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Abstract

Introduction: Clozapine is the only antipsychotic approved for treatment-resistant schizophrenia, but without
appropriate monitoring, it can be associated with potentially fatal outcomes. An International Adult Clozapine
Titration Guideline categorizes patients into normal or slow metabolizers. Categorization provides clozapine titration
schedules and recommends regular c-reactive protein (CRP) and clozapine concentration monitoring to reduce the
risk of adverse drug reactions (ADRs). The impact of the guideline on clozapine ADRs has not been evaluated.

Methods: A retrospective chart review assessed clozapine titrations, laboratory monitoring, ADRs, and
discontinuations for clozapine-naive adult inpatients at a single center from January 1, 2013, to June 1, 2022.
Each patient’s cumulative weekly clozapine dosage was compared with their guideline recommended dosage to
create a percent accordance. Linear logistic regression evaluated the relationship between titration speed and the
presence of an ADR, while descriptive statistics analyzed laboratory monitoring.

Results: Forty-three patients were included, with the majority being White males with schizophrenia. An inverse
relationship existed between the last inpatient week clozapine dose percent accordance and the probability of an
ADR. Nonobese patients were less likely than obese patients to experience an ADR (odds ratio ¼ 0.17; 95% CI,
0.03-0.99). CRP and clozapine concentration monitoring was suboptimal.

Discussion: Based on our small retrospective review of primarily White males, more aggressive clozapine
titrations did not increase ADRs. Future studies with more diverse samples are needed and should focus on
specific ADRs, which may have increased occurrence with rapid titrations. Obese patients were at higher
risk of ADRs, correlating with the guideline-recommended slower titrations for these patients.

Keywords: antipsychotic agents, clozapine, dose-response relationship, drug, drug-related side effects and
adverse reactions, inflammation, schizophrenia spectrum and other psychotic disorders
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Introduction
Clozapine is the only antipsychotic approved by the FDA for
treatment-resistant schizophrenia and recurrent suicidal
behavior in patients with schizophrenia or schizoaffective dis-
order.1,2 Off-label uses of clozapine include treatment-resis-
tant bipolar disorder, Parkinson disease psychosis, and
pediatric psychiatric disorders.3-5 Clozapine’s boxed warnings
are severe neutropenia; increased mortality in dementia-
related psychosis; orthostatic hypotension, bradycardia, and
syncope; seizure; and myocarditis, cardiomyopathy, and
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mitral valve incompetence.1 Clozapine adverse drug reactions
(ADRs) commonly lead to clozapine discontinuation and, in
some cases, death,6 with pneumonia being identified as the
leading cause of death worldwide in clozapine-treated
patients and myocarditis as possibly second, depending on
the country.7

Clozapine is primarily metabolized by cytochrome P450
(CYP) 1A2 and to a lesser extent via CYP2C19, CYP2D6,
and CYP3A4.1,8 Genetic aspects can lead to altered cloza-
pine pharmacokinetics due to reduced CYP1A2 metabo-
lism, where patients from Asia (Pakistan to Japan) and
indigenous people of the Americas may require lower clo-
zapine doses compared with those of European Ancestry,
and descendants of sub-Saharan African may require higher
clozapine doses.9 Rapid clozapine titrations during initial
exposure, particularly when coprescribed with metabolic
inhibitors (eg, disulfiram, ciprofloxacin, estrogen, fluvox-
amine), have been suggested to result in clozapine toxicity,
which might lead to potentially fatal ADRs, such as myocar-
ditis or sudden death.10-16 For drug–drug interactions
(DDIs), valproate coprescription with clozapine needs
clarification, as valproate can increase the risk of cloza-
pine-induced myocarditis (odd ratio [OR] 2.78-4.11),11

while it is also shown to be both an inhibitor or inducer
of clozapine metabolism.17,18 Genetic interpatient vari-
ability of CYP1A2 activity, DDIs, and clozapine-induced
inflammation, among other factors, can also contribute
to elevated clozapine levels and subsequent ADRs.13,18

