Contents lists available at ScienceDirect SREEARER™

Schizophrenia Research

FI. SEVIER

journal homepage: www.elsevier.com/locate/schres

Risk of clozapine-associated agranulocytosis and mandatory white blood
cell monitoring: Can the regulations be relaxed?

Peter F.J. Schulte®™", Selene R.T. Veerman *”, Bert Bakker ', Jan P.A.M. Bogers ¢,
Amy Jongkind >“, Dan Cohen "

@ Mental Health Services Noord-Holland-Noord, Alkmaar, the Netherlands

Y Dutch Clozapine Collaboration Group, Castricum, the Netherlands

¢ High Care Clinics, Mental Health Service Rivierduinen, Oegstgeest, the Netherlands

d Early Detection and Intervention Team, Reinier van Arkel, 's-Hertogenbosch, the Netherlands

ARTICLE INFO ABSTRACT

Keywords: After the introduction of clozapine eight Finnish patients died after developing agranulocytosis. Clozapine was
Clozapine withdrawn from the market and only reintroduced with strict mandatory white blood cell monitoring as long as
Pharmacovigilance

treatment lasts and thresholds at which clozapine must be discontinued definitively. The fear of agranulocytosis
and the need for intensive blood monitoring is the single most important barrier for prescribers and patients alike
and leads to underprescription of the only effective and approved medication for treatment-resistant schizo-
phrenia. We summarize evidence that the risk of agranulocytosis is smaller than perceived at the time of rein-
troduction, is concentrated in the first 18 weeks of treatment, is not greater than with other antipsychotics
thereafter and that frequent blood monitoring has not demonstrably decreased the rate of agranulocytosis.
Therefore we propose 1) mandatory monitoring of the absolute neutrophil count (ANC) exclusively during the
first 18 weeks of clozapine treatment, 2) that thereafter the prescriber and the well-informed patient decide
together about further monitoring frequency, 3) that clozapine treatment must be stopped if the ANC falls below
1.0 x 10°/L. Continuation of clozapine or a rechallenge are possible if prescriber and patient determine that the
benefits outweigh the risks. 4) National registries which control the haematologic monitoring are unnecessary
and do not help to reduce clozapine-induced agranulocytosis. They should at least be restricted to the first 18
weeks of clozapine use.

Weighing risks
Haematological monitoring
Agranulocytosis
Neutropenia

1. Introduction the single most important barrier for prescribers and patients alike (Gee

et al., 2017; Farooq et al., 2019; Taylor et al., 2000). There is some

Clozapine is the only effective and approved medication for
treatment-resistant schizophrenia (TRS). Unfortunately it is under-
prescribed in many countries, a lamentable situation since under-
prescription of clozapine leads to poorer clinical outcomes and
unnecessarily prolongs patients’ suffering (Bogers et al., 2016). A sys-
tematic review found that the main reason for underprescription was
concern on the part of prescribing physicians about the pharmacological
characteristics of clozapine (mandatory blood monitoring and adverse
effects) and — probably as a consequence of this concern - lack of per-
sonal prescribing experience (Verdoux et al., 2018). Undoubtedly the
fear of agranulocytosis and the need for intensive blood monitoring is

evidence that, broadly speaking, the stringency of monitoring correlates
with clozapine utilisation rates (Oloyede et al., 2022a).

In this article we will discuss the WCC and/or ANC cut-off points for
determining whether any additional risk management, including the
discontinuation of clozapine treatment with easing of restrictive hae-
matological prohibition of rechallenge, is required, and also whether the
available evidence actually justifies mandatory four-weekly WCC and/
or ANC monitoring during maintenance treatment until four weeks after
termination of clozapine treatment.
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2. Short history of clozapine and haematological risks

Clozapine was first introduced in Europe in the 1970s. Unfortu-
nately, a group of patients in Finland developed severe neutropenia,
leading to eight deaths (Idanpaan-Heikkila et al., 1975). Shortly after
this, a Sandoz-sponsored article proposed weekly haematological
monitoring for the first 18 weeks, a similar recommendation to that for
chlorpromazine at the time (Anderman and Griffith, 1977). After the
events in Finland indicating the threat of agranulocytosis, clozapine was
withdrawn from the market and only reintroduced, with mandatory
white blood cell monitoring for an indefinite period, after Kane’s land-
mark study showing that clozapine is efficacious in TRS (Kane et al.,
1988). However, the basis for determining leukocyte or granulocyte cut-
off readings to discontinue clozapine therapy and for the view that
monitoring should continue indefinitely is unclear and has in fact been
debated from the outset (Kleinerman, 1990). Moreover, the estimate at
that time that ‘approximately 1% to 2% of treated patients developed
agranulocytosis’ has been shown to be incorrect (see below) (Honigfeld
et al., 1998). Later the manufacturers acknowledged that these thresh-
olds were arbitrary and may unnecessarily restrict access to treatment
for patients with benign ethnic neutropenia (BEN) (O’Sullivan and
Lynch, 1996).

