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1. Introduction

First mentioned in 2006 (Mouaffak et al., 2006), ultra-treatment-
resistant or clozapine-resistant schizophrenia (CRS) is defined by the
Treatment Response and Resistance in Psychosis (TRRIP) Working
Group as persistence of either positive, negative, or cognitive symptoms
of schizophrenia of at least moderate severity after an adequate trial of
clozapine (Howes et al., 2017). Up to 60% of treatment-resistant schizo-
phrenia patients do not respond to an adequate trial of clozapine
(Siskind et al., 2017). One of the most relevant questions in the clinical
care of people with schizophrenia is how to treat CRS. Evidence from
current meta-analyses and meta-reviews indicates only marginal and/
d Psychotherapy, LMUMunich,

de (M. Campana).
or low-quality benefits for pharmacological clozapine combination or
augmentation strategies after insufficient response to clozapine-
monotherapy (Correll et al., 2017; Wagner et al., 2019). Despite the
marginal benefits for pharmacological combination strategies, the
augmentation of clozapine with another pharmacological agent is com-
monly used in clinical practice (Morrato et al., 2007). Among non-
pharmacological augmentation strategies, cognitive-behavioral therapy
(CBT) has been investigated in multiple randomized controlled trials
(RCTs) (Barretto et al., 2009;Morrison et al., 2018; Pinto et al., 1999) in-
cluding a recent large RCT (Morrison et al., 2018). These studies yielded
mixed results regarding the efficacy of CBT as a CRS treatment augmen-
tation strategy. On the contrary, electroconvulsive therapy (ECT) is re-
ported in recent systematic reviews and meta-analysis (Lally et al.,
2016; Wang et al., 2018; Arumugham et al., 2016) to be an efficacious
treatment option for clozapine-refractory positive symptoms, although
characterized by limited evidence regarding its safety. Finally, a novel in-
tervention method has been offered by repetitive transcranial magnetic

mailto:mattia.campana@med.uni-muenchen.de


                                                                      
stimulation (rTMS). However, this augmentation strategy did not
provide a high level of evidence due to a lack of high-quality RCTs
(de Jesus et al., 2011) and the absence of meta-analyses involving
studies with CRS populations. Overall, the evidence for clozapine
augmentation is sparse and at times with conflicting evidence
(Wagner et al., 2019), which is likely due to a lack of high-quality
trials and co-occurring inconsistent definitions of CRS. With our
approach, we aim at extending the evidence by assessing 1) base-
line characteristics of enrolled patients (i.e. symptom severity),
2) whether and to which extent CRS definitions differ between
studies and whether they aligned to multiple schizophrenia guide-
lines definition of CRS, 3) differences in baseline characteristics of
enrolled patients between multiple sub-groups of studies based ei-
ther on study design, intervention strategy or geographical study
location.

2. Methods

Themethods are based on the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009).

2.1. Search strategy

Systematic searches of articles indexed in PubMed, EMBASE, the
Cochrane Central Register of Controlled Trials (CENTRAL), and PsycINFO
using the search terms (clozapin* OR clozaril OR zaponex OR denzapin*
OR clopine) AND (add-on OR added OR augment* OR combin*) were
conducted. The abstracts and titles of articles identified through elec-
tronic searches were independently screened by two reviewers (EW,
MC). No language restrictions were applied.

2.2. Inclusion criteria

Randomized and non-randomized (including prospective observa-
tional and open-label) clozapine add-on trials were included if they re-
ported psychopathological (including cognitive) outcome(s) (mean
and standard deviation, SD) at baseline, irrespective of the used scale
(e.g. Positive and Negative Syndrome Scale (PANSS) total scores (Kay
et al., 1987), Brief Psychiatric Rating Scale (BPRS) scores (Overall and
Gorham, 1962)).

