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Abstract
Using Richardson and Davidson’s model and the sciences of 
pharmacokinetics and clinical pharmacopsychology, this ar-
ticle reviewed the: (1) poor life expectancy associated with 
treatment-resistant schizophrenia (TRS), which may be im-
proved in patients who adhere to clozapine; (2) findings that 
clozapine is the best treatment for TRS (according to efficacy, 
effectiveness and well-being); and (3) potential for clozapine 
to cause vulnerabilities, including potentially lethal adverse 
drug reactions such as agranulocytosis, pneumonia, and 
myocarditis. Rational use requires: (1) modification of the 
clozapine package insert worldwide to include lower doses 

for Asians and to avoid the lethality associated with pneu-
monia, (2) the use of clozapine levels for personalizing dos-
ing, and (3) the use of slow and personalized titration. This 
may make clozapine as safe as possible and contribute to 
increased life expectancy and well-being. In the absence of 
data on COVID-19 in clozapine patients, clozapine possibly 
impairs immunological mechanisms and may increase pneu-
monia risk in infected patients. Psychiatrists should call their 
clozapine patients and families and explain to them that if 
the patient develops fever or flu-like symptoms, the psychia-
trist should be called and should consider halving the clo-
zapine dose. If the patient is hospitalized with pneumonia, 
the treating physician needs to assess for symptoms of clo-
zapine intoxication since halving the dose may not be 
enough for all patients; consider decreasing it to one-third 
or even stopping it. Once the signs of inflammation and fe-
ver have disappeared, the clozapine dose can be slowly in-
creased to the prior dosage level. © 2020 S. Karger AG, Basel
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Psychiatric textbooks and article reviews in psychiatric 
journals ignore the recent scientific advances on the 
mechanism of adverse drug reactions (ADRs), pharma-
cokinetics, and clinical pharmacopsychology which are 
the basis for this article review on the rational use of clo-
zapine for treatment-resistant schizophrenia (TRS).

In an editorial, Fava [1] first used the scheme of Rich-
ardson and Doster [2] to propose a rational use of antide-
pressants. Richardson and Doster [2] proposed that, in 
evidence-based medical decision-making for individual 
patients, three dimensions should be considered: (1) 
baseline risk of poor outcomes from an index disorder 
that is not treated, (2) responsiveness to the treatment op-
tion, and (3) vulnerability to ADRs. This approach is sim-
ilar to the World Health Organization’s (WHO) ap-
proach, which characterizes the rational use of medicine 
as, “Patients receive medications appropriate to their 
clinical needs, in doses that meet their own individual re-
quirements, for an adequate period of time, and at the 
lowest cost to them and their community” [3]. 

This review first introduces the recent advances on 
ADRs, pharmacokinetics and clinical pharmacopsychol-
ogy regarding clozapine. After this introduction, the fol-
lowing three sections apply Richardson and Doster’s 
model to TRS, the main clozapine indication. Then the 
current use of clozapine is reviewed, and a new rational 
approach is proposed with our current recommendations 
regarding the COVID-19 infections. The last two sections 
of this review describe the technological advances that 
may influence future clozapine use and other clozapine 
indications.

ADRs and Clozapine

There are two major classes of ADRs: (1) unpredict-
able, uncommon and idiosyncratic, and (2) predictable, 
common and dose-related [4]. The latter are better de-
scribed as related to serum concentrations [5]. There is 
recent agreement among the most important medical sci-
entists, such as Vanderbroucke and Psaty [6] or Ioannidis 
[7], that the status of ADR science is highly deficient. Ac-
cording to them, there are two main reasons for the poor 
status of ADR knowledge [6, 7]: (1) pharmaceutical com-
panies tend to try to minimize the existence of ADRs, and 
(2) rare but potentially lethal ADRs, usually idiosyncratic, 
are usually not detected by the randomized clinical trials 
(RCTs) required for drug approval, since they are short-
term and include only a few thousand patients. These de-
ficiencies have led to several drugs being withdrawn from 

the market due to unidentified potentially lethal ADRs 
[8]. 

