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SUMMARY

Clozapine is the only evidence-based intervention
for treatment-resistant schizophrenia. One of the
drug’s most well-known and potentially fatal
adverse effects is agranulocytosis (severe neutro-
penia). Hence, regular blood tests are an essential
component of clozapine treatment. This article
presents a narrative review of the history, inci-
dence, potential aetiology and management of
clozapine-associated neutropenia. It gives an
overview of clozapine monitoring requirements,
including those for benign ethnic neutropenia.
We point to the growing body of evidence that
the risk of clozapine-induced agranulocytosis is
mostly confined to the first year of treatment
and that the risk of fatality is considerably lower
than previously assumed. Given the absence
of alternative evidence-based interventions for
treatment-resistant schizophrenia, we suggest
that rechallenging with clozapine should be con-
sidered in most patients with clozapine-associated
mild to moderate neutropenia who do not respond
to other treatments. A more careful risk–benefit
analysis is needed in cases of severe neutropenia
(agranulocytosis).

LEARNING OBJECTIVES

After reading this article you will be able to:
• demonstrate basic knowledge of the causes

and clinical presentation of neutropenia
• understand the risk of clozapine-associated

neutropenia and critically appraise the current
haematological monitoring requirements

• manage clozapine-associated neutropenia and
decide when to rechallenge with clozapine.
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Clozapine is the most effective and only evidence-
based treatment for treatment-resistant schizophre-
nia. Therefore, it is recommended by almost all
national and international guidelines for the above
indications (National Institute for Health and Care
Excellence 2014; Barnes 2020; Correll 2022).
Clozapine has been shown to reduce all-cause

mortality in schizophrenia, including suicide
(Meyer 2020). However, its use is associated with

a few severe, and potentially fatal, adverse effects.
As a result, it is reserved for treatment-resistant
schizophrenia and requires mandatory blood moni-
toring because of the risk of clozapine-associated
neutropenia (CAN) and agranulocytosis (CAA).
Unfortunately, this has led to clozapine acquiring a
reputation as a ‘toxic drug’. Consequently, clinicians
and patients often prefer less effective antipsychotics
at higher doses or in combination, to minimise
adverse effects. A national audit of psychosis ser-
vices in England and Wales revealed that in 2017
only 26% of patients with treatment-resistant schizo-
phrenia (described in the report as patients who
were not currently in remission) were receiving clo-
zapine (Royal College of Psychiatrists 2018).
In light of the various potential causes of neutro-

penia (including autoimmune disorders, nutritional
deficiencies, infections and medications – see
Aetiology below), pinpointing a single specific
causal factor can be challenging in individual
patients. To attribute causality to a drug the follow-
ing criteria should be met:

• the occurrence of neutropenia soon after initiation
of the medication and normalisation of the neu-
trophil count within a month after its
discontinuation

• other possible causative factors are absent (e.g.
recent viral infection, chemotherapy, radiother-
apy or history of congenital or immune-mediated
neutropenia)

• recurrence of neutropenia on rechallenge,
although such an approach cannot be taken to
identify the causative factor, owing to the asso-
ciated risk.

Globally, there are varied guidelines for the mon-
itoring and management of CAN/CAA, influenced
by past incidents of fatal adverse effects. Current
guidelines on management (in the UK and many
other countries) assume a causal link if a patient
on clozapine develops neutropenia. Hence, through-
out this article we have used the term clozapine-
associated neutropenia/agranulocytosis (CAN/
CAA) rather than clozapine-induced neutropenia/
agranulocytosis (CIN/CIA). However, it is import-
ant to make a clinical judgement about a possible
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causal link, when considering rechallenging with
clozapine.
Clozapine can lead to various blood disorders,

including neutropenia, eosinophilia and thrombo-
cytopenia. For this article, the focus will be on
neutropenia.

Neutropenia
Neutrophils are the most abundant type of granulo-
cyte in the human body, constituting 40–70% of
total white blood cells. They play a crucial role in
combating bacterial and fungal infections and their
deficiency can cause severe, potentially fatal
infections.

‘Normal’ neutrophil counts and BEN
In the UK, the normal neutrophil count range for
White individuals is 1.5–8.0 × 109/L. It is import-
ant to note that there is diurnal variation, with
counts 10–20% higher in the early afternoon.
Neutrophil countsmay also temporarily increase fol-
lowing exercise or cigarette smoking.
In certain ethnic groups neutrophil counts consist-

ently below 1.8 × 109/L have been observed. This
persistent neutropenia, referred to as benign ethnic
neutropenia (BEN), has no discernible cause or
increased risk of infection. It is a benign genetic con-
dition commonly observed in Black individuals of
African or African–Caribbean descent, and less fre-
quently in individuals from Arab ethnic groups
and Yemenite Jews. That these neutrophil counts
seem to be low may also be attributed to the fact
that the ‘normal’ neutrophil range has been estab-
lished based on White populations. Approximately
25–50% of Black people have been reported to
have BEN, which may explain why this population
is less likely to be prescribed clozapine and has a
higher frequency of reported CAN/CAA cases. A
study by Oloyede et al (2021b) reviewed patients
prescribed clozapine in two mental health trusts in
London and found that only 17% of Black patients
were registered as having BEN and were therefore
being monitored. Most of these individuals (68%)
were identified only when their neutrophil counts
were subthreshold after the initiation of clozapine
(during mandatory clozapine monitoring) or after
rechallenge, rather than at the initiation of clozapine
(Oloyede 2021a).
Diagnosing BEN involves observing persistently

low levels of neutrophils over time, while excluding
alternative causes of neutropenia, such as auto-
immune disorders, infection or other medical condi-
tions that can affect white blood cell count.
In the UK, a haematologist must confirm the diag-

nosis of BEN, whereas in the USA, a psychiatrist can
make this judgement clinically (we return to this

below, in ‘Clozapine monitoring requirements’).
Hence, if BEN is suspected then the patient should
be referred to a haematologist. The specialist
might perform a simple blood test for the presence
of ‘Duffy-null genotype’ as may alleviate the need
for unnecessary tests into alternative causes of neu-
tropenia. A positive test for the Duffy-null genotype
alongside a low neutrophil count can be used to
confirm the diagnosis of BEN. However, a negative
Duffy-null genotype test against a background of
neutropenia may not rule out BEN, since it can
have multiple causes, including but not limited to
variations in genes beyond the Duffy-null gentype
(Meyer 2020; Palmblad 2018).
Early identification and registration with BEN

monitoring systems is paramount to prevent
unnecessary discontinuation of clozapine treatment
(Oloyede 2021a).

