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Abstract

Clozapine is a second generation antipsychotic drug, which has been acknowledged as the gold standard for treating both
positive and negative symptoms of treatment-resistant schizophrenic patients, despite its severe side effects, such as neu-
tropenia. Evidence suggest rechallenging after clozapine-induced neutropenia. Nevertheless, no official guidelines exist in
case that rechallenge fails. We present the case of a fifty-six year old man suffering from treatment resistant schizophrenia.
The patient was diagnosed with chronic psychosis and was treated with clozapine, presenting good response. The patient
developed clozapine induced neutropenia, only to be rechallenged after the neutrophil count returned at a normal range.
However, another neutropenia incidence followed, and clozapine had to be ceased once more. Determining that the ben-
efits outweighed risks, we attempted a second rechallenge with the adjustment of clozapine’s dosage and the addition of
Lithium carbonate. Since then, the patient did not develop any blood dyscrasia. What is more, the improvement in both
psychopathology and functionality is ongoing. The mechanism of clozapine’s action upon neutrophils remains unclear. The
same goes for Lithium. Since literature suggests that both drugs have an effect on the bone marrow, resulting in opposite
actions it only seems logical that Lithium could be used in preventing clozapine-induced neutropenia. Considering that
the lack of guidelines leads to a restrain towards clozapine rechallenge after neutropenia incidence, more so after double
induced neutropenia, more research is needed on the matter in the interest of a better quality of life for treatment resistant
schizophrenia patients.
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INTRODUCTION

Since the introduction of chlorpromazine in Psychiatry as an
antipsychotic agent in 1952, many breakthroughs have been
made in this field. Nevertheless, even after the second-gen-
eration antipsychotics’ launch in the pharmaceutical industry,
psychiatrists faced the problem of treatment resistant schizo-
phrenia (TRS). It was not until the 90’s that a long-discredited
agent would shed some light in this domain. Reference is made
to the molecule Clozapine.

Clozapine is an atypical neuroleptic agent identified in 1959
by the pharmaceutical company Walder Laboratories and in-
troduced in the market at the early 70's (1), only to be with-
drawn a few years later in 1975, due to alarming reports of
fatal agranulocytosis in Finland (2). Around 1990, clozapine
was approved by the FDA, after a pivotal study by Kane et al
that proved its superior efficacy compared to chlorpromazine
in TRS (3). Since then it has been acknowledged as the gold
standard for treating both positive and negative symptoms of
treatment-resilient patients, which seems to be the case for up
to one third of patients suffering from schizophrenia (4).

Clozapine molecule has a complex structure which accounts
for its multiple binding affinities and therefore its pharmaco-
logic profile. Same as every atypical antipsychotic, this agent
presents a combined antagonism to dopamine and serotonin
receptors. Clozapine’s effect on dopamine receptors situated in
several neurological pathways throughout the brain reduces
both positive and negative symptoms of schizophrenia and im-
proves cognition as well as mood. Its antagonistic action upon
D2 Dopaminergic receptors seems to be more fable and short-
lived than the one upon D1-dopamine receptors, without be-
ing clear if the latest represents an antagonism or an agonism
(5,6). This second-generation antipsychotic is also known to
have a high affinity for D4 dopamine receptors and a weaker
one for D3 receptors (6).

Apart from its preference to dopaminergic receptors, clozap-
ine has a high affinity for serotonin receptors as well, and es-
pecially for the 5HT2B and the 5HT2A subtypes, with a robust
antagonistic action on the latest. As a result, dopamine release
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is enhanced in certain brain regions and thus cognitive and
affective symptoms of schizophrenia are improved. What is
more, the risk of extrapyramidal symptoms (EPS) is decreased
(7). Clozapine seems to bind strongly upon the 5HT2C, 5HT6,
5HT7 and other serotonin receptors, as well as the 5HT1A re-
ceptor which is activated thus causing dopamine release in the
prefrontal cortex (PFC) (8).

Another pharmaceutical property of clozapine is sedation,
an action that is stimulated by blocking either M1-muscarinic
cholinergic or H1-histminic or a1-adrenergic receptors or all of
them at once. What is more, mood is improved. Antihistaminic
and anticholinergic properties are also responsible for the anx-
iolytic effect of the drug (9). In addition to this, Clozapine’s par-
tial and full agonistic activity on other subtypes of muscarinic
receptors (M2, M3, M4) results in an improvement of cognitive
functions. This is partially due to a metabolite, N-Desmethyl-
clozapine (NDMC), and its nootropic attributes to the hippo-
campus and the PFC (10). Finally, clozapine appears to have
an antagonistic action for the NMDA receptor’s glycine site,
concluding in stabilizing DA neurons in both the PFC and the
midbrain (11).

