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Introduction
Approximately 30 % of patients with schizophrenia do not respond 
to antipsychotics, a condition called treatment-resistant schizo-
phrenia (TRS) [1, 2]. TRS is not only a burden on the patient and 
caregiver but also a socioeconomic burden [3]. For TRS, clozapine 
is the gold standard of treatment [4, 5]; however, approximately 
60 % of patients with TRS do not respond to clozapine [6], a condi-

tion referred to as clozapine-resistant schizophrenia (CRS). For CRS, 
augmentation strategies with other antipsychotics or electroconvul-
sive therapy (ECT) are currently recommended [7–10], which implies 
a continuation of clozapine treatment even for patients who fail to 
respond to clozapine. In the real world, however, a substantial num-
ber of patients discontinue clozapine treatment for various reasons, 
such as inefficacy, intolerance, physical complications, nonadher-
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AbsTr AcT

Introduction  Clozapine is the gold standard of treatment for 
patients with treatment-resistant schizophrenia. However, ap-
proximately 60 % of those patients do not respond to clozapine; 
moreover, clinical outcomes after clozapine discontinuation 
are unclear so far. Therefore, we conducted a systematic review 
to clarify the outcomes after clozapine discontinuation.
Methods  A systematic literature search was conducted, using 
MEDLINE and Embase with the following keywords: (clozapine 
AND (cessation* OR cease* OR withdraw* OR discontinu* OR 
halt* OR stop* OR switch*) AND (schizophreni* OR schizoaf-
fective)).
Results  A total of 28 clinical studies from 27 articles were 
identified and included in this systematic review. Three rando
mized controlled trials reported worsening of psychiatric symp-
toms. In 10 single-arm studies, the results of worsening and 
improving psychiatric symptoms were inconsistent. In one 
large retrospective cohort study, clozapine rechallenge, olan-
zapine, and antipsychotic polypharmacy had lower rehospi-
talization rates compared to no medication after clozapine 
discontinuation. In the other 14 retrospective studies, the vast 
majority showed worsening of clinical status after clozapine 
discontinuation. Among five studies on clinical outcomes after 
clozapine rechallenge, four reported improvements in clinical 
status in more than half of patients who rechallenged clozap-
ine. The remaining study reported that the clozapine discon-
tinuation-rechallenge group had a worse remission assessment 
score than the clozapine discontinuation-no rechallenge group.
Discussion  Clinical outcomes generally worsen after clozap-
ine discontinuation. Clozapine rechallenge and olanzapine may 
be considered following clozapine discontinuation. The out-
comes after clozapine discontinuation in clozapine non-re-
sponders remain inconclusive; therefore, well-designed studies 
are warranted.
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ence, and patient or clinician decision [11–13]. If outcomes after 
clozapine discontinuation are acceptable in patients with CRS, a 
clinician could choose to discontinue clozapine in a clinical setting. 
To assess whether clozapine should be discontinued if patients did 
not respond to clozapine, we conducted a systematic review of 
studies reporting clinical outcomes after discontinuation of clozap-
ine treatment in patients with schizophrenia.

Methods

Literature search
A systematic literature search was conducted in accordance with 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement, using MEDLINE (1946-) and Embase 
(1947-) through Ovid, and the following keywords were applied: 
(clozapine AND (cessation* OR cease* OR withdraw* OR discon-
tinu* OR halt* OR stop* OR switch*) AND (schizophreni* OR schizo-
affective)) and with limitations of “human” and “English” (last 
search: November 22, 2021).

Study selection
At least two of three authors (G.M., K.T., and T.K.) independently 
reviewed and selected clinical studies focusing on clozapine dis-
continuation. We included studies that reported clinical outcomes 
after clozapine discontinuation in patients with schizophrenia spec-
trum disorders (i. e., schizophrenia, schizophreniform disorder, and 
schizoaffective disorder). We excluded case reports and clinical 
studies that reported clozapine discontinuation but no clinical out-
comes, such as psychopathological scales, suicidal activity, relapse, 

hospitalization, discharge, physical restrictions, and death. Any dis-
agreements regarding the study selection were resolved by con-
sensus with the senior author (H.T.).

