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SUMMARY

Clozapine was synthesized in 1958. The Food and Drug Administration approved it in 1989 when comprehensive pharmaco-
kinetic studies were not required and it was not known that clozapine was metabolized by the cytochrome P450 1A2 (CYP1A2).
Currently it is known that clozapine personalized dosing may be influenced by one’s DNA ancestry (African, European and/or
Asian/Indigenous American), sex/smoking subgroup, and the presence/absence of genetic/non-genetic poor metabolizer (PM) status.
The literature does not properly reflect the concept of “clozapine-induced inflammation™ during rapid titration. Elaborating upon
this concept, this historical review discusses: 1) clozapine-induced fever, 2) the effects of inflammation on clozapine metabolism, 3)
clozapine-induced myocarditis, 4) other clozapine-induced inflammations, 4) current support for “clozapine-induced inflammation”
as a hypersensitivity reaction, 5) the difficulty in addressing such a concept to a readership with diverse beliefs about it and 6) the
limitations of this review in convincing skeptics. Clozapine-induced fever in the absence of any concomitant infection was first
described in 1972 and is a mild form of "clozapine-induced inflammation" during rapid titration, which also includes myocarditis
and other localized inflammations. They may be part of a hypersensitivity reaction that has 3 phases. In the first phase, the titration
is too fast for a specific patient; either the psychiatrist was too aggressive in titrating, and/or the patient is a clozapine PM. This
situation leads to a release of cytokines. In the second phase, a positive feedback loop develops; the cytokines inhibit CYP1A2, which
further increases plasma clozapine concentrations. In the third phase, if the titration continues, the inflammation becomes
complicated by the development of an auto-immune phenomenon leading to localized inflammation. Skeptical readers are challenged
to try: 1) 6 titrations proposed for stratified dosing and 2) c-reactive protein (CRP) monitoring for personalized dosing in the
absence of genetic testing for clozapine PM status.

Key words: clozapine/adverse effects - clozapine/metabolism - mortality/drug effects - myocarditis/chemically induced -
myocarditis/etiology

* * * * *

INTRODUCTION
Evidence-based medicine (EBM) and clozapine

The so-called EBM approach appears to be the do-
minant philosophy in medicine but it has not been
successful in dealing with adverse drug reactions
(ADRSs) (Vandenbroucke 2004, 2008).

One of the basic assumptions of EBM is that con-
ducting randomized clinical trials (RCTs) preceding a
drug’s introduction to the market is the best method of
obtaining knowledge of that drug. This does not ade-
quately account for a pharmaceutical company’s marke-
ting interest in directing drug approval research toward
providing an average dose for an ideal average patient.
This approach does not fit the experience of most
physicians who, as soon they start practicing, observe that
some patients need a lower or higher dose to respond.
This is reflected in all pharmacogenetic research (Meyer
2004) and has led to the concepts of the poor metabolizer
(PM) who tends to have ADRs with average doses, and
the ultrarapid metabolizer (UM) who needs high doses
for efficacy. These concepts were initially developed for
genetic PMs and UMs, but later it was found that
personal and environmental variables including drug-
drug interactions (DDIs) can have similar effects (e.g.,

co-prescription of inhibitors can lead to non-genetic
PMs and co-prescription of inducers to non-genetic
UMs; de Leon 2009). The presence of PMs and UMs
complicate those EBM approaches that defend the use
of an average dose for all patients (de Leon 2012),
which is a major problem in clozapine prescription and
requires stratified, personalized dosing (de Leon 2022a).

The EBM approach is particularly problematic when
using old drugs introduced after limited study, particu-
larly before RCTs were needed or before pharmaco-
kinetic researchers were required to study the pharma-
cokinetic variables associated with the existence of PMs
and UMs. Clozapine is one such old drug since its
marketing has taken place across more than 40 years,
starting in the era of the so-called first-generation
antipsychotics and extending to the era of the second-
generation antipsychotics (SGASs) (de Leon et al. 2022a).
Clozapine was not studied in the manner that new
antipsychaotics are currently studied.

Clozapine history

Clozapine was synthesized in 1958 and was given to
several clinicians who found it toxic. It was marketed in
German-speaking countries after some small RCTs
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through the efforts of a group of clinicians led by
Hippius (Crilly 2007, de Leon et al. 2022a). In 1975,
after the description of clozapine-induced myocarditis in
Finland (Idanpédn-Heikk et al. 1975), it was kept alive
by these German-speaking psychiatrists (de Leon et al.
2022a). Sandoz took the risk of studying it in the United
States (US) for treatment-refractory schizophrenia (TRS)
and, fortunately, the comparison RCT against chlorpro-
mazine resulted in major success (Kane et al. 1988). In
1989, clozapine was approved for TRS by the US Food
and Drug Administration (FDA) with doses recommen-
ded between 300-600 mg/day and up to 900 mg/day.
Then clozapine was disseminated to other countries. In
1989, comprehensive pharmacokinetic studies were not
required and knowledge of how to complete them was
unavailable (de Leon et al. 2022a).