On the other hand, psychiatric textbooks and review 
articles call ADRs “side effects” and do not explain these 
two classes of limitations in the field. Similarly, recent re-
view articles [9–11] stressed that clozapine is prone to 
cause ADRs but do not explain these advances in knowl-
edge of ADRs.

Pharmacokinetic Introduction to the Rational Use of 
Clozapine in TRS

A rational clozapine treatment needs first to be based 
on clozapine pharmacokinetics, which is a major deter-
minant in clozapine dosing. Clozapine depends on the 
cytochrome P450 1A2 (CYP1A2) for its metabolism and 
follows pharmacokinetic changes similar to other CYP-
1A2 drugs. This is not clearly explained in the US pack- 
age insert. Online supplementary Box S1 (see www. 
karger.com/doi/10.1159/000507638 for all online suppl. 
material) [12–50] provides a critical chronology of the 
protracted history of the pharmacokinetics of clozapine, 
and the contributions of two other CYP1A2 drugs, the-
ophylline and caffeine, to its understanding. The inhibi-
tory effects of infections on CYP1A2 were first described 
in theophylline [15, 18, 19] and 25 years later replicated 
in clozapine. In 1997, two studies ignored by Western clo-
zapine researchers stated that Chinese have lower cloza-
pine metabolism than Caucasians [24, 25]. Then, 20 years 
later, a well-controlled study using caffeine demonstrated 
that East Asians have lower CYP1A2 activity [34]. It is 
now clear that all Asians have lower clozapine metabo-
lism and need half the clozapine dosage used in the US 
[45–48].

Measuring serum clozapine levels, called therapeutic 
drug monitoring (TDM) by pharmacologists, is the corner-
stone for the rational use of clozapine personalized dosing 
since a minimum serum level of 350 ng/mL is needed for 
clozapine response [51]. Pharmacokinetic science has de-
termined that, in therapeutic dosages, clozapine follows lin-
ear kinetics (the relationship between dose and concentra-
tion is linear) and provides information on which variables 
influence clozapine clearance from the body and, therefore, 
clozapine dosing. The most important clozapine metabolite 
is norclozapine; clozapine-N-oxide is second. Norcloza-
pine, clozapine-N-oxide, and other hydrosoluble metabo-
lites are then eliminated by the kidney.

Clozapine clearance is measured by the concentration-
to-dose (C/D) ratio. Online supplementary Box S2 [5, 44–
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46, 48, 52–67] describes the important pharmacokinetic 
variables for clozapine clearance. Higher clozapine C/D 
ratios, indicating lower clearance, are associated with fe-
males, non-smokers, Asians, genetic poor metabolizers, 
inhibitors, obesity, inflammation, and possibly with renal 
impairment and pregnancy. Lower clozapine C/D ratios 
indicate lack of adherence or higher clearance associated 
with males, smokers, non-Asians, and inducers. 

Two prior TDM review articles [68, 69] are summa-
rized in online supplementary Box S3 [31, 44, 50, 51, 55, 
58–61, 63, 65, 68–91] which also describe our extensive 
experience with thousands of inpatient clozapine TDMs 
under standard conditions (trough and steady-state lev-
els) in the US [44] and China [45, 65]. Many of these in-
patients were followed for months and/or years after 
changes in important pharmacokinetic variables [31, 44, 
50, 58–61, 63, 65, 74, 79, 86–91]. 

Published review articles [92–94] usually insist on the 
wide variability of clozapine TDM among individuals and 
the difficulty of interpreting a single clozapine level, but 
they fail to pay attention to findings from these two sci-
ences: pharmacokinetics and clinical pharmacopsychol-
ogy, which help in interpreting variability in clozapine 
levels. In inpatients, repeated measures allow the calcula-
tion of average clozapine clearance in an individual 
through a mean clozapine C/D ratio, which can be com-
pared using dose-correction factors after changes in im-
portant pharmacokinetic variables (e.g., before and after 
use of an inhibitor). 

