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ABSTRACT

This international guideline proposes improving clozapine
package inserts worldwide by using ancestry-based dosing and
titration. Adverse drug reaction (ADR) databases suggest that
clozapine is the third most toxic drug in the United States (US),
and it produces four times higher worldwide pneumonia mor-
tality than that by agranulocytosis or myocarditis. For trough
steady-state clozapine serum concentrations, the therapeutic
reference range is narrow, from 350 to 600 ng/mL with the
potential for toxicity and ADRs as concentrations increase. Clo-
zapine is mainly metabolized by CYP1A2 (female non-smokers,
the lowest dose; male smokers, the highest dose). Poor me-
tabolizer status through phenotypic conversion is associated
with co-prescription of inhibitors (including oral contraceptives
and valproate), obesity, or inflammation with C-reactive pro-
tein (CRP) elevations. The Asian population (Pakistan to Japan)
or the Americas’ original inhabitants have lower CYP1A2 activ-
ity and require lower clozapine doses to reach concentrations
of 350 ng/mL. In the US, daily doses of 300-600 mg/day are
recommended. Slow personalized titration may prevent early
ADRs (including syncope, myocarditis, and pneumonia). This
guideline defines six personalized titration schedules for inpa-
tients: 1) ancestry from Asia or the original people from the
Americas with lower metabolism (obesity or valproate) need-
ing minimum therapeutic dosages of 75-150 mg/day, 2) an-
cestry from Asia or the original people from the Americas with
average metabolism needing 175-300 mg/day, 3) European/
Western Asian ancestry with lower metabolism (obesity or
valproate) needing 100-200 mg/day, 4) European/Western
Asian ancestry with average metabolism needing 250-400 mg/
day, 5) in the US with ancestries other than from Asia or the
original people from the Americas with lower clozapine me-
tabolism (obesity or valproate) needing 150-300 mg/day, and
6) in the US with ancestries other than from Asia or the original
people from the Americas with average clozapine metabolism
needing 300-600 mg/day. Baseline and weekly CRP monitoring
for at least four weeks is required to identify any inflammation,
including inflammation secondary to clozapine rapid titration.

The History of Clozapine

Clozapine was marketed in some European countries in the early
1970s and in 1975, cases of clozapine-induced agranulocytosis
were described in Finland. The association of clozapine with a po-

tentially lethal adverse drug reaction (ADR), agranulocytosis, left
clozapine’s reputation severely damaged. Clozapine was then with-
drawn from some European continental countries and the studies
in North America were stopped [1]. Everything changed in 1988
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when Kane et al. [2] published a randomized clinical trial (RCT) that
demonstrated a significantly higher efficacy of clozapine than that
of chlorpromazine for treatment-refractory schizophrenia (TRS).
In the year following this RCT, the Food & Drug Administration
(FDA) approved clozapine in the United States (US) for TRS with a
centralized monitoring system called the Clozaril Patient Manage-
ment System (CPMS). CPMS required weekly white blood counts
(WBC) to prevent agranulocytosis. The approval by the FDA was
followed by the resurrection of the use of clozapine in Continental
Europe and the successive approval in other countries including the
United Kingdom (in 1989), Canada (in 1991), Australia (in 1994),
and Japan (in 2009).

In 1989, the FDA required almost no clozapine pharmacokinet-
ic studies [1]. However, in 1996 a drug-drug interaction (DDI) with
an antihistamine, terfenadine, was the cause of multiple deaths in
the US. This led the FDA to ask for DDI study reports. As pharma-
cokinetic science evolved, pharmacokinetic studies became a cor-
nerstone in the FDA’s approval of new drugs, but clozapine became
generic with no company supporting the required pharmacokinet-
ic studies. As the FDA plays an important role in influencing drug
agencies worldwide, the FDA’s lack of attention worldwide to the
growing knowledge of clozapine pharmacokinetics has made clo-
zapine package inserts unsatisfactory. These package inserts re-
quire important changes, particularly the need to describe 1) dos-
ing according to ancestry and 2) ancestry-based titrations [3].
Nielsen et al. [4] completed an excellent comprehensive worldwide
comparison of clozapine package inserts which, following the FDA
clozapine package insert, focused mainly on agranulocytosis but
did not discuss the issues of ancestry or titration speed.