Classification
Neutropenia is categorised as mild, moderate or
severe, with severe neutropenia regarded as agran-
ulocytosis (Table 1). Infection risk rises significantly
when neutrophil counts drop below 0.1 × 109/L,
and a group of haematologists considers a count
below 0.1 × 109/L with fever or signs of sepsis as
true agranulocytosis (Rattay 2021).

Aetiology
Neutropenia can be classified as congenital,
acquired or hereditary (Table 2). The most
common cause of acquired neutropenia is pharma-
ceutical agents and it is more common in elderly
patients and those managed with polypharmacy.
Assessing the incidence and aetiological pathway
of neutropenia is challenging owing to its rare occur-
rence as an adverse effect. Generally, if discontinu-
ation of a drug leads to improvement in neutrophil
counts and re-exposure leads to recurrence of neu-
tropenia, it suggests that the drugmay be a causative
factor, as seen with clozapine. Viral infections are
the most common cause of transient neutropenia.
Although cytotoxic drugs often cause dose-

dependent neutropenia, clozapine, and other drugs
such as carbimazole, valproate, carbamazepine,
lamotrigine and mirtazapine, cause idiosyncratic

TABLE 1 Classification of neutropenia

Neutrophil count

Mild 1.0–1.499 × 109/L
Moderate 0.5–0.999 × 109/L
Severe (agranulocytosis) <0.5 × 109/L

Sources: Myles et al (2017); Rattay & Benndorf (2021)
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dose-independent neutropenia thought to be
immune-mediated (Rattay 2021).

Monitoring
Monitoring blood is crucial for managing drug-
induced neutropenia, especially when incidence
rate is high. Its aim is to detect and discontinue the
offending agent promptly, to prevent neutropenia
from progressing to agranulocytosis and associated
complications. In cases of drug-induced agranulo-
cytosis, the recovery of neutrophil counts can take
an average of about 9 days after the withdrawal of
the offending agent. During this period, appropriate
preventive measures should be taken to avoid infec-
tion (Pick 2014).
Most cases of drug-induced neutropenia occur

soon after the initiation of the medication. There is
no unanimous agreement regarding the optimal dur-
ation for monitoring. Some recommendations
propose setting the monitoring duration based on
the median time of neutropenia onset (based on the
available evidence), along with an additional safety
margin, subjectively determined.

Clinical presentation
At the outset, individuals with neutropenia show no
symptoms. However, later on, they may experience
fever, sore throat, difficulty swallowing and inflam-
matory mucosal lesions due to opportunistic infec-
tions. Agranulocytosis is a medical emergency that
can be fatal if not effectively managed. Previously,
agranulocytosis had limited treatment options and
high mortality rates. However, current monitoring
practices enabling early identification and improved
treatment options have reportedly significantly
reduced the rate of fatality from 20 to 5% (Pick
2014); mortality increases with age and is also
affected by associated comorbidities (Curtis 2017).

Clozapine-associated neutropenia and
agranulocytosis
Clozapine is a leading cause of drug-induced neutro-
penia and agranulocytosis, resulting in varying
degrees of mandatory monitoring across the world.

History
Clozapine was initially developed in 1959 by
Wander AG as an antidepressant with antipsychotic
properties. It faced challenges in 1975 in Finland
(Crilly 2007), when 18 patients receiving the drug
for psychosis developed blood disorders, with 16
confirmed agranulocytosis cases, resulting in 8 fatal-
ities complicated by secondary infection. These
adverse effects occurred within the first 3 months
of clozapine initiation, leading to its withdrawal
from the market and halting its development pro-
gramme. The sudden cluster of agranulocytosis
cases occurred in 6 out of 62 hospitals.
Investigations into potential factors, including gen-
etics or environmental influences such as irregular
dosing patterns or drug impurities, failed to
provide any explanation at the time. Many patients
relapsed on clozapine cessation and did not improve
on another antipsychotic. Therefore, clozapine con-
tinued to be available on a compassionate basis.
Owing to its superior efficacy compared with other
antipsychotics in people with treatment-resistant
schizophrenia, recognising clozapine’s potential,
the Sandoz pharmaceutical company approached
the US Food and Drug Administration (FDA) to
conduct a clinical trial specifically targeting that
population. The FDA required strict blood monitor-
ing to address concerns regarding agranulocytosis
risk (Crilly 2007).
Kane et al (1988) conducted a rigorous trial that

proved clozapine’s superiority over chlorpromazine
in treating TRS, leading to its FDA approval in
1989. To address concerns regarding neutropenia,
Sandoz implemented the Clozaril® Patient
Monitoring System. This established strict blood
monitoring and discontinuation rules, with a ‘no
blood, no drug’ policy enforced in many regions,
ensuring medication dispensing only if there were
satisfactory blood results.
Data over the following years indicated that the

risk of CAA was highest during the initial 18
weeks to a year, decreasing significantly thereafter.
As a result, the USA FDA modified its monitoring
requirements in 1997, shifting from weekly to fort-
nightly after 6 months. In 2005 it moved to

TABLE 2 Common causes of neutropenia

Congenital Acquired Hereditary

Kostmann syndrome
Cyclic neutropenia

Drug-induced: cytotoxic chemotherapy, clozapine, chlorpromazine, quetiapine,
valproate, carbamazepine, lamotrigine, mirtazapine, mianserin, carbimazole,
acyclovir, ampicillin, amoxicillin/clavulanic acid, cefotaxime, ceftriaxone,
cefuroxime