Introduction of Clinical Pharmacopsychology in the 
Rational Use of Clozapine in TRS

When dealing with TDM in outpatients, one cannot 
ignore lack of adherence as a major problem in many 
clozapine outpatients, frequently leading to hospitaliza-
tions [95–99]. This is not surprising to the authors, who 
are interested in aiding the development of the science 
of clinical pharmacopsychology [100]. Lack of adher-
ence is a major issue in treatment maintenance in psy-
chiatry [101, 102], and when analyzing outpatient sam-
ples, a low clozapine C/D ratio is almost never explained 
by the patient being a genetic ultrarapid metabolizer and 
rarely explained by co-prescription of a potent inducer; 
it is almost always explained by lack of adherence [46, 
54, 87]. Unfortunately, experts who write reviews on 
clozapine TDM do not consider the major relevance of 
lack of adherence in clozapine outpatients. Clinicians do 
not appear to be free of this bias and seem to think that 

lack of adherence may be a problem for other patients, 
but their own patients are adherent. TDM results dem-
onstrate that one-third to one-half of the patients con-
sidered TRS patients by their psychiatrists are simply 
not taking their antipsychotics [103, 104]. Unfortunate-
ly, no clozapine studies explored the pharmacopsycho-
logical variables influencing poor adherence. Based on 
the pattern of lack of adherence in psychiatric patients, 
one can hypothesize that each non-adherent clozapine 
patient may be influenced by one or more factors such 
as lack of insight about the illness, self-reported attitudes 
related to their history of medication exposure, or per-
sonality style related to feelings of control [105]. Ad-
dressing specific pharmacopsychological variables in 
each non-adherent patient has the potential to improve 
clozapine adherence. 

Baseline Risk of Poor Outcomes from TRS without 
Treatment

The literature usually describes approximately one-
third of schizophrenia patients as treatment-resistant, 
but the TRS definitions vary from study to study [106]. 
On the other hand, the literature agrees that: (1) cloza-
pine is the most effective treatment for these patients 
[107, 108] and (2) among schizophrenia patients, those 
with treatment-resistant forms have the more obvious 
abnormalities in brain imaging [109, 110], and are those 
associated with greater individual and societal burden 
[111].

To better understand the benefits and risks of cloza-
pine in TRS, one would like to know the effects of TRS on 
life expectancy and how it is modified by clozapine or 
other antipsychotics; however, only data on schizophre-
nia in general is available. In a meta-analysis [112], schizo-
phrenia was associated with a weighted average of 14.5 
years of potential life lost. In a recent Swedish cohort with 
> 20,000 patients, the cumulative antipsychotic exposure 
displays a U-shaped curve for overall mortality with no 
antipsychotic exposure having the worst outcome [113]. 
Regarding clozapine, in a meta-analysis of 24 studies with 
long-term follow-up of treatment, Vermeulen et al. [114] 
found long-term, crude mortality rate ratios were signifi-
cantly lower in patients continuously treated with cloza-
pine compared to patients treated with other antipsy-
chotics (mortality rate ratio = 0.56). Online supplemen-
tary Box S4 [112–116] describes two additional studies 
published after the meta-analysis, also showing lower 
mortality in clozapine patients [115, 116]. 
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Responsiveness to Clozapine in TRS

Online supplementary Box S5 describes in detail what 
we know regarding clozapine responsiveness measured 
by efficacy, effectiveness and well-being.

Efficacy: RCTs and Meta-Analysis 
RCTs tend to be of relatively short duration, are biased 

against including the most severe patients in psychiatry 
[117] and are, therefore, far from ideal in assessing re-
sponse in TRS. Later, RCTs are combined in meta-analy-
ses, which Feinstein called “statistical alchemy for the 21st 
century” [118]. The most complex meta-analysis, the net-
work meta-analysis, compares drugs indirectly, and these 
comparisons are particularly problematic when there is 
no similarity in the RCTs [119].