Neutropenia is generally defined as an absolute neutrophil count
(ANC) of <1.5 x 10°/L and is often classified clinically as mild (1.0 to
<1.5 x 109/L), moderate (0.5 to <1.0 x 109/L), or severe neutropenia
(<0.5 x 109/L) (National Cancer Institute, 2009; Oloyede et al., 2022b).
Most publications on clozapine and neutropenia put severe neutropenia
on a par with agranulocytosis. In this article we adhere to these defini-
tions unless otherwise stated. ANC values above 1.0 x 10°/L are
generally sufficient to provide phagocytic defence, while counts below
0.5 x 10°/L increase the risk of opportunistic infections. It should be
noted that serious infections are likely to occur at counts lower than 0.2
x 10°/L. Typically, agranulocytosis presents with fever, mouth ulcers,
and sore throat, although some patients remain entirely asymptomatic
despite very low neutrophil counts (Mijovic and MacCabe, 2020).

Recently there have been two reports linking clozapine use to hae-
matological malignancies, of which 81 % were lymphomas (Tiihonen
et al., 2022; Dawson et al., 2023). As Tiihonen et al. (2022) pointed out,
the absolute risk difference between clozapine users and users of other
antipsychotic drugs (0.2 %) is small compared with the previously
observed absolute risk reduction in all-cause mortality (10.0 %).

3. Haematological monitoring worldwide

Remarkably, the haematological threshold for discontinuation of
clozapine and the frequency and duration of haematological monitoring
vary between different countries, even though all the countries draw on
the same evidence base. An international survey of clozapine haema-
tological monitoring in guidelines or regulations found substantial dif-
ferences among the 102 countries included (Oloyede et al., 2022a). In 92
countries (90 %) routine haematological monitoring is included in
guidelines or governmental regulations, but it is mandatory in only 42
countries (45 %). For example Ruan et al. (2023) reported for China that
the package insert and the Chinese Psychiatric Association guideline do
not provide specific recommendations on the frequency and duration of
haematological monitoring. In their experience haematological moni-
toring varies from hospital to hospital. Eighty-five countries (83 %)
include both the white cell count (WCC) and the absolute neutrophil
count (ANC) in their monitoring. Sixty-two countries (61 %) recommend
clozapine discontinuation based on specific haematological thresholds.
The threshold haematological reading below which treatment inter-
ruption or discontinuation is recommended (often referred to as the ‘red
alert’) varies widely between countries, ranging from an ANC reading of
0.5 x 10°/L in Taiwan to 1.5 x 10°/L in several other countries.

The Netherlands is the only country where the guideline (since 2006)
provides the option of stopping with routine blood monitoring. If a

mentally competent and adequately informed patient explicitly wants to
stop having routine blood tests, this can be permitted after the first six
months of clozapine treatment. Nevertheless, occasional checks of white
blood cells (for instance 4 times a year) were still advised in order to
detect a continuous slow decrease of granulocytes (Cohen and Monden,
2013; Dutch Clozapine Collaboration Group, 2013; Tamam et al., 2001;
Raja et al., 2011). It should be noted that the Dutch guideline does not
overrule the national regulations. In cases that deviate from the official
regulations clozapine is prescribed off-label.

To date, this option has been applied in a minority of clozapine pa-
tients. A survey in two big Dutch mental health organizations found that
12 % of 268 and 24 % of 332 patients on maintenance treatment and
their prescribers opt for three-monthly blood tests (Michielsen, 2023;
van der Weide, 2023).

This frequency is in accordance with the recommendation of a group
of clozapine experts that during the COVID-19 pandemic blood moni-
toring could be extended from 4-weekly to 12-weekly intervals to reduce
the risk of exposure to the virus (Siskind et al., 2020). Recently a Delphi
consensus guideline from the Treatment Response and Resistance in
Psychosis (TRRIP) Working Group recommended (without further
reasoning) reducing the frequency of WCC and ANC controls to every 6
months after five years of clozapine treatment, provided there is no
previous history of neutropenia (Wagner et al., 2023).

In 2002 the European Medicines Agency (EMA) harmonised the
summary of product characteristics for the member states of the Euro-
pean Economic Area mandating that WCC and ANC must be monitored
weekly for the first 18 weeks and once every four weeks thereafter
during treatment with clozapine (European Medicines Agency, 2023;
see Supplementary Box S1 for Decision making on medicines in the
European Union). If the WCC is lower than 3.0 x 10°/L or the ANC lower
than 1.5 x 10°/L, clozapine must be stopped and rechallenge is pro-
hibited. Although BEN is mentioned, the EMA has not established
adapted thresholds for patients with this condition.