Benign ethnic
neutropenia

Nutritional deficiency: vitamin B12, folate
Viral: Epstein–Barr virus, cytomegalovirus, hepatitis, HIV, influenza
Malignant: leukaemia, lymphoma, myelodysplasia
Hypersplenism
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monthly monitoring after 1 year. Further amend-
ments were made in 2015, with the removal of the
requirement to monitor the total leukocyte count,
as in CIN and CIA only neutrophil counts are
affected. In addition, the ANC threshold for cloza-
pine discontinuation was reduced and a statement
was included that in certain cases, clozapine can
be continued if the risk–benefit analysis favours
this despite neutropenia. Oloyede et al (2022)
assessed the implications of the revised US FDA cri-
teria for the UK. They reported that only a small
proportion (15%) of patients on the UK’s
Clozapine Central Non-Rechallenge Database
(CNRD) would have discontinued clozapine, and
they therefore called for an urgent review of the
criteria.
In the UK, the Medicines and Healthcare pro-

ducts Regulatory Agency (MHRA) also approved
clozapine in 1989. Guidelines were updated in
2002 to account for benign ethnic neutropenia
(BEN), and in 2013 the criterion for required cloza-
pine cessation and registration on the Clozapine
Central Non-Rechallenge Database was changed
from a single ‘red’ result on the ANC to an ANC
red result confirmed by two consecutive tests (see
‘Clozapine monitoring requirements’ below).
Since then, monitoring requirements have
remained unchanged.
We discuss the current UK andUS bloodmonitor-

ing and discontinuation rules more fully in the
section ‘Clozapine monitoring requirements’.

Risks of CAN/CAA
Myles et al (2017) reviewed 108 studies, involving
450 000 patients, from over 30 years of worldwide
clozapine usage, reporting the incidences of CAN
and CAA as 3.8 and 0.9% respectively. As men-
tioned above, neutropenia in clozapine-treated
patients may not always be directly caused by cloza-
pine itself. Transient viral infections or concurrent
medications can also trigger neutropenia. Sodium
valproate co-prescription doubles the risk of cloza-
pine discontinuation due to neutropenia (Malik
2018). Proton pump inhibitor co-prescription has
a similar effect (Gurrera 2022). CAN might be
prone to overdiagnosis because of surveillance bias
(Taylor 2022), stemming from the misguided and
cautious belief that every non-specific or sporadic
episode of neutropenia must be linked to the use of
clozapine, with the result that current UK and US
guidelines mandate discontinuation of clozapine in
all cases of neutropenia. However, this is not the
case in Australia and New Zealand, where clozapine
can be continued in cases of CAN not thought to be
causally related to clozapine (Northwood 2024).
Therefore, it is important to clinically differentiate

CAN/CAA from clozapine-induced neutropenia/
agranulocytosis (CIN/CIA), based on temporal cor-
relation, onset during the high-risk period and
absence of any other likely explanations.
In China, where clozapine has been used more

extensively, including for non-treatment-resistant
schizophrenia, a study has reported a CAA incidence
of 0.2%, which is lower than the global average
(Tang 2008). When interpreting these variations,
it is important to consider genetic differences and
disparities in monitoring practices.
Most patients who develop CAA do so within a

month of starting clozapine, and approximately
89% of those who develop it do so within the first
year. After 1 year, the risk of CAA diminishes to a
negligible level, on a par with other antipsychotics
(Myles 2018). Isolated cases of late-onset events
have been reported years after clozapine initiation.
Such occurrences have led to the suggestion that clo-
zapine may not be the direct cause in these cases.
Consequently, over the past decade, there have
been increasing debates about the issue of manda-
tory long-term monthly monitoring (Myles 2018;
Nielssen 2020).
At present there are limited data indicating how

many patients with CAN would progress to CAA,
as in most countries clozapine is withdrawn at the
onset of CAN. Based on incidence data, Myles et al
(2018) estimated that 75% of patients with mild
CAN would not progress to CAA. In Iceland,
where clozapine monitoring is less stringent com-
pared with the UK, Ingimarsson et al (2016) retro-
spectively followed up 10 patients with mild
neutropenia: 1 developed CAA, 3 discontinued clo-
zapine, and 6 continued clozapine for at least a
year, without progression to CAA. Currently, there
are no predictors of the progression from CAN to
CAA. Therefore, CAN should not be assumed to be
an initial phase of CAA. Hence, concerns have
been raised in the UK regarding the premature dis-
continuation of clozapine because of red results.

Aetiology of CAN/CAA
The aetiology of CAN and CAA remains elusive,
despite efforts to understand the pathophysiological
processes and identify high-risk patients. Several
sound studies have reported potential associations
with specific human leukocyte antigens (HLA-
B38, DR4, DQw3, DQB1), indicating increased sus-
ceptibility to CAA/CAN. Such haplotypes were
expected to help identify high-risk patients and
adjust monitoring frequencies accordingly.
However, current evidence lacks the robustness
required to support such changes and therefore
more research is required (Mijovic 2020).
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Clozapine affects both myeloid precursor cells and
mature neutrophils. Evidence indicates that CAN
and CAA are primarily caused by the activation of
clozapine into a chemically reactive nitrenium ion
or its metabolite (N-dimethyl clozapine). These can
induce neutropenia through direct toxicity or by
triggering an immune reaction, or possibly both.
The immune mechanism is supported by the associ-
ation with specific HLA haplotypes and the observa-
tion that some patients experience a more rapid
onset of CAA on rechallenge (Mijovic 2020).
The observation that, in most cases, CAN will not

progress to CAA implies that CAN may not be an
initial stage in the pathological process leading to
CAA. This creates a potential for CAN and CAA to
be understood as separate pathologies. CAN primar-
ily affects peripheral neutrophils, while CAA affects
both peripheral neutrophils and their precursors
(Gurrera 2022). Furthermore, not all people with
CAA experience serious or life-threatening conse-
quences: a proportion see spontaneous normalisa-
tion of neutrophil counts without significant
clinical sequelae (Taylor 2022).
Taylor et al (2022) reviewed the pattern of neutro-

penia in cases of life-threatening CAA with a rapid
decline to zero/near zero neutrophils. These were
associated with signs of infection, hospital admis-
sion and/or treatment with antibiotics or granulo-
cyte colony-stimulating factor (G-CSF). Time for
neutrophils to fall from an absolute neutrophil
count (ANC) >2 × 109/L to <0.5 × 109/L averaged
8.4 days (range 2–15 days), with prolonged nadir
and delayed recovery. This pattern differed from
non-life-threatening CAA, where neutropenia epi-
sodes were brief and benign. These findings may
help in identifying patients requiring immediate
care escalation because of a high risk of decline.