In a TRS meta-analysis, Siskind et al. [120, 121] found 
clozapine superiority. On the other hand, another re-
search group using network meta-analyses published 
two articles; one by Samara et al. [122] found no cloza-
pine superiority in TRS, but the other one by Huhn et al. 
[123] found that clozapine was the best antipsychotic for 
the acute treatment of multiple-episode schizophrenia 
in general. Not surprisingly, this TRS network meta-
analysis by Samara et al. [122] has been criticized by lack 
of representativeness of the included RCTs [107, 124, 
125]. 

Effectiveness
If one takes a more comprehensive view of what is im-

portant in clinical practice [126], and considers effective-
ness based on two systematic reviews of naturalistic co-
hort studies [127, 128], clozapine was superior to other 
antipsychotics in decreasing discontinuation and de-
creasing hospitalization. 

Clozapine and Well-Being
The importance of well-being during pharmacothera-

py is receiving more and more attention [129] and is par-
ticularly relevant in explaining the high adherence of 
some patients to clozapine, demonstrated by the lower 
discontinuation rates in cohort studies [127, 128]. Clo-
zapine positive effects on well-being in some patients may 
be influenced by clozapine effects on extrapyramidal 
symptoms [130–142], hostility [143, 144] and the “awak-
ening” phenomenon [145–147] (online suppl. Box S5, 
section 3). 

Vulnerability to ADRs and Prevention

Clozapine-Induced Agranulocytosis
The description of clozapine-induced agranulocytosis in 

1975 [14] derailed its widespread use around the world (on-
line suppl. Box S1). The next step was the marketing of clo-
zapine in the US in 1990 [12] with the requirement of week-
ly white cell blood counts (WBC) and a manufacturer-man-
aged database. Then clozapine was progressively marketed 
in multiple countries with different levels of WBC monitor-
ing [148]. In the US in 2015 [41], the WBC requirements 
were modified, returning to a unified WBC database and 
allowing for lower levels of absolute neutrophil count 
(ANC) for starting patients with benign ethnic neutrope-
nia, as had previously been done in the UK [149, 150]. Cli-
nicians worldwide need to follow the respective regulations 
of their countries regarding WBC and ANC monitoring. 
Currently, agranulocytosis appears to be a well-managed 
risk. The WHO’s database, VigiBase, has received reports 
on ADRs since 1968 from 134 drug agencies in countries 
around the world. Our VigiBase search on July 15, 2019, 
identified a 2% rate of fatal outcomes (550/34,931) due to 
agranulocytosis since the onset of clozapine use [49]. On-
line supplementary Box S6 [49, 151–155] reviews our cur-
rent knowledge of clozapine-induced agranulocytosis.

Pneumonia
The convergence of two historical findings (online 

suppl. Box S1) has finally led to the recent realization of 
the relevance of the association between clozapine and 
pneumonia and its lethality. The first historical finding 
was that inflammation releases cytokines that decrease 
the expression and activity of CYP1A2 with the potential 
of causing intoxication by CYP1A2 drugs. This was first 
demonstrated in theophylline [15, 18, 19] and then 25 
years later in clozapine [30, 31]. Elevation of c-reactive 
protein (CRP) is a good marker that cytokines are being 
released, and that this may increase clozapine levels [156]. 
The second historical finding is that in 2005, the FDA 
modified the package insert of all second-generation an-
tipsychotics to include a warning about death by pneu-
monia in patients with dementia [32]. Despite the fact 
that clozapine is not indicated for dementia, its package 
insert was modified, too. The association between cloza-
pine and pneumonia is supported by data from the Tai-
wan registry [37], other studies previously reviewed [49], 
and further verified by a mirror-image study in the Dan-
ish registry [157]. 