2.3. Exclusion criteria

Case reports, case series, studies without any psychopathological as-
sessments, studies including patients on any other antipsychotic medi-
cation than clozapine at baseline, and studies from mainland China
were excluded.

2.4. Data extraction

Two reviewers (EW, MC) independently extracted the data into an
electronic spreadsheet and disagreementswere resolved by joint exam-
ination of the papers. The following data were extracted:

1. Number of study arms
2. Sample size of subjects on clozapine in intervention and control or

total group at baseline
3. Mean (and SD) age (in years) at baseline
4. Gender distribution
5. Mean (and SD) duration of illness (in years) at baseline
6. Mean (and SD) clozapine dose (in mg/day) at baseline
7. Mean (and SD) clozapine plasma level (in ng/ml) at baseline
8. Mean (and SD) of PANSS total score / BPRS total score at baseline
9. Geographical location of the study (Europe, North America, non-

Europe and non-north America)
10. CRS definitions.
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2.5. Data synthesis

The primary outcome was the overall symptom score at baseline,
measured with PANSS total or BPRS total scores. Meta-analyses were
conducted using Comprehensive Meta-Analysis (Version 3.3).

2.6. Subgroup and sensitivity analyses

Subgroup analyses were undertaken on randomized vs. non-
randomized (including prospective observational and open-label) stud-
ies, ECT vs. drug studies and vs. rTMS studies and vs. psychotherapy/
psychosocial support studies and European vs. North American vs.
non-European and non-North American based studies.

2.7. Quality analysis

Quality analyses were undertaken to assess and compare the
quality of CRS definitions between studies. In line with schizophre-
nia guideline recommendations (Howes et al., 2017; Kreyenbuhl
et al., 2010; Remington et al., 2017; Hasan et al., 2012) we developed
a “Guidelines Affinity Score (GAS)” to quantify the implementation
in each single study of a best practice CRS definition modeled on
the aforementioned schizophrenia guidelines and adapted to also in-
clude a standardized clinical score (in this case PANSS) to define “in-
adequate response” more consistently. GAS is based on 5 items with
a maximum value of 5 points. Each study was given:

1. 1 point for inclusion of a temporal criterion (at least 8 weeks of clo-
zapine trial before enrollment)

2. 1 point for the use of the highest tolerable clozapine dose before
assessing clozapine-resistance
o OR

3. 2 points for clozapine plasma levels measurement with a cut-off set
at 350 ng/ml before enrollment

4. 1 point for the use of a clinical scale to define inadequate response to
clozapine
o OR

5. 2 points if inadequate response was defined as a PANSS total score of
minimum58 or a BPRS score of minimum32. A value of PANSS equal
or higher than 58 was chosen as it is considered to correspond to a
“mildly ill” Clinical Global Impression (CGI) score (Leucht et al.,
2005), a value of BPRS equal or higher than 32 was chosen as it is
equivalent to a PANSS value of 58 (Leucht et al., 2013).
Finally, we evaluated the study quality of RCTs using the Cochrane

Risk of Bias tool (Higgins et al., 2011).

2.8. Data analyses

The included studies were divided in single study arms based on
their designs for a total of 120 different arms. Each study arm was con-
sidered as independent in all analyses, with the exception of GAS values
comparisons where study arms within a study shared the same value
(for GAS values comparisons N=number of studies, for all other analy-
ses N=number of study arms; i.e. a two-arm RCT study was considered
as N=2). Baseline data were extracted and then pooled performing
a weighted mean analysis for all included study arms resulting in:
N, mean and SD. Additionally, baseline data from different study
subgroups (Randomized, Non-randomized, Drugs, Psychother-
apy/Psychosocial, ECT, rTMS, European, North American, non-
European and non-north American) were extracted and pooled
with weighted mean analyses. Differences in continuous outcomes
between subgroups were compared with summary independent t-
tests (weighted means) and independent t-tests (non-weighted
means). To compare differences in GAS values between subgroups



