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Summary

Background Antipsychotics are the gold standard treatment for schizophrenia, but many patients who receive
treatment experience persistent symptoms. The aim of this network meta-analysis was to determine the efficacy of
augmentation drugs for the treatment of schizophrenia.

Methods In accordance with the PRISMA statement, the PubMed, Web of Science, Google Scholar, CENTRAL,
clinical trial and EUDRACT databases were searched from inception to May 15th, 2023. To ensure the robustness of
the results, only double-blind randomised controlled trials with a low risk of bias (measured by the Risk Of Bias v2
(ROB2) tool) were included. The studies were categorised according to the background regimen: participants were
treated with risperidone, mixed antipsychotics or clozapine. A Bayesian network meta-analysis was conducted
using a random effects model. PROSPERO register: CRD42023420964.

Findings A total of 44 trials (comprising 45 augmentation drugs and 3358 participants) were included in the analysis.
One-third of the drugs (16 drugs) demonstrated significant efficacy vs. placebo for at least one outcome. The most
notable effect sizes (ESs) were observed for the use of tropisetron (standard mean difference: —0.83 [95% interval
confidence -1.12 to —0.55]), memantine (—0.50 [-0.66 to —0.32]) and minocycline (—0.56 [-0.72 to —0.39]) to treat
negative symptoms among patients treated with risperidone (moderate-to-high ESs). Studies involving mixed
antipsychotics yielded lower ESs (small-to-moderate). Sodium benzoate (—0.41 [-0.60 to -0.21]) and memantine
(~0.23 [-0.36 to —0.11]) were found have significant effects on positive symptoms, while memantine demonstrated
efficacy for negative symptoms (-0.32 [-0.45 to —0.19]) and general psychopathology (-0.32 [-0.44 to —0.20]).
Studies focusing exclusively on patients treated with clozapine revealed that duloxetine produced the best results
(negative symptoms: —1.12 [-1.35 to —0.91]). Sodium benzoate was the only augmentation drug that demonstrated
efficacy in relieving persistent positive symptoms (—0.32 [-0.59 to —0.08]) among patients treated with clozapine.
Treatment with clozapine in combination with antipsychotics yielded small-to-moderate ESs.

Interpretation The GRADE framework indicated that the quality of the evidence among the included studies was
moderate, primarily due to the limited number of randomised controlled trials with a low risk of bias. Important
drugs did not appear in these results due to insufficient low-risk-of-bias data for these medications. These results
highlight new pathways for treating schizophrenia that should be incorporated into future guidelines after further
validation.
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Research in context

Evidence before this study

Augmentation treatments (i.e., treatments added to
antipsychotic therapy to enhance efficacy) were explored
herein due to the recognition that antipsychotic therapy,
which is the standard treatment for schizophrenia, may fall
short in various clinical scenarios owing to efficacy issues or
tolerance concerns. To address this issue, we comprehensively
searched the PubMed, Web of Science, Google Scholar,
Embase, ClinicalTrials.gov, and EUDRACT databases up to May
15th, 2023, without language restrictions. The following
search terms were used: (schizophrenia OR schizo-affective)
AND (adjunctive OR augmentation OR other synonyms) AND
(randomised clinical trial OR other synonyms). Studies were
considered eligible for inclusion if they compared
augmentation medications (administered in either capsule or
oral tablet form) with either a placebo or an alternative
augmentation medication among patients with chronic
schizophrenia. To ensure the reliability of the evidence, only
studies with a low risk of bias were included. Due to the
potential heterogeneity introduced by the choice of initial
antipsychotic treatment, we categorised studies into three
groups: augmentation of risperidone, clozapine, or mixed
antipsychotics.

Introduction

Antipsychotic medication is widely recognised as the
primary treatment for schizophrenia.! Among these
medications, clozapine, a second-generation antipsy-
chotic, is one of the most efficacious options available.
Its effectiveness has been well documented over the
years, leading to its inclusion in the latest 2021 update of
the World Health Organization’s list of essential medi-
cines.” Despite the widespread use of antipsychotics,
one-quarter of patients with schizophrenia will not
respond to antipsychotics, and a large proportion of
patients treated with antipsychotic monotherapy
(including clozapine) experience persistent symptoms
that significantly impact their quality of life.** In
particular, antipsychotics have been shown to be less
effective at treating negative symptoms (including
blunted affects, lack of motivation, and anhedonia).
Some antipsychotics, such as risperidone, have been
shown to induce iatrogenic negative symptoms at higher
doses due to their anti-dopaminergic action. Moreover,
comorbid depression is highly prevalent among patients
with schizophrenia.’ Negative and depressive symptoms
have a strong impact on the daily functioning of people
with schizophrenia. Many augmentation drugs have
been tested in randomised controlled trials, and several
meta-analyses have shown that augmentation drugs are

Added value of this study

The results of this network meta-analysis, encompassing 45
drugs and 3358 participants, revealed promising properties
for 16 drugs across diverse symptom domains, primarily
focusing on negative symptoms—a crucial area given the
limited efficacy of antipsychotics for these symptoms
compared to positive symptoms. Depending on the baseline
antipsychotic regimen, this study emphasises the potential
beneficial effects of augmentation treatments on symptoms
within specific subdomains.