More concerning is that pneumonia can be highly le-
thal in clozapine patients and is one of the most impor-
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tant causes of mortality in clozapine patients. This has 
been suggested by observational studies in the US [88, 
158], the UK [159, 160], and Denmark [42]. Moreover, a 
VigiBase search [49] exploring pneumonia lethality in 
clozapine patients led to very concerning results: (1) 2,077 
fatal outcomes (approximately four times higher than 
those associated with agranulocytosis), and (2) relatively 
high lethality of 30% (much higher than the 2% of agran-
ulocytosis). Moreover, pneumonia was much more 
strongly associated with clozapine than the 3 most fre-
quently prescribed second-generation antipsychotics; 
each of them had around 1/10 of the fatal outcomes of 
clozapine [161]. The lethality of pneumonia in clozapine 
patients is explained in that clozapine can contribute to 
pneumonia, and once pneumonia develops it can cause a 
clozapine intoxication; therefore, the combination of 
pneumonia and clozapine intoxication is highly lethal. 
This complex bidirectional association [162] is described 
in detail in online supplementary Box S7 [157, 163–169]. 
Our recommendations for decreasing the risk and lethal-
ity of pneumonia in clozapine patients are described in 
online supplementary Box S8 [65, 162, 170, 171]. The 
context for the clinical relevance of these recommenda-
tions is that pneumonia may be the most significant life-
threatening medical event connected with antipsychotic 
use [172].

Myocarditis
The controversy of clozapine-induced myocarditis is 

defined by two extreme positions first delineated in 2012 
by Cohen et al. [35]. Australian experts think that with 
adequate monitoring clozapine-induced myocarditis is 
present in 3% of patients, and those who do not find an 
incidence of 3% among their patients are ignoring many 
cases [38]. The position of most clozapine experts in con-
tinental Europe is that clozapine-induced myocarditis is 
very rare. In the Danish registry, Rohde et al. [42] found 
an incidence of 0.03% and no fatal cases. If we assume that 
Danish clinicians do not know how to diagnose myocar-
ditis and that they are missing 3% of cases with a mortal-
ity rate of 6%, the study by Rohde et al. [42], should have 
identified 6 deaths associated with clozapine-induced 
myocarditis instead of no deaths [162]. 

A recent meta-analysis of clozapine-induced myocar-
ditis provides estimations for these two positions by de-
scribing an event rate of 2% in 9 Australian samples and 
of 0.3% in 15 non-Australian samples [173]. This meta-
analysis provided no reason for this roughly 10-fold dif-
ference between Australia and other countries. 

Online supplementary Box S9 [38, 66, 162, 174–179] 
describes our model of clozapine-induced myocarditis as 
a hypersensitivity reaction similar to when rapid titra-
tions of lamotrigine induce Stevens-Johnson syndrome 
and how to prevent it. Online supplementary Box S10 [16, 
21, 26, 27, 33, 36, 45, 46, 48, 50, 54, 58, 69, 87, 180–187] 
further describes the published data supporting this mod-
el in which rapid clozapine titration is key to explaining 
clozapine-induced myocarditis. Any titration that is too 
fast for a specific patient can cause clozapine-induced 
myocarditis or, more correctly, any kind of clozapine-in-
duced inflammation [66]. Our most important recom-
mendation is to always use slow and personalized cloza-
pine titration (online suppl. Table S2) and weekly CRP 
(online suppl. Box S9). 

Other Potentially Lethal Clozapine ADRs
Online supplementary Box S11 [49, 68, 188–207] ex-

plains that our VigiBase search [49] provided another 
four definitive clozapine ADRs associated with fatal out-
comes: (1) constipation, (2) arrythmia, (3) seizures, and 
(4) syncope. 