Clozapine monitoring requirements
Blood monitoring for patients prescribed clozapine
serves a secondary prevention purpose. It helps
identify neutropenia early, allowing prompt discon-
tinuation of treatment.
Current UK and US clozapine monitoring require-

ments are outlined in Table 3. In both countries, test
results are evaluated using a traffic-lights system of
green, amber and red, although the specific thresh-
old counts are different for the countries and, as
mentioned above, the USA does not require moni-
toring of the total white blood cell count.
Three brands of clozapine are sold in the UK

(Clozaril®, Denzapine® and Zaponex®) and the three
marketing authorisation holders of these brands
are responsible for blood monitoring via their
respective systems (the Clozaril Patient Monitoring
Service, Denzapine Monitoring System and

Zaponex Treatment Access System). Current
requirements mandate blood monitoring by the
monitoring service specific to the clozapine brand
prescribed. If a patient develops a red result (ANC
<1.5 × 109/L) confirmed by two consecutive tests,
clozapine must be discontinued. These patients
should not be retried on clozapine and are registered
on the UK’s CNRD, which is shared by the market-
ing authorisation holders. Between May 2002 and
March 2022, 3731 patients were registered on the
database (Oloyede 2022).
Monitoring requirements vary significantly glo-

bally, ranging from strict monitoring with 18
weeks of in-patient admission in Japan to nomanda-
tory monitoring recommendations in many other
countries (Bachmann 2017; Oloyede 2023a).
However, most guidelines suggest discontinuing clo-
zapine at an ANC between 0.5 × 109/L and 1.5 ×
109/L (Nielsen 2016). Countries without mandatory
blood tests have not reported any clusters of CAA-
associated fatalities. Additionally, during UK
COVID-19 restrictions, monitoring requirements
were relaxed, from monthly to 3-monthly blood
tests, for long-term clozapine patients without
increased observed risks of CAN/CAA (Oloyede
2023b). Similarly, The Netherlands Clozapine
Collaborative Group allows blood monitoring to
be stopped or done at 3-month intervals after
6 months of initiating clozapine (off-label), and
they have not reported any increased CAA risks
(Schulte 2020).
Girardin et al (2014) examined the cost-effective-

ness of monitoring in the UK, Europe and USA,
revealing that these requirements improved
quality-adjusted survival by just 1 day. In addition,
over 5000 patients need to bemonitored to prevent a
single death, at an incremental cost-effectiveness
ratio of at least $970 000 per quality-adjusted life-
year gained. These findings highlight the substantial
cost associated with current monitoring guidelines.
Nevertheless, mandatory monitoring guidelines

have substantially reduced the mortality rate asso-
ciated with CAA, which has decreased from 0.3 to
0.01% worldwide owing to rigorous blood monitor-
ing and prompt discontinuation in cases of neutro-
penia (Electronic Medicines Compendium 2023).
Thus, the absolute risk of a fatal outcome is very
low. A systematic review and meta-analysis calcu-
lated that the risk of death from CAA is approxi-
mately 0.013% – or 1 in 7700 patients (Myles
2018). Until 2021, the UK had reported eight fatal-
ities due to CAA (Oloyede 2021a).
The other drugs known to cause agranulocytosis,

such as antithyroid medications (carbimazole, pro-
pylthiouracil) and antibiotics (sulphonamides, peni-
cillin, cephalosporins), are not subjected to strict
monitoring. The risk of agranulocytosis associated

Management of clozapine‐associated neutropenia

BJPsych Advances (2024), page 1 of 11 doi: 10.1192/bja.2024.51 5

https://doi.org/10.1192/bja.2024.51 Published online by Cambridge University Press

https://doi.org/10.1192/bja.2024.51


with clozapine is not as high as once assumed and
fatality is low. Moreover, as CAA onset is fairly
rapid, the reliability of monthly blood tests to pick
up CAA in an early stage is questionable (Taylor
2022). The need for regular blood tests and concerns
about agranulocytosis are frequently cited reasons
for the underutilisation of clozapine (Bogers 2016).
Therefore, there is growing recognition that the
current monitoring requirements in the UK are
overly rigid and warrant review by the MHRA.
Oloyede et al (2023a) compared monitoring guide-
lines across different countries and found that strin-
gent requirements were associated with decreased
clozapine utilisation and increased healthcare costs

for managing schizophrenia. Concerns have also
been raised about a narrow focus on the risk of neu-
tropenia, neglecting other significant and potentially
fatal adverse effects, such as constipation and pneu-
monia-induced toxicity, which may be causing more
harm to patients.
In summary, current monitoring guidelines in the

UK are outdated and may be hindering the optimal
use of clozapine. There is a need for simpler
and more proportionate monitoring guidelines
that reflect clinical significance and risks.
Nevertheless, it remains essential to adhere to the
existing guidelines until new recommendations
are established.

TABLE 3 Clozapine monitoring requirements and guidance in UK and USA

Green result Amber result Red result Comments

UK
BEN must be diagnosed by

a haematologist.
Total WBC >3.5 × 109/L

Adjusted for BEN:
>3.0 × 109/L

3.5–3.0 × 109/L
Adjusted for BEN:
3.0–2.5 × 109/L

<3.0 × 109/L
Adjusted for BEN:
<2.5 × 109/L

Neutrophil count
(ANC)

>2.0 × 109/L
Adjusted for BEN:
>1.5 × 109/L

2.0–1.5 × 109/L
Adjusted for BEN:
1.5–1.0 × 109/L

<1.5 × 109/L
Adjusted for BEN:
<1.0 × 109/L

Frequency of
monitoring

Weekly up to 18
weeks.
Fortnightly up to
52 weeks (1 year).
Monthly
thereafter.

Increase to biweekly monitoring. Increase to daily monitoring.

Recommended
action

Continue clozapine. Continue clozapine.
Return to normal monitoring
frequency once green result is
obtained.

Stop clozapine.
Patient must have daily blood sampling and may only
commence clozapine once two green results have been
obtained on two consecutive days.
Two consecutive red results (severe neutropenia/
agranulocytosis): do not rechallenge, register patient
on the CNRD.

USA
BEN can be diagnosed by a

psychiatrist or
haematologist.
Total WBC not
required.

Neutrophil count
(ANC)

>1.5 × 109/L
Adjusted for BEN:
>1.0 × 109/L

1.5–1.0 × 109/L
Adjusted for BEN:
1.0–0.5 × 109/L

<1.0 × 109/L
Adjusted for BEN:
<0.5 × 109/L

Frequency of
monitoring

Weekly up to 26
weeks.
Fortnightly up to
52 weeks (1 year).
Monthly
thereafter.

