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I. Introduction 
 
Rationale 
Schizophrenia is a serious mental illness with a lifetime prevalence of approximately 0.7% [1]. 
It is characterised by psychotic symptoms including delusions and hallucinations, negative symptoms 
including amotivation and social withdrawal, and cognitive impairment. Schizophrenia is a leading 
cause of global disease burden [2], and is associated with significant burden on caregivers [3]. 
Antipsychotic drugs remain the cornerstone of treatment for schizophrenia. However, there is 
heterogeneity in how patients respond to antipsychotics from early stages of illness [4,5]. About one-
third of patients are categorised as having treatment-resistant schizophrenia (TRS) [6], defined as 
inadequate response to two trials of antipsychotic treatment at adequate dose, duration and 
adherence [7]. Treatment-resistance is a major challenge to clinical management, and is associated 
with decreased quality of life, increased medical costs, and increased rates of serious comorbidities [8]. 
A better understanding regarding the underlying neurobiology of TRS is imperative to improve the use 
of current treatments and inform development of novel drugs. 
 
Clozapine has established efficacy and is currently the only medication licensed for patients with TRS 
[9]. Its clinical superiority in TRS compared to chlorpromazine was first shown in the 1980s [10], and 
subsequently confirmed in landmark clinical trials [11,12]. About 40-60% of patients with TRS respond 
to clozapine treatment [13-15]. Furthermore, clozapine is associated with lower risks of 
rehospitalization [16], suicidality [17], and mortality [18] compared to other oral antipsychotics. A 
recent meta-analysis comparing clozapine with first- and second-generation antipsychotics in TRS 
showed that clozapine was superior to both categories of drugs in reducing positive symptoms [19], 
although clozapine’s superiority was not supported in a network meta-analysis utilizing both direct and 
indirect comparisons of antipsychotics [20]. 
 
While the overall evidence suggests that clozapine’s efficacy in TRS is unique among antipsychotic 
medications, the neurobiological basis of this differential effect remains elusive. Molecular imaging 
studies have shown robust evidence for elevated presynaptic dopaminergic function in schizophrenia 
[21], and all antipsychotics act downstream of this dysfunction by blocking dopamine D2 receptors [22]. 
In contrast, positron emission tomography (PET) studies focusing on TRS indicate that patients with 
treatment-resistance have lower presynaptic dopamine function compared to those responding to first-
line treatment [23,24]. Thus, TRS may have a distinct neurobiological basis from illness that is 
responsive to first-line antipsychotics, which is characterised by an absence of hyperdopaminergia. The 
mechanism which makes clozapine unique in this context remains controversial, although lower affinity 
to- and faster disassociation from D2 receptors, high selectivity for serotonin 5-HT2A receptors, and 
effects on GABA-ergic and glutamatergic circuitry have been implicated [25,26].   
 
Conventional meta-analyses in medicine have almost exclusively focused on comparing mean effects 
across interventions. However, pharmacological treatment may not only affect the mean of a biological 
measure, but also the variance. Investigating how distinct interventions result in different variation of 
change in biological measures may provide valuable information regarding the nature of the 
interventions and study population. If clozapine’s unique effects are related to the neurobiology of TRS, 
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one would expect a systematic difference in variation of symptom change following treatment with 
clozapine compared to other antipsychotics.  
 
Objectives 
In this study, we will test whether there is a systematic difference in variation of symptom change 
following treatment with clozapine compared to other antipsychotics by performing a meta-analysis of 
variance across previously reported double-blind randomised controlled trials. Additionally, to further 
investigate clozapine’s uniqueness in relation to TRS, we will address whether clozapine’s superiority 
extends to patients without operationally-defined TRS by undertaking a meta-analysis of mean 
difference.  
 
Our main hypotheses are, 1) variation of symptom change would be smaller in TRS patients treated 
with clozapine compared to other antipsychotics, and 2) clozapine’s superior efficacy compared to 
other antipsychotics would be limited to patients with TRS. 
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II. Methods  
 
Protocol and registration 
This protocol will be provided as supplementary material upon submission of the manuscript. The 
study will adhere to the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) 
statement [27], and will be registered with the PROSPERO international prospective register of 
systematic reviews. 
 