Clozapine Safety

Clozapine may be associated with lower mortality in
treatment-refractory schizophrenia

TRS accounts for approximately one-third of people with schizo-
phrenia [5]. While definitions of TRS vary [5], clozapine has been
found to be the most efficacious antipsychotic for TRS in RCTs and
the most effective in naturalistic cohorts. Most meta-analyses of
RCTs support clozapine as the most efficacious antipsychoticin TRS
[6]. A research group published a network meta-analysis [7] that
did not find the superiority of clozapine in TRS but also published
ameta-analysis describing clozapine as the most efficacious for the
acute treatment of multiple-episode schizophrenia in general [8].
Two systematic reviews of naturalistic cohort studies [9, 10] dem-
onstrated greater effectiveness of clozapine than other antipsy-
chotics because it was associated with fewer drug discontinuations
and hospitalizations. Clozapine may have a particularly positive
profile for well-being and some TRS patients are willing to remain
on clozapine therapy for many years [1]. Supplementary Box S1
reviews the complex issue that clozapine may decrease the mor-
tality of patients with TRS who are willing to remain on clozapine
for many years and increase their life expectancy when compared
with those who are non-adherent [1,11-16].

Clozapine pharmacokinetics may explain its adverse
drug reactions

Many clinicians are reluctant to use clozapine in patients with TRS
due to systemic barriers and in part because of its toxicity, leading
toits underuse in many countries [17]. This is not beneficial for peo-
ple with schizophrenia or schizoaffective disorder, because clozap-
ine: 1) is the only antipsychotic with FDA approval for reducing su-
icidal behavior[18], and 2) may reduce hostility and aggressive be-
haviors independent of its effects on other symptoms [19].

To reduce clozapine ADRs, an expert consensus guideline [20]
strongly recommends monitoring serum/plasmatic levels, which
is called therapeutic drug monitoring (TDM). The consensus guide-
line proposed a clozapine therapeutic reference range of 350-
600 ng/mL for trough steady-state clozapine concentrations. This
valueis for clozapine concentrations and does not include the major
metabolite, norclozapine, nor the total amount of drugs (clozap-
ine plus norclozapine). This range provides a therapeutic index of
1.7 (600/350=1.7), calculated by dividing the upper reference
range by the lower reference. According to Supplementary Table
S1, clozapine has the narrowest therapeutic index among second-
generation antipsychotics [20-22]; therefore, it may be the most
prone to toxicity and to causing dose-dependent ADRs that are re-
ally concentration-dependent ADRs within each patient [23].

Clozapine toxicity

Unfortunately, the data from the FDA in the period from 1998-
2005 [24] also suggested that, with its current use in the US, clo-
zapine can be associated with toxicity. Clozapine was associated
with 3277 deaths or serious non-fatal outcomes, making it the third
most toxic drug in the US, second only to oxycodone and fentanyl
[24]. To address this potential for toxicity, the FDA has focused on
decreasing clozapine mortality by raising awareness of myocardi-
tis and severe neutropenia. In 2002, the US clozapine package in-
sertincluded awarning about myocarditis and in 2015 the FDA re-
quired a new program called the Risk Evaluation and Mitigation
Strategy focused on severe neutropenia.

