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Clozapine 2025 - Between Efficacy
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Clozapine has been available on the market for a very long
time, and the significance of this antipsychotic has been
characterized by highs and lows. Recently, however, evidence
is growing that clozapine is not only essential in severe treat-
ment-resistant courses of schizophrenia, but that earlier use
may be beneficial. Regardless, clozapine continues to be used
approximately eight times less frequently than actually rec-
ommended by the guidelines. This care gap can be explained
primarily by concerns about complications and the ongoing
need for close monitoring of blood counts. It is now also
slowly becoming apparent that agranulocytosis is not the big-
gest challenge in the use of clozapine.
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Introduction, Epidemiology, and Barriers

Every psychiatrist in Germany is familiar with clozapine -
hardly any state examination or, in particular, specialist ex-
amination can do without questions on this topic. The ques-
tion about agranulocytosis and the intervals for blood count
monitoring is too tempting. Tragically, however, there are now
very many psychiatrists who have never prescribed clozapine
themselves. This statement is a hypothesis that is not support-
ed by numbers, but can be extrapolated from the frequency
of clozapine prescriptions. A publication from 2017 analyzed
treatment prevalence worldwide, and in Germany the treat-
ment prevalence in the period between 2010 and 2014 was
73.2/100,000 persons per year [2]. This puts Germany at the in-
ternational average —Finland was the frontrunner with a treat-
ment prevalence of 173.2/100,000 inhabitants, which is inter-
esting because the “Finnish epidemic” (see further text) with
the documented deaths initially led to restrictions on the use
of clozapine. Internationally, clozapine is used approximately
eight times too rarely. How does this figure arise? If we assume
a prevalence of treatment-resistant schizophrenia of 39.5% [8]
and determine based on data from the USA that clozapine ac-
counts for only 4.8% of all antipsychotic prescriptions [34], this
results in an approximation of this factor of 8 for the relatively
low use of clozapine. For Germany, figures from drug prescrip-
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tion reports show clozapine prescription rates at a comparable
level (e.g., 4.6% in 2022 or 4.5% in 2023) [26]. This inevitably
raises the question of what the reasons for the low use are. It
is now well established that the reasons are particularly to be
found on the side of the treating physicians and less on the side
of the patients. A meta-analysis examined 15 studies on barri-
ers to the use of clozapine and came to interesting conclusions
[10]. On the patient side, the following barriers were found:
Refusal of blood tests

m Non-acceptance of clozapine side effects

m Age >20 years

m Pre-existing polyneuropathy

m Benign neutropenia

On the part of the treating physicians, the following barriers
were identified:

Lack of knowledge and experience in the use of clozapine
Lack of knowledge about clozapine side effects

Fear of clozapine side effects

Lack of guideline adherence

Being overwhelmed in identifying potential patients

Need for close monitoring

Of course, system factors such as the fragmented healthcare
system, which is a particular problem in Germany, or the lack
of time and financial resources for blood count monitoring
also play a role. However, it can be noted that particularly a
lack of knowledge, fear of side effects, and blood count tests are
the main barriers. Against this background, there have been a
number of publications and activities in the last 24 months that
have the potential to overcome these barriers. In the follow-
ing, these works are presented exemplarily in the context of the
clinical problem described and critically discussed.
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A Brief History of Clozapine