Systematic Review 
 
Eligibility criteria 
Based on the PICOS reporting system, studies fulfilling the following characteristics will be identified.  
 
Participants (P): Patients with schizophrenia and related psychoses 
Intervention (I): Monotherapy with clozapine 
Comparison (C): Monotherapy with any other antipsychotic medication 
Outcomes (O): Change in psychopathology (total symptoms, positive symptoms, negative symptoms) 
Study design (S): Double-blind randomised controlled trials (DBRCTs) 
 
DBRCTs with both parallel and crossover design will be included. No specification will be applied for 
study duration. To be included, the primary publication of studies will have to be published in English. If 
several publications are found from the same authors based on overlapping participants, the 
publication with the largest sample, longest duration of intervention, and/or most detailed data 
regarding change in psychopathology will be selected. 
 
Information sources 
Published studies (including articles in press) from inception to February 2018 will be searched using 
Ovid (combining EMBASE, Medline, and PsycINFO), ClinicalTrials.gov, and the Cochrane Central 
Register of Controlled Trials (CENTRAL). Reference lists of relevant studies and review articles will be 
hand-searched to identify additional studies. The systematic search will be updated prior to 
submission. 
 
Search 
Two researchers will carry out the systematic search independently. No limits will be applied within the 
electronic search. The following search terms will be used for the combined Ovid search and Cochrane 
CENTRAL: 
 
(clozapin* OR clozaril OR clopine OR denzapine OR fazaclo OR zaponex) AND (randomized controlled trial 
OR RCT OR controlled clinical trial OR double blind) AND (schizophr* OR schizoaffective OR psychosis) 
 
Furthermore, the following search terms will be used for ClinicalTrials.gov: 
 
Recruitment status: All studies 
Condition or disease: (empty) 
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Other terms: clozapine 
Country: (empty) 
 
Study selection 
Two researchers will assess the electronic records to identify studies meeting the eligibility criteria. 
Studies identified as eligible will be discussed between the two researchers to finalise the list of eligible 
studies. Any disagreements will be resolved through discussion including a third researcher. The 
PRISMA flow diagram will be used to summarise the process of study selection. 
 
Data collection process 
Two researchers will independently extract data from eligible studies using standardised spreadsheets. 
Any disagreements between the two researchers regarding extracted data will be resolved through 
discussion including a third researcher. If relevant, data may be extracted from related publications 
that refer to the same study. If data required for the meta-analysis is unreported (e.g. SD of change in 
total symptoms), corresponding authors will be contacted to request additional data.  
 
Data items 
For the meta-analysis of variance, the primary outcome measure will be standard deviation (SD) of 
change in total symptoms as measured by the Brief Psychiatric Rating Scale (BPRS) [28] or the Positive 
and Negative Syndrome Scale (PANSS) [29]. For the meta-analysis of mean difference, the primary 
outcome measure will be mean change in total BPRS/PANSS scores. Secondary outcome measures will 
include SD of change and mean change in positive and negative symptoms as measured by the 
BPRS/PANSS subscales, the Scale for the Assessment of Positive Symptoms (SAPS) [30], or the Scale for 
the Assessment of Negative Symptoms (SANS) [31]. 
 
The following variables will also be extracted: authors, year of publication, participant characteristics 
(age, duration of illness, treatment setting, definition of treatment resistance where applicable), study 
duration, parallel vs. crossover design, clozapine dose, name and dose of comparator, industry 
sponsorship, type of symptom scale used, and mean±SD total, positive and negative symptom scores at 
baseline and endpoint. 
 
Outcome measures based on intention-to-treat (ITT) analysis will be prioritised when available. 
 
Missing data 
When SD of change in symptom scores is neither reported nor provided by the corresponding authors, 
reported standard errors and confidence intervals will be used to calculate these values if provided 
[32]. These calculated values, together with originally reported values and those provided by the 
corresponding authors, will be defined as “original values for SD of change in symptom scores”. Only 
original values for SD of change in symptom scores will be used in the meta-analysis of variance, as this 
is the primary outcome measure.  
 