The FDA’s focus on clozapine-induced agranulocytosis as a
major cause of clozapine mortality may be misquided. VigiBase,
the pharmacovigilance database of the World Health Organization,
has received worldwide reports on ADRs since 1968 from 134 drug
agencies. A search on July 15,2019, [25] indicated that agranulo-
cytosis, including the initial cases in 1975, accounted for only 550
clozapine deaths (third in order) and had a low relative lethality of
2%. According to this VigiBase search (Supplementary Table S2),
the eight major causes of death in clozapine patients were, in de-
scending order: 1) pneumonia (2077 deaths) [26-29], 2) cardiac
arrests (1449 deaths) [30, 31], 3) agranulocytosis (550 deaths)
[32,33], 4) myocarditis (539 deaths) [34-36], 5) constipation (326
deaths) [37-39], 6) arrhythmia (319 deaths) [40,41], 7) seizures
(308 deaths) [40,42-44], and 8) syncope (299 deaths) [45-47].
These deaths in patients using clozapine can be possibly explained
as the combined effects of TRS and clozapine. For each clozapine
ADR, the possible contribution of TRS and clozapine has been de-
scribed in Supplementary Table S2.
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Advances in Clozapine Pharmacokinetics not
Included in the US Package Insert

After the development of the clozapine package insert in the US
[48],in 1996 Bertilsson et al. [49] reported clozapine as mainly me-
tabolized by cytochrome P450 1A2 (CYP1A2). Tobacco (and can-
nabis) smoking is a CYP1A2 inducer while estrogens are inhibitors.
As with caffeine [50] and other CYP1A2 substrates, dosing varies
based on stratification by sex and smoking into four groups. Female
non-smokers need the lowest clozapine doses while male smokers
need the highest [51]. Supplementary Box S2 provides a detailed
review of clozapine metabolism [49-62].

Clinically relevant variables that may influence
clozapine dosing

The pharmacokinetic variables that may influence clozapine me-
tabolism including DDlIs, obesity, inflammation, geriatric age, and
pregnancy have been reviewed in Supplementary Box S3
[1,21,29,40,56,63-79].

Clozapine inhibitors include fluvoxamine, ciprofloxacin, and oral
contraceptives. High intake of caffeine can also behave as an inhib-
itor but tends to be more problematic in outpatients than inpa-
tients for whom it is easier to control caffeine intake (footnote f of
Supplementary Box S3). Clozapine inducers include carbamaze-
pine and phenytoin. Valproate [69] may be both an inhibitor and
inducer. However, to optimize a safer clozapine titration, valproate
may be considered a potential inhibitor. Clozapine is lipophilic and
deposits in the adipose tissue; this may explain the association be-
tween obesity and a decrease in clozapine metabolism [75], as with
other CYP1A2 substrates [78]. Systemic inflammations, including
infections, release cytokines that inhibit CYP1A2; increased clozap-
ine level was described in 40 cases of infection [79]. In one clozap-
ine cohort [65], in the 18 episodes of inflammation/infection, the
effects ranged from mild TDM changes requiring no dose changes
in patients with no leukocytosis and no abnormal C-reactive pro-
tein (CRP) to the need for reducing the dosage to one-third to com-
pensate for the three-fold serum concentration levels. Moreover,
by inducing inflammation during fast titration, clozapine can de-
crease its own metabolism to create a positive feedback mecha-
nism.

Supplementary Box S4 [50, 62,68, 80-87] provides a detailed
review of the limited available data on the influence of genetics and
ancestry on clozapine metabolism and CYP1A2 activity. There are
five main DNA ancestry groups [80]: African, European (and West-
ern Asian), Asian (defined by the FDA as people whose ancestry
ranges geographically from Pakistan to Japan), Oceanian, and the
original people from the Americas. Asians and their descendants,
the original people from the Americas [83], have lower CYP1A2 ac-
tivity for unknown reasons (Section 3 of Supplementary Box S4)
and need lower clozapine minimum therapeutic doses than the Eu-
ropeans to reach 350 ng/mL. People from Oceania split from Asians
before the separation of East Asians. Based on a limited study [84]
and clinical experience, and until more studies are available, it ap-
pears reasonable to think that people from Oceania may require
doses and titrations similar to patients of European ancestry (Sec-
tion 4 in Supplementary Box S4). There are no significant clozap-
ine TDM studies [62] in patients of African descent. Although in the

US clinicians are not aware of clozapine dose differences for Afri-
can-Americans, olanzapine is a CYP1A2 substrate and a population
pharmacokinetic study suggested that people of African ancestry
may need higher olanzapine doses (Section 5 in Supplementary
Box S4).