Clozapine pharmacokinetics

In 1994, Swedish researchers from the Karolinska
Institute found that clozapine is mainly metabolized by
the cytochrome P450 1A2 (CYP1A2) (Bertilsson et al.
1994) and that inducers, such as carbamazepine, or
inhibitors, such as fluvoxamine (Jerling et al. 1994),
need to be considered in clozapine dosing. Currently, it
is evident that co-medications influence clozapine per-
sonalized dosing from high to low: 1) potent inducers,
such as rifampicin, 2) potent to moderate inducers, such
as carbamazepine or phenytoin, 3) mild inducers, such
as omeprazole, 4) moderate inhibitors, such as oral
contraceptives or high intake of caffeine and 5) potent
inhibitors, such as fluvoxamine (de Leon 2022a).

As tobacco smoking is a mild inducer of CYP1A2
and estrogens are moderate CYPL1A2 inhibitors, in the
absence of other inducers/inhibitors, clozapine persona-
lized dosing goes from high to low: 1) male smokers, 2)
female smokers, 3) male non-smokers and 4) female
non-smokers (de Leon et al. 2020a).

The original studies of clozapine metabolism were
conducted on patients of European DNA ancestry but
the people of Asian ancestry (defined as those whose
origins range from Pakistan to Japan) have lower
CYP1A2 activity and need lower clozapine doses (de
Leon et al. 2020b). This label of Asian ancestry is not a
geographical label, but follows DNA ancestry history.
Therefore, the original habitants of the Americas, or
Indigenous Americans, are descendants of East Asians,
and behave like Asians for clozapine dosing. Thus,
regarding the influence of DNA ancestry and clozapine,
dosing may go from high to low in patients with
ancestry from: 1) Africa, 2) Europe and 3) Asia and the
original American inhabitants, but the data on African
ancestry is very limited (de Leon et al. 2022b).

In patients of European ancestry, a genetic clozapine
PM was described in 2003 (Allorge et al. 2003) and a
UM in 1998 (Bender & Eap 1998). There is general
agreement in the literature that a plasma clozapine con-
centration of 350 ng/ml (Hiemke et al. 2018) is the mini-
mum therapeutic concentration required for therapeutic
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response and this can be used to calculate the minimum
therapeutic dose of clozapine in various patients. The first
European PM described had a minimum therapeutic dose
of 81 mg/day while the UM needed 2059 mg/day (Ruan
& de Leon 2020). Although genetic clozapine PMs and
UMs are associated with relatively rare genetic muta-
tions, they are likely to exist in other DNA ancestry
groups besides Europeans. With the limited information
currently available, genetic PMs are probably <10%
across all DNA ancestry groups while genetic UMs are
probably <1% (Ruan & de Leon 2020).

CYP1A2 activity varies across: 1) 3 DNA ancestry
groups, 2) 4 sex/smoking subgroups, and 3) presence or
absence of co-prescribed inducers or inhibitors. Obesity
and inflammation can also lead to clozapine PM status
when compared with their sex/smoking subgroup. Clo-
zapine binds to fat tissue and that leads to decreased
clozapine metabolism (Diaz et al. 2018), while the cyto-
kines released during inflammation inhibit CYP1A2.

The complexity of CYP1AZ2 activity indicates there
is no single best average clozapine dose for all patients
despite those who support using the EBM approach
(Subramanian et al. 2017). At least 6 major subgroups
are required from 3 ancestry groups classified as PMs or
non-PMs. To be more precise, in each of these 6 major
subgroups, the dose ranges from the highest in male
smokers to the lowest in female non-smokers (de Leon et
al. 2022b). If this complex picture is true, other CYP1A2
drugs may also be governed by similar heterogeneity in
personalized dosing. Olanzapine is mainly metabolized
by CYP1A2 and although these details were not studied
when olanzapine was marketed, olanzapine personalized
dosing may also be influenced by the 3 DNA ancestry
groups, 4 sex/smoking subgroups and the presence or
absence of genetic or non-genetic PMs (Zang et al.
2021). It is likely that on rare occasions potent inducers
or genetic mutations may also explain olanzapine UMs.
As olanzapine is less toxic than clozapine, olanzapine
personalized dosing may be less relevant than clozapine
personalized dosing. Furthermore, there is a difference
between clozapine and olanzapine not explained by
CYP1A2 activity (de Leon 2022a). Rapid titration of
clozapine can lead to what is called in this article
clozapine-induced inflammation. Olanzapine does not
appear to be prone to that (De las Cuevas et al. 2021).