Clozapine was first synthesized and patented as a tricyclic sub-
stance more than 60 years ago by the Swiss company Wander
AG. Initially, it was developed with the idea of using it as an
antidepressant, but clinical studies in the 1960s soon showed
that it was more effective in the treatment of schizophrenia. In
1972, it was approved as Leponex in Switzerland, followed by
further approvals in Europe [16]. In 1975, the so-called “Finn-
ish epidemic” occurred with a total of 16 cases of acute agran-
ulocytosis with a mortality of 50% [5, 21, 44]. Subsequently,
clozapine was no longer available in many countries, even
though there were indications that not all deaths were attribut-
able to treatment with clozapine. From the mid-1980s onwards,
discussions began about reintroducing clozapine, as the sub-
stance held a special position within the group of antipsychot-
ics due to the absence of extrapyramidal motor disorders [5,
44]. The basic idea behind the design of clinical studies at the
time was that, due to its particular risk profile, clozapine had
to demonstrate its superiority not against placebo, but against
an established antipsychotic in a group of people with schizo-
phrenia and pronounced treatment resistance [6, 16, 44]. These
considerations resulted in the famous Kane study [23]. In this
study, affected persons who had not responded adequate-
ly to three different antipsychotics received, in a single-blind
design, haloperidol (mean dose 61+ 14 mg/day, which from
today’s perspective seems unimaginable) for six weeks. The
non-responders were then randomized in a double-blind de-
sign to clozapine (up to 900 mg/day) or chlorpromazine (up
to 1800 mg/day). Clozapine proved to be significantly superior
to chlorpromazine in this population [23] and subsequently
FDA approval was granted in 1989 with the known monitor-
ing criteria for clozapine. In 2002, FDA approval followed for
the treatment of suicidality in people with schizophrenia, and
in recent years it has become increasingly clear that clozapine
appears to have a distinct advantage over other antipsychotics
on many additional endpoints, and that agranulocytosis is not
the most relevant problem in its use.

Update on the Efficacy of Clozapine 2025
For a long time, it was assumed that the superior efficacy of
clozapine was limited exclusively to people with treatment re-
sistance on the endpoint of psychotic experience. This is also
where the primary indication for clozapine is to be seen. In
recent years, however, more and more findings have emerged
that allow a broad view of efficacy. In summary, we now assume
the following. Clozapine is the most effective medication espe-
cially in pharmacological treatment resistance and particularly
for the following endpoints [4, 24, 25, 29, 38, 40, 41, 43, 45, 47]:
m Reduction of positive symptoms, relapses, and rehospital-
izations
m Reduction of suicidality and overall mortality
m Reduction of aggressive behavior
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m Reduction of burdens for families and the social environ-
ment

m Reduction of direct and indirect treatment costs

Of course, the findings for each of these points differ. However,
it can be noted that especially for the first two points, extensive
evidence from large cohort and registry studies as well as me-
ta-analyses of clinical trials is available. The data for the end-
points cognition [3, 11] and negative symptoms [47] are not
convincing.

Early Use of Clozapine - Second-Line Instead of
Third-Line
The efficacy considerations mentioned in the previous para-
graph raise the question of earlier use of clozapine. According
to the prescribing information, clozapine is approved for use in
“schizophrenic patients who do not respond to other antipsy-
chotics or do not tolerate them, or patients with psychoses in
Parkinson’s disease when other treatments have been unsuc-
cessful” This treatment resistance is defined in the prescrib-
ing information as follows: “Clozapine [...] is indicated for the
treatment of treatment-resistant schizophrenia and schizo-
phrenic patients who have severe, untreatable, neurological
adverse reactions to other antipsychotics including an atypical
antipsychotic. Treatment resistance is defined as the absence
of satisfactory clinical improvement despite the use of ade-
quate doses of at least two different antipsychotics including
an atypical antipsychotic, administered for an adequate peri-
od of time” [9]. This depiction can also be found in standard
textbooks and thus the scope of application of clozapine is very
narrowly defined.

In recent years, however, there has been a growing body of

evidence and opinion that it might be useful to use clozapine

before this comprehensive resistance to therapy occurs. The
following arguments have been central to this line of reasoning

since 2013 [18, 36]:

m Clozapine is generally used too late [19]

m >20% of people with a first episode meet the criteria for
treatment resistance [8]

m In various meta-analyses, it was shown that clozapine is su-
perior to other antipsychotics not only in terms of treatment
resistance [20, 30, 37, 47]

m While response rates to the first antipsychotic treatment are
still high, response rates decline with further treatment at-
tempts with non-clozapine antipsychotics [36]

m Clozapine leads to longer intervals of remission [36]