Increase monitoring to 3 times per
week.

Increase to daily monitoring.

Recommended
action

Continue clozapine. Continue clozapine.
Return to normal monitoring
frequency once ANC is within
the normal range.

Stop clozapine.
Consult haematology for suspected CAN.
Moderate neutropenia: daily blood sampling,
commence clozapine once ANC normalises.
Severe neutropenia (agranulocytosis): daily blood
sampling, do not rechallenge unless prescriber
determines appropriate with a risk–benefit analysis.

ANC, absolute neutrophil count; BEN, benign ethnic neutropenia; CAN, clozapine-associated neutropenia; CNRD, Clozapine Central Non-Rechallenge Database; WBC, white blood count.
Sources: Electronic Medicines Compendium (2024); US Food and Drug Administration Drug Approvals and Databases (n.d.).
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Management of patients with CAN and CAA
Patients and their families considering clozapine
should receive comprehensive information regard-
ing the risks of CAN and CAA, along with country-
specific guidance on discontinuation. This informa-
tion should be periodically reiterated, particularly as
clozapine is often prescribed during periods of acute
illness.
In the UK and USA, if blood monitoring returns a

red result (Table 3), the blood test should be
promptly repeated, preferably in the afternoon, to
avoid the morning nadir in the neutrophil count
(Gurrera 2022). If confirmed, clozapine discontinu-
ation is mandatory. A thorough assessment of the
risks and benefits specific to the patient should be
documented, considering other aforementioned
potential causes of neutropenia, and ruling out
BEN. Daily blood monitoring should continue
until neutrophil counts normalise, and consultation
with a haematologist is recommended for cases of
CAA.
Discontinuing clozapine carries a high risk of cho-

linergic rebound and relapse of schizophrenia,
necessitating informed patient and family involve-
ment in risk management planning.
Early discontinuation of clozapine leads to rapid

normalisation of neutrophil counts in most cases of
CAN/CAA. However, patients with CAA are at an
increased risk of infection, warranting precautions
to minimise infective exposure. Depending on
the severity and duration of neutropenia,
hospital admission (psychiatric or acute setting)
should be considered in consultation with a
haematologist.
In specific cases where another causative agent is

reasonably suspected, such as recent viral infection
or ongoing chemotherapy, a lower threshold for
clozapine discontinuation can be agreed in consult-
ation with the marketing authorisation holder,
although this would be regarded an off-label
prescription.
The management of agranulocytosis encom-

passes preventive measures to reduce infection
risk, prompt and intensive treatment of bacterial
infections using antibiotics, and the potential util-
isation of lithium and/or granulocyte colony-
stimulating factor (G-CSF) to boost neutrophil
counts.
Unfortunately, evidence-based treatment options

for people with TRS who have discontinued cloza-
pine remain limited. The choice of antipsychotic
treatments should be guided by a thorough assess-
ment of previously used antipsychotic medications,
considering both their efficacy and any adverse
effects. Limited evidence suggests a potential role
for olanzapine, owing to structural similarities with

clozapine, but a potentially more effective option is
clozapine reintroduction (Luykx 2020; Gannon
2023). Therefore, if a patient fails to respond
adequately to other antipsychotic drugs within a rea-
sonable time frame, consideration should be given to
clozapine rechallenge.

Clozapine rechallenge following a
neutropenic episode

Currently, neutropenia is considered a contraindica-
tion for clozapine prescribing, making rechallenging
with clozapine an ‘off-label’ prescription in the UK
(Joint Formulary Committee 2023). Prescribers
must obtain permission from the marketing author-
isation holder and follow local governance pro-
cesses. This includes discussing the risks and
benefits with patients, their families and other
health professionals involved in care. Owing to the
risk of adverse effects resurfacing, rechallenges
should take place in an in-patient setting with
close blood monitoring, such as twice weekly for
the initial 10 weeks (Dunk 2006). Consultation
with a haematologist is advisable (Silva 2021). As
CIN or CIA are probably immune-mediated
adverse effects, starting with a lower clozapine
dosage and slowly titrating it up is prudent.
Most evidence for rechallenges comes from case

reports and case series rather than formal clinical
trials, limiting the reliability of conclusions, espe-
cially after CAA episodes. Consequently, rechal-
lenges are met with uncertainty and limited
guidelines. However, as previously stated, CAN
may not indicate a persistent pathological process,
and patients may not progress to CAA even if they
continue clozapine. Therefore, the risk of developing
CAA is relatively low, and clozapine can be discon-
tinued if neutropenia reappears. On the other hand,
the risk of recurrence is significantly high in cases of
CAA (especially if clozapine was the likely explan-
ation for the initial episode of agranulocytosis).
Therefore, rechallenge following CAA is generally
not recommended (Manu 2012; Meyer 2020).
The decision to pursue rechallenge, following an
episode of CAA, should always be based on careful
risk–benefit analysis and patients should be sub-
jected to strict follow-up conditions (Corbeil 2023).
Dunk et al (2006) reviewed patients in the UK and

Ireland registered with the Clozaril Patient
Monitoring Service from 1998 to 2003.
Approximately 53% were rechallenged following
blood disorders, with a 62% success rate. Where
neutropenia recurred, it was more rapid and severe
than the sentinel event, occurring mostly within 10
weeks of clozapine reintroduction. However, all
patients who discontinued clozapine and recovered
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within 20 days of the neutropenic episode avoided
fatality. As one can expect, rechallenge was found
to be more successful in those where an alternative
cause of neutropenia could be identified. Oloyede
et al (2022) reported even higher success rates
based on finding from the UK’s CNRD between
2002 to 2021, where 519 (16%) patients were
rechallenged, with a success rate of 81%
(419 patients). Higher success rates have been
reported following a period of CAN than following
CAA (Manu 2012).
Box 1 lists some general factors to be taken into

consideration when deciding whether to rechallenge.
Rechallenge options include clozapine alone or in
combination with lithium and/or G-CSF, in an
attempt to boost the ANC. Since there is limited lit-
erature and no comparative studies, decisions
regarding these options should be tailored to each
patient.

Rechallenge with clozapine alone
Following a neutropenic episode, patients who have
a comparatively lower risk of developing CIA, such
as those with a history of CAN, the presence of
other potential causative factors (e.g. viral infection,
other medications) or late-onset CAN, may be con-
sidered for clozapine monotherapy. However, pre-
dicting the risk of an individual case is challenging,
necessitating close monitoring of the ANC for all. If
the ANC declines, the addition of G-CSF or lithium
can be considered.