Clozapine-induced inflammation

Unfortunately, the literature does not properly reflect
the concept of "clozapine-induced inflammation™ during
rapid titration. A PubMed search on May 1, 2022, provi-
ded no article with "clozapine-induced inflammation™ in
the title or the abstract. The only article that may be close
to discussing this concept is an article by a Danish group
in which the first author was an expert in immunology
(Rage et al. 2012). They reviewed the literature in order
to describe possible clozapine “pro-inflammatory” acti-
vity during early titration. They did not comment on the
role of rapid clozapine titration.
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In the absence of articles, it is not possible to
conduct a systematic review of “clozapine-induced in-
flammation”. This article proposes to review the chro-
nological history of related concepts since several of the
concepts used should be included under the concept of
“clozapine-induced inflammation.” This historical review
successively discusses: 1) clozapine-induced fever, 2) the
effects of inflammation on clozapine metabolism, 3)
clozapine-induced myocarditis, 4) other clozapine-indu-
ced inflammations, 4) current information supporting
the idea that “clozapine-induced inflammation” is a
hypersensitivity reaction, 5) the difficulty in presenting
such a concept to a readership with diverse beliefs on
the topic and 6) the limitations of this review in
convincing a resistant readership.

CLOZAPINE-INDUCED FEVER

Clozapine-induced fever in the absence of any
concomitant infection was first described by German
researchers in a 1972 article in German (Blum &
Mauruschat 1972). The next major step was a 1989
monographic number supported by the pharmaceutical
company that marketed clozapine which reviewed ex-
perience with clozapine in Central Europe and the US in
order to support the US marketing of clozapine. In this
monographic number, several German clinicians summa-
rize their clinical experience. Two groups proposed that
fever in the absence of another cause developed in
approximately 5% of the patients (Gaertner et al. 1989,
Naber et al. 1989). More importantly, Helmchen (1989)
described it as a transient phenomenon in which fever
occurred between the 5" and 20" treatment days and
was frequently associated with an increase in the
erythrocyte sedimentation rate (ESR). This is the first
article associating fever with inflammation.

When clozapine was introduced in the US, the US
clozapine experts called this fever “benign hyper-
thermia.” They considered a prevalence of 5% normal
during the first 3 weeks of clozapine titration (Saffer-
man et al. 1991). They recommended stopping the clo-
zapine titration when high fever develops (>101°
Fahrenheit or 38.3°C) and ruling out infections. When a
second titration is offered, it should be slower (Safferman
et al. 1991). In 2001, Tham and Dickson reviewed 93
consecutive clozapine initiations (1991-1999) by retro-
spective chart review in Canada. They found 20% had
clozapine-induced fevers but there was no significant
difference in the clozapine discontinuation rate after 1
year. The most important advancement in knowledge was
made by Pui-yin Chung et al. (2008). They compiled a
retrospective chart of 227 inpatients started on clozapine
in Hong Kong with a fever incidence of 14% (31/227).
After comparing 31 cases with fever versus 196 con-
trols, the significant multivariate odds ratios (OR) and
their 95% confidence intervals (Cls) were 18.9 (5.3 to
66.7) for a rate of titration >50 mg/week, 3.6 (CI 1.5 to
8.9) for valproate and 3.2 (1.2 to 8.3) for the presence of
physical illness. A US double-blind RCT using 3 diffe-

rent clozapine doses included a patient who was a
clozapine PM due to the co-prescription of oral con-
traceptives. She could not tolerate the standard titration
and developed fever in the absence of infection during
weeks 1, 4, 11 and 12. The fever was associated with
increases in clozapine levels and further decreases in
clozapine metabolism (Schoretsanitis et al. 2020).

INFLAMMATION DECREASES
CLOZAPINE METABOLISM

In 1978, Chang et al. reported that acute respiratory
viral illness decreases theophylline metabolism. The
clinical relevance of this was demonstrated in a medical
records review of 2,254 asthmatic children, where
Shilalukey et al. (1993) proposed that when a child
taking theophylline develops an upper respiratory
infection, the theophylline dose should be decreased
almost by half. Theophylline was found to be mainly
metabolized by CYP1A2 (Gu et al. 1992) and a warning
of the risk of intoxication during infections was
included in the US package insert. Then, in vitro studies
found that the release of cytokines during the infection
decreased the activity and synthesis of CYP1A2 (Abdel-
Razzak et al. 1993). This would explain the effects of
infections on theophylline and presumably any other
drugs mainly metabolized by CYP1A2.

Thus, it is not surprising that case reports started to
appear of clozapine intoxications during respiratory
infections with fever (Raaska et al. 2002, de Leon & Diaz
2003, Haack et al. 2003). Following the recommendation
of halving the dose of theophylline during infections with
fever to avoid intoxication, the same strategy was re-
commended in clozapine patients (de Leon 2004). Later
on, in a systematic review of the literature through 2016
which added 8 new unpublished cases, Clark et al. (2018)
identified 40 cases of elevations of plasma clozapine
concentrations during infections. As one would expect
based on pathophysiology, the literature described similar
cases of clozapine intoxication during systemic inflam-
mation produced by other causes than infections (Egger
et al. 2010, Ruan et al. 2018). In an important contri-
bution to the literature, Pfuhlmann et al. (2009) proposed
using c-reactive protein (CRP) elevations as markers of
the risk that an inflammation may lead to elevations in
plasma clozapine concentrations. A recent retrospective
review of 131 clozapine inpatients at Beijing Anding
Hospital found that infections are clinically relevant for
the cohort and for the individuals when assessing cloza-
pine concentrations. Eight episodes of infections/inflam-
mations in 16 patients contaminated 2% (482/24,789) of
the days of clozapine treatment. At the patient level the
effects varied as follows: 1) no clinically relevant effects
on the plasma clozapine concentrations in the 11% of
infection episodes which presented with no leukocytosis
or CRP elevations, 2) effects indicating that halving the
clozapine dose would be advisable in 61% of the in-
fection episodes, and 3) effects indicating that reducing
the clozapine dose to one-third would be advisable in
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28% of infection episodes. In summary, the determining
effect is not the presence or absence of infection, but the
systemic severity of the inflammation (Ruan et al. 2020).