                                                                      
we used Mann-Whitney-U tests. Weighted means were computed
using Comprehensive Meta-Analysis Version 3.3. All weighted
means were calculated using a random effects model. IBM SPSS
Version 26.0.0.1 was used for all analyses. Significance threshold
was set at 0.05. Equality of variances was checked with Hartley's
Test for variance homogeneity in summary independent t-tests or
with Levene's Test in independent t-tests and in cases of p < 0.05,
respective corrections were performed. Due to the limited avail-
ability of certain data (i.e. clozapine plasma levels) there was a dif-
ference in the degrees of freedom between different tests.

3. Results

3.1. General study information

In total, 1541 articles were independently screened on title/abstract
and99 articles on full-text level. A total of 28 articleswere excluded after
full text review (see Supplementary Table S1 for the list of excluded
Fig. 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyse
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studies) and N=71 articles were included in the meta-analyses (see
Fig. 1). For detailed study information, see Supplementary Table S2.

3.2. Study characteristics and quality

Themajority of a total of N=71 included studieswere pharmacolog-
ical clozapine augmentation studies (87%, N=62) (Afshar et al., 2008;
Anghelescu et al., 1997; Anil Yağcioğlu et al., 2005; Assion et al., 2007;
Barbui et al., 2011; Barnes et al., 2017; Behdani et al., 2011; Bruno
et al., 2016; Bruno et al., 2014a; Bruno et al., 2014b; Buchanan et al.,
1996; Chang et al., 2008; Chiaie et al., 2007; de Groot et al., 2001; De
Lucena, 2011; Diaz et al., 2005; Doruk et al., 2008; Evins et al., 2000;
Fleischhacker et al., 2010; Freudenreich et al., 2009; Freudenreich
et al., 2007; Friedman et al., 1997; Friedman et al., 2011; Genç et al.,
2007; Goff et al., 2001; Goff et al., 1996; Gunduz-Bruce et al., 2012;
Hahn et al., 2010; Heck et al., 2005; Henderson and Goff, 1996;
Henderson et al., 2006; Honer et al., 2006; Josiassen et al., 2005; Kelly
et al., 2015; Koen et al., 2006; Lane et al., 2006; Lin et al., 2017; Lu
s (PRISMA) statement. N: number of studies, n: number of study arms.



Table 2
Overall characteristics of enrolled patients. Abbreviations: n = number of patients,
SD = standard deviation, PANSS = Positive and Negative Syndrome Scale, BPRS = Brief
Psychiatric Rating Scale. Mean values are weighted means and were computed with
CMA (Comprehensive Meta-Analysis Software) using a random effect model.

Patients characteristics n Mean SD±

Age (years) 2467 38.42 3.92
Duration of illness (years) 1141 14.64 4.14
Clozapine dose (mg/day) 1642 436.94 87.47
Clozapine plasma level (ng/ml) 682 500.98 127.49
PANSS total 1554 79.16 7.52
BPRS total 826 40.90 4.62

