity analysis. Among surrogates of tolerability, in

patients prescribed clozapine multiple-daily dosing, the pre-
scription of anticholinergic agents and laxatives was approx-
imately twice more frequent than in patients with once-daily
dosing. As in our primary data, differences regarding toler-
ability need to be interpreted in light of potential interactions
with the more frequently co-medication with other antipsy-
chotics as well.

It is also particularly important that patients in the mul-
tiple-dosing group had more severe clinical symptoms and
were 50% more likely to receive co-medication with other
antipsychotics. We assume that patients responding less well
to clozapine may end up receiving higher clozapine daily
doses frequently augmented with other antipsychotics. Fol-
lowing the manufacturer recommendations, clinicians split
high clozapine daily doses over the day. From another side,
there was a trend for patients prescribed clozapine multiple-
daily dosing regimens, being older than patients with once-
daily. The delayed initiation of clozapine medication may
worsen the treatment results in TRS [37—40], and the meta-
analysis performed by Okhuijsen-Pfeifer et al. suggested,
that clozapine may be more effective when used at the ini-
tial time point of the illness [41]. Moreover, multiple-daily
dosing was more frequent among smokers; clinicians might
have aimed to mitigate inducing effects of smoking on clo-
zapine bioavailability and efficacy [42].

Ultimately, patients prescribed clozapine multiple-daily
dosing may represent a patient subgroup that may respond
less well to clozapine, leading to combination with other
antipsychotics and most likely to a higher risk of ADRs.

Limitations

The cross-sectional design of our study as well as of the
studies included in our meta-analysis does not allow any
hypotheses on causal mechanisms underlying our findings.
We also acknowledge the complexity of concluding upon the
tolerability and efficacy given the very heterogeneous profile
of the patients prescribed clozapine once- vs. multiple-daily
dosing. Data for potentially crucial parameters, including
onset and duration of illness and clozapine treatment as well
as the duration of observation intervals, were not available
and could not be included in our primary or meta-analysis.
Availability of multiple TDM measurements and clinical rat-
ings per patient could have allowed the use of sophisticated
modeling techniques such as causal inference. Physicians’
preferences for splitting (or not) higher doses of clozapine
also depending on attention to product monograph recom-
mendation [13] and local guidelines and preferences might
have posed some bias to our findings. The side effects' rates
in the AGATE dataset were relatively low, which might sug-
gest some under-reporting; however, it is unlikely that this
type of bias might account for our findings, as both study
groups might have been exposed to it. Our findings may be,

@ Springer
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at least partially, biased by higher degree of nonadherence
among multiple-dosed patients underlying limited effective-
ness, and subsequently prescription of higher clozapine daily
doses and/or multiple drugs (polypharmacy), potentially
increasing the occurrence of ADRs. The use of diagnosis-
specific rating scales might have yielded more specificity in
our findings, whereas interrater reliability was not assessed.
Although clinicians were clearly instructed to draw trough
blood, practical challenges in the clinical setting might have
led to some deviation in sampling time, accounting for some
heterogeneity in the TDM findings, reflecting what happens
in daily clinical practice. Last, the lack of sophisticated
pharmacokinetic data including trough and peak clozapine
levels in our two datasets did not allow for testing of smaller
intra-individual variations for clozapine levels in patients
with multiple- vs. once-daily clozapine dosing suggested by
pharmacokinetic simulations [6].

In conclusion, patients on multiple-daily clozapine regi-
mens comprise a patient subgroup that responds less well to
clozapine, being prescribed higher daily doses of clozapine
and more frequently co-medication with other antipsychot-
ics, benzodiazepines, anticholinergic agents, and laxatives.
Dividing clozapine dose over the day may not reduce the
ADRs burden, although polypharmacy rather than clozapine
might be underlying worse tolerability profiles. At this stage,
as data do not allow strong conclusions, the dosing selec-
tion decision should be individualized based on available
evidence, and in considering potential advantages in terms
of treatment adherence and patients’ preference; for exam-
ple, patients where once-daily dosing may have a strong
positive impact on adherence, such as patients living in the
community with daily supervision of adherence through
Assertive Community Treatment (ACT) teams. Prospective
studies using specific designs will provide valuable insight
in pathways linking selection of dosing regimens, clinical
outcomes, and safety profiles. For example, a randomized
clinical trial of different clozapine dosing regimens has not
been available yet.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00406-022-01542-1.
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