CLOZAPINE-INDUCED MYOCARDITIS
First cases

In 1980, Danish authors published in Danish the first
case of clozapine-induced myocarditis (Vesterby et al.
1980) which can be described as “rapid titration by
doctor” since the patient was started on 300 mg/day. In
2 early cohorts of Scandinavian patients, myocarditis
was rare. In 96 Swedish patients one was found dead
and the autopsy revealed myocarditis (Lindstrom 1988);
among 216 Danish patients, one on clozapine was
discontinued due to myocarditis during titration (Juul
Povlsen et al. 1985).

In 1992, US authors described the “first rapid titra-
tion by a patient”. The patient had recently started on
clozapine and completed a lethal intentional overdose
(2000 mg). The autopsy found an unusual case of
eosinophilic myocarditis (Meeker et al. 1980). The same
eosinophilic myocarditis was described in Danish by
Jensen and Getzsche (1994), who first proposed it was
an “allergic” myocarditis. This eosinophilic myocarditis
is now considered the most typical presentation of clo-
zapine-induced myocarditis (Chopra & de Leon 2006).

Drug agencies

The drug agencies ignored these cases for years. In
1993, the British agency was the first to comment on
clozapine as a possible cause of myocarditis (Com-
mittee on Safety of Medicines 1993). In 1999, an article
by Killian et al. in the journal Lancet reviewed 23 cases
from the Australian drug registry and placed clozapine-
induced myocarditis on the radar of the drug agencies.
This article prompted a review by investigators from the
WHO database (Coulter et al. 2001) and the FDA (La
Grenade et al. 2001) who were somewhat skeptical of
the association. It is unfortunate that the drug agencies
did not pay attention to a comment on Killian’s cases by
Canadian authors: Dejeveran et al. (2000) stated that “in
all cases, daily clozapine doses were increased rapidly”
and that the Australian titrations were much faster than
their Canadian titrations. A group of Swedish investiga-
tors reviewed the reported cases to the Swedish drug
agency and related clozapine-induced myocarditis to
hypersensitivity myocarditis and other clozapine-indu-
ced eosinophilic syndromes (Hagg et al. 2001). In 2002,
the FDA finally added a myocarditis warning to the
clozapine package insert (de Leon et al. 2020a).

Controversies surrounding
clozapine-induced myocarditis

In 2012, two crucial articles defending two extreme
positions on clozapine-induced myocarditis were
published by Continental Europeans (Cohen et al. 2012)
and Australians (Ronaldson et al. 2012). The European
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group from the Netherlands brought attention to an
incidence rate of 0.7-1.12% in Australia versus 0.07%
worldwide (Cohen et al. 2012). This large difference
was replicated in a 2020 meta-analysis with an event
rate of 2% in 9 Australian samples and of 0.3% in 15
non-Australian samples (Siskind et al. 2020). In the
Netherlands, they found almost no cases of clozapine-
induced myocarditis in spite of extremely wide use of
clozapine in approximately 10% of schizophrenia
outpatients (Bogers et al. 2016). It is important, how-
ever, to emphasize that the Dutch guideline proposes
very slow clozapine titration, particularly for outpa-
tients (Netherlands clozapine collaboration group,
2013).

In a case-control study, Ronaldson et al. (2012)
found that clozapine-induced myocarditis in Australia
was significantly associated with rapid titration (ra-
pidity was defined on the basis of each additional
250 mg of clozapine administered in the first nine
days) with an OR of 1.26 (ClI 1.02 to 1.55), while
valproate co-administration was associated with an OR
of 2.59 (Cl 1.51 to 4.42).

Since 2012 these two positions may have become
further apart. In their 2015 review of the literature, Ro-
naldson et al. proposed that the Australian experience
is the correct one since the real incidence of
myocarditis is around 3% and “that a similar incidence
would be found in other jurisdictions, if a practice of
routine monitoring for myocarditis was adopted”. The
Continental Europeans responded with a study from
the Danish registry. Rohde et al. (2018) studied all
3,262 outpatient starts of clozapine and found 0.03%
developed myocarditis in the first 2 months and, more
importantly, that none of the 26 deaths in the first 2
months was explained by myocarditis. If the Danish
psychiatrists do not identify clozapine-induced myo-
carditis as Ronaldson et al. proposed one should
expect 97 undiagnosed clozapine-induced myocarditis
cases in this cohort with high risk of death due to lack
of identification by their Danish psychiatrists (de Leon
2022b).