Data extraction
The following information was extracted: study design, number of 
patients undergoing clozapine discontinuation, diagnosis, mean 
clozapine dose before clozapine discontinuation, mean clozapine 
treatment duration, reasons for clozapine discontinuation, strategy 
for clozapine discontinuation, follow-up duration after clozapine dis-
continuation, type of medication after clozapine discontinuation, 
clinical outcomes after clozapine discontinuation, clozapine rechal-
lenge, and clinical outcomes after clozapine rechallenge. At least 
two of three authors (G.M., K.T., and T.K.) independently extract-
ed the data. Any disagreements regarding the data extraction were 
resolved by consensus with the senior author (H.T.).

Results
A total of 28 clinical studies from 27 articles [11–37]were identi-
fied and included in this systematic review (▶Fig. 1); these were 
three randomized controlled trials (RCTs) [13, 28, 37], 10 single-
arm trials [11, 15, 21–23, 32, 33, 35–37], six retrospective cohort 
studies [17, 20, 24, 25, 31, 34], two mirror-image studies [26, 27], 
and seven retrospective studies [12, 14, 16, 18, 19, 29, 30] (▶Table 1). 
The included studies were published between 1988–2021. The 
number of patients in each study was 106 in one RCT [13]; 190 in 
one retrospective study [12]; 1,008 in one mirror-image study [26]; 
2,250 in one retrospective cohort study [17]; and small sample 
sizes (n < 100) for the remaining studies. All studies included  
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Records identified through MEDLINE
and Embase after duplicates

removed automatically: N = 3,357

Records screened on basis of title
and abstract after duplicates
removed manually: N = 3,357

Articles excluded in total: N = 418
Not on clozapine: N = 48

Including psychiatric disorders other than
schizophrenia spectrum disorders: N = 14

No psychiatric symptom assessment: N = 76
Case reports: N = 225

Not clinical studies: N = 48
Other: N = 7

Full-text articles assessed for
eligibility: N = 445

Records excluded: N = 2,912

Identification

Screening

Eligibility

Included Articles included: N = 27

▶Fig. 1 PRISMA flow diagram of literature search.
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patients with schizophrenia spectrum disorders, 12  [14, 16, 18, 19,  
23–25, 27, 32–34, 37]exclusively included patients with TRS, two  
[11, 35] included both patients with TRS and non-TRS, and 14 [12,  
13, 15, 17, 20–22, 26, 28–31, 36, 37] did not clearly state whether 
patients had TRS or non-TRS (▶Table 1).

Clozapine treatment before discontinuation
Among the 12 studies [11, 13, 14, 16, 18, 20, 30, 32, 33, 35–37] that 
described the mean ± SD dose of clozapine before discontinuation, 
the doses ranged from 200 ± 0 mg/day to 565 ± 156 mg/day and 
relatively low doses ( < 400 mg/day) of clozapine were used in nine 
studies [13, 14, 16, 18, 20, 30, 33, 35, 37] (▶Table 1). The mean  
duration of clozapine treatment varied considerably from weeks to 
years. Among the 18 studies [11–14, 16, 19, 21,  22, 24, 25, 27, 28, 
30, 32–36] that stated reasons for clozapine discontinuation, we 
classified the reasons into the following six categories: inefficacy, 
intolerance, nonadherence, patient or clinician decision, study de-
sign, and other. Among the 15 studies [11, 13, 15, 18, 20, 23, 28–
30, 32, 33, 35–37] that described a clozapine discontinuation strat-
egy, six studies [18, 29, 30, 32, 37] reported abrupt discontinuation 
and nine studies [11, 13, 15, 20, 23, 28, 33, 35, 36] reported grad-
ual discontinuation (▶Table 1).

Antipsychotic treatment after clozapine 
discontinuation
Regarding the length of follow-up period after clozapine discon-
tinuation, there was considerable variation from weeks to years. 
Among the 17 studies [11–17, 19, 20, 22, 23, 28, 31–33, 35, 36] 
that described the type of non-clozapine antipsychotics used after 
clozapine discontinuation, olanzapine was the most frequently 
used, and six studies [13, 19, 23, 32, 33, 35] exclusively used olan-
zapine (▶Table 1). In one large-scale retrospective cohort study 
[17], antipsychotic polypharmacy was most frequently used after 
clozapine discontinuation, followed by olanzapine monotherapy. 
In the 12 studies [13–16, 18–20, 28, 32, 33, 35, 36] that described 
the mean ± SD dose of antipsychotics after clozapine discon-
tinuation, the doses were as follows: risperidone (one study) at 
8.0 ± 1.4 mg/day; olanzapine (six studies) at 16.5 ± 4.9 mg/day to 
31.4 ± 16.8 mg/day; ziprasidone (one study) at 131 ± 34 mg/day; 
zotepine (one study) at 397 ± 76 mg/day; paliperidone (one study) 
at 8.2 ± 3.8 mg/day; clozapine (rechallenge, one study) at 
462 ± 20 mg/day; and total chlorpromazine equivalent dose of an-
tipsychotics (one study) at 1031 ± 498 mg/day (▶Table 1).