For the meta-analysis of mean difference, missing values for SD of change in symptom scores will be 
imputed based on the following steps outlined in the Cochrane Handbook for Systematic Reviews of 
Interventions [32]. 
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1. Calculated using reported t values, P values, or F values 
2. Calculated using mean correlation coefficients of studies reported in considerable detail, and 

applying this value to studies reporting mean±SD symptom scores at baseline and endpoint  
3. Simple imputation of the mean SD of change calculated from other studies with similar design and 

characterisics 
 
Study categorisation 
Studies will be categorised into those strictly of TRS patients (TRS studies) and those that include 
patients not selected for treatment-resistance (non-TRS studies). These categories will reflect 
recommendations provided by the Treatment Response and Resistance in Psychosis (TRRIP) working 
group [7]. To be included in the TRS group, studies will be required to only include patients who were 
resistant to previous antipsychotic treatment. Studies which include patients with treatment-
intolerance, relapse following non-adherence, or other non-treatment-resistant forms of schizophrenia 
will be defined as non-TRS studies. 
 
TRS studies will be further assessed for the rigour with which TRS was assessed by determining the 
number of criteria required to define TRS that were met. The TRRIP consensus minimum criteria for TRS 
will be used for this purpose [7]. These specify a total of eight items, four regarding symptoms at the 
point of inclusion and four specifying the nature of failed adequate treatment trials. These criteria are 
summarised below. 
 
Symptoms at the point of inclusion 
Assessment: interview carried out using standardised rating scales 
Severity: at least moderate symptom severity 
Duration: symptom duration ≧12-weeks 
Functioning: at least moderate functional impairment measured using validated scales 
 
Nature of failed adequate treatment trials 
Duration: ≧6-weeks 
Dosage: ≧600mg/day chlorpromazine equivalent 
Number of antipsychotics: at least two past antipsychotic trials 
Adherence: ≧80% adherence based on at least two sources and antipsychotic plasma level monitoring 
 
Criteria will be weighted equally and summed to determine the total number (maximum 8) that were 
used in assessment of TRS in a given study. 
 
Risk of bias in individual studies 
Two researchers will independently assess the risk of bias of individual studies using the Cochrane 
Collaboration’s Tool for Assessing Risk of Bias [33]. Risk of bias will be assessed according to the 
categories shown below, with each graded as “Low Risk”, “High Risk”, or “Unclear Risk”.  
 
Selection Bias: Random Sequence Generation, Allocation Concealment 
Performance Bias: Blinding of Participants and Personnel 
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Detection Bias: Blinding of Outcome Assessment 
Attrition Bias: Incomplete Outcome Data Addressed 
Reporting Bias: Selective Reporting 
Other Bias 
 
Any disagreements between the two researchers regarding risk of bias in individual studies will be 
resolved through discussion including a third researcher. The risk of bias of included studies will be 
summarized as part of the systematic review. 
 
Meta-analysis 
 
Summary measures 
For the meta-analysis of variance, SD of change in symptom scores will be pooled across TRS and non-
TRS studies to calculate the log variability ratio (lnVR) [34]. The lnVR represents the natural logarithm of 
the ratio of standard deviations for the experimental and control groups, as follows: 
 
ln 𝑉𝑅 = ln'()*

()+
, = ln '-*

-+
, +	 0

1(3*40)
−	 0

1(3+40)
 , 

 
Where 𝜎89	and 𝜎8:  are unbiased estimates of population SDs, 𝑠9  and 𝑠:  are reported sample SDs, and 
𝑛9  and 𝑛:  are sample sizes for experimental (i.e. clozapine) and control (i.e. other antipsychotics) 
groups, respectively. 
 