Both the EMA and the US Food and Drug Administration (FDA) state
that clozapine must be discontinued after a first haematological result
below a specified threshold (‘red alert’) but that this result should be
confirmed within 24 h (European Medicines Agency, 2023; Food and
Drug Administration, 2023). This is important to rule out laboratory
errors, morning pseudoneutropenia or transient neutropenia in people
with benign familial or ethnic neutropenia which may otherwise be
mistaken for impending agranulocytosis. Johannsen et al. (2022) found
that in 56 % of 38 neutropenic episodes with readings lower than 1.5 x
10°/L the readings were found to be normal again when counts were
repeated within one week.

In 2015 the FDA changed the treatment recommendations for clo-
zapine dramatically so that patients are able to continue clozapine
treatment with a lower ANC (FDA Drug Safety Communication, 2023).
The ANC leading to treatment interruption was lowered from <1.5 x
10°/L to <1.0 x 10°/L and WCC monitoring was ceased altogether with
monitoring limited to ANC. In addition, patients with BEN, who previ-
ously were not eligible for clozapine treatment, are now able to receive
the medicine. Moreover, the revised prescribing information facilitates
prescribers’ ability to make individualised treatment decisions if they
determine that the risk of psychiatric illness is greater than the risk of
recurrent severe neutropenia, especially in patients for whom clozapine
may be the antipsychotic of last resort (see for comparison with the EMA
regulation Table 1). The FDA expected that these changes would allow
continued treatment for a greater number of patients.

A British modelling study has confirmed this positive assumption
(Oloyede et al., 2022b): it showed that in a cohort of all 3731 clozapine
users who had been placed on the mandatory UK non-rechallenge
database between 2002 and 2021 because of ANC <1.5 x 10°/L or
WCC <3.0 x 10°/L, application of the lower FDA neutrophil thresholds
and BEN criteria would have permitted continuation of clozapine
treatment in 85 % of the cases who had to stop and were prohibited from
ever trying the treatment again except in exceptional circumstances and
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Table 1

Comparison of Leukocyte Monitoring in European Medicines Agency and US Food and Drug Administration Clozapine Guidelines.

Current EMA guideline”

Current FDA guideline”

Criteria for all Rule
clozapine

users®

general

Criteria for

clozapine users

Criteria for Rule
clozapine users

with BEN

Normal range (green alert)
WCC  >3.5 x 10%/L
ANC  >2.0 x 10%/L

Continue clozapine without change of monitoring
frequency: weekly for the first 18 weeks and once
every four weeks thereafter.

Mild neutropenia (amber alert)

Not mandatory
>1.5 x 10%/L

Not mandatory
>1.0 x 10%/L Continue clozapine without change of monitoring
frequency: weekly from initiation to 6 months, monthly

after 12 months.

WCC  >3.0and <3.5 Continue clozapine with increased monitoring Not mandatory Not mandatory
x 10°/L frequency (twice a week) until counts stabilise in
ANC >1.5 and <2.0 the range of mild neutropenia or return to normal ~ >1.0 and < 1.5 >0.5and < 1.0 General clozapine users: Continue clozapine with
x 10%/L range. x 10%/L° x 10%/L° increased monitoring frequency (3 times a week) until

Moderate or severe neutropenia (red alert)

WCC  <3.0 x 10°/L¢ Immediately stop clozapine, sample blood daily

ANC <1.5 x 10%/L.¢ until haematological abnormality is resolved,
monitor for infection. Do not re-expose the
patient. L

<0.5 x 10%/L°

Not mandatory
>0.5 x 10%/L
and <1.0 x 10%/

ANC returns to normal range and then return to patient’s
last “Normal Range” ANC monitoring interval. BEN:
recommend haematology consultation but continue
clozapine treatment with increased monitoring
frequency (3 times a week) until ANC returns to >1.0 x
10°/L or to > patient’s known baseline, once ANC >1.0
x 10°/L or at > patient’s known baseline, check ANC
weekly for 4 weeks, then return to patient’s last “Normal
BEN Range” ANC monitoring interval.

Not mandatory

General clozapine users: recommend haematology
consultation. Interrupt treatment for suspected
clozapine-induced neutropenia. Sample blood daily until
ANC >1.0 x 10°/L, then check three times weekly until
ANC >1.5 x 10%/L, once ANC >1.5 x 10°/L, check ANC
weekly for 4 weeks, then return to patient’s last “Normal
Range” ANC monitoring interval. Resume treatment
once ANC normalizes to >1.0 x 10°/L.

Recommend haematology consultation. Interrupt
treatment for suspected clozapine-induced neutropenia.
Sample blood daily until ANC is >1.0 x 10°/L (general
clozapine users) or >0.5 x 10°/L (clozapine users with
BEN), then check three times weekly until ANC > 1.5 x
10°/L (general clozapine users) or ANC > patient’s
known baseline. Do not rechallenge unless prescriber
determines benefits outweigh risks. If patient
rechallenged, resume treatment as a new patient under
“Normal Range” monitoring once ANC > 1.0 x 10°/L or
at patient’s known baseline

<0.5 x 10°/L°

ANC: absolute neutrophil count, BEN: benign ethnic neutropenia, FDA: Food and Drug Administration, EMA European Medicines Agency, WCC: white cell count.