Clinical outcomes after clozapine discontinuation
All three RCTs reported worsening of psychiatric symptoms. In 10 
single-arm studies, six [11, 21, 22, 35–37] reported worsening of 
psychiatric symptoms, three studies [15, 32, 33] reported improve-
ment of psychiatric symptoms, and one study [23] did not report 
clear results; thus, overall results showed a worsening trend of psy-
chiatric symptoms after clozapine discontinuation (▶Table 2). In 
one large retrospective cohort study [17], clozapine rechallenge, 
olanzapine, and antipsychotic polypharmacy had lower psychiatric 
ward readmission rates than no antipsychotic medication after clo-
zapine discontinuation. Similarly, aripiprazole long-acting injec-
tion, clozapine, and olanzapine had lower treatment failure rates 
than no antipsychotic medication after clozapine discontinuation. 
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Additionally, clozapine rechallenge, antipsychotic polypharmacy,  
quetiapine, and olanzapine had lower mortality rates than no  
anti psychotic medication after clozapine discontinuation. In one 
retrospective study [16], clinical outcomes worsened after clozapine 
discontinuation in clozapine responders and improved in clozapine 
non-responders. In one mirror-image study [26], early and late clo-
zapine discontinuation were compared and were found to be associ-
ated with prolongation and shortening of bed days, respectively, 
albeit not significantly. In the other 12 retrospective studies 
[12, 14, 18–20, 24, 25, 27, 29–31, 34], eight studies [14, 18, 25,  
27, 29–31, 34] clearly showed worsening of clinical status after clo-
zapine discontinuation (▶Table 2).

Clozapine rechallenge
Clozapine rechallenge was performed in 11 studies [11–14, 17, 18, 
20, 24, 31, 33, 35] (▶Table 2). Among the five studies [11, 13,  
17, 18, 31, 35] that reported clinical outcomes after clozapine re-
challenge, four [11, 13, 31, 35] reported clinical improvement in 
more than half of patients who rechallenged clozapine. The remain-
ing study reported that the clozapine discontinuation-rechallenge 
group had a worse remission assessment score compared to the 
clozapine discontinuation-no rechallenge group, and the clozap-
ine dose was higher after clozapine rechallenge than before clozap-
ine discontinuation.

Discussion
The findings of the current systematic review of studies reporting 
clinical outcomes after discontinuation of clozapine are summa-
rized as follows: (1) patients generally showed worsening of psy-
chiatric symptoms after clozapine discontinuation; (2) patients 
showed good response to clozapine rechallenge; and (3) patients 
showed poor response to antipsychotics other than olanzapine 
after clozapine discontinuation.

Although psychiatric symptoms generally worsened following 
the discontinuation of clozapine, the current systematic review 
identified only one study that reported clinical outcomes after clo-
zapine discontinuation based on response to clozapine [16]. This 
study reported clinical outcomes separately for clozapine responders, 
who reported worsened outcomes, and clozapine non-responders 
(i. e., CRS), who reported improved outcomes after clozapine dis-
continuation. However, this study, which had various limitations 
such as a retrospective design, lack of symptom assessments, and 
small sample size, was considered insufficient to answer to our clinical 
question of whether or not clozapine should be discontinued if  
patients did not respond to clozapine. Therefore, there is an urgent 
need to further examine clinical outcomes after clozapine disconti-
nuation in patients with CRS, because current evidence recom-
mends augmentation strategies with other antipsychotics or ECT 
for this population [7–10]. In addition, given that it is likely that pa-
tients responded to clozapine and then discontinued it due to poor 
tolerability, clinical outcomes should be examined not only by the 
response to clozapine but also by reason for clozapine discontinu-
ation. However, none of the articles included in the current system-
atic review reported clinical outcomes based on the reason for dis-
continuation. Future studies are needed to examine clinical out-

comes separately in terms of the reason for clozapine 
discontinuation.