Rechallenge with the support of G-CSF
G-CSF treatment rapidly corrects and sustains the
ANC, within 4–24 h. This is through the shortening
of the transit time of developing granulocytes
through the bone marrow compartment, accelerat-
ing the release of neutrophils that have undergone
recent cell division. The various types of G-CSF

now available have revolutionised the management
of carcinomas, by mitigating cytotoxic drug-
induced neutropenia.
Two strategies are employed for preventing or

managing CIN/CIAusing G-CSF: prophylactic
(regular administration regardless of ANC) or as
required (administered when ANC declines). Myles
et al (2017) conducted a systematic review of 17
reports on clozapine rechallenge with G-CSF
support (either alone or co-prescribed with
lithium), involving 30 patients with CAN. The
overall success rate was 76%, although patients co-
prescribed lithium had a slightly lower success rate
compared with those taking G-CSF without lithium
(60 v. 81%). Most patients were followed up for
over a year; however, no significant predictors of a
successful rechallenge were identified. Overall, the
authors favoured the prophylactic strategy, owing
to improved patient adherence and the avoidance
of delayed intervention for neutropenia. Recently
Corbeil et al (2023) conducted another systematic
review and reported 76% success rate of clozapine
rechallenge supported by G-CSF in cases of CAN.
They did not find any significant difference
between the two administration strategies. They
found that five out of six patients with CAA were
also successfully rechallenged with concurrent G-
CSF administration.
Filgrastim, a commonly used G-CSF, is ideally pre-

scribed under the specialist care of a haematologist. It
has a favourable adverse effects profile (commonly
encountered adverse effects are transient bone
pain, discomfort at the injection site and exacerbation
of pre-existing inflammatory conditions).
Hypersensitivity to G-CSF is the only contraindica-
tion to use. In the prophylactic strategy, it is typically
administered one to three times weekly at a dose of
approximately 5 μg/kg, with the dosing frequency
adjusted to maintain the ANC within the normal
range (1.5–8.0 × 109/L). After a year of stable
ANCs and no neutropenic episodes, consideration
can be given to discontinuing G-CSF. If neutropenia
recurs, G-CSF can be restarted. There are no signifi-
cant long-term adverse effects associated with its use.

Rechallenge with the support of lithium
Lithium is known to induce leucocytosis, hence its
place in the correction of a low ANC and prevention
of discontinuation of clozapine secondary to neutro-
penia. Unlike G-CSF, lithium is frequently pre-
scribed by psychiatrists, who are familiar with its
adverse effects and monitoring protocol, and so
feel more comfortable prescribing it.
The precise mechanism behind lithium-induced

leucocytosis remains unclear but may involve the
stimulation of granulocyte–macrophage colony-

BOX 1 Factors to consider in deciding whether
to rechallenge with clozapine following
an episode of clozapine-associated
neutropenia/agranulocytosis

• Severity of schizophrenia and associated risks

• History of response to clozapine and other antipsychotic
drugs

• Response to alternative treatment, after the discontinu-
ation of clozapine

• Severity of neutropenia and associated complications

• Possible link with clozapine – temporal relationship,
onset within the high-risk periods and likelihood of
other explanations
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stimulating factor (GM-CSF) or other cytokines
(Mattai 2009). On average, lithium can increase
the ANC by 88% of the baseline value (Focosi
2009). However, the hematopoietic effects may
take 2–3 weeks to manifest, and therefore its use is
reserved for prophylactic treatment only.
Boazak et al (2018) examined 27 articles involv-

ing 94 patients taking lithium to support clozapine
rechallenge. The reported success rate was 87.2%
(82 out of 94 patients). Two patients who discontin-
ued lithium after a successful rechallenge experi-
enced neutropenia. This suggests that lithium may
mask the occurrence of CIN/CIA, emphasising the
need for careful ANC monitoring on lithium discon-
tinuation. If CIN/CIA develops, lithium can be rein-
troduced or neutrophil levels can be managed with
G-CSF.
When commencing lithium therapy, it is recom-

mended to begin with lower dosages
(300–400 mg/day), adjusting the dose as required
to achieve a serum level of at least 0.4 mmol/L
(Blier 1998). Adjustment should be based on
observed response to the therapy within 3 weeks fol-
lowing each change in dose, up to a serum level of
1.0 mmol/L (Meyer 2020). The precise relationship
between serum lithium levels and leucocytosis
remains undetermined and therefore the optimum
dose needs to be determined on a case-by-case basis.

Rechallenge with the support of both G-CSF and
lithium
The evidence supporting this approach is very
limited. Therefore, it should be reserved for patients
for whom other strategies have proven unsuccessful.
In their systematic review Manu et al (2012)
reported a success rate of 94%, although as men-
tioned above, in a later review Myles et al (2017)
reported less impressive results (a 60% success
rate), concluding that the combination may be less
effective than G-CSF alone. However, these findings
are based on a limited number of case reports/series,
rendering it difficult to draw firm conclusions.

Conclusions
There is no doubt that neutropenia and agranulo-
cytosis are significant adverse effects of clozapine
that require close monitoring and management.
However, an excessive focus on these and a failure
to adjust the monitoring requirements proportion-
ately based on the available evidence may be
causing more harm than benefit to patients.
Current monitoring guidelines are overly strict and
often lead to premature and unnecessary discontinu-
ation of clozapine, the most effective antipsychotic
for treatment-resistant schizophrenia, in a sig-
nificant number of patients. Since alternative

evidence-based treatment options for treatment-
resistant schizophrenia are limited, clozapine rechal-
lenge should be a consideration (especially in cases
of mild to moderate neutropenia), as it has reported
success rates of up to 80%. Unfortunately, only a
small proportion of patients in the UK are currently
rechallenged with clozapine following neutropenia,
leaving many on medications that result in uncon-
trolled or only partially controlled schizophrenia.
Nevertheless, there remains a lack of comprehensive
evidence and guidance to support rechallenges.
Prospective studies are needed to determine effective
patient selection criteria and evaluate the compara-
tive effectiveness of available management options
and rechallenge protocols.