# WCC and ANC must be monitored weekly for the first 18 weeks and once every four weeks during treatment with clozapine thereafter.

Y ANC must be monitored weekly from initiation to 6 months, every 2 weeks from 6 to 12 months and monthly after 12 months.

¢ The guideline does not specify adapted thresholds for BEN, but states: patients who have low white blood cell counts because of benign ethnic neutropenia should
be given special consideration and may be started on clozapine with the agreement of a haematologist.

4 Confirmation of the haematological values is recommended by performing two blood counts on two consecutive days: however, clozapine should be discontinued

after the first blood count.

¢ Confirm all initial reports of ANC < 1.5 x 10/L (ANC < 1.0 x 10°/L for BEN patients) with a repeat ANC measurement within 24 h.

under an off-licence agreement.
4. Call for less restrictive haematological regulations

The true incidence of life-threatening, clozapine-induced agranulo-
cytosis (LTCIA) is largely unknown, because it is assumed that the
frequent monitoring prevents patients with neutropenia from devel-
oping agranulocytosis (Taylor et al., 2022). It is also unclear whether all
patients with ANC <0.5 x 10°/L are in fact suffering from LTCIA,
because there are scarcely any accurate data on the actual number of
neutropenic sepsis episodes and consequent hospitalisations, including
outcomes such as overall survival. Moreover, there are so few longitu-
dinal data for the general population with similar frequent monitoring
that it is impossible to make a proper comparison with clozapine users.

Taylor et al. (2022) have noted that the perceived association of

clozapine with neutropenia may be a result of surveillance bias, with
intensive blood monitoring revealing random, clinically silent and non-
pathological episodes of neutropenia occurring coincidentally to the use
of clozapine. Moreover, not all agranulocytosis is necessarily caused by
clozapine. In Finland, during the week prior to the onset of agranulo-
cytosis 40 % of all reported clozapine users with agranulocytosis had
received not only clozapine, but also other medication associated with
agranulocytosis (Lahdelma and Appelberg, 2012). Other reasons for
neutropenia may be undiagnosed BEN, vitamin deficiencies (vitamin
B12 and folic acid) or viral infections.

In the light of new findings (discussed below), several authors have
called for the easing of the regulations (Lee, 1990; Zhang et al., 1996;
Schulte, 2006; Shrivastava and Shah, 2009; Nooijen et al., 2011; Lah-
delma and Appelberg, 2012; Cohen and Monden, 2013; Ingimarsson
et al., 2016; Myles et al., 2018, 2019; Siskind and Nielsen, 2020;
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Oloyede et al., 2021; Taylor et al., 2022; Leung et al., 2022).
5. Incidence and risk of neutropenia and agranulocytosis

Myles et al. (2018) examined the epidemiology of clozapine-
associated neutropenia. They included 108 studies with >450,000 pa-
tients whose blood had been monitored while they were treated with
clozapine. In high-quality studies the rate of mild neutropenia (ANC
<1.5 x 10°/L) found was 3.9 %, of agranulocytosis (ANC <0.5 x 10°/L)
0.7 % and of mortality from complications of agranulocytosis 0.013 %,
or 1 in 7700 treated patients. The case fatality rate for agranulocytosis
was 2.1 %. The authors concluded that approximately 75 % of people
developing mild neutropenia will not progress to moderate neutropenia
or agranulocytosis. These rates of neutropenia are very reassuring, given
that they are of the same order of magnitude as the point prevalence
previously reported in otherwise healthy members of the community of
between 0.4 % and 4.5 % for ANC <1.5 x 10°/L, and between 0.08 %
and 0.57 % for ANC <1.0 x 10°/L (Hsieh et al., 2007). It is interesting
that the data showed no difference in rates of agranulocytosis before and
after 1990 (at which point mandatory haematological monitoring was
introduced). The authors therefore concluded that their evidence indi-
rectly suggests that monitoring programs facilitating early clozapine
discontinuation due to mild or moderate neutropenia do not necessarily
result in reduced progression to agranulocytosis.

Another meta-analysis, including many otherwise uncovered studies
from China, supported this conclusion (Li et al., 2020). In Chinese
studies of clozapine users undergoing strict monitoring the rate of severe
agranulocytosis (ANC <0.1 x 10%/L, which suggests that these were true
LTCIA cases) was 0.4 % (95 % CI 0.3-0.6 %) and in studies of patients
without strict monitoring 0.5 % (95 % CI 0.3-0.8 %). Interestingly, the
estimated incidence at the time of the first report on clozapine-
associated agranulocytosis in Finland was also 0.4 % (eight of an esti-
mated 2000 clozapine users, 95 % CI 0.19-0.80 %) (Idanpaan-Heikkila
etal., 1975). In a reaction to the alarming Finnish report, in 1975 Sandoz
published findings on agranulocytosis among clozapine users (Griffith
and Saameli, 1975). At that time there was no extensive haematological
monitoring, so that the cases found were true LTCIA cases. In clinical
trials they found four cases of agranulocytosis in 2900 clozapine users
(0.14 %, 95 % CI 0.04-0.37 %), two of them ‘with a very questionable
causal relationship’, and from post-marketing reports in 22 countries
outside Finland 18 cases (0.3 per 1000 clozapine users).