Clozapine is one of the antipsychotics most strongly 
associated with weight gain, hyperglycemia, and hyper-
lipidemia [208, 209]. In a systematic review of cohort 
studies, clozapine was also associated with higher cardio-
metabolic-related risk outcomes [128]. As described be-
fore, clozapine is associated with longer survival [114]; it 
appears that its positive effects may outweigh its meta-
bolic risks. 

Behavioral ADRs
Behavioral ADRs secondary to psychiatric medica-

tions have not received enough attention [131, 132] and 
one of the best examples is clozapine-induced severe 
obsessive-compulsive symptoms (OCS). Due to its 
complexity and lack of good studies, there is no agree-
ment in the literature on its management. In this jour-
nal issue, Kim et al. [210] reviewed the limited available 
literature and provided the very helpful conclusion that 
adding aripiprazole with/without clozapine dose re-
duction may be a good alternative to antidepressants 
for managing clozapine-associated OCS. Future con-
trolled studies will need to clarify whether this conclu-
sion is correct or not.

Clozapine is the second-generation antipsychotic 
most consistently associated with withdrawal symptoms 
[211]. Thus, clinicians should warn patients not to stop 
clozapine suddenly, since it has been associated with sev-
eral withdrawal syndromes including: (1) cholinergic re-
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bound (including nausea, vomiting, diarrhea, headache, 
agitation, confusion, and diaphoresis) [212], (2) worsen-
ing psychosis and/or abnormal movements [213], and (3) 
even catatonic symptoms in patients who never had cata-
tonia before [91]. When clozapine needs to be stopped 
suddenly due to serious ADRs, temporary treatment with 
anticholinergics with slow titration over 2–3 weeks may 
be a good option for preventing cholinergic rebound 
[212] and olanzapine may be a reasonable choice [214] 
for covering withdrawal from psychosis or abnormal 
movements. Although we do not recommend rapid titra-
tion in naïve patients, we have, on rare occasions, used it 
under very controlled inpatient conditions when previ-
ously known patients had severe withdrawal with psy-
chotic exacerbations, or catatonia. These are extremely 
dangerous situations, and the sedating properties of clo-
zapine can help as long as the patient is closely observed 
and the prior dosage needed to stabilize the patient and 
the level of tolerance are known. 

A phenomenon even less well described in the litera-
ture is that some patients who have shown remarkable 
improvement in their psychosis and then stopped clo-
zapine on their own never again recovered the dramatic 
response seen the first time [215, 216]. Clinicians need to 
explain to any patient with dramatic response to cloza-
pine that this may sometimes be lost by stopping cloza-
pine. 

Contraindications
In patients naïve to clozapine, the most important con-

traindication is the presence of some kind of myelopro-
liferative disorder or neutropenia that precludes having a 
high enough ANC required to start clozapine. Very rare-
ly, patients can develop allergic reactions to clozapine and 
should not be exposed again. Most of the contraindica-
tions that a clinician faces are relative contraindications 
in which the risk of starting clozapine needs to be care-
fully balanced by including the patient and the family in 
the discussion regarding the risks, avoiding DDIs before 
starting clozapine as much as possible and stabilizing 
medical problems as much as possible [207]. In many pa-
tients, clozapine may be the last option after exhausting 
all other options with limited benefit. 

Current Use

Most clozapine experts are concerned by the lack of 
use of clozapine worldwide, in spite of its benefit for TRS. 
An international study including 17 countries showed 

that in most countries clozapine use increased from 2005 
to 2014. Nevertheless, great disparities were seen, with 
greatest use in Finland (189/100,000 persons) and New 
Zealand (116/100,000), and least in the Japanese cohort 
(0.6/100,000) and in the privately insured US cohort 
(14/100,000) [217]. The term “clozaphobia,” phobia of 
prescribers toward prescribing clozapine, has been pro-
posed [218]. Online supplementary Box S12 describes 
barriers regarding clozapine use and successes in the 
Netherlands and New Zealand in increasing clozapine 
use [219–225].