Supplementary Box S5 [48, 88-90] indicates that current gen-
otyping of CYP1A2, CYP2D6 or other genes is not useful for clozap-
ine dosing.

Establishing minimum therapeutic doses

TDM should be measured under standard conditions, requiring
both steady-state and trough conditions which are defined in de-
tail in Supplementary Box S6 [1, 20, 48,91]. Using trough steady-
state TDM is the cornerstone for the rational use [1] of personal-
ized clozapine dosing if one assumes that a minimum serum level
of 350 ng/mL is needed for clozapine response in a majority of pa-
tients. Clozapine follows linear kinetics (i. e., linear relationship be-
tween dose and concentration when two conditions, including 1)
in therapeutic dosages and 2) in the absence of inducers/inhibitors
are met). The concentration-to-dose (C/D) ratio is relatively stable
in each individual unless personal or environmental variables are
changed. Higher clozapine C/D ratios indicate lower metabolism
and are associated with females, non-smokers, ancestries from Asia
or the original people from the Americas, co-prescription of inhib-
itors, obesity, and inflammation. Lower clozapine C/D ratios indi-
cate lack of adherence or higher metabolism associated with males,
smokers, European/Western Asian ancestry, and co-prescription
of clozapine inducers [40]. The clozapine dose needed to reach a
serum concentration of 350 ng/mL can be used to personalize clo-
zapine dosing according to the pharmacokinetic characteristics of
each individual and to compare average doses in subgroups after
stratification by ancestry, sex, and smoking status.

Supplementary Table S3 [40, 68, 83,92] summarizes the TDM
studies focused on ancestry. Average people of ancestries from Asia
or the original people from the Americas need a minimum thera-
peutic dose between 175 mg/day for female non-smokers and
300 mg/day for male smokers [68, 83].1n 2021, in a sample size of
six average people of European ancestry [92], the minimum thera-
peutic doses were in the range of 275 mg/day for female non-smok-
ers and 400 mg/day for male smokers. On the other hand, the nom-
ogram of a British naturalistic TDM study [93] recommended doses
ranging from 265 mg/day in female non-smokers to 525 mg/day in
male smokers. Thus, several European textbooks follow that rec-
ommendation [94-96].

Pharmacologists use the term phenoconversion when a patient
who metabolizes a drug normally becomes a poor metabolizer (PM)
when compared with the control group of average metabolizers
[88]. For clozapine, it can happen temporarily by taking an inhibi-
tor (e.g., an oral contraceptive or sometimes valproate) or by de-
veloping inflammation or obesity. Clozapine PM status due to in-
hibitors, inflammation, or obesity requires approximately half the
dose needed for their sex and smoking group within their ancestry
group. As fluvoxamine is a very powerful clozapine inhibitor with
unpredictable effects (a reduction of the clozapine dose to 1/5 or
1/10 may be required in some patients) [23, 63], this guideline does
not provide titrations for patients on fluvoxamine.
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The US package insert does not comment on
individualized doses or ethnicity

The US clozapine package insert [48] provides no recommendation
regarding daily dose adjustments for sex, smoking, or ancestry.
Moreover, the dosing recommendations in the US package insert
were developed before any knowledge of clozapine metabolism
was available and without any well-controlled dosing studies. It rec-
ommends targeting doses of 300 - 450 mg/day; subsequently, the
dose can be increased once weekly or twice weekly, in increments
of up to 100 mg with a maximum dose of 900 mg/day [48].

Supplementary Box S7 describes all published information on
US clozapine dosing including: 1) dose recommendations from
textbooks and review articles [97-102], 2) a nomogram from a
chart review study [51], 3) a dose recommendation obtained by
using clozapine C/D ratios in studies published earlier [103], 4) a
re-analysis [92] of a systematic review [62] comparing US and Eu-
ropean patients, and 5) a US RCT with three doses [104]. The find-
ing of six TDM studies in European patients suggests doses up to
400 mg/day for male smokers [92], although, according to the lim-
ited US clozapine data available, up to 600 mg/day is recommend-
ed for US male smokers (Supplementary Box S7).