                                                                      
et al., 2018; Mico et al., 2011; Mitsonis et al., 2007; Munro et al., 2004;
Muscatello et al., 2010; Muscatello et al., 2014; Muscatello et al., 2011;
Nielsen et al., 2012; Potkin et al., 1999; Repo-Tiihonen et al., 2012;
Shiloh et al., 1996; Shiloh et al., 1997; Stryjer et al., 2004; Taylor et al.,
2001; Tiihonen et al., 2003; Tsai et al., 1999; Vayisoglu et al., 2012;
Veerman et al., 2016; Weiner et al., 2010; Ziegenbein et al., 2005;
Ziegenbein et al., 2006a; Ziegenbein et al., 2006b; Zink et al., 2009;
Zoccali et al., 2007; Zoccali et al., 2003). The remainder of non-
pharmacological studies were relatively equally distributed between
psychotherapy/psychosocial (3%, N=2) (Cardoso Buchain et al., 2003;
Morrison et al., 2018), ECT (7%, N=5) (Braga et al., 2019; Kho et al.,
2004; Melzer-Ribeiro et al., 2017; Petrides et al., 2015; Tang and
Ungvari, 2002) and rTMS augmentation studies (3%, N=2) (de Jesus
et al., 2011; Rosa et al., 2007). Among the included psychotherapy/psy-
chosocial studies, one investigated cognitive behavioral therapy (CBT)
administered on an individual basis over a period of 9 months and in-
cluded up to 26 h of treatment on an approximately weekly basis in ad-
dition to clozapine,whereas the other investigated occupational therapy
over a period of 6months as a clozapine add-on treatment. N=48 out of
71 (68%)were randomized studies (with N=24 being evaluated as high
risk of bias and N=24 low risk of bias studies) and N=23 (32%) non-
randomized studies. 42% (N=30) of the studies were conducted in
Europe, 30% (N=21) in North America and 28% (N=20) neither in
Europe nor in North America. For detailed information, see Table 1.

3.3. Patient characteristics

Overall, data from a total of n=2731 patients were collected. The
mean age of the total population (n=2467) was 38.42 years (SD=±
3.92 years). 69.57% of the population were male. The mean duration of
illness (n=1141) was 14.64 years (SD=±4.14 years). The mean cloza-
pinedose (n=1642)was436.94mg/day (SD=±87.47mg/day)with an
average clozapine plasma level (n=682) of 500.98 ng/ml (SD=±
127.49 ng/ml). The mean PANSS total score at baseline (n=1554) was
79.16 (SD=±7.52) (moderately ill (Leucht et al., 2005)), and the
mean BPRS score (n=826) was 40.90 (SD=±4.62). For detailed infor-
mation see Table 2.

3.4. Subgroup comparisons

Subgroups baseline data, in form of both weighted and non-
weighted means, from each study and study arm were compared
using summary independent t-tests for weighted means, independent
t-tests for non-weighted means and Mann-Whitney-U tests for GAS
value comparisons. Since weighted and non-weighted data differed
only minimally, the resulting independent t-tests comparisons yielded
the same results as the weightedmeans comparisons with only one ex-
ception. For conciseness reasons we report here only weighted mean
analyses. For non-weighted analyses please see Supplement tables
from S5.1 to S5.7.
Table 1
Characteristics of included studies. Abbreviations: N = n
rTMS = repetitive transcranial magnetic stimulation, PT
studies. Because risk of bias was assessed only in random
total of 48 studies.

Study Characteristics

N(%

Total 71(10

Randomized 48(6

Non-randomized 23(3

European 30(4

North American 21(3

Non-European, non-north American 20(2
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3.4.1. Randomized vs. non-randomized studies, weighted mean analyses
When randomized studies were compared with non-randomized

studies, no significant differences were detected for the variables
age (t(50.5)=−0.01, p=0.991), duration of illness (t(54)=0.35, p=
0.725), clozapine dose (t(19.5)=−0.88, p=0.388), clozapine plasma
levels (t(32)=1.34, p=0.191) and PANSS total scores between the
two groups (t(53)=1.05, p=0.300). BPRS total scores were signifi-
cantly higher in randomized studies (t(47)=3.53, p<0.001). For all
results and complete test statistics see Supplement Table S4.1, for
non-weighted analyses, see Supplement Table S5.1.

3.4.2. Drug studies vs. ECT studies, weighted mean analyses
Clozapine plasma levels were significantly higher in ECT studies

compared to drug studies (776.81 ng/ml vs. 466.98 ng/ml respectively,
t(32)=−3.94, p<0.001). All the remaining variables did not significantly
differ between the two groups (age, duration of illness, clozapine dose,
PANSS total score, BPRS score) (see Supplement Table S4.2, for non-
weighted analyses, see Supplement Table S5.2).