Myles et al. (2019) also compared rates of neutropenia in controlled
studies of clozapine or other antipsychotic medications which included
subjects from initiation of clozapine or the comparator medication. The
data based on 1260 subjects exposed to clozapine (2981 person-years)
and 1596 subjects exposed to comparator antipsychotics (4942
person-years) did not support a stronger association with clozapine for
mild or severe neutropenia (agranulocytosis). The authors concluded
‘that either all antipsychotic drugs should be subjected to haemato-
logical monitoring or monitoring isolated to clozapine is not justified’.

It might be objected that a higher agranulocytosis risk with clozapine
during the first 18 weeks of treatment may become ‘diluted’ during
follow-up. The risk ratio for agranulocytosis was 1.65 (95 % CI, 0.58 %—
4.71 %) (Myles et al., 2019). Nevertheless, at least for clozapine use
thereafter the finding is valid, certainly if it is taken into account that
blood monitoring in the clozapine group in many studies was more
intensive than in the comparator group, yielding a risk of observation
bias towards a higher relative risk of neutropenia in the clozapine arm.

The reassuring findings of these systematic reviews and meta-
analyses are supported by smaller studies with different methodolo-
gies. In Iceland no WCC monitoring is mandated during clozapine
treatment. In a cohort of 201 clozapine users the median number of days
between neutrophil measurements during the first 18 weeks of treat-
ment was 25 days and thereafter 124 days (Ingimarsson et al., 2016).
Thirty-four cases of neutropenia were identified during clozapine
treatment, with an average follow-up time of 9.2 years. Most of these

cases, 24 individuals, developed mild neutropenia (ANC 1.5-1.9 x 10°%/
L). None of these progressed to agranulocytosis. The remaining ten pa-
tients developed neutropenia in a range of 0.5-1.4 x 10°/L. Three of
these patients stopped taking clozapine, while six of them continued on
clozapine for at least a year without developing agranulocytosis. Only
one 56-year-old patient developed agranulocytosis (ANC < 0.5 x 10%/
L). Clozapine was identified as the most likely contributing factor, but
since agranulocytosis occurred 28 years after the patient had started on
clozapine, unknown age-related causes cannot be ruled out. This means
that at least 30 of 34 patients with mild or moderate neutropenia failed
to develop clozapine-associated agranulocytosis, which is consistent
with the above-mentioned conclusion that approximately 75 % of peo-
ple developing mild neutropenia will not progress to moderate neu-
tropenia or agranulocytosis. Unexpectedly, in this study 410
schizophrenia patients on other antipsychotics had a similar risk of
developing agranulocytosis to those on clozapine; however, when the
outcome under scrutiny was neutrophils in the range of 0-1.9 x 10°/L
then neutropenia was associated with more frequent testing.

These results from Iceland are in accordance with other findings:
Hummer et al. (1992) showed that 22 % (95 % CI 7.5 %-36.5 %) of 68
patients on clozapine developed temporary neutropenia (<2.0 x 10°/L)
which recovered within two weeks with continued clozapine therapy.
Transient (2-5 days) neutropenia and weekly benign variations of the
neutrophil count, not necessitating the discontinuation of clozapine
treatment, have also been reported in five Asian patients (Ahn et al.,
2004). A registry-based retrospective cohort study of 520 patients using
a within-subject design to compare incidence rates of neutropenia (<1.5
x 10%/L) in 773 person-years with clozapine exposure with 1014
person-years without clozapine exposure found no significant difference
(Johannsen et al., 2022). In a database of 742 clozapine users Tirupati
and Gordon (2021) detected 37 patients with a first episode of neu-
tropenia (ANC between 1.0 and <1.5 x 10%/L) after a median treatment
duration of 31 months (range 1-143 months). After consultation with a
haematologist clozapine treatment was continued in 15 patients and in
16 others resumed after a maximum interruption of 2 days. The hae-
matologist recommended lowering the ANC red alert threshold from
<1.5 to <1.0 x 10%/L for twelve of the 31 patients. This change helped
to avoid treatment interruption in these patients. Treatment was later
discontinued in two patients with severe hepatic disease when the
counts dropped below 1.0 x 10%/L. Because these events emerged after
treatment had continued for 49 and 82 months respectively and leuko-
cytopenia, especially neutropenia, is often found in advanced chronic
liver disease (Minemura et al., 2009), it seems likely that clozapine was
not the only cause of this decline.