Proposal for More Rational Use of Clozapine

A more rational use of clozapine is based on three pil-
lars: (1) modification of the worldwide clozapine package 
insert reflecting the advances in clozapine pharmacoki-
netics, (2) the use of clozapine TDM to personalize clo-
zapine dosing, and (3) the use of slow and personalized 
titration including CRP to avoid myocarditis and other 
clozapine-induced inflammations.

Changing Worldwide Clozapine Package Inserts
Clozapine package inserts worldwide should report 

that [47]: (1) Asians need half the dose prescribed in the 
US, (2) clinicians should be aware that pneumonia may 
be highly lethal in clozapine patients, and (3) clozapine-
induced myocarditis during dose escalation can be re-
duced by slow personalized titration.

The Best Way to Personalize Maintenance Dosing Is 
TDM if It Is Available 
TDM is recommended by the AGNP experts but is not 

mandatory in any country. In the opinion of the authors, 
the use of clozapine should become similar to the use of 
lithium, which requires TDM for dosing. Many countries 
do not have access to clozapine TDM; therefore, it is not 
reasonable to make TDM mandatory. However, ideally 
all countries should provide access to clozapine TDM; it 
is the best way of personalizing dosing since it reflects the 
combination of genetic, environmental and personal 
variables that influence dosing and the specific pharma-
cokinetics of each drug [5]. Moreover, due to clozapine 
ADRs and variability in dosing, clozapine TDM is cost-
effective [226].

Clozapine TDM is the best way to personalize the best 
maintenance dose to reach at least 350 ng/ml of serum 
clozapine concentrations [69]. To rule out lack of re-
sponse, this clozapine dose should be maintained for 
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enough time; some have proposed 3 months [106] and 
others, 8 weeks [227]. Prescribing the lowest dose that 
delivers therapeutic concentrations and efficacy will de-
crease the risk of clozapine ADRs and provide the safest 
baseline in case there are infections or inflammations in 
the future. Moreover, clozapine TDM helps to determine 
adherence of clozapine outpatients which may predict re-
hospitalization [95–99]. 

Psychiatrists with no access to clozapine TDM can use 
online supplementary Table S1, which shows the average 
clozapine dose recommended based on ethnicity, sex, 
smoking, and some DDIs. Due to difficulty in predicting 
clozapine dosage in patients taking fluvoxamine, as it is a 
potent inhibitor [55, 228], we do not recommend co-pre-
scribing this drug with clozapine without TDM. As val-
proic acid can be an inhibitor of clozapine metabolism 
and an inducer of norclozapine metabolism, it is also bet-
ter to avoid it [57]. 

Slow and Personalized Titration with CRP Levels
The Dutch clozapine guideline recommends slow ti-

tration with very slow titration for outpatients [223]. 
This may explain the lack of clozapine-induced myo-
carditis in the Netherlands. Therefore, there is little 
need for improving clozapine titration in the Nether-
lands. 

In many other countries, personalized titration 
based on pharmacokinetic variables may be beneficial. 
Online supplementary Table S2 provides our recom-
mendations for inpatient titrations and online supple-
mentary Box S9 provides recommendations for pre-
venting clozapine-induced myocarditis. Unfortunately, 
two unpredictable variables can make a patient behave 
as a clozapine poor metabolizer: genetics or undetected 
inflammations. To prevent those situations, our inpa-
tient protocol recommends measuring CRP at the same 
time as WBC: at baseline and for the first 8 weeks of 
clozapine titration or until the final clozapine dose is 
reached. Measuring weekly CRP levels is much easier 
and less expensive than the intensive heart monitoring 
recommended by Australian experts [38, 178, 179]. 
Clozapine should not be started until CRP is normal, so 
that use of clozapine in patients with unidentified in-
flammations can be avoided. Subsequently, if the CRP 
is increased or the patient develops fever, this is a sign 
that the titration is too rapid for that patient, and the 
clozapine dose should not be further increased until 
CRP has normalized; this may prevent the progression 
of a clozapine-induced inflammation.