CLOZAPINE-INDUCED INFLAMMATION
AS AHYPERSENSITIVITY REACTION

Rapid titration and clozapine-induced
myocarditis

The lamotrigine-induced Stevens-Johnson syndrome,
which is a hypersensitivity reaction, was reduced sub-
stantially when the company slowed the recommended
titration in average patients with further slowing in half
in patients taking an inhibitor, valproate (Wang et al.
2015). Thus, in 2015, two articles (de Leon et al. 2015,
Freudenreich 2015) independently commenting on the
myocarditis review by Ronaldson et al. (2015) used the
lamotrigine analogy and proposed that clozapine-indu-
ced myocarditis is a hypersensitivity reaction, in this
case associated with a rapid titration of clozapine.
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Hypersensitivity model

The hypersensitivity model can be simplified into 3
phases (de Leon et al. 2020a). In the first phase, the tit-
ration is too fast for a specific patient, as the psychia-
trist was too aggressive with it, and/or due to the
patient’s clozapine PM status; this leads to a release of
cytokines. In the second phase, a positive feedback loop
develops, the cytokines inhibit CYP1A2, which further
increase the plasma clozapine concentrations. In the
third phase, if the titration continues, the inflammation
becomes complicated by the development of auto-anti-
bodies (or another auto-immune phenomenon) which
leads to myocarditis or other inflammations.

Other clozapine-induced inflammations

As a matter of fact, in a literature review, Verdoux et
al. (2019) proposed that manifestations of clozapine-
induced inflammation due to rapid titration may include
a wide variety of presentations including: 1) systemic
inflammatory processes: fever, fever with isolated CRP
elevation, or lupus, or 2) localized signs of inflam-
mation: myocarditis, serositis, pneumonitis/alveolitis,
hepatitis, pancreatitis, nephritis, colitis and dermato-
logical disorders. This classification is somewhat arbi-
trary since these presentations may lie on a continuum
with no clear-cut boundary between them, and several
conditions may co-occur. In that sense, a series of
reviews by de Filippis (2020, 2021, 2022) indicated a
clozapine-related drug reaction with eosinophilia and
systemic symptoms (DRESS) syndrome may be another
manifestation of clozapine-induced inflammation during
a titration that was too rapid. Similarly, a 2020 review
on clozapine-induced colitis also commented on the
overlap of this presentation with clozapine-induced
DRESS and other syndromes associated with eosino-
philia (Rask et al. 2020).

The problem of defining rapid titration

If clozapine metabolism is influenced by: 1) one’s
DNA ancestry (African, European and/or Asian/Indi-
genous American), 2) one’s sex/smoking subgroup, 3)
presence or absence of co-prescribed inducers or inhi-
bitors, and 4) presence or absence of obesity or inflam-
mation, it should be evident that it is not easy to define
which titration is too rapid for a specific patient. The
only way to establish that a titration is too rapid for a
specific patient is by seeing elevations in CRP or in
plasma clozapine concentrations in relationship to what
should be expected based on the clozapine dosage for the
patient’s ancestry and sex/smoking subgroup (de Leon et
al. 2020c, Ertugrul et al. 2022, Koenig et al. 2022). In 13
myocarditis cases from Turkey and the US, a careful
review of the titrations and plasma concentrations showed
that all 13 cases appear to be compatible with PM status,
in 2 cases due to genetics and in 11 cases due to various
combinations of obesity, valproate and/or infection. Ad-
ditional contributors were the maximum dose reached

during titration versus the minimum therapeutic dose for
that specific patient and the speed of the titration in the
first or second week in relation to the minimum
therapeutic dose for that patient (Koenig et al. 2022).

Due to variability in clozapine metabolism, a new
guideline proposes 6 clozapine titration schedules may
be required (stratified dosing) and, in order to perso-
nalize the dosage, measuring basal and weekly CRP
during titration provides a safeguard against the unexpec-
ted development of clozapine-induced inflammation (de
Leon et al. 2022). An update of this guideline (Scho-
retsanitis & de Leon 2022) recommended using the PM
titrations of the corresponding DNA ancestry group for
patients taking olanzapine and quetiapine. The World
Health Organization (WHO) database on ADRs indicates
that co-prescription of olanzapine may increase the
severity of clozapine-induced myocarditis (De Las Cuevas
et al. 2022). Clozapine-induced inflammation may be
associated with saturation of clozapine metabolism and in
this circumstance olanzapine may compete for CYP1A2
metabolism, increasing plasma clozapine concentration
and further complicating the severity of the inflammation
(Schoretsanitis & de Leon 2022). The WHO database
indicates that co-prescription of quetiapine may increase
the severity and lethality of clozapine-induced myocar-
ditis (De Las Cuevas et al. 2022). An Australian case-
control study (Nachmani Major et al. 2020) also found a
significant effect of quetiapine, 29% of the 24 patients
with myocarditis were taking quetiapine versus 19% of
the 121 controls. It is possible that quetiapine may contri-
bute to clozapine-induced myocarditis through a pharma-
codynamic mechanism since it may have an inde-
pendent but minor risk of causing inflammation by itself
in an overdose situation (De Las Cuevas et al. 2021).