In this context, the OPTiMIiSE study of 446 people with a

first episode of schizophrenia showed that a large proportion

achieved remission with the first treatment attempt, but that
those who did not achieve remission even after switching the
antipsychotic then benefited significantly from switching to
clozapine [22]. Indeed, clinical studies are available in which
clozapine was also investigated as a first-line treatment, and a
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meta-analysis showed that clozapine was the superior treatment
strategy in this case [32]. Finally, it was also shown meta-ana-
Iytically that young age was a positive predictor for clozapine
response [33]. Particular weight in this discussion has a Finn-
ish cohort study published in 2025 of 3000 people with a first
episode of schizophrenia with a relapse. This study showed that
a switch to clozapine significantly reduced the risk of relapse
risk compared to continuing treatment with a non-clozapine
antipsychotic or switching to another non-clozapine antipsy-
chotic [42]. Even though this is not a randomized controlled
study, this registry study deserves special recognition because
it includes all people from Finland with schizophrenia and is
therefore representative. Furthermore, these are data from rou-
tine care, which can be generalized accordingly.
Consideration of these various arguments leads to the con-
clusion that clozapine is certainly not suitable for the very
first treatment attempt (first-line). In first-line treatment, all
antipsychotics show very good efficacy in principle - here the
S3 guideline on schizophrenia therefore recommends select-
ing the antipsychotic primarily based on side effects and the
preferences of the person affected. Efficacy considerations
thus remain in the background [7, 15]. As described in the
text, use as third-line therapy according to prescribing in-
formation is certainly too late from today’s perspective. This
leaves use as a second-line therapy, i.e., after failure of the first
therapy. This strategy is currently being investigated in a ran-
domized controlled study in Germany [48] and first results
are expected at the end of 2025. However, this second-line
strategy is not covered by the approval status and would be
an off-label use of clozapine. This approach is scientifically
well justifiable, but in clinical practice the arguments should
be carefully evaluated in light of the off-label character and
explained precisely within the framework of participatory
decision-making.

The 2025 View on Complications and Side Effects
of Clozapine

The distinction between complications and side effects of
clozapine is clinically significant, as the fear of complications
in particular leads to uncertainty among prescribing physi-
cians. The main complications are known to be agranulocy-
tosis (see next section), myocarditis (with cardiomyopathy in
unfavorable courses), ileus, pneumonia, or rare events such as
clozapine-induced “drug reaction with eosinophilia and sys-
temic symptoms” (DReSS) syndrome. These complications
admittedly occur very rarely, although the incidence rates are
certainly underestimated due to underreporting, with the ex-
ception of agranulocytosis.

Side effects occur much more frequently, affect the daily lives
of those affected, and can lead to long-term somatic compli-
cations. These include sedation, weight gain, an increased risk
of metabolic syndrome, increased salivation, or orthostatic
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problems. The following is a brief summary of current devel-
opments in the areas of complications and side effects.

Myocarditis
The finding of a possible underreporting for clozapine-asso-
ciated myocarditis is striking. A few years ago, an incidence
of 1:500 was assumed here, whereas today we sometimes as-
sume an incidence of 1:25. However, this figure also does not
seem reliable given the various monitoring recommendations
currently in place. Overall, myocarditis rates are significantly
higher in countries with clear surveillance guidelines such as
Australia than in the rest of the world [17, 39]. For these rea-
sons, myocarditis screening is now recommended, although,
in contrast to the guidelines for detecting agranulocytosis, it is
not mandatory. However, since the risk of myocarditis based
on Australian data appears to be higher than the risk of agran-
ulocytosis, appropriate monitoring should nevertheless be im-
plemented across the board. Clozapine-associated myocarditis
(CAM) depends on the speed of titration, usually occurs in the
first four (up to eight) weeks of treatment, and often goes un-
recognized. Therefore, the following myocarditis screening is
recommended especially for the first four weeks:
m Before starting clozapine: C-reactive protein (CRP), tropo-
nin I or T, and an electrocardiogram
m In the first 28 days: at least every other day blood pressure,
pulse, temperature, respiratory rate; weekly (days 7, 14, 21,
28): CRP, troponin T or T.
Clinically relevant is the question of whether clozapine can be
restarted after CAM. There are new findings based on a sys-
tematic review of existing case reports [28]. This publication
describes 45 cases, of which 31 successfully re-titrated clozap-
ine after myocarditis. The key factors in this approach are good
patient education, close cardiac examinations, cardiological
co-treatment, and regular transthoracic echocardiography
(TTE). Furthermore, clozapine must then be titrated very
slowly. For example, 25 mg should only be reached after seven
days and 100 mg at the earliest after 30 days. An international
guideline for this issue is in preparation and will be published
in the course of the year. In clozapine-induced cardiomyopa-
thy, re-exposure is not possible.