6. Rechallenge after red alert

Rechallenge was favourable in 128/203 patients with earlier
clozapine-associated neutropenia (63.0 %, 95 % CI, 56.0 %-69.6 %), but
only in 3/17 after agranulocytosis (17.7 %, 95 % CI, 4.7 %—44.2 %)
(Manu et al., 2018). These data were recently replicated in a large
British sample of all rechallenged patients on the biggest (mandatory)
clozapine registry (Oloyede et al., 2022b). The patients had previously
been placed on the non-rechallenge registry because of WCC <3.0 x
10°/L or ANC <1.5 x 10%/L. Rechallenge was successful in 419 of 519
subjects (81 %).

It remains unclear why a rechallenge does not lead to the same result
as with the first clozapine treatment. In the British national non-
rechallenge registry median time from initiation of clozapine to agran-
ulocytosis was considerably shorter than median time to mild or mod-
erate neutropenia (3.4 months versus 23.5 months) (Oloyede et al.,
2022b), supporting the view that the two are clinically distinct. Another
possible explanation is that clozapine was not the cause of the haema-
tological abnormalities. For example, several publications show that co-
prescribed valproate increases the risk of neutropenia and agranulocy-
tosis (Imbarlina et al., 2004; Meyer et al., 2015; Malik et al., 2018). In
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clozapine-associated neutropenia, a negative outcome of rechallenge
with clozapine is more likely in the case of very rapid onset, long
duration and long recovery time of neutropenia, and co-prescription of
valproate (Meyer et al., 2015; Silva et al., 2020). If a second blood
dyscrasia occurs, it often has a more rapid onset and is more severe and
longer lasting than the first (Dunk et al., 2006). To minimise risk, liaising
with a haematologist, slow retitration of clozapine and the use of lithium
(in cases of mild clozapine-associated neutropenia) or Granulocyte
Colony Stimulating Factor (G-CSF, in cases of moderate or severe
clozapine-associated neutropenia) to enhance haematopoiesis is rec-
ommended (Kanaan and Kerwin, 2006; Verdoux et al., 2023; Wagner
et al., 2023).

7. Risk of agranulocytosis over time and in different countries

Analysis of five cohorts of the large mandatory haematological clo-
zapine registries in the US, the UK/Ireland and Australia with 6375 up to
138,844 participants per cohort showed that the period of highest
agranulocytosis risk was between weeks 6 and 18 of clozapine treat-
ment, with incidence decreasing markedly thereafter (see Supplemen-
tary Table S1, S2 and Fig. S1) (Munro et al., 1999; Schulte, 2006). For
example, in the initial monitoring system cohorts of the US, the UK/
Ireland and Australia the agranulocytosis risk per thousand patient-
years in the first 18 weeks of treatment was 7.89, 24.8 and 8.27
respectively, decreased in week 19 to 52 to 0.59, 1.16 and 2.17
respectively, and after the first treatment year was 0.39, 0.31 and 0.52
respectively. Interestingly, there is a striking difference in the agranu-
locytosis risk in different countries, varying by a factor of three.
Nevertheless, the incidence of agranulocytosis during the first 18 weeks
of treatment with clozapine is still higher by a factor of 100 to 1000 than
the annual incidence of idiosyncratic drug-induced agranulocytosis in
the general population at 1.6-15.4 cases per million (Andres and
Maloisel, 2008). However, it should be noted that these cases in the
general population are generally not detected by frequent monitoring
and an unknown proportion may remain undetected.

Myles et al. (2018) found an overall agranulocytosis risk of 0.7 % in
all clozapine users, with only 16 % of the cases occurring after 18 weeks
and 11 % after the first year. Therefore, the risk of agranulocytosis after
18 weeks is 0.11 % and after the first year 0.077 %, similar to the risk of
agranulocytosis associated with phenothiazines: 0.083 % (95 % CI
0.3-0.20 %) in a cohort with frequent blood monitoring and 0.14 % (95
% CI <0.013-0.89 %) in an earlier cohort without regularly blood
counts (Mandel and Gross, 1968; Pisciotta, 1978).

These findings support serious doubt whether clozapine carries a
higher risk of agranulocytosis than other antipsychotics, at least after the
initial 18-week treatment period when the risk in clozapine treatment is
100 to 1000 times higher compared to other drug-induced agranulocy-
tosis. The vast majority of neutropenic events in clozapine users remit
and do not progress to agranulocytosis. At the very most, monitoring
might detect agranulocytosis somewhat earlier. However, this is prob-
ably only true for weekly or fortnightly checks, since real agranulocy-
tosis caused by clozapine at the beginning of treatment is usually a rapid
process developing from normal to ANC <0.5 x 10°/L within a week
(median 8.4 days, range 2-15 days) (Taylor et al., 2022). A slow decline
of WCC and ANC over many months may occur very rarely after years of
clozapine use, but there is no difference in risk between clozapine and
other antipsychotics (Tamam et al., 2001; Raja et al., 2011; Cohen and
Monden, 2013; Myles et al., 2019).