Clozapine’s affinity to the multiple forenamed receptors is not
devoid of adverse effects. Although second generation anti-
psychotics are known to cause EPS at a lower scale due to a
looser attachment to D2 dopamine receptors, as mentioned
before, adverse reactions derived from its antidopaminergic,
antimuscarinic, antihistaminic and adrenergic receptor block-
ing properties can be quite common and challenging. Weight
gain, excessive sedation (20-40%), somnolence, dizziness, con-
stipation (15-60%), metabolic syndrome, tachycardia (12-17%),
orthostatic hypotension (8-13%) and excessive salivation (12-
40%) are all products of clozapine’s actions (12,13). Not so
frequent but potentially lethal side effects include myocarditis,
seizures and pulmonary embolism, ileus and bowel ischemia,
liver disfunction, neuroleptic malignant syndrome and an-
gioedema (14).

The most disturbing side effect however, seems to be clozap-
ine-induced blood dyscrasias and specifically neutropenia and
agranulocytosis. Seen respectively in about 2-3% and 1% of the
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treated with clozapine patients these life-threatening adverse
reactions limit the drugs’ more widespread use (15,16). Near-
ly 25 % of the patients cease clozapine on account of its side
effects, with neutropenia being the main cause of discontinu-
ation (17). The process through which Clozapine causes those
blood abnormalities is unclear, but it is speculated to be a her-
itable trait (18) .

Despite its side effects, as mentioned before, clozapine re-
mains the gold standard for TRS, being the first line treatment
after the failure of two antipsychotic trials according to treat-
ment guidelines (19). Even if a patient is not responding to
other neuroleptics, the response-ratio to clozapine is as high
as 30 to 60 % (4, 20, 21, 22, 23). Apart from TRS, clozapine has
shown efficacy as an anti-aggressive and anti-suicidal drug in
patients with schizophrenia (24) and bipolar disorder as well
(25).

Due to the abovementioned adverse effects of clozapine,
careful monitoring is applied in many countries before and af-
ter the initiation of the drug. More frequently it includes com-
plete blood count with emphasis given on white blood cell
(WBC) count and absolute neutrophil count (ANC), ECG, tropo-
nin levels, weight measurement, vital signs, lipidic profile and
liver functioning tests, with different protocols implemented
by each country (25). The one guideline that seems to apply
for the majority of them is mandatory WBC and ANC count.

For the initiation of clozapine,a WBCand ANC minimum count
of 3000/mm? and 1500/mm? respectively must be obtained,
according to the FDA (26). Exception is made for Benign Ethnic
Neutropenia (BEN), in which the limitation of clozapine’s use
is ANC count of at least 1000/mm? (27). If the patient’s blood
sample does not comply with the criteria above at any time
during treatment clozapine should be discontinued (28), espe-
cially if ANC falls below 1000/mm?3and if the benefits do not
surpass the hazards (26).

Rechallenging after a neutropenia incidence is a difficult de-
cision. However, guidelines and evidence suggest it is a logical
clinical option (29). FDA is in favor of rechallenging if patients’
WBC does not fall below 2000/mm?3. Clozapine REMS program
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suggests it might be the only solution in some cases, even af-
ter moderate and severe clozapine-related neutropenia (26).
A study carried out by Manu et al in 2012 concludes that 70 %
of the patients who developed neutropenia because of clozap-
ine, were rechallenged successfully without neutropenia re-ap-
pearing (30). Nevertheless, no official guidelines exist for this
30% that rechallenge has failed.

CASE REPORT

G.Kis a 56-year-old Caucasian man with a 25-year history of
paranoid schizophrenia, appearing both positive and negative
symptoms, as well as suicide attempts. For the last few years
his mental health had deteriorated and his functionality had
dropped off. As a result, he had been through many hospital-
izations and received a wide range of neuroleptics, making him
suitable to be characterized as a treatment resistant schizo-
phrenia patient. As such he was referred to our psychiatric clin-
ic. Upon his admission in the hospital he was under risperidone
in the form of long-acting injection (50mg/15days), pipamper-
one (40 mg twice a day) levomepromazine (25mg daily) ami-
sulpride (400mg three times a day) and biperiden (2mg twice a
day) and he displayed the profile of a chronic psychotic patient
with a GAF scale assessment of around 38.