Clozapine Titration

Myocarditis and rapid titration

Many Continental European countries typically use slow clozapine
titrations and have extremely low incidences of myocarditis [ 105].
The best example is the Netherlands, where up to 10 % of schizo-
phrenia patients are on clozapine and it has developed a guideline
[95] that encourages very slow outpatient titration. On the other
hand, for many years Australia has been known to have a much
higherincidence of clozapine-induced myocarditis [105]. Supple-
mentary Table S2 describes 3048 clozapine-induced myocarditis
cases reported to drug agencies worldwide, with more than half
the number of cases from Australia [25], a country of only 26 mil-
lion people. A 2020 meta-analysis [106] of clozapine-induced my-
ocarditis found a seven-fold difference between Australia and other
countries with an event rate of 2% in nine Australian samples and
of 0.3%in 15 non-Australian samples.

High rates of clozapine-induced myocarditis reported in some
countries may be due to rapid titration. Slower titration was accom-
panied by a substantial reduction in the incidence of lamotrigine-
induced Stevens-Johnson syndrome, which is believed to be a hy-
persensitivity reaction associated with rapid titration. This decrease
occurred after the manufacturer slowed the recommended lamo-
trigine titration in average patients and further slowed by half in
patients taking an inhibitor, valproate, who end up receiving half
the lamotrigine maintenance dose of non-inhibited patients [107].
Clozapine-induced myocarditis may be a similar hypersensitivity
reaction associated with rapid titration [108, 109]. Supplementary
Table S4 [36,68,110-119] provides a comprehensive review of
published data supporting the role of rapid titration in clozapine-
induced myocarditis.

Supplementary Box S8 describes a hypothetical model for hy-
persensitivity in clozapine-induced myocarditis which can be out-
lined in three phases [1]. In this model, the initial symptom is CRP

elevation and frequent fever, then in the late-stage local signs of
inflammation, most frequently myocarditis, become obvious; but
other local inflammations including serositis, pneumonitis, hepa-
titis, pancreatitis, nephritis, or colitis can occur in the first two
months of clozapine treatment during too-rapid titration [120].

Pneumonia may also be more severe during titration

Only two published studies have focused on the incidence of pneu-
monia during clozapine titration, including one on myocarditis in
Denmark [121] and the other describing a rapid titration in Romania
[113], suggesting that the severity of pneumonia may increase dur-
ing clozapine titration. Aggressive titration may lead to sedation, hy-
persalivation, and swallowing disturbances, increasing the risk of as-
piration pneumonia [29]. In Denmark, clozapine-induced myocardi-
tis is extremely rare. In 3262 outpatient initiations of clozapine in the
Danish registry, Rohde et al. [121] found only 0.03 % of myocarditis
and no associated deaths in the first two months. Surprisingly, seven
of 26 deaths in the first two months were due to pneumonia. Anoth-
er analysis from the Danish registry established an annual pneumo-
niaincidence of 2.1 % in patients on clozapine [28]. ARomanian study
[113] promoting rapid titration had an incidence of 2.3 % of pneu-
monia (1/44=0.23) in only the first two weeks.

Proposal for six personalized clozapine titrations for
inpatients

As slow personalized titration considering DNA ancestry may be im-
portant for clozapine safety, this article proposes six titration sched-
ules based on these inpatient groups: 1) ancestries from Asia or the
original people from the Americas with lower clozapine metabolism
(Supplementary Box S9), 2) ancestries from Asia or the original peo-
ple from the Americas with average clozapine metabolism (Supple-
mentary Box S10), 3) European/Western Asian ancestry with lower
clozapine metabolism (Supplementary Box S11), 4) European/
Western Asian ancestry with average clozapine metabolism (Sup-
plementary Box $12), 5) in the US of ancestries other than from Asia
or the original people from the Americas with lower clozapine me-
tabolism (Supplementary Box S13), and 6) in the US of ancestries
other than from Asia or the original people from the Americas with
average clozapine metabolism (Supplementary Box S14).