Clozapine rechallenge improved clinical outcomes overall.  
Interestingly, however, one of the included studies showed that it 
led to a deterioration in remission quality [18] and required an  
increase in the clozapine dose when rechallenge was attempted. 
This is an analogue of a previous study [38], which showed that 
treatment response decreased with a higher dose of the same  
antipsychotic for the second episode compared to the first episode 
in patients with schizophrenia. It may be desirable to avoid dis-
continuing clozapine whenever possible if a patient responds to 
clozapine, as worsening of symptoms after clozapine discontinua-
tion can induce resistance to clozapine.

Previous studies showed ECT as an effective treatment option 
for patients with TRS [39–41]. In addition, an RCT included in one 
of those previous meta-analyses demonstrated that ECT plus 
ziprasidone was not inferior to clozapine plus ziprasidone [40]. Al-
though ECT is a potential alternative to clozapine, none of the in-
cluded studies evaluated ECT as a post-clozapine discontinuation 
treatment. Therefore, we could not conclude if ECT could be an ef-
fective treatment after clozapine discontinuation.

Olanzapine was the most-used alternative antipsychotic after 
clozapine discontinuation. While there was a general trend toward 
worsening of symptoms with the use of non-clozapine antipsychoti-
cs, the rate of worsening was relatively low for olanzapine com-
pared to the other antipsychotics. Specifically, two of six studies in 
which olanzapine was used as a post-clozapine discontinuation an-
tipsychotic showed clinical improvement on average, and another 
study reported an improved outcome in 37.5 % of patients. More-
over, in the large retrospective cohort study, psychiatric ward re-
admission risk was the second-lowest for olanzapine, following clo-
zapine rechallenge, after clozapine discontinuation. These findings 
are consistent with a recent network meta-analysis, which showed 
no significant difference in efficacy between clozapine and olan-
zapine in patients with TRS [42]. The doses of olanzapine in studi-
es included in that network meta-analysis were relatively high 
( > 20 mg/day), which also aligns with the studies included in the 
current systematic review that switched from clozapine to olan-
zapine. Specifically, studies with improved outcomes after clozap-
ine discontinuation used higher doses of olanzapine, while studies 
with worse outcomes used less than 20 mg/day of olanzapine. 
Taken together, these results suggest that a high-dose olanzapine 
treatment could be an alternative treatment after clozapine dis-
continuation for patients who are not candidates for clozapine re-
challenge.

There were several limitations to the current systematic review. 
First, this review included only 13 prospective studies, accounting 
for less than half of the total number of studies analyzed, and only 
three RCTs, of which only one was conducted in a double-blind fash-
ion. Second, although a large retrospective cohort and a large mir-
ror-image study were included, the sample sizes of the other stud-
ies were relatively small. Third, because clozapine was used with a 
relatively low dose in the included studies, post-clozapine discon-
tinuation outcomes in patients treated with a high dose of clozap-
ine ( > 600 mg/day) remain unknown. Fourth, in only one included 
study, clinical outcomes after clozapine discontinuation were re-
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ported separately for clozapine responders and non-responders. 
Fifth, no included studies reported clinical outcomes after clozap-
ine discontinuation separately for each reason for clozapine discon-
tinuation. Sixth, cross-over studies could not be included in this 
study due to the lack of detailed clinical outcomes for each arm, for 
instance, the study by Salganik et al. [43]. Seventh, it is difficult to 
differentiate between withdrawal symptoms and worsening psy-
chiatric symptoms, and this review did not include withdrawal 
symptoms in the clinical outcomes. Eighth, the definition of TRS 
varied across the studies included in this review. Lastly, some stud-
ies were excluded from this review because they included patients 
with mood disorders, for instance, the studies by Atkinson et al. 
[44] and Modestin et al. [45]. However, the findings of these stud-
ies are similar to the results summarized in this review.

In conclusion, the evidence suggests that clozapine should be 
continued in patients with TRS when possible because of the po-
tential for worsening clinical outcomes. When clozapine is discon-
tinued, clozapine rechallenge or olanzapine may be considered, 
depending on patients’ candidacy for clozapine rechallenge. Fur-
ther studies are warranted to investigate clinical outcomes after 
clozapine discontinuation, specifically in clozapine nonresponders 
(i. e., CRS), and to examine the efficacy of ECT after clozapine dis-
continuation.
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