In our unit, we performed cross tapering with clozapine on
an outpatient basis. Before the patient was administered with
clozapine a complete blood count was carried out, as well as an
electrocardiogram, BMI measurement, reference biochemical
blood analysis including lipidemic profile, blood sugar levels,
liver and kidney functioning tests, electrolytes and troponin.
Subsequently, blood count was monitored weekly in order to
be in vigilance for changes of the WBC count. The initiation of
clozapine and its gradual up-titration on a dosage of 350mg
daily was followed by an amelioration of both negative and
positive symptoms and an improvement on the GAF scale, with
the patient’s functionality ascending on the GAF scale from 38
up to 70.

One month after the completion of clozapine’s titration, the
first signs of WBC decline appeared, with an absolute count of
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WBC slightly over 4000/uL . However, it was not until during the
fourth month after clozapiness initiation that neutropenia de-
veloped. The patient’s white blood cells and neutrophils (NEU)
reached the point of 3380/uL and 810/uL respectively, which
corresponds to a moderate blood dyscrasia. Hence, clozapine
administration was ceased and a complete physical examina-
tion was performed. The absence of pathological findings, the
failure of the patient to respond to other drugs suitable for
schizophrenia, as well as the severity of the patient’s mental
condition, taking into account previous suicide attempts, led
us to a first rechallenge.

After the restoration of WBC and NEU, about a week later, we
re-administered clozapine. Nevertheless, the following month,
neutropenia reappeared, with a WBC and NEU count of 3040/
pL and 630/l respectively which corresponds to a much more
serious neutropenia with high risk for infection. That was the
case for our patient, who presented a positive CRP and signs of
Gl tract infection. Thus, clozapine was withdrawn, the patient’s
infection was treated with antibiotics and daily blood tests
were performed.

A rapid recovery of the WBC and NEU, was followed by a
second rechallenge by our part, taking into account the im-
pressive improvement of the patient’s condition concerning
both schizophrenia symptoms and functionality. This time, the
addition of lithium carbonate in the treatment at a dosage of
300 mg per day (Li 0,33 mEg/L) and the adjustment of clozap-
ine’s dosage (200mg/day) in order to avoid neutropenia was
crowned with success. No further leukopenia was observed,
due to a Lithium induced true leukocytosis. What is more, for
the last ten months the patient has not developed neutropenia
and has managed to stabilize, even mitigate, his mental con-
dition, while the improvement of his functionality is ongoing.

DISCUSSION

Lithium has been approved by the FDA since 1979 for the pro-
phylaxis of manic episodes (31) and has been used both in the
acute phase of mania and in preventing its re-occurrence. What
is more, it is used as a stabilizer and as an amplifying agent in
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affective disorders (32). Another important property is that it
is linked with a reduction in suicidality in patients with mood
disorders (33). It also has an off-label use in neutropenia (32).
This last indication has been the thematic area for many mental
health researchers. It has been observed that Lithium causes
an increase in circulating neutrophils and accelerates their pro-
duction from the bone marrow through an expansion of pro-
genitor cells (34).

After many research on the topic, it seems that a plasma
concentration of Lithium greater than 0.3mEq/L is efficient to
produce and sustain leukocytosis especially neutrophils and
eosinophils. To be more specific, it has been observed that an
increase of neutrophils occurs for a week and followed by stabi-
lization of their number (35). This action is thought to take place
through stimulation of GM-CSF (granulocyte-macrophage
colony stimulating factor) and CFU-GM (granulocyte-macro-
phage progenitors), as well as through an increase in life ex-
pectancy and number of CFU-S (multipotential stem cells) (35).
So as long there is a sufficient in quantity group of precursor
cells for it to act upon and a proper concentration of the drug
in plasma, Lithium can cause leukocytosis. Except for the direct
stem-cell stimulation, other theories have been proposed such
as stimulation of cytokines, redistribution of demarginated leu-
kocytes, and increased cortisol production (36).

The abovementioned action of Lithium has already been ex-
ploited in cases of faulty orinadequate neutrophil count caused
by cytotoxic drugs (35) or even after carbamazepine-induced
neutropenia, Felty syndrome and other types of WBC depres-
sion (37,38).