Baseline considerations for all six titrations

Supplementary Box S15 describes considerations at baseline that
are in common for the titrations of all six inpatient groups includ-
ing: 1) indications for choosing slower titration in each ancestry
group (use of oral contraceptives, use of valproate, or obesity), 2)
avoiding potentinducers (rifampicin, phenytoin or phenobarbital),
3) avoiding fluvoxamine, 3) stopping benzodiazepines when pos-
sible [47], 4) ruling out baseline inflammation, and 5) avoiding
smoking cessation during titration. In most countries, clozapine is
started in hospitalized patients, therefore, our guidelines focus on
inpatient titrations. The Dutch guideline [95] provides recommen-
dations for outpatient titration which are even slower than its in-
patient titration.

Role of CRP during titration

Supplementary Box S16 [65, 118-120] provides the rationale for
simultaneous measurement of CRP and WBC[108] for the first four
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weeks. Troponin is a sensitive and specific marker of myocardial
damage. Thus, in countries with enough resources, adding weekly
troponin during the first weeks appears reasonable until studies
with better outcomes are available. The limited data available sug-
gest that CRP elevations precede troponin elevations by several
days.

In the firstincidence of abnormal CRP during the titration, clini-
cians need to rule out a co-occurring inflammation, particularly an
upper respiratory infection, and also consider a clozapine-induced
inflammation explained by a titration that has been too fast for that
specific patient. In case of abnormal CRP during clozapine titration:
1) clinicians should not increase the dose and the titration should
be held and 2) when possible, consider daily monitoring of CRP and
troponin. If the CRP and troponin do not normalize, clinicians need
to decrease the clozapine dose or even stop it.

Role of clozapine therapeutic drug monitoring
during titration

TDM use when available

Many clinicians around the world have no access to TDM. For those
clinicians who want to use TDM during titration, schedules (Sup-
plementary Box $9-514) provide rough estimations for which
non-steady-state TDMs may look worrisome during the first morn-
ing of Weeks 2, 3, and 4. In most settings, clozapine TDM results
are not available for several days and may not help in the immedi-
ate management of patients based on symptoms and CRP, but they
may help in retrospectively interpreting complex cases.

Use of a single therapeutic drug monitoring in predicting
the clozapine maintenance dose

Once the patient has reached the target dose in the fourth week,
itisimportant to maintain the same dose for at least five days and
measure trough TDM. In therapeutic concentrations (or near ther-
apeutic concentrations) clozapine follows linear kinetics and the
clozapine C/D ratio is relatively stable [40] as long as it is not affect-
ed by inflammation or changes in relevant environmental factors
(inhibitors orinducers, including smoking). Therefore, a single TDM
in the fourth week which is likely to follow linear kinetics can be
used to estimate the minimum therapeutic dose, providing a serum
concentration of at least 350 ng/mL. Supplementary Table S5 pro-
vides multiple examples of TDMs at different clozapine doses and
explains the estimation of minimum therapeutic doses.

The mean of multiple therapeutic drug monitorings is a
better predictor of the final clozapine maintenance dose

Clozapine metabolism in an individual varies substantially and a
single trough steady-state TDM provides only a rough approxima-
tion of clozapine C/D ratio as long as confounding factors (e. g., co-
medication, absence of inflammation, smoking behavior, and caf-
feine intake) remain stable. On the other hand, having at least five
trough steady-state TDMs and calculating the mean clozapine C/D
ratio provides a more accurate determination of the patient’s clo-
zapine C/D ratio, as long as confounding factors do not change.
Supplementary Figures S1[62] and S2 [122]illustrate this var-
iability in both clozapine and total C/D ratios in two cases with ex-
treme metabolism explained in Supplementary Box S17 [62, 122].
Supplementary Figure S1 [62] describes a clozapine PM with a

mean minimum therapeutic dose of 90 mg/day based on 17 TDMs
but, using individual TDMs, the minimum therapeutic dose ranged
from 66 mg/day to 121 mg/day. Supplementary Figure S2 [122]
describes the case of an obese US smoker with a mean minimum
therapeutic dose of 443 mg/day based on 17 TDMs but, using in-
dividual TDMs, the minimum therapeutic dose ranged from
353 mg/day to 565 mg/day.