DIFFICULTY ADDRESSING THIS
CONCEPT TO ADIVERSE READERSHIP

There is general agreement among neuroscientists
that all human beings are biased (Michael 2017);
psychiatrists cannot be expected to be different. The
possibility of convincing readers of a complex new
concept, such as clozapine-induced inflammation, may
be lessened by their preexisting biases on this topic. In
the experience of the author, one’s background beliefs
and clinical exposure to clozapine-induced myocarditis
vary widely worldwide among psychiatrists. There are
three major sets of beliefs about clozapine-induced
myocarditis associated with: 1) the lack of diagnosis; 2)
an incidence rate of around 3% of titrations, and 3) a
justified low incidence.

Lack of diagnosis of clozapine-induced
myocarditis

Chinese and Russian psychiatrists may provide the
best example of this type of belief. Clozapine was
extremely frequently used in China in the past (Yang et
al. 2008). Currently, second-generation antipsychotics

415



Jose de Leon: REFLECTIONS ON THE COMPLEX HISTORY OF THE CONCEPT OF CLOZAPINE-INDUCED INFLAMMATION

DURING TITRATION

Psychiatria Danubina, 2022; Vol. 34, No. 3, pp 411-421

such as olanzapine or risperidone are frequently used,
but clozapine continues to be one of the most frequent
antipsychotics used (Xu et al. 2020). A review of the
literature in English and Chinese indicates that Chinese
psychiatrists may have limited awareness of the
existence of clozapine-induced myocarditis (De Las
Cuevas et al. 2022). The first clinical study included in
PubMed on this topic was a forensic study in Shanghai
which found 11 myocarditis cases in 24 psychiatric
patients who had received autopsies; clozapine was
found in the toxicological exams of 2 of the myocarditis
cases (Ye et al. 2018).

In Russia, clozapine was prescribed in almost half of
the patients with schizophrenia according to a govern-
ment database but, in many cases, clozapine appeared to
be co-prescribed with other antipsychotics (Kostev et al.
2019). Slyundin et al. (2010) reported that clozapine
ranked first in drug intoxications in a forensic study
conducted in Moscow during the period from 2003 to
2009. A review of the literature in Russian suggests that
there are published animal studies modelling clozapine-
induced myocarditis but no clinical reports of any case
(Kirilochev et al. 2021). In summary, there is no data
regarding the incidence of clozapine-induced myocar-
ditis or other forms of clozapine-induced inflammations
in China or Russia where clozapine is widely prescri-
bed. As clinicians may not be aware of the relevance of
clozapine-induced inflammation during titrations, they
do not diagnose clozapine-induced myocarditis.

The incidence rate of clozapine-induced
myocarditis is around 3%

When the Australian Ronaldson et al. (2015) pro-
posed that an incidence rate of 3% for clozapine-
induced myocarditis is normal, this led authors in
several countries to use this reference and justify as
normal this incidence rate of 3% in their settings. Rates
around 3% have been described in some hospitals in
Canada (Higgins et al. 2019), the US (Sandarsh et al.
2021) and New Zealand (Bellissima et al. 2021).

Japan is a special case. In 2009, clozapine was intro-
duced in Japan based on data from US studies and
restricted to special inpatient institutions. Following US
dosing, the first published clozapine trial used up to 600
mg/day, the maximum approved dose in Japan. The study
only included 38 TRS inpatients treated in a 12-week,
single-arm clinical trial under real-world conditions using
raters masked for the type of antipsychotic (Kishi et al.
2013). The relatively high clozapine dose for the Japa-
nese was associated with a 29% (11/38) incidence of
fever. More importantly, the most comprehensive Japa-
nese titration study by Tsukahara et al. (2021) in 152
patients found a 38% (57/152) incidence of fever during
the first 4 weeks, a 13% (20/152) incidence of pleuritis, a
5% (7/152) incidence of myocarditis and a 1% (2/152)
incidence of interstitial nephritis. Japanese cases of
myocarditis have been published (Kikuchi et al. 2013,
Otsuka et al. 2019), but those authors were not aware
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that the titrations officially recommended in Japan are
too rapid for Japanese patients who metabolize cloza-
pine at the same rate as other Asians and less efficiently
than Europeans (Yada et al. 2021).

Countries with extremely low incidence

Danish and Dutch psychiatrists use very slow outpa-
tient titration and rarely diagnose clozapine-induced
myocarditis. Moreover, Danish (Rhode et al. 2018) and
Dutch (Cohen et al. 2012) authors have argued that
clozapine-induced myocarditis is very rare in their coun-
tries while Ronaldson et al. (2015) proposed that coun-
tries with such low rates are missing cases due to lack of
monitoring. A 2021 search of clozapine-induced myocar-
ditis in the WHO database (De las Cuevas et al. 2022),
was reanalyzed to compare these two positions. The
Netherlands and Denmark together (around 24 million
people) accounted for <1% (29/3274) of the worldwide
myocarditis cases and 5.7% of the deaths (9/158), while
Australia (<26 million people), accounted for half the
myocarditis (50%, 1621/3274) cases and one-third of
worldwide mortality (32%, 50/158) (de Leon 2022b).
Any objective observer can agree that there is a major
difference between these two sets of prevalences.