8. Risk of LTCIA with less haematological monitoring

If we assume that without haematological monitoring between week
19 and 52 all cases with WCC < 3.0 x 10%/L or ANC < 2.0 x 10°/L
would progress to agranulocytosis and we multiply this figure by 5 %
(which is the present-day mortality rate of drug-induced agranulocytosis
in the general population treated with intravenous broad-spectrum

antibiotic therapy and hematopoietic growth factors), the mortality
rate per 1000 patient-years if haematological monitoring were to be
stopped can be calculated to be 0.78 and 1.31 per 1000 patient-years
respectively (see Supplementary Box S2). It is clear that this calcula-
tion overestimates the risk, since in 75 % of cases mild leukopenia will
probably not progress to agranulocytosis and even cases with ANC < 0.5
x 10%/L may not be true cases of LTCIA (Myles et al., 2018; Taylor et al.,
2022). Correcting the figures for mild leukopenia by a factor of 0.25
results in lower, more reliable estimates of LTCIA mortality rates,
namely 0.34 and 0.53 per 1000 patient-years respectively. The mortality
rate without haematological monitoring after the first year of treatment
can be calculated to be roughly one half (between 0.18 and 0.29 per
1000 patient-years).

Interestingly, there is some experience with lowering the frequency
of haematological monitoring: lowering the monitoring frequency in the
US from weekly to fortnightly checks after the first 6 months showed no
increase in agranulocytosis rates (see Supplementary Table S1). In fact,
after the first year the agranulocytosis rate had decreased by more than
two thirds (from 0.39/1000 patient-years to 0.11/1000 patient-years; p
= 0.002) Schulte, 2006). And in the UK, where a change was made from
fortnightly to monthly checks after week 52 no significant differences in
the incidence of severe leukopenia and agranulocytosis were found.

During the COVID-19 pandemic 459 long-term clozapine users in a
large London National Health Service trust were included in a 1-year
mirror-image study with 12-weekly blood monitoring instead of the
usual 4-weekly monitoring and compared to 110 controls with the usual
4-weekly monitoring (Oloyede et al., 2023). There was an incidence of
four mild to moderate neutropenia events per 1000 person-years in the
intervention group, compared with nine events per 1000 person-years in
the comparison group (IRR 0.48; 95 % CI 0.002-28.15, P = 0.29). In
neither group did agranulocytosis occur. The authors concluded that no
evidence was found that the incidence of severe neutropenia increased
in those receiving 12-weekly monitoring.

9. Risks of agranulocytosis in perspective

Mortality due to agranulocytosis in clozapine users can be compared
to other risks of antipsychotics. The risk of sudden cardiac death
attributable to the use of antipsychotics is approximately 90 per 1000
person-years (Ray et al., 2009). An analysis of pharmacovigilance data
of fatal adverse clozapine reactions of the top four reporting countries
(US, UK, Canada and Australia) found that agranulocytosis was only in
the 35th place (221 cases), whereas cardiac arrest was in the 4th place
(919 cases) and sudden death in the 6th (663 cases) (De Las Cuevas
et al., 2023). To the best of our knowledge mandatory ECG controls
before and during treatment with antipsychotics have not been estab-
lished anywhere, even though this risk is at least 50 times higher than
that of mortality caused by LTCIA, if mandatory haematological moni-
toring were to be abolished after week 18 of clozapine treatment.

Furthermore, there is the risk of not being treated with clozapine or
stopping with clozapine for example because a clozapine user does not
want to comply with never-ending blood tests. Unfortunately, there are
no reasonable therapeutic alternatives for clozapine in patients with
TRS. The clinical risk for a patient of being taken off clozapine unnec-
essarily is the mean difference in clinical state between being on or off
clozapine as measured with the CGI—S, namely moderately ill or seri-
ously ill for the group as a whole (Oloyede et al., 2021). For some pa-
tients discontinuation of clozapine means a return to long-term
hospitalisation on a closed ward or high risk of suicide.

Clozapine has clear and relevant beneficial effects, as shown by
several studies: in a 20-year follow-up study of a nationwide cohort of
62,250 patients with schizophrenia clozapine was associated with the
most beneficial mortality outcome of 19 antipsychotics in terms of all-
cause (adjusted hazard ratio [aHR] = 0.39, 95 % CI: 0.36-0.43), car-
diovascular (aHR = 0.55, 95 % CI: 0.47-0.64) and suicide mortality
(aHR = 0.21, 95 % CI: 0.15-0.29) vs. non-use of any antipsychotic
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(Taipale et al., 2020). The cumulative mortality rates during maximum
follow-up of 20 years were.