3.4.3. Drug studies vs. psychotherapy/psychosocial studies, weighted mean
analyses

No significant differences were detected for all variables (age, dura-
tion of illness, PANSS total score). Data for all other variables (clozapine
dose, clozapine plasma levels, BPRS total score) were not available (see
Supplement Table S4.3, for non-weighted analyses, see Supplement
Table S5.3).

3.4.4. ECT studies vs. rTMS studies, weighted mean analyses
A significantly longer duration of illness and higher BPRS scores could

be observed in the ECT population (t(2)=5.80, p=0.028 and t(3)=3.23,
p=0.048, respectively). Of note, there was no significant difference in
BPRS scores when comparing non-weighted data (t(3)=0.71, p=0.529)
and the limited N needs to be considered when interpreting these con-
trasts. No significant difference was observed for the remaining tested
variables (age, clozapine dose, PANSS total score) (see Supplement
Table S4.4, for non-weighted analyses, see Supplement Table S5.4).
umber of studies, ECT = electroconvulsive Therapy,
= psychotherapy. Percentage refers to a total of 71
ized studies, percentage refers only in this case to a

) N(%)

0) Pharmacological 62(87)

8) ECT 5(7)

2) PT/ Psychosocial 2(3)

2) rTMS 2(3)

0) High risk of bias 24(50)

8) Low risk of bias 24(50)



Table 3
Comparisons of weighted baseline parameters between European and North American studies. Abbreviations: n= number of cohorts (each study arm is considered as a single cohort, i.e.
studies with two study arms are given n=2), t = t-value, p = p-value, df= degrees of freedom, SD= standard deviation, PANSS= Positive and Negative Syndrome Scale, BPRS= Brief
Psychiatric Rating Scale. Summary independent t-tests were corrected if Hartley's tests for equal variance were significant.

European studies North American studies Group comparisons

n Mean SD± n Mean SD± t df p

Age (years) 40 37.26 4.90 26 40.38 4.34 −2.64 64 0.010
Duration of illness (years) 20 11.09 4.38 11 17.38 5.05 −3.63 29 0.001
Clozapine dose (mg/day) 34 417.35 116.10 20 466.87 52.37 −2.14 49.5 0.037
Clozapine plasma level (ng/ml) 11 372.91 126.71 19 562.01 126.90 −3.94 28 <0.001
PANSS total 24 77.15 8.07 15 76.03 15.26 0.26 19.0 0.796
BPRS total 18 36.10 5.27 17 42.97 3.08 −4.74 27.7 <0.001

In bold statistically significant results, that is p <=0,05.

                                                                      
3.4.5. Geographical location, weighted mean analyses
In North American studies, participants were significantly older

(t(64)=−2.64, p=0.010) and had a longer duration of illness (t(29)=
−3.63, p=0.001) compared to European studies. Furthermore, in
North American studies, significantly higher clozapine dose, clozapine
plasma levels and BPRS scores were observed (t(49.5)=−2.14, p=
0.037, t(28)=−3.94, p<0.001 and t(27.7)=−4.74, p<0.001 respectively).
No significant differences were found for PANSS total scores (t(19.0)=
0.26, p=0.796) (see Table 3). Furthermore, a similar pattern was
found when comparing European studies with non-European and
non-north American studies. Participants enrolled in European studies
showed a shorter duration of illness (t(43)=−3.55, p=0.001), lower
clozapine plasma levels (t(13)=−2.81, p=0.015) aswell as lower sever-
ity of illness measured with PANSS and BPRS scores (t(38)=−2.79, p=
0.008 and t(30)=−4.09, p<0.001 respectively). No significant differ-
ences were found for age and clozapine dose (t(76)=−0.81, p=0.421
and t(59)=−0.69, p=0.492 respectively). Additionally, no significant
differences were found when comparing North American studies with
non-European and non-north American studies. (see Supplement
Tables S4.6 and S4.7, for non-weighted analyses, see Supplement
Tables S5.5, S5.6 and S5.7).
Fig. 2.Guidelines Affinity Score. X axis: Score (0 to 5 points); Y axis: Number of studies (N=71)
for inclusion of a temporal criterion (at least 8weeks of clozapine trial before enrollment); 1 po
OR2 points for clozapine plasma levelsmeasurementwith a cut-off set at 350ng/ml before enro
points if inadequate response was defined as a PANSS total score of minimum 58 or a BPRS sc
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3.4.6. GAS values comparisons
No significant differences were found when comparing GAS values