LIMITATIONS IN CONVINCING
RESISTANT READERS

A prior editorial proposing the relevance of DNA
ancestry, personalized dosing and clozapine-induced
inflammation was rejected by 9 important medical,
pharmacological or psychiatric journals until it
miraculously found a place in a psychiatric journal (de
Leon et al. 2020d). The editorial’s rejection and the
widespread rejection of all the articles with evidence
concerning clozapine-induced myocarditis has led the
author to remember a classic concept in the history of
science on the influence of generations. A Spanish
philosopher, Ortega y Gasset (1961), probably provided
the most comprehensive discussion by explaining that a
scientific concept not only needs to be true but must be
understood, which may require waiting for the next
generation. Probably, the most graphic of definition of
this concept was provided by the German physicist,
Max Planck (1963) in his biography, “A new scientific
truth does not triumph by convincing its opponents and
making them see the light, but rather because its
opponents eventually die, and a new generation grows
up that is familiar with it.”

As the author is a “tired old man” who may not live
long enough to survive the opposition of the current
journal editors and reviewers, he is going to attempt to
discuss the possible biases of skeptical readers of this
article by reflecting on: 1) the paradoxes of expertise on
this topic, 2) the lack of pharmacokinetic expertise of
psychiatrists, 3) the problems of medical science versus
clinical judgment, and 4) the importance of prevention
rather than diagnosis.
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The paradox of expertise in clozapine-induced
myocarditis

It is evident that this article proposes that psychia-
trists in Denmark and the Netherlands have no expertise
in clozapine-induced myocarditis. They have no ex-
pertise because they rarely cause this condition with
their slow clozapine titrations. Australian psychiatrists
have great expertise in myocarditis, but they do not
realize that their standard titrations are aggressive and
very risky when they are used in patients who are PMs
including Asians, obese patients and patients taking
valproate who, during titration, may behave as inhibitor.
A recent meta-analysis by Australians only identifies
valproate as a risk factor (Vickers et al. 2022) and does
not quote the low rates of myocarditis in the Danish
registry (Rhode et al. 2018).

The lack of psychiatrists’
pharmacokinetic knowledge

In 1995, facing an unexpected clozapine intoxica-
tion, the author learned that clozapine was metabolized
by “something” called CYP1A2 and that explained a
DDI (Odom-White & de Leon 1996). In 1996, he began
operating a treatment-refractory unit in a state hospital
with the 3% of hospital patients who were most se-
riously ill. These were very complex cases; the patients
were taking psychiatric polypharmacy. He had no
choice but to become an expert in pharmacokinetics, so
he started to study and write about plasma concen-
trations, DDIs and pharmacogenetics (de Leon 2018,
2020). Twenty-five years later the use of pharmaco-
kinetic thinking led him to develop recommendations
for the stratified dosing of antipsychotics, but in the end,
plasma concentrations are the only way to personalize
dosing in each patient (de Leon 2022a). Measuring
concentrations for lithium and tricyclic antidepressants
was standard in the 1980s, but after the introduction of
second-generation drugs, psychiatrists lost interest in
measuring concentrations (de Leon 2018a). Thus, many
psychiatrists reviewing for journals have no expertise in
plasma concentrations. The author’s articles on myo-
carditis (Ertugrul et al. 2022, Koenig et al. 2022) descri-
bing elevations in plasma clozapine concentrations have
been systematically rejected by psychiatrists acting as
journal reviewers and who may not able or willing to
consider that these concentrations elevations are a true
sign of the association of clozapine-induced inflamma-
tion and clozapine PM status.

Medical science and clinical judgment

PhDs have a poor opinion of the scientific training
of psychiatrists. The author is also extremely skeptical
that psychiatrists understand scientific methodology
(called the philosophy of science) well; psychiatry is a
practical medical discipline needing practitioners, not
scientists (de Leon 2013). On the other hand, physicians
should value clinical judgment (Fava 2013), which has

been used in this article to provide a complex inter-
pretation of more than 50 years of clozapine literature.
Psychiatrists tend to get bored by discussions on the
philosophy of science, but Table 1 argues that this
review of a complex topic and the clinical judgment
used is compatible with more recent approaches to
science and medicine (Bernard 1927, Popper 1963,
Haack 1993, 2003, Haack & Kolenda 1977, The Editors
2005, Fava 2013, de Leon 2018b, Ertugrul et al. 2022,
Koenig et al. 2022).