46.2 % for no antipsychotic use, 25.7 % for any antipsychotic use,
and 15.6 % for clozapine use. Although a similar Danish study replicated
the antisuicidal effect of clozapine (van der Zalm et al., 2021), this study
did not find a significant difference in all-cause or cardiovascular mor-
tality between clozapine and other antipsychotic users. However, when
the study populations were restricted to patients with TRS, both in
Denmark and in the UK, the aHRs for all-cause mortality of clozapine
versus other antipsychotics were in line with the Finnish results (Wim-
berley et al., 2017; Cho et al., 2019). Several studies have found evi-
dence that all-cause or suicide mortality is increased after
discontinuation of clozapine (Walker et al., 1997; Patchan et al., 2015;
Wimberley et al., 2017; van der Zalm et al., 2021). In our opinion, in
patients with TRS the agranulocytosis risk is offset by reduced all-cause
and suicide mortality.

10. Proposal for relaxing haematological monitoring rules

To summarise, we can state that the risk of agranulocytosis with
clozapine is highest in the first 18 weeks of treatment (see supplemen-
tary table S1), but that there is no evidence that agranulocytosis occurs
more frequently with clozapine than with other antipsychotics (Myles
et al., 2019), particularly after the first 18 weeks. Frequent mandatory
blood tests do not demonstrably lower the risk (Ingimarsson et al., 2016;
Myles et al., 2018; Li et al., 2020), and reducing the frequency of blood
tests does not lead to a higher risk of agranulocytosis (Schulte, 2006;
Oloyede et al., 2023). Regulations such as those of the FDA and in
particular of the EMA unnecessarily burden clozapine users and their
prescribers and deter them from using clozapine (Verdoux et al., 2018;
Gee et al., 2017; Taylor et al., 2000; Farooq et al., 2019). Furthermore,
patients are at risk of having to stop taking clozapine unnecessarily in
case of neutropenia (Oloyede et al., 2022a; Oloyede et al., 2022b),
which increases their all-cause and suicide mortality (Walker et al.,
1997; Patchan et al., 2015; Wimberley et al., 2017; Taipale et al., 2020;
van der Zalm et al., 2021).

We have therefore formulated the suggestions listed below with re-
gard to haematological monitoring with clozapine treatment. We realise
that every choice of a specific frequency of blood tests and thresholds for
raising that frequency or discontinuing clozapine is somewhat arbitrary.

1. Exclusively during the first 18 weeks the ANC will be monitored
weekly in accordance with the FDA regulations, with separate
thresholds for BEN (see Table 1).

2. After the first 18 weeks of clozapine treatment haematologic moni-
toring is no longer mandatory. The prescriber informs the patient
about the remaining very low risk of agranulocytosis and haemato-
logical malignancies. They decide together about further monitoring
frequency of ANC or WCC respectively for these two low-risk clo-
zapine associated conditions — for instance, quarterly, yearly, or
stopping blood tests altogether. The patient is reminded that im-
mediate ANC checks are necessary if there is any clinical suspicion of
agranulocytosis. If the patient is not capable of making a treatment
decision, a legal representative or guardian will have to decide in the
patient’s best interests.

3. In accordance with the FDA regulations, clozapine treatment must be
stopped if the ANC falls below 1.0 x 10°/L (below 0.5 x 10°/L in
case of BEN). Continuation of clozapine or a rechallenge are possible
if prescriber and patient determine that the benefits outweigh the
risks. It should be borne in mind that the lower the ANC was, the
lower the chance of successful rechallenge will be.

4. So long as the clozapine regulations have not been relaxed, the
prescriber and patient may decide to adopt these propositions and
clozapine may be prescribed according to the national regulations for
off-label use.

5. Mandatory national clozapine programs such as the US Risk Evalu-
ation and Mitigation Strategy (REMS) program which registers and
monitors the blood tests of all patients on clozapine are unnecessary
and do not help to reduce LTCIA. They should at least be restricted to
the first 18 weeks of clozapine use. The majority of countries
including those of the European Union rely on the responsibility of
prescribers. Absolute compliance with strict haematological regula-
tions must be weighed against ‘patient access issues for clozapine’
which the FDA have admitted (Leung et al., 2022).

11. Conclusion

Unfortunately, there are no randomised, clinical trials comparing
mortality rates of different screening strategies for clozapine-induced
agranulocytosis. A comparison of current clozapine monitoring to
screening for cancer may help to form opinion. Broadly speaking,
medical screening is beneficial if the prevalence of the medical condition
being screened for is high, the preclinical phase for intervention is long
and the risk caused by false positive results is low. Clozapine-induced
agranulocytosis does not seem a good candidate, particularly not after
the first 18 weeks of treatment.

In our opinion the stringency of the haematological monitoring of
clozapine users is disproportionate. A better balance between risks and
benefits could be achieved by relaxing the monitoring requirements. We
are convinced that these changes would simplify clozapine monitoring
and enable more patients to start and continue treatment without
endangering their health. Furthermore, we expect that an additional
advantage of the changes would be a decrease in the exaggerated fear of
agranulocytosis in prescribers and patients and as a result an increase of
clozapine prescription, with lower all-cause and suicide mortality in
clozapine users.
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