across all study sub-groups. For detailed information see Supplement
Table S5.8.

3.4.7. Qualitative analysis
When assessing guidelines implementation of CRS definitions by

mean of the Guidelines Affinity Score, a substantial variety of scores
was observed among all included studies. The total mean GAS value
from all the included studies was 2.28 (SD=±1.30). The majority of
studies (N=28) reached a score of 2 points,with only 4 studies reaching
the maximum of 5 points and 6 studies scoring 0 points (see Fig. 2).

4. Discussion

4.1. Main findings

4.1.1. Patient baseline characteristics
In this first systematic review and meta-analysis to date evaluating

baseline data of participants with CRS and comparing CRS definitions
across studies, key differences were found both on patient- and study-
. GAS is based on 5 itemswith amaximum value of 5 points. Each study was given: 1 point
int for the use of the highest tolerable clozapine dose before assessing clozapine-resistance
llment; 1 point for the use of a clinical scale to define inadequate response to clozapineOR2
ore of minimum 32.



                                                                      
level. We characterized CRS patients by focusing on demographical, psy-
chopathological and clinical data, stratifying the results according to aug-
mentation strategies, study design, and geographical study location.
Moreover, we assessed the various definitions of CRS applied in the in-
cluded studies and put them into perspective with national and interna-
tional schizophrenia guidelines in order to check for consistency and
gain a viewpoint on the level of guideline implementation in clinical trials.

Evaluating baseline parameters of our pooled CRS cohort, we encoun-
tered a moderately ill population. The average baseline parameters
(see Table 2), despite the heterogeneity of CRS definitions among the in-
cluded studies, show high mean clozapine plasma levels well above the
350 ng/ml threshold mentioned in various guidelines (Howes et al.,
2017; Kreyenbuhl et al., 2010; Remington et al., 2017; Hasan et al.,
2012). Moreover, the long duration of illness together with the moder-
ately high PANSS total score hint at the fact that the examined cohort
might nevertheless represent a CRS cohort. Among the baseline parame-
ters, the duration of clozapine treatment is undoubtedly an important as-
sessment in that it could help discerning correlational strength between
length of clozapine treatment and CRS insurgence as well as length of
treatment in general and CRS onset, thus helping discerning between
early- and late-onset treatment-resistance (Howes et al., 2017). Unfortu-
nately, only 10 out of 71 studies specified duration of clozapine treatment.