Slower clozapine titrations may reduce the risk of severe
adverse effects, as particularly low rates of clozapine-
induced myocarditis have occurred in the Netherlands,
who use very slow clozapine titrations.19,20 Recent com-
ments have emerged in literature to modify the clozapine
package insert to include ancestry-based titrations,
update DDIs, and reassess the inclusion of other impor-
tant ADRs (eg, pneumonia, inflammation).13,21 Many of
these viewpoints are supported in the 2021 International
Clozapine Titration Guideline (ICTG), which emphasizes
individualized clozapine titrations based on ancestry,
obesity status, and ICTG-specific DDIs (ie, valproate, flu-
voxamine, estrogen). Additionally, the ICTG recom-
mends weekly c-reactive protein (CRP) and clozapine
concentration monitoring when available to improve
patient safety.18 A recent retrospective review of Japanese
clozapine naive inpatients found serious inflammatory
adverse events reduced from 34% to 13% (P , 0.001)
when using slower titrations, as recommended by the
ICTG, compared with faster titration rates found in Japa-
nese prescribing information.2 This retrospective chart
review aimed to determine the probability of major
ADRs based on accordance with inpatient clozapine dose
titrations with the ICTG.18 This project also evaluated
our institution’s clozapine laboratory monitoring com-
pared with those recommended by the ICTG in efforts to

highlight areas for pharmacists to combat clozapine
underutilization in the United States.22,23

Methods
This institutional review board–approved project collected
data from the electronic health record via the retrospective
chart review of inpatients initiating their first lifetime expo-
sure to clozapine at a single inpatient psychiatry unit from
January 1, 2013, to June 1, 2022. The original search found
81 unique patients prescribed clozapine, with 43 of these
patients being clozapine naive. Electronic health record
data were collected for the 43 patients from index admis-
sion to 30 days postdischarge. Data extracted included age
at admission, body mass index (BMI), clozapine concentra-
tions, clozapine initiation date, CRP and troponin monitor-
ing at baseline and weekly intervals, cumulative weekly
clozapine dose received, clozapine indication, ICTG-specific
DDIs (ie, valproate, fluvoxamine, estrogen), hospital dis-
charge date, race, sex, smoking status before admission, and
safety data, which included clozapine discontinuation for
any reason, and major ADRs leading to clozapine-dose
adjustment, discontinuation, or emergency medical evalua-
tion. Major ADRs were included if they occurred during the
inpatient clozapine titration or within 30 days of hospital
discharge and included agranulocytosis/severe neutropenia,
CRP elevation (� 3 mg/L), death, infection (eg, pneumonia),
inflammatory conditions (eg, myocarditis, transaminitis,
hypertroponinemia [� 0.4 ng/mL]), severe gastrointestinal
hypomotility (eg, ileus, bowel obstruction or perforation),
hypotension requiring medical intervention, severe sedation
requiring further medical evaluation, and seizure.

Patients who were obese or concurrently on medications
identified as causing ICTG-specific DDIs were catego-
rized as slow clozapine metabolizers, and those without
these characteristics were normal metabolizers as per the
ICTG.18 A BMI of 30 kg/m2 or higher was used for obe-
sity status stratification. Each patient’s clozapine dose
administered during hospitalization was summed weekly
and cumulatively for the entire hospitalization. For the
primary outcome, clozapine dosages were compared
with ICTG-recommended weekly and cumulative doses,
which were calculated by averaging the fastest and slow-
est titrations for each specific ancestry and metabolizer
status group. Percent accordance more than 100% indi-
cated the patient’s dose was higher than the average
ICTG-recommended dose based on either their last inpa-
tient week of hospitalization or cumulative amount dur-
ing the hospitalization. The primary outcome variable
was the presence of an ADR. The following 4 binary
logistic regression models were considered to determine
the probability of ADRs:
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ADR ¼ Last week% accordance

þ BMI status � 30 kg=m2or,30 kg=m2
� �

ADR ¼ Cumulative% accordance

þ BMI � BMI 30 kg=m2or BMI,30 kg=m2
� �

Linear logistical regression was performed with R 4.2 Software to
determine relationships of guideline-emphasized patient charac-
teristics that impacted titration, which was used for similar
research.24 ICTG-recommended laboratory monitoring was per-
formed and evaluated with descriptive statistics.