Key learning points
• ‘Red’ results on blood tests might not indicate a

serious pathological process.
• Most patients with a red test result would not

develop agranulocytosis.
• The risk of newly emergent agranulocytosis after

the first year of clozapine treatment is minimal
and probably equivalent to other antipsychotic
drugs.

• Late-onset neutropenia might not be related to
clozapine.

• Most patients who develop clozapine-associated
neutropenia can be successfully rechallenged on
clozapine, with or without the support of lithium
and G-CSF.

• Rechallenge with the support of lithium and
G-CSF can also be considered, after careful risk–
benefit analysis, following clozapine-associated
agranulocytosis.

Data availability
Data availability is not applicable to this article as
no new data were created or analysed in this study.

Authors contributions
S.G. and A.B. reviewed the literature and wrote the
initial draft of this article. S.N. and B.S. contributed
to the revision of the initial draft. All authors
approved the published version.

Funding
None

Declaration of interest
S.G. has received honoraria for lectures from Viatris
(a manufacturer of clozapine).

MCQ answers
1 d 2 a 3 c 4 a 5 a

Management of clozapine‐associated neutropenia

BJPsych Advances (2024), page 1 of 11 doi: 10.1192/bja.2024.51 9

https://doi.org/10.1192/bja.2024.51 Published online by Cambridge University Press

https://doi.org/10.1192/bja.2024.51


References
Bachmann CJ, Aagaard L, Bernardo M, et al (2017) International trends in
clozapine use: a study in 17 countries. Acta Psychiatrica Scandinavica,
136: 37–51.

Barnes TR, Drake R, Paton C, et al (2020) Evidence-based guidelines for
the pharmacological treatment of schizophrenia: updated recommenda-
tions from the British Association for Psychopharmacology. Journal of
Psychopharmacology, 34: 3–78.

Blier P, Slater S, Measham T, et al (1998) Lithium and clozapine-induced neu-
tropenia/agranulocytosis. Internal Clinical Psychopharmacology, 13: 137–40.

Boazak M, Goldsmith DR, Cotes RO (2018) Mask off? Lithium augmentation
for clozapine rechallenge after neutropenia or agranulocytosis: discontinu-
ationmight be risky. Primary Care Companion CNS Disorders, 20(6): 18l02282.

Bogers JP, Schulte PF, Van Dijk D, et al (2016) Clozapine underutilization
in the treatment of schizophrenia: how can clozapine prescription rates be
improved? Journal of Clinical Psychopharmacology, 36: 109–11.

Corbeil O, Béchard L, Fournier É, et al (2023) Clozapine rechallenge or
continuation despite neutropenia or agranulocytosis using colony-stimulat-
ing factor: a systematic review. Journal of Psychopharmacology, 37: 370–7.

Correll CU, Martin A, Patel C, et al (2022) Systematic literature review of
schizophrenia clinical practice guidelines on acute and maintenance man-
agement with antipsychotics. Schizophrenia, 8: 5.

Crilly J (2007) The history of clozapine and its emergence in the US mar-
ket. History of Psychiatry, 18: 39–60.

Curtis BR (2017) Non-chemotherapy drug-induced neutropenia: key points
to manage the challenges. Hematology ASH Education Program, 2017:
187–93.

Dunk LR, Annan LJ, Andrews CD (2006) Rechallenge with clozapine fol-
lowing leucopenia or neutropenia during previous therapy. British
Journal of Psychiatry, 188: 255–63.

Electronic Medicines Compendium (2023) Clozaril 25 mg Tablets
(Healthcare Professionals (SmPC)). emc (https://www.medicines.org.uk/
emc/product/4411/smpc). Accessed 2 Sep 2023.

Electronic Medicines Compendium (2024) Clozaril® Tablets. emc (https://
www.medicines.org.uk/emc/search?q=clozaril [last updated 23 Feb 2024]).

Focosi D, Azzarà A, Kast RE, et al (2009) Lithium and hematology: estab-
lished and proposed uses. Journal of Leukocyte Biology, 85: 20–8.

Gannon L, Reynolds J, Mahon M, et al (2023) High-dose olanzapine in
treatment-resistant schizophrenia: a systematic review. Therapeutic
Advances in Psychopharmacology, 13: 20451253231168788.

Girardin FR, Poncet A, Blondon M, et al (2014) Monitoring white blood cell
count in adult patients with schizophrenia who are taking clozapine: a
cost-effectiveness analysis. Lancet Psychiatry, 1: 55–62.

Gurrera RJ, Gearin PF, Love J, et al (2022) Recognition and management
of clozapine adverse effects: a systematic review and qualitative synthe-
sis. Acta Psychiatrica Scandinavia, 145: 423–41.

Ingimarsson O, MacCabe JH, Haraldsson M, et al (2016) Neutropenia and
agranulocytosis during treatment of schizophrenia with clozapine versus
other antipsychotics: an observational study in Iceland. BMC Psychiatry,
16(1): 441.

Joint Formulary Committee (2023) British National Formulary. BMJ
Publishing Group/Royal Pharmaceutical Society of Great Britain
(https://bnf.nice.org.uk). Accessed 2 Sep 2023.

Kane J, Honigfeld G, Singer J, et al (1988) Clozapine for the treatment-
resistant schizophrenic: a double-blind comparison with chlorpromazine.
Archives of General Psychiatry, 45: 789–96.

Luykx JJ, Stam N, Tanskanen A, et al (2020) In the aftermath of clozapine
discontinuation: comparative effectiveness and safety of antipsychotics in
patients with schizophrenia who discontinue clozapine. British Journal of
Psychiatry, 217: 498–505.

Malik S, Lally J, Ajnakina O, et al (2018) Sodium valproate and clozapine
induced neutropenia: a case control study using register data.
Schizophrenia Research, 195: 267–73.

Manu P, Sarpal D, Muir O, et al (2012) When can patients with potentially
life-threatening adverse effects be rechallenged with clozapine? A

systematic review of the published literature. Schizophrenia Research,
134: 180–6.

Mattai A, Fung L, Bakalar J, et al (2009) Adjunctive use of lithium carbon-
ate for the management of neutropenia in clozapine-treated children.
Human Psychopharmacology, 24: 584–9.

Meyer JM, Stahl SM (2020) The Clozapine Handbook. Cambridge
University Press.

Mijovic A, MacCabe JH (2020) Clozapine-induced agranulocytosis. Annals
of Hematology, 99: 2477–82.