In biological systems, dependence between the mean and variance is common, in which larger mean 
values are associated with greater variance [35]. Therefore, a between-group difference in relative 
variability, as indexed with lnVR, may in part reflect a between-group difference in the mean. This 
mean-variance relationship is expected to be relevant when comparing the variability of symptom 
change between clozapine and other antipsychotics. Thus, we will calculate a complementary measure 
of relative variability which accounts for the difference in means, the log coefficient of variation ratio 
(lnCVR): [34] 
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where �̅�9 and �̅�: represent mean change for clozapine and other antipsychotics groups, respectively. 
The use of lnCVR to quantify group differences in variability is limited to ratio scale data [34], and is 
possible only in the case of data that has a true zero point. This is not the case for raw change scores 
which can be positive or negative. Thus, we will use converted �̅�9 and �̅�: values in this equation, as 
follows: 
 
�̅�9 = 	 D�̅�9	EFGHEIFJD 	+	 (�̅�9	KL-FMN3F − 𝐶) , 
 
�̅�: = 	 D�̅�:	EFGHEIFJD 	+ 	(�̅�:	KL-FMN3F − 𝐶) , 
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where �̅�9	EFGHEIFJ  and �̅�:	EFGHEIFJ are reported mean change, �̅�9	KL-FMN3F  and �̅�:	KL-FMN3F  are 
reported baseline scores, and 𝐶 is the minimum score of the applicable rating scale (e.g. 30 for PANSS 
total) for clozapine and other antipsychotics groups, respectively. 
 
For the meta-analysis of mean difference, we will calculate Hedges’ g to quantify between-group 
differences in mean effects across TRS and non-TRS studies. 
 
Synthesis of results 
Meta-analyses will be performed in R 3.4.0 [36] using the metafor package [37]. We will require a 
minimum of three studies to conduct meta-analyses. 
 
Primary outcomes relating to variance and mean difference will be pooled across studies using univariate 
random-effects models. Meta-analyses of secondary outcomes relating to positive and negative 
symptoms will be conducted in similar fashion. To assist interpretation of findings for the meta-analysis 
of variance, summary effect sizes for lnVR and lnCVR will be transformed back to a linear scale as follows: 
 
𝑉𝑅 = 𝑒M3PQ = 	 ()*

()+
 , 

 

𝐶𝑉𝑅 = 𝑒M3:PQ = 	
()*

?̅*A
()+

?̅+A
 . 

 
VR (or CVR) of 1 can be interpreted as equal variability in the clozapine and other antipsychotics 
groups, whereas a larger (or smaller) value would indicate greater (or less) variability in the clozapine 
group. For the meta-analysis of mean difference, standarised mean difference (SMD) will be used. 
Pooled effect sizes regarding VR, CVR, and SMD will be compared between TRS studies and non-TRS 
studies using a Wald-type test. All statistical tests will be carried out at a two-tailed alpha-level of 0.05. 
 
Inconsistency between studies will be assessed using the I2 statistics, with I2 less than or equal to 50% 
indicating low to moderate inconsistency, whereas I2 greater than 50% will indicate moderate to high 
inconsistency. 
 
Risk of bias across studies 
The likelihood of publication bias will be assessed by visual inspection of funnel plots and regression tests 
for funnel plot asymmetry.  
 
Additional analyses 
We will carry out a series of pre-specified sensitivity analyses: 1) excluding studies focusing on child and 
adolescence patients, 2) excluding studies with crossover design, and 3) excluding studies with imputed 
SD of change values for the meta-analysis of mean difference. 
 
As pre-specified meta-regression, we will test the effects of the number of TRS criteria met, baseline 
symptom severity, clozapine dose, and duration of double-blind intervention as potential moderators on 
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variability and mean differences by using univariate mixed-effects meta-regression.  
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III. Time table / Work plan 
 
Time schedule 
We estimate a total of six months for the whole project. If necessary, the literature search may be 
repeated until the final manuscript is accepted by an academic journal. The date of the last literature 
search will be recorded. 
 
Dissemination strategy 
The results will be presented at international conferences, and ultimately published as a systematic 
review and meta-analysis in an international journal. In addition, essential scientific results will be 
made available to the public via the Institute of Psychiatry, Psychology & Neuroscience, King’s College 
London website.
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