Results
Forty-three patients were included for analysis, with the
majority being nonobese males with schizophrenia or
schizoaffective disorder and European/Western Asian ances-
try (Table 1). Five patients were coprescribed valproate in
the non-ADR group, compared with zero in the ADR
group (Table 1). The mean BMI was 30.9 kg/m2 (SD 6.7) in
the ADR group and 29.7 kg/m2 (SD 7.5) in the non-ADR
group. The cumulative and last inpatient week clozapine
mean dose percent accordance to ICTG recommendations

TABLE 1: Patient demographics, percent of weekly cumulative clozapine dose, and weekly laboratory monitoring in accor-
dance with guideline recommendations

ADR Patients
(n = 14)

Non-ADR Patients
(n = 29)

All Patients
(N = 43)

Patient Characteristics

Mean Age in Years at Admission (SD) 41.7 (17.2) 38.9 (14.1) 42.6 (14.4)
Mean BMI kg/m2 (SD) 30.9 (6.7) 29.7 (7.5) 29.8 (7.3)
% BMI .30 kg/m2, n (%) 7 (50) 11 (37.9) 18 (41.9)
Smoker, n (%) 6 (42.9) 16 (55.2) 22 (51.2)
Female, n (%) 6 (42.9) 9 (31.1) 15 (34.9)

Diagnosis

Schizophrenia, n (%) 9 (64.3) 11 (37.9) 20 (46.5)
Schizoaffective Disorder, n (%) 3 (21.4) 17 (58.6) 20 (46.5)
Bipolar Disorder, n (%) 2 (14.3) 1 (3.5) 3 (7.0)

Ancestry

European/Western Asian, n (%) 14 (100) 28 (96.6) 42 (97.7)
Native to the Americas, n (%) 0 (0) 1 (3.5) 1 (2.3)

Coprescribed DDIs Mentioned in the ICTG

Valproate, n (%) 0 (0) 5 (17.2) 5 (11.6)
Estrogen, n (%) 0 (0) 0 (0) 0 (0)
Fluvoxamine, n (%) 0 (0) 0 (0) 0 (0)

Metabolism Status

Average Metabolism, n (%) 7 (50) 15 (51.7) 22 (51.2)
Poor Metabolism, n (%) 7 (50) 14 (48.3) 21 (48.8)

Clozapine Dose Percent Accordance/Exposure with ICTG

Mean Inpatient Week 1. n; % accordance (SD) 14; 142.1 (70.8) 29; 181 (91.7) 43; 168.3 (86.6)
Mean Inpatient Week 2. n; % accordance (SD) 4; 118.4 (66.0) 13; 232.7 (115.7) 17; 205.8 (115.6)
Mean Inpatient Week 3. n; % accordance (SD) 2; 125.3 (60.4) 2; 239.8 (20.9) 4; 182.5 (75.7)
Mean Inpatient Week 4. n; % accordance 1; 82.5 0; N/A 1; 82.5
Mean Last Week Inpatient. n; % accordance (SD) 14; 144.6 (65.9) 29; 197.6 (106) 43; 180.4 (95.9)
Cumulative Exposure for All Weeks of Titration.

n; % accordance (SD)
14; 143.8 (68.1) 29; 193.5 (99.7) 43; 177.3 (92.9)

Percentage of Laboratory Monitoring Performed During Titration

Baseline, n (CRP; Trop; ANC; CLZ Level) 14 (28.6%; 7.1%;
100%; N/A)

29 (0%; 0%;
100%; N/A)

43 (9.3%; 2.3%;
100%; N/A)

Week 1, n (CRP; Trop; ANC; CLZ Level) 14 (57.1%; 71.4%;
100%; 0%)

29 (10.3%; 27.6%;
100%; 0%)

43 (25.6%; 41.9%;
100%; 0%)

Week 2, n (CRP; Trop; ANC; CLZ Level) 8 (75%; 87.5%;
100%; 0%)

23 (17.4%; 34.8%;
100%; 4.3%)

31 (32.3%; 48.4%;
100%; 3.2%)

Week 3, n (CRP; Trop; ANC; CLZ Level) 4 (100%; 100%;
100%; 25%)

10 (20%; 20%;
100%; 10%)

14 (42.9%; 42.9%;
100%; 14.3%)

Week 4, n (CRP; Trop; ANC; CLZ Level) 1 (100%; 100%;
100%; 0%)

0 (0%; 0%;
0%; 0%)

1 (100%; 100%;
100%; 0%)