4.1.2. Subgroups comparisons
Comparing baseline parameters in the different subgroupswe found

relatively homogeneous populations. Interestingly, significant differ-
ences in symptom severity were only found when comparing sub-
groups with regard to BPRS scores but not with regard to PANSS
scores, suggesting a potential lack of comparability of the two scores
when applied in the setting of a clinical trial. Notably, when considering
the different interventions, no significant differences were found be-
tween psychotherapy/psychosocial intervention studies and drug stud-
ies even though it could be assumed that patients with a higher
symptom loadwould less likely participate in non-pharmacological (ex-
cept ECT) studies than pharmacological studies (or ECT studies). Inter-
estingly, those results differed from a recent similar comparison of the
two subgroups (drugs vs. psychotherapy interventions) in people with
schizophrenia, although not explicitly CRS, where patients enrolled in
drug studies were markedly longer and more severely ill than patients
enrolled in psychotherapy studies (Bighelli et al., 2020). Multiple signif-
icant differences were found when data were compared based on
geographical study-site location. Of note, patients enrolled in North
America, when compared to European studies, have been ill for a longer
time, received higher doses of clozapine, also reflected in their higher
clozapine plasma levels and yet exhibited more severe symptoms mea-
suredwith BPRS. Furthermore, patients enrolled in European study sites
showed less severe symptoms comparedwith patients enrolled in areas
other than North America. These data reveal a geographically rooted
heterogeneity in CRS study populations, which could presumably in
part be explained by the lack of implementation of standardized CRS
definitions. Another explanation for these geographical differences, es-
pecially for the stark contrast between European and North American
studies, could lie in the course of CRS itself. Patients in Europe had
been enrolled earlier in their illness, thus showing a shorter duration
of illness than patients in other areas outside Europe. A longer duration
of illness could have led to a chronification of the disease with conse-
quently higher clozapine dose and plasma levels as well as more severe
symptoms. The reported geographically rooted heterogeneity has a
complex nature. Important factors that might strongly influence both
the course and burden of the disease as well as the outcomes of thera-
peutic interventions may include, but not be limited to, the presence
of a welfare system (paidmedical leave, affordable therapeutic commu-
nity homes), a free and universal healthcare coverage (easier access to
treatment, coverage of most treatment-related costs), individual social
factors like family structure aswell as larger socioeconomically relevant
factors like unemployment rates.
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4.1.3. CRS definitions
CRS definitions appear in guidelines, but are underrepresented in

clinical trials. However, it is important to acknowledge that a number
of studies included in this meta-analysis were conducted prior to the
publication of the following guidelines. Overall various schizophrenia
guidelines (the Schizophrenia Patient Outcomes Research Team (PORT)
Treatment Recommendations of 2009 (Kreyenbuhl et al., 2010), the
TRRIP working group guidelines (Howes et al., 2017), theWorld Federa-
tion of Societies of Biological Psychiatry (WFSBP) (Hasan et al., 2012) as
well as the Canadian guidelines for the Pharmacotherapy of Schizophre-
nia inAdults (Remington et al., 2017)) defined CRS as a failure to demon-
strate an adequate response to the drug with clozapine plasma levels
above 350 ng/ml and a duration of clozapine treatment of a minimum
of 8–12 weeks after reaching therapeutic plasma levels. Details on the
different definition criteria of an adequate trial of clozapine from the
aforementioned guidelines could be seen in Table S6. All the guidelines
suggest a minimum clozapine trial of 8 weeks with the TRRIP and Cana-
dian guidelines suggesting a minimum of 12 weeks. The recommended
dosage of clozapine differs between guidelines ranging from 100 to
900mg/day. Finally, all of the considered guidelines recommend, if possi-
ble, to reach clozapine plasma levels of 350 ng/ml. To better quantify
guidelines affinity, while at the same time providing an easy tool for stan-
dardization and quality improvement of future clinical trials we created a
Guidelines Affinity Score. The low scores for studies on our GAS, and the
lack of correlation between GAS and study design, augmentation strategy
or geographical location suggests that the problemof poorly standardized
definitions of CRS is widespread in the literature. This hinders the replica-
bility of these studies as well as the applicability of their results.