Unresolved issues

These guidelines do not try to cover all aspects of clozapine treat-
ment but focus only on making titration safer around the world,
hopefully encouraging all drug agencies to consider ancestry-based
titration. The neglected issues briefly discussed below are: 1) the
problem of current approaches focused on an average dose for an
average patient, 2) some titration areas need development and 3)
the need for guidelines to personalize dosing for maintenance
treatment.

The need for personalized approaches

Those researchers interested in an approach that focuses on the
best average dose for clozapine [123] ignore the need for clozap-
ine personalized dosing based on pharmacokinetic principles. As
current approaches have not worked with clozapine, the current
guidelines propose at least six best-personalized dosages and these
six titrations do not consider that some genetic or ancestry groups
may require additional personalized approaches. Future studies are
needed to verify whether or not using these six titrations will help
to decrease clozapine toxicity. The current data on clozapine tox-
icity from the FDA [24] or VigiBase [25] appear concerning. Lower
doses during titration and the maintenance phase may decrease
clozapine toxicity (Supplementary Box S18).

Areas of clozapine titration that need development

Supplementary Box S19 lists as areas of clozapine titration that
need the following development: 1) adjustment of these ancestry-
based clozapine guidelines for children and adolescents, 2) study
of CYP1A2 mutations and epigenetic mechanisms that may help
identify genetic clozapine PMs [62, 68, 88,118, 124-127], 3) clar-
ification of the existence or non-existence of very rare genetic clo-
zapine ultrarapid metabolizers (UMs) [88, 122, 128], 4) considera-
tion of personalized titration for other ancestry groups (e. g., peo-
ple of Oceanian or African ancestry) and testing, as a strategy, the
selection of the ancestry associated with the lowest doses in peo-
ple with mixed ancestry, 5) US TDM studies with stratification by
sex, smoking and ancestry to establish minimum therapeutic
doses, 6) concentrations lower or higher than 350 ng/mL may be
appropriate for some patients [129, 130], 7) studies on minimum
therapeutic doses and concentrations for indications other than
TRS and 8) more flexible clozapine formulations, including those
allowing lower dose administration [81].

Future guidelines for personalized dosing during
maintenance treatment

These guidelines only focus on clozapine titration to prevent myo-
carditis, orthostatic hypotension, sedation, and the risk of early
pneumonia. Supplementary Box S18 explains the need for future
guidelines focused on personalized dosing during the maintenance
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phase, including a review of three major topics: the prevention of
concentration-related ADRs [23], the use of adjunctive treatments
such as fluvoxamine, and the use of new point-of-care devices to
quickly measure WBC and TDM [1].

Conclusion

In conclusion, these six sets of personalized titration schedules
based on ancestry, sex, smoking, co-medication, obesity, inflam-
mation, and potential for the existence of genetic PMs are intend-
ed to make clozapine titration safer. We hope that drug agencies
worldwide start considering placing in the clozapine package in-
serts the role of ancestry in clozapine dosing and considering slow
personalized titration as perhaps an inexpensive and easy way to
increase clozapine safety [3]. Future studies will need to verify
whether these ancestry-based titrations are helpful or not. Read-
ers are encouraged to provide feedback to improve these titrations.
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January 20 2022.

Erratum
In the above-mentioned article, the spelling of 5 authors last
names has been wrong and these names have been corrected.

de Leon ] et al. Guideline for Making Clozapine Titration Safer... Pharmacopsychiatry 2022; 55: 73-86 | © 2021. Thieme. All rights reserved.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