ADR ¼ adverse drug reaction; ANC ¼ absolute neutrophil count; BMI ¼ Body Mass Index; CLZ ¼ clozapine; CRP ¼ c-reactive protein; DDI ¼ drug-
drug interaction; ICTG ¼ International Clozapine Titration Guideline; N/A ¼ not applicable; Trop ¼ troponin.
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were 177.3% (SD 92.9) and 180.4% (SD 95.9), respectively.
An inverse relationship between both percent dose accor-
dance models and the probability of ADRs was found
(Figure 1). Patients with a BMI of 30 kg/m2 or higher had
a higher percent clozapine dose accordance compared
with those with a BMI of less than 30 kg/m2 (Figure 2A
and B) and a higher probability of ADRs (Figure 1). Four-
teen patients (32.6%) experienced an ADR, with CRP ele-
vation being the most common (n ¼ 8), where the mean
CRP level was 11.2 mg/L (SD 8.8) (Table 2). ADRs,
which resulted in clozapine discontinuation, were CRP
elevation (n ¼ 4), troponin elevation (n ¼ 3), myocardi-
tis (n ¼ 2), transaminitis (n ¼ 1), and severe sedation
(n ¼ 1) (Table 2).

The most clinically relevant variables found to affect cloza-
pine adverse events or drug discontinuation were the last
week ICTG percent dose accordance and cumulative ICTG
percent dose accordance (Figure 1). The 2 dosage variables
were highly correlated and were fit in separate models to
avoid a high degree of multicollinearity (Figure 1). Non-
obese patients’ clozapine titrations were more likely to be
in accordance with ICTG-recommended titrations (Figure
2A and B) and less likely than obese patients to experience
an ADR (OR ¼ 0.1737; 95% CI, 0.03-0.99) (Figure 1).
Mean age was similar between patients with or without an
ADR or drug discontinuation, but greater dispersion to the
upper quartile was seen in patients with an ADR or drug
discontinuation (Figure 2c). Laboratory monitoring of

absolute neutrophil count was obtained weekly for 100% of
patients, but CRP and clozapine concentrations were not
routinely obtained (Table 1).

Discussion
Of the 43 patients initiated on clozapine, 14 experienced
serious ADRs, with 11 of these discontinuing clozapine.
Elevated CRP or troponin (n ¼ 7) were the most common
reasons for clozapine discontinuation, followed by myocar-
ditis, transaminitis, and severe sedation. The probability of
an ADR revealed an inverse relationship between both
cumulative and last week ICTG percent dose accordance
(Figure 1). This may have been related to reverse causation,
where patients deemed likely to have an ADR received
smaller doses or slowed titrations and should be interpreted
with caution because of our small sample size. Patients
with a BMI of 30 kg/m2 or higher had a nearly 2-fold
increase in percent clozapine dose accordance compared
with those with a BMI of less than 30 kg/m2 (Figure 2A
and B) and a higher probability of ADRs (Figure 1). Higher
dose accordance observed in obese patients was likely due
to clozapine titrations started before the publication of the
ICTG, which categorized obese patients as poor metaboliz-
ers and recommended slower titrations.18 While the ICTG
categorizes patients with a BMI of 29 kg/m2 or higher as a
poor metabolizer,18 this project used a BMI of 30 kg/m2 or
higher per standard obesity status definitions.25 In the

FIGURE 1: Probability of adverse drug reactions (ADRs) based on last week International Clozapine Titration Guideline
(ICTG) percent dose accordance, cumulative ICTG percent dose accordance, and obesity status. Four binary logistic regres-
sion models evaluated the probability of ADR for obese and nonobese patients. Last week ICTG percent dose accordance
was taken from the clozapine exposure for the last week inpatient, while cumulative ICTG percent dose accordance encom-
passed total clozapine exposure through the last inpatient week
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ICTG supplemental data, a BMI of 29 kg/m2 or higher is
stated to account for a less than 1% reason for poor metab-
olism,18 but human studies suggest decreased CYP3A4,
2D6, and 1A2 activity in obese individuals, which is rele-
vant for clozapine metabolism.8,26 Thus, obese patients
were at higher risk of an ADR, and slower titrations, as rec-
ommended in the ICTG, appeared to be justified.