4.2. Limitations and strengths

To our knowledge this is the only systematic analysis to date evalu-
ating baseline data of participants with CRS and comparing CRS defini-
tions across studies. This approach entails some limitations: although
the evaluated 71 studies cover data from a relatively large population
of 2731 patients, some baseline parameters were measured only in a
limited amount of studies. Due to a lack of data with regard to specific
symptom domain scales such as negative symptoms (e.g. SANS), we fo-
cused on overall symptom scores, such as PANSS and BPRS total scores
since they were the ones most frequently used. As mentioned above
only 10 out of 71 studies specified duration of clozapine treatment,
thus hampering a comparison of treatment's outcomes between the in-
cluded studies. Although more than 20 studies measured clozapine
plasma levels among participants, only 7 studies measured those levels
more than twice, meaningmore than at baseline and at endpoint. More-
over, even in those studieswhere plasma levelsweremeasuredmultiple
times, the exact levels were rarely reported in the publications, and
available overall data was very scarce. For future studies, we would rec-
ommend to measure clozapine levels using a double-blind procedure at
least twice (e.g. beginning, when the target dose is reached) or even
multiple time (also when primary outcome is reached) and to report
these findings. Moreover, investigators should receive a blinded infor-
mation whether optimal clozapine levels were reached during a clinical
trial or not bearing in mind that several guidelines (e.g. PORT, WFSBP)
recommend clozapine levels above 350 ng/ml in the case of pharmaco-
logical treatment resistance (Kreyenbuhl et al., 2010; Hasan et al., 2012).
From a statistical point of view, patients with treatment resistance who
did not reach the optimal serum level may be excluded in the per-
protocol analyses. Such algorithms as part of the protocols of double-
blind clozapine trials may help to evaluate the true efficacy of clozapine
in the future.

Noteworthy, comparing studies with regard to geographical regions
might help put into perspective future data and results as a potential
confounder in guideline development. In this context, the exclusion of
studies from mainland China reduces the applicability of the results to
this country. Nevertheless, multiple publications suggest that study



                                                                      
quality of Chinese trials continue to be of low quality (Parry, 2017; Tong
et al., 2018; Woodhead, 2016).

Of note, an individual study's adherence to guidelines is not an auto-
matic evaluation of its validity. Nonetheless our approach aims at har-
monizing evidence-based medicine approaches in psychiatry. For this
reason at the core of this study is both the systematic evaluation of
CRS definitions in the literature as well as the creation of a quality
score to be easily referred to and implemented in future trials. Inclusion
criteria recommendations (Fig. S4) could help future CRS trials stan-
dardizing inclusion criteria, hence increasing their comparability. Since
obtaining high-level evidence in the treatment of CRS is hampered by
different or absent definitions of CRS across publications, we hope that
this manuscript could raise awareness on this problem while providing
key elements to help with its solution.

4.3. Future perspective

An approach supporting clinical evidence from DSM-V with genetic
and biological findings (Goldstein et al., 2015; Iwata et al., 2019) seems
promising to understand underlying mechanisms and response predic-
tors of CRS. Since schizophrenia entails different subtypes, these can
show resistance to antipsychotics as early as illness onset (Demjaha
et al., 2017). In the future, a strategy based on mapping the cognitive,
circuit, and genetic aspects of mental disorders could yield a novel clas-
sification of diseases, providing a better frame for clinical studies and
possibly better treatment targets. It could be argued that a new, more
accurate, CRS definition could lead to an earlier and better treatment
strategy ultimately resulting in a decreased burden that schizophrenia
imposes on both economics and quality of life (Jin and Mosweu, 2017).

5. Conclusions

This systematic review and meta-analysis offers a first overview
of characteristics of patients with CRS. The findings of this work
have implications both for research and clinical practice. Overall,
unstandardized implementations of CRS definitions in clinical stud-
ies together with notable geographical differences regarding en-
rolled patients make future meta-analysis of CRS more complex to
evaluate while raising concerns on the interpretability of previously
published works (Samara et al., 2016; Siskind et al., 2016). The sys-
tematic assessment of CRS definitions between studies with the
Guidelines Affinity Score could work as a base framework for future
trials. Future projects involving the evaluation of CRS patients could
set the quality of their trials by referring to the results showed here.
This, on one hand, could standardize the design of future clinical trials,
thus enhancing the homogeneity of patients enrolled. On the other
hand, results from coherent clinical trials could be translated into clinical
practice more easily and effectively.
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