The problem is not diagnosis but prevention

Several investigators have criticized the clinical
concept of clozapine-induced myocarditis by criticizing
clinicians who were not following specific diagnostic
criteria and overdiagnosing clozapine-induced myocar-
ditis. In a review of an Australian cohort, Winckel and
Siskind (2015) proposed that many of the cases were
not myocarditis but possible concomitant “5/20 (25%)
cases had documented upper respiratory tract in-
fections”. Correctly diagnosing myocarditis does not
appear to be an important issue in the prevention of
mortality if one believes the data from the WHO
database that respiratory infections kill four more
times clozapine patients in the world than myocarditis
(De Leon et al. 2020e). As a matter of fact, pneumonia
was the unexpected major cause of mortality during
3,262 clozapine titrations in the Denmark registry
where no patient was killed by myocarditis but seven
died of pneumonia (Rohde et al. 2018). In a review of
a British cohort, Segev et al. (2021) proposed that only
11% (29/228) who had myocarditis diagnosed by
clinicians were confirmed as probable for myocarditis
but did not discuss the lethality of the confirmed and
unconfirmed cases. In the WHO database until 2021,
mortality from myocarditis reported by British
clinicians was not low: 25 patient deaths were seen in
590 reports (4% lethality).

CONCLUSION

The pharmaceutical company that marketed lamo-
trigine decreased the risk of a hypersensitivity reaction
during titration by recommending in its package insert:
1) very slow titrations and 2) stratified dosing with 3
different titrations based on relevant co-medications
(Wang et al. 2015). Clozapine is a generic drug so no
company will support new prospective studies. More-
over, clozapine pharmacology is more complex than
that of lamotrigine since inflammation provides a posi-
tive feed-back decreasing clozapine metabolism. Thus,
our current state of knowledge enables us to propose 6
titrations for stratified dosing. Personalized dosing is
added by CRP monitoring which is used as a backup to
prevent clozapine-induced myocarditis (or another
type of clozapine-induced inflammation) in the ab-
sence of genetic testing for clozapine PM status (de
Leon et al. 2022b).
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Table 1. This review in the context of scientific methodology
Scientific advancement: the theory of falsifying a hypothesis by Popper
= Psychiatrists are usually familiar (de Leon 2018b) with the idea proposed by Popper (1963) that science advances
by falsifying incorrect hypotheses.

= Popper’s model is currently considered a simplistic way of describing the advance of science. More complex
methods may be required (Haack & Kolenda 1977).

Science: Haack’s analogy of the crossword puzzle

= Haack is a US philosopher who provides a comprehensive and very reasonable way to think of science and its
limitations (Haack 2003).
= She has provided a complex analogy of how certainty in science should work by using what she calls the analogy
of the crossword puzzle (Haack 1993): “How reasonable one’s confidence is that a certain entry in a crossword
puzzle is correct depends on: how much support is given to this entry by the clue and any intersecting entries that
have already been filled in; how reasonable, independently of the entry in question, one’s confidence is that those
other already filled-in entries are correct; and how many of the intersecting entries have been filled in.”
= The reader would need to decide whether or not this comprehensive review of 50 years of clozapine literature
provides a reasonable description of clozapine-induced inflammation during titration, given the analogy of the
crossword puzzle.
Clozapine metabolism: evidence on patients with myocarditis
= The literature provides limited information on clozapine metabolism and titration for patients who develop myo-
carditis. At this time, the author has collected good naturalistic observations only from 13 cases (Ertugrul et al.
2022, Kethooenig et al. 2022). This is obviously weak evidence from the point of view of mathematical science
(de Leon 2018b).
= Psychiatrists have had little interest in collecting clozapine plasma concentrations in patients with myocarditis.
Moreover, the author has found 3 articles in which the authors did not describe the concentrations or know how to
interpret them, so he asked them for the concentration and republished the samples from New York (Rhee et al.
2019, de Leon et al. 2020c), Turkey (Anil Yagcioglu et al. 2015, Ertugrul et al. 2022) and Atlanta (Cook et al.
2015, Koenig et al. 2022). Patients were assessed for poor metabolizer (PM) status by comparing their clozapine
concentration-to-dose ratio with their controls (averages from the same ancestry group and sex-smoking subgroup).
= This review focuses on pharmacokinetic mechanisms (de Leon 2018b). Mechanistic evidence has been crucial in
the advancement of medicine since the 19" century and was defended by Claude Bernard (1927), one of the most
sophisticated medical scientists.
Clinical judgment and this review
= “Evidence-based medicine does not appear to provide an adequate scientific background for challenges of clinical
practice in psychiatry and needs to be integrated with clinical judgment” (Fava 2013).
= The reader will need to decide whether or not this comprehensive review of 50 years of literature provides a
reasonable integration of the literature by using clinical judgment.
The Editors (2005) of the Annals of Internal Medicine on narrative reviews
= “Narrative reviews are particularly useful for topics with a fragmentary evidence base, such as emerging clinical
issues, rare diseases, or new technologies.”
= The reader will need to decide whether or not this comprehensive review of 50 years of fragmented literature is
justified by the lack of available data that can be analyzed in a systematic way.
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