Several clozapine ADRs have been shown or are theorized
to be related to titration speed or occur during titration,
including myocarditis, inflammatory conditions (eg, hepa-
titis, nephritis, pancreatitis),27,28 seizures,29,30 hypoten-
sion,31-33 and pneumonia.11,18,34-36 While several small
studies suggest faster clozapine titrations are safe and pro-
vide the benefit of shorter hospital stays, more research is
needed in this area.36-38 Our incidence of myocarditis
(4.6%) was higher than the worldwide estimate of 3%,10

that in other Western countries (, 1%),39 and the

Netherlands (0.03%),39 who use slow outpatient titra-
tions.20 No patients developed agranulocytosis/severe neu-
tropenia during their initial titration, which could be
expected as the incidence is 0.3 to 0.4 cases per 100-person
years.40 An opportunity exists in future studies to evaluate
the probability of specific ADRs in relationship with titration
speed, which was not performed because of the small sample
size.

ICTG-recommended laboratory monitoring was subopti-
mal, with only weekly absolute neutrophil count monitor-
ing occurring 100% of the time (Table 1). CRP monitoring
was performed in 9.3% of patients before initiating clozapine
and 25.6% at titration week (Table 1). Given the impact of
clozapine-related mortality from myocarditis and pneumo-
nia, increased frequency of CRP monitoring is an area where
pharmacists can not only improve patient safety but also
improve provider comfort.7,22,41

FIGURE 2: Last week International Clozapine Titration Guideline (ICTG) percent dose accordance and cumulative ICTG
percent dose accordance percentage by obesity status; age at administration by adverse drug reaction (ADR) status. (A)
Last week percent accordance was taken from the clozapine exposure for the last week inpatient. On average, obese patients
did have a higher last week percent accordance. One mild outlier existed, within median 6 1.5 3 (Q3-Q1), in the non-ADR
group. (B) Cumulative ICTG percent dose accordance encompassed total clozapine exposure through the last inpatient
week. On average, obese patients did have higher cumulative ICTG percent dose accordance. One mild outlier existed,
within median 6 1.5 3 (Q3-Q1), in the non-ADR group. (C) Age in years at the time of admission was compared with
ADR occurrence (yes or no). The patients in the ADR group were slightly older; the, average age in ADR group was 41.7
versus 38.9 years in the non-ADR group
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Limitations of this study include its retrospective design
and the inability to draw causal conclusions. Linear logistical
regression used ADRs as the primary outcome, with elevated
biomarkers (ie, CRP and troponin) being the most common
reasons for clozapine discontinuation. While elevated bio-
markers do not constitute an ADR by most definitions, we
included them in the primary outcome as they represent
poor clozapine tolerability. Future studies are needed to pro-
vide evidence of thresholds to discontinue clozapine or coor-
dinate continued care with specialists (eg, cardiology consults
for myocarditis) to avoid unnecessary discontinuation of clo-
zapine. Our small sample size and primarily European/West-
ern Asian ancestry population limited generalizability and
power to evaluate specific ADR probability, such as myocardi-
tis. Additionally, the short duration of hospitalization limited
our ability to follow titration progression and clozapine toler-
ance, which is demonstrated by weekly attrition (Table 1). We
did not include patient age in our logistic regression model
(Figure 2C), as there are no age-related recommendations in
the ICTG18; however, age has been shown to impact clozapine
metabolism through an inverse relationship and may warrant
further investigation.42,43 Finally, we only included ICTG-spe-
cific DDIs, but other clinically relevant medications impact
clozapine metabolism, which we did not evaluate (eg, cipro-
floxacin, disulfiram, viloxazine, ritonavir).15,16,21

Based on our small retrospective chart review of primar-
ily White males, more aggressive clozapine dose relation-
ships did not increase the incidence of ADRs. Patients
with a BMI of 30 kg/m2 or higher had a nearly 2-fold
increase in percent clozapine dose accordance compared
with those with a BMI of less than 30 kg/m2 (Figure 2A
and B) and higher probability of ADRs (Figure 1), sup-
porting ICTG-recommended slower titrations for these
patients. ICTG-recommended laboratory monitoring was
suboptimal, providing an opportunity for pharmacists to
improve laboratory monitoring. Future studies with
more diverse samples are needed and should focus on
specific ADRs, such as inflammatory conditions, which
may have increased occurrence with rapid titrations.
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