Pneumonia

A new cohort study involving 61,889 cases of schizophrenia
and a follow-up period of up to 22 years showed an increased
risk of developing pneumonia for treatment with clozapine
(from 180 mg/day) [27]. However, this risk also generally ex-
isted for the comparison of treatment with antipsychotics vs.
treatment without antipsychotics. Risk doses of other prepara-
tions were, for example, quetiapine from 440 mg/day or olan-
zapine from 11 mg/day. People with schizophrenia have an
increased risk of developing pneumonia per se due to the high
prevalence of tobacco addiction and the many days of hospi-
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talization (especially in Germany). In the study mentioned,
particularly anticholinergic effects were statistically associated
with an increased risk of pneumonia [27], which in turn is very
relevant for clozapine. Other clozapine-associated risk factors
for pneumonia include neutropenia and increased salivation
with aspiration. In general, particular attention should be paid
to this complication in the hospital setting and necessary vac-
cinations (e.g., influenza, SARS-CoV-2, pneumococci) should
be offered. The unproblematic administration of vaccinations
during ongoing clozapine treatment was also shown in a recent
systematic review [1]. However, particular attention must be
paid to an increased risk of myocarditis with simultaneous ad-
ministration of an mRNA vaccine and up-titration of clozap-
ine, as has been shown in case reports[14].

Weight Gain and Metabolic Syndrome
This side effect of clozapine is well known and clozapine,
alongside olanzapine, is by far the most problematic anti-
psychotic regarding these endpoints [12, 35]. Therefore, the
above-mentioned complications should not be the cause for
concern; instead, attention should be focused on recognizing
and treating weight gain. A guideline from Ireland with strict
methodology (systematic literature search, evaluation of the
literature, GRADE methodology) recommends the preventive
administration of 1000 to 2000 mg/day metformin for antipsy-
chotics with a high risk of weight gain [13]. This recommen-
dation is certainly a paradigm shift that is not supported by
data-based evidence, but is very understandable from a clinical
perspective. Metformin is generally well tolerated - particular
attention should be paid to gastrointestinal side effects. Affect-
ed persons must be informed about the off-label indication and
about the rare risk of lactic acidosis (< 1:10,000) in the follow-
ing situations:
m Dehydration due to vomiting/diarrhea/fasting
m Initiation of antihypertensive therapy
m Treatment with nonsteroidal anti-inflammatory drugs
(NSAIDs)
m Excessive alcohol consumption
m Severe infections
Furthermore, according to the prescribing information, met-
formin is contraindicated in people with acute or unstable heart
failure and should be discontinued 48 hours prior to surgery.

Blood Count Monitoring - Do We Still Need to Be
So Strict in 2025?

Monitoring for early detection of agranulocytosis is crucial
when using clozapine according to the prescribing informa-
tion. However as already discussed, this monitoring appears to
be a particular barrier to the use of clozapine. Recently, how-
ever, there have been findings showing that monitoring needs
to be adapted. There are also efforts at the European level to
liberalize of blood count monitoring, as described below.
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From today’s perspective, according to the manufacturer’s in-
formation [30a], treatment with clozapine requires the follow-
ing:

m Before initiation: leukocytes > 3500/pl with a normal differ-
ential blood count (the control must not be older than 10
days)

m Ensuring weekly controls of the leukocyte count in the first
18 weeks, then at least once a month; after discontinuation
of clozapine, control for further four weeks

m Differential blood count: check twice per week if:
= Decrease in leukocytes by at least 3000/pl (between 2

measurements or within 3 weeks)
= Leukocyte count 3000-3500/pl

m Clozapine must be discontinued if leukocytes fall to
<3000/l and/or neutrophil granulocytes s fall to < 1500/pl

m Discontinuation is recommended in cases of eosinophilia
>3000/pl or thrombocytopenia < 50,000/pl