COVID-19 Infections

There is no data on COVID-19 in clozapine patients 
but, based on what we know about clozapine pharmacol-
ogy, we can hypothesize that clozapine, possibly by im-
pairing immunological mechanisms, may increase the 
risk of pneumonia in infected patients. More important-
ly, during this CODIV-19 epidemic, psychiatrists should 
call their clozapine patients and families and explain to 
them that if the patient develops fever or flu-like symp-
toms, they should call their psychiatrist, and if they can-
not reach their psychiatrist, the patient should cut the clo-
zapine dose in half. If the patient has to be admitted to a 
hospital due to COVID-19 pneumonia, the treating phy-
sician needs to assess for symptoms of clozapine intoxica-
tion since halving the dose may not be enough for all pa-
tients and consider decreasing it to one-third or even 
stopping it. Once the signs of inflammation and fever 
have disappeared, the clozapine dose can be slowly in-
creased to the prior dosage level.

Future Use: Technology Advances Coming to Market

Online supplementary Box S13 [54, 155, 229–241] de-
scribes the recent commercialization and/or develop-
ment of new technologies in pharmacogenetic testing, 
WBC monitoring, and TDM. The current commercial 
pharmacogenetic tests should not be used on clozapine 
patients. Currently, it is not clear whether the point of 
care devices providing WBC or TDM can facilitate clo-
zapine prescription, or only make it more expensive. It is 
too early to decide whether some of the TDM technolo-
gies in development will provide easy and cheap ways to 
establish clozapine adherence. 

Other Clozapine Indications

This review article focuses on the use of monotherapy 
clozapine for TRS, which is the main clozapine indica-
tion in the US and other countries [148, 242]. We do not 
know how clozapine changes the life expectancy of pa-
tients with other clozapine indications, enumerated in 
online supplementary Box S14 [29, 139–141, 148, 207, 
242–257]. To decide to prescribe clozapine for any of 
these indications requires the psychiatrist to carefully 
balance, for each patient, the likelihood of responsive-
ness and vulnerabilities, remembering that data on re-
sponsiveness is limited. If the same clozapine doses for 
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TRS are used for other indications, the clozapine vulner-
abilities and ADRs should be similar. In the experience 
of the authors, other indications, such as polydipsia or 
intellectual disability with self-injurious behaviors, may 
respond to lower clozapine doses and do not require 
reaching concentrations of 350 ng/ml to gain efficacy 
[207]. Clozapine dosing and TDM need to be explored 
by future studies focusing on these other indications. As 
clozapine may be a last resource for inpatients with ex-
tremely severe conditions besides TRS, for which provid-
ers have exhausted all other options, each patient with 
these other conditions should be considered on an indi-
vidual basis after discussing it with the patient and the 
family.

Using Richardson and Davidson’s model [2] and the 
sciences of pharmacokinetics and clinical pharmacopsy-
chology, this article reviewed the: (1) poor life expectan-
cy associated with TRS, which may be improved in pa-
tients who adhere to clozapine; (2) findings that cloza-
pine is the best treatment for TRS (according to efficacy, 
effectiveness and well-being); and (3) potential for clo-
zapine to cause vulnerabilities, including potentially le-
thal ADRs. Our proposal for rational use is based on 
three pillars: (1) modification of the clozapine package 
insert worldwide to reflect the advances in clozapine 
pharmacokinetics, (2) the use of clozapine TDM for per-
sonalizing clozapine dosing, and (3) the use of slow and 
personalized clozapine titrations. This proposal should 
make clozapine as safe as possible and may contribute to 
increasing the life expectancy of TRS patients taking clo-
zapine and their well-being. Only time will tell whether 
this editorial accomplished its goal or further contrib-
uted to clozaphobia.
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