As mentioned before, clozapine can cause leukopenia. The
risk of neutropenia or agranulocytosis induced by clozapine
is not as high as other side effects caused by the medication.
These adverse effects occur most commonly during the first six
to eighteen weeks of therapy (16), then having the same rel-
ative risk of appearing as in any other atypical antipsychotic.
However, this does not make them less life-threatening.

The mechanism through which clozapine induces neutrope-
nia and agranulocytosis remains unclear even though many
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hypotheses have been expressed. It has been advocated that
clozapine leads to a dose-dependent suppression of GM-
CSF, followed by an inadequate increase of GM-CSF on the
subsequent hematopoietic stress, also caused by the drug (39).
Another study, concludes that a nitrenium ion derived from
clozapine could be the reason for neutropenia through direct
action upon the bone marrow rather than a toxicity upon the
peripheral neutrophils (40). In 2018, Wicinski et al focus again
on the nitrenium ion action, supporting the theory that neutro-
penia is more likely to be immune mediated rather than toxic
(41). Whatever the mechanism might be, clozapine-associated
blood dyscrasias remain one of the main reasons for the medi-
cation’s withdrawal.

Lithium has been suggested and used of in cases of clozap-
ine-induced leukopenia and in preventing its recurrence or its
development in the first place. Kanaan et al published a retro-
spective case analysis of patients rechallenged with clozapine
co-administered with Lithium, after clozapine induced blood
dyscrasias concerning a five year long period, resulting in sup-
porting the theory that Lithium prevents recurrence of neutro-
penia. It also points out that the recurrence’s possibility of hap-
pening was 4% while the patient is under co-administration of
clozapine and Lithium (42). The same year, another study was
publicized, that included 53 patients rechallenged with clozap-
ine in conjunction with lithium. The results were in agreement
with the abovementioned, presenting a majority of patients
not featuring neutropenia anew after co-prescription of lithi-
um and clozapine (43).

A few years later, Ghaznavi et al present a case of a late-onset
neutropenia caused by clozapine, one that had been rechal-
lenged successfully with lithium. In their work, is pointed out
once again the fact that lithium causes true leukocytosis and
great importance is attached to the fact that the co-adminis-
tration of clozapine and lithium could, in some cases, result in
synergy concerning the drugs’ side effects, such as seizures,
tremors and agranulocytosis, with that however being tem-
porary (during initiation period) or rare (44). In 2016, another
report was published that presented the case of a clozapine re-
challenge after neutropenia incidence with lithium’s addition
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to the treatment. The co-treatment was crowned with success
(neutrophils remained at a normal range and the patient’s psy-
chopathology improved), until neurological side effects led to
the discontinuation of lithium. As a result, blood dyscrasia oc-
curred anew (45).

The reference of international literature in long-term use of
lithium to treat clozapine-induced neutropenia is sporadic. This
lack of sufficient evidence concerning the co administration of
lithium and clozapine after a neutropenia episode has made
mental health practitioners skeptical towards using the com-
bination. On the other hand, the failure of other antipsychot-
ics on cases of TRS and the fact that precipitous cessation of
clozapine, as in neutropenia for instance, is connected to re-
lapse, sometimes unresponsive to typical antipsychotics (46),
poses a dilemma whether to rechallenge in a way that ensures
the patient’s well-being and neutrophil count or not to rechal-
lenge at all. This dilemma remains and is aggravated where the
gray zone of the guidelines concerning clozapine rechallenge
lies. Namely, when two episodes of neutropenia have occurred
because of clozapine.

Summarizing all the above, should we accept the beneficial
effect of Lithium in preventing the recurrence of blood dyscra-
sias, it only seems logical that it should be used during clozap-
ine rechallenge after neutropenia incidence. However, the fact
that evidence concerning both Lithium’s and clozapine’s mech-
anism of action upon neutrophils and bone marrow are scarce,
makes lithium’s capability of preventing clozapine-induced
neutropenia seem only a logical presumption. Adding to that,
the lack of explicit guidelines leads to a restrain, for the mental
health practitioners’ part, towards clozapine rechallenge after
neutropenia incidence, more so after double induced neutro-
penia. All the above, make the need for more research on the
matter crucial, in order for patients with TRS to have a second
or even a third chance of a dignified and more qualitative way
of life.
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