Last year, a large analysis from Australia and New Zealand

was published that allows a new perspective on blood count

monitoring with clozapine. This cohort consisted of 26,630

persons who received clozapine, with 2.6 million analyses of

the absolute neutrophil count. Over the course of the study,

4.3% of patients developed mild neutropenia, 1.2% developed

severe neutropenia that led to discontinuation, and 0.8% de-

veloped severe neutropenia that was unrelated to clozapine, so
clozapine was not discontinued. Severe neutropenia occurred
after a median of 17 weeks. After two years, the risk of neu-
tropenia was no longer significantly increased [31]. It can be
inferred from this study that the previous practice of placing
particular emphasis on the first 18 weeks is sensible, but that
after two years of stable clozapine use without complications,
blood count tests are actually no longer required. The Europe-
an Clozapine Task Force in 2025 proposed further arguments
for adapting the monitoring rules for clozapine (Table 1). The
reasons for this include, among others, that particularly after
one year the risk of agranulocytosis is very low (and negligi-
ble after two years), that monitoring is cost-intensive without

relevant benefits in the further course, that most cases of mild

neutropenia do not lead to agranulocytosis, and that there are

significant differences in monitoring guidelines around the

world [46].

Summary

In the last 12 months alone, numerous publications have ap-
peared that suggest an expansion of the scope of application
of clozapine and have been presented here. Nevertheless, we
still have the prescribing information in the familiar version,
and deviating from the prescribing information must be crit-
ically discussed in the case of existing risks of complications
and significant side effects associated with oft-label use. In any
case, good patient education and presentation of the scien-
tific evidence is required. Efforts at the European level by the
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Table 1. Proposals of the European Clozapine Task Force for liberalization of blood count monitoring [46]

Current SPC

Mandatory requirements for routine ~ WBC and ANC

monitoring m Baseline before initiation

m Weekly for the first 18 weeks after initiation
m Monthly regardless of treatment duration

Standard thresholds for

WBC >35 x 10%/L

ANC >2.0 x 10%/L
Leukozyten 3.0-3.5 x 10%/L
ANC 15-2 x 10%/L
Leukozyten < 3.0 x 10%/L
ANC <15 x 109/L

m Initiation/continuation

m Monitoring twice per week

m Termination

BEN-adjusted thresholds
m Initiation/continuation
m Monitoring twice per week

m Termination

Monitoring guideline after interrup-  Interruption > 3 days and < 4 weeks

tion of clozapine treatment
Interruption > 4 weeks

m Weekly for 18 weeks, then monthly

m Weekly for 6 weeks, then monthly

Task Force Proposal®

First 12 months

ANC

m Baseline before initiation

m Weekly for the first 18 weeks after initiation

m Then monthly for additional 34 weeks

After 12 months"

m ANC every 12 weeks if there has been no finding of
leukopenia or neutropenia in the first year

After 24 months®

m ANC once per year if there has been no finding of
leukopenia or neutropenia in the first two years

ANC 215 x 10%/L®

ANC 1.0-15 x10%/L¢

ANC <10 x 10%/L°

ANC 210 x 10%/L°
ANC 0.5-10 x 10%/L°
ANC < 05 x 10%/L¢

Regardless of duration of interruption

m It is not necessary to resume the weekly schedule if no
neutropenia has occurred in the medical history during
the two-year monitoring

20nly criteria for the absolute neutrophil count are given, as the majority of authors (60%) were in favor of restricting mandatory monitoring to

ANC (based on the FDA revision in 2015); however, no consensus could be reached on this point among members of the European Clozapine Task

Force. PEven if the frequency of routine mandatory monitoring is reduced, ANC must be determined immediately in case of possible signs of infec-

tion (such as fever, sore throat, oral/pharyngeal ulcers). Additional measurement of ANC may become necessary after the addition of e.g. valproic

acid to clozapine, particularly during the titration phase. ¢ FDA criteria;

ANC: absolute neutrophil count; BEN: Benign Ethnic Neutropenia — here hematological consultation may be required to confirm this suspected
diagnosis; SPC: Summaries of Product Characteristics = prescribing information; WBC: white blood cell count

Clozapine Task Force are attempting to bring about an adapta-
tion of the prescribing information, but this process will take
some time and the outcome is uncertain. Much would already
be achieved today if all people who meet the criteria for use
of clozapine according to the prescribing information were al-
ready offered clozapine. Until then, there is certainly still a long
way to go.
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