Myles N, Myles H, Clark SR, et al (2017) Use of granulocyte-colony stimu-
lating factor to prevent recurrent clozapine-induced neutropenia on drug
rechallenge: a systematic review of the literature and clinical recommen-
dations. Australian and New Zealand Journal of Psychiatry, 51: 980–9.

Myles N, Myles H, Xia S, et al (2018) Meta-analysis examining the epi-
demiology of clozapine-associated neutropenia. Acta Psychiatrica
Scandinavia, 138: 101–9.

National Institute for Health and Care Excellence (2014) Psychosis and
Schizophrenia in Adults: Prevention and Management (CG178). NICE
(https://www.nice.org.uk/guidance/cg178). Accessed 2 Sep 2023.

Nielsen J, Young C, Ifteni P, et al (2016) Worldwide differences in regula-
tions of clozapine use. CNS Drugs, 30: 149–61.

Nielssen O (2020) Is haematological monitoring actually needed with cloza-
pine treatment? Australian and New Zealand Journal of Psychiatry, 54: 132–3.

Northwood K, Myles N, Clark SR, et al (2024) Evaluating the epidemiology
of clozapine-associated neutropenia among people on clozapine across
Australia and Aotearoa New Zealand: a retrospective cohort study.
Lancet Psychiatry, 11: 27–35.

Oloyede E, Casetta C, Dzahini O, et al (2021a) There is life after the UK
Clozapine Central Non-Rechallenge Database. Schizophrenia Bulletin,
47(4): 1088–98.

Oloyede E, Dzahini O, Barnes N, et al (2021b) Benign ethnic neutropenia:
an analysis of prevalence, timing and identification accuracy in two large
inner-city NHS hospitals. BMC Psychiatry, 21(1): 502.

Oloyede E, Whiskey E, Casetta C, et al (2022) Relaxation of the criteria for
entry to the UK Clozapine Central Non-Rechallenge Database: a modelling
study. Lancet Psychiatry, 9: 636–44.

Oloyede E, Taylor D, MacCabe J (2023a) International variation in clozapine
hematologic monitoring – a call for action. JAMA Psychiatry, 80: 535–6.

Oloyede E, Dzahini O, Abolou Z, et al (2023b) Clinical impact of reducing
the frequency of clozapine monitoring: controlled mirror-image cohort
study. British Journal of Psychiatry, 223: 382–8.

Palmblad J, Höglund P (2018) Ethnic benign neutropenia: a phenomenon
finds an explanation. Pediatric Blood & Cancer, 65(12): e27361.

Pick AM, Nystrom KK (2014) Nonchemotherapy drug-induced neutropenia
and agranulocytosis: could medications be the culprit? Journal of
Pharmacy Practice, 27: 447–52.

Rattay B, Benndorf RA (2021) Drug-induced idiosyncratic agranulocytosis
– infrequent but dangerous. Frontiers in Pharmacology, 12: 727717.

Royal College of Psychiatrists (2018) National Clinical Audit of Psychosis:
National Report for the Core Audit 2018. Healthcare Quality Improvement
Partnership.

Schulte PFJ, Bogers J, Bond-Veerman SRT, et al (2020) Moving forward
with clozapine. Acta Psychiatrica Scandinavia, 142: 75–7.

Silva E, Higgins M, Hammer B, et al (2021) Clozapine re-challenge and
initiation following neutropenia: a review and case series of 14
patients in a high-secure forensic hospital. Therapeutic Advances in
Psychopharmacology, 11: 20451253211015070.

Tang YL, Mao PX, Jiang F, et al (2008) Clozapine in China.
Pharmacophyschiatry, 41: 1–9.

Taylor D, Vallianatou K, Whiskey E, et al (2022) Distinctive pattern of neu-
trophil count change in clozapine-associated, life-threatening agranulo-
cytosis. Schizophrenia, 8(1): 21.

US Food and Drug Administration Drug Approvals and Databases. (n.d.)
Clozaril® (clozapine) Tablets. US FDA (https://www.accessdata.fda.gov/
drugsatfda_docs/label/2010/019758s062lbl.pdf).

Gupta et al

10 BJPsych Advances (2024), page 1 of 11 doi: 10.1192/bja.2024.51

https://doi.org/10.1192/bja.2024.51 Published online by Cambridge University Press

https://www.medicines.org.uk/emc/product/4411/smpc
https://www.medicines.org.uk/emc/product/4411/smpc
https://www.medicines.org.uk/emc/product/4411/smpc
https://www.medicines.org.uk/emc/search?q=clozaril
https://www.medicines.org.uk/emc/search?q=clozaril
https://bnf.nice.org.uk
https://bnf.nice.org.uk
https://www.nice.org.uk/guidance/cg178
https://www.nice.org.uk/guidance/cg178
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/019758s062lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2010/019758s062lbl.pdf
https://doi.org/10.1192/bja.2024.51


MCQs
Select the single best option for each question stem

1 Agranulocytosis refers to when an absolute
neutrophil count is:

a <1.5 × 109/L
b <2.0 × 109/L
c <3.0 × 109/L
d <0.5 × 109/L
e <1.0 × 109/L.

2 According to UK clozapine monitoring
requirements, ‘red’ results refer to a total
white blood count (WBC) or absolute
neutrophil count (ANC) of:

a WBC < 3.0 × 109/L or ANC < 1.5 × 109/L
b WBC < 2.0 × 109/L or ANC < 1.0 × 109/L
c WBC < 3.5 × 109/L or ANC < 2.0 × 109/L
d WBC < 3.0 × 109/L or ANC < 1.0× 109/L
e WBC < 2.5 × 109/L or ANC < 1.0 × 109/L.

3 The estimated risk of agranulocytosis on
clozapine is:

a 2%
b 1.5%
c 0.9%
d 0.2%
e 0.1%.

4 Rechallenge of clozapine after a neutro-
penic episode:

a is contraindicated but can be tried off-label
b is absolutely contraindicated and should not be

attempted
c can only be tried by haematologists
d can be tried on an out-patient basis
e is reserved for tertiary care centres.

5 The risk of clozapine-associated
agranulocytosis:

a is highest during the first month of clozapine
initiation

b remains static throughout the treatment duration
c is not affected by co-prescription of valproate
d is high in people with benign ethnic neutropenia
e increases with the treatment duration.
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