Implications of all the available evidence

Our recommendations were graded as moderate (grade 2
level) because of an insufficient number of randomised
controlled trials with a low risk of bias for each drug. This
network meta-analysis emphasises the need for additional
trials with a low risk of bias. While commonly prescribed
antipsychotic combinations yield small-to-moderate effects,
other augmentation strategies have shown more promise in
improving symptom subdomains.

effective in treating schizophrenia.® A meta-review by
Correll et al. identified meta-analyses that demonstrated
the significant effects of certain drugs.” However, their
meta-review included studies with a high risk of bias,
thereby casting doubt on the potential benefit for pa-
tients. A search of the PubMed database April 2023
indicated that no comprehensive network meta-analysis
has examined the efficacy of augmentation drugs and
provided a clear classification of their efficacy.
Therefore, the objective of this network meta-
analysis was to evaluate the efficacy of these augmen-
tation drugs on various symptoms associated with
schizophrenia via a network meta-analysis.

Methods

Search strategy and selection criteria

This study was reported in accordance with the estab-
lished guidelines outlined in the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses) 2020 and PRISMA network meta-analysis
statement standards.® To ensure transparency and
consistency, a detailed protocol outlining predefined
eligibility criteria was registered with PROSPERO,
a prospective register of systematic reviews
(CRD42023420964) on May 5th, 2023.
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The inclusion criteria were as follows: (i) Design:
double-blind randomised controlled trials with a low
risk of bias; (ii) Intervention in the experimental group:
augmentation treatment with oral capsules or tablets;
(iii); Intervention in the control group: placebo indis-
tinguishable from oral active compound or another
active drug; trials with treatment-only controls (e.g.,
clozapine only) were not included; (iv) Population:
adults ([18-65] years of both sexes) with stabilised
schizophrenia who were receiving antipsychotic mono-
therapy or combined therapy. Stabilised schizophrenia
was defined by no modification of the class or dosage of
the antipsychotic medication within the four weeks
prior to inclusion. All classes of augmentation drugs
were included.

The exclusion criteria were as follows: trials with
some concerns of bias or a high risk of bias on any
domain of the Risk Of Bias v2 (ROB2) tool’; studies with
crossover designs that did not present results after the
first period'; and any study allowing the use of drugs
that could influence the outcomes of interest, even
sporadically.

Two independent authors (DEE and GF) searched
databases the MEDLINE®, PubMed®, Web of Science®
(Clarivate®) Cochrane Central Register of Controlled
Trials (Central), ClinicalTrials.gov, EU Clinical Trials
Register (EUDRACT) and Google Scholar®' databases
from inception to May 15th, 2023, with no language or
date restrictions. The search strategies are presented in
Supplementary Material 1. To ensure the appropriate
search strategy, related meta-analyses were consulted.”'?

Two investigators (DEE and GF) independently per-
formed the screening and extracted the data from the
included trials, and a third investigator (LB) checked the
extracted data. Discrepancies were resolved through
consensus. The extracted data included interventions,
the efficacy outcomes of interest at baseline and at each
time point (mean/change and dispersion) and the safety
outcome of interest (any serious adverse events (SAEs)).
The data for all the time points found in the respective
studies were collected and considered in the analyses.
The primary outcome was negative symptoms. The
secondary outcomes were positive symptoms, depres-
sive symptoms, general psychopathology, and total psy-
chotic  symptomatology. General psychopathology
includes depression, anxiety and heterogeneous symp-
toms, including attention disorders and impaired
insight into illness. Total psychotic symptomatology was
the sum of all other symptoms previously listed.

The risk of bias of individual trials for efficacy out-
comes was assessed using the Cochrane Collaboration
ROB2 tool.” The overall bias was judged to be low if the
five domains (randomization process, deviation from
intended interventions, missing outcome data, mea-
surement of the outcome, and selection of reported re-
sults) were at a low risk of bias and high if at least one
domain was at a high risk of bias or if multiple domains
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had some concerns of bias. Two reviewers (DEE and
GF) independently evaluated the risk of bias. Disagree-
ments were resolved by consulting a third investigator
(LB).

Data analysis

To ensure homogeneity and transitivity in the network
meta-analysis, studies with the same antipsychotic
therapy at baseline were grouped into three classes:
risperidone, mixed antipsychotic, and clozapine. Cloza-
pine is the most effective antipsychotic, and patients
who do not respond to clozapine are considered “ultra-
resistant”. Apart from clozapine, risperidone was the
only antipsychotic for which we identified enough
studies including only patients receiving this treatment.
Bayesian network meta-analysis was performed using
the Model-Based Network Meta-Analysis time
(MBNMAtime) package of R software.''* We assessed
the certainty of the evidence using the Grading of Rec-
ommendations Assessment, Development and Evalua-
tion (GRADE) statement."

Our hypothesis was that antipsychotic therapy
administered in both groups at baseline might influence
the study results. As explained in the rationale, studies
that exclusively include patients treated with clozapine
can be considered to include patients with a higher
degree of resistance to treatment, given that clozapine is
the most effective antipsychotic. Therefore, it was
hypothesised that those studies might produce different
results compared to the others. Apart from clozapine,
risperidone was the only antipsychotic for which we
identified a sufficient number of studies including only
patients receiving this treatment. The other studies
included a combination of antipsychotics (including
clozapine, risperidone, and other antipsychotics) and
were grouped together in the third category.

As we expected symptoms to be measured by
different scales, we used the standardised mean differ-
ence (SMD) as a summary statistic.’® The cut-off values
for the standard mean difference were as follows:
0 to —0.20 indicated a trivial effect; —0.20 to —0.50 indi-
cated a small-to-moderate effect; —0.50 to —0.80 indi-
cated a moderate-to-large effect; and above -0.80
indicated a large effect.”” To estimate treatment effects,
Bayesian models were generated using Markov chain
Monte Carlo (MCMC) algorithms. Noninformative
priors were utilised to allow the collected trial data to
determine effect estimates.'® The log-linear function was
employed to capture the general time-course function."”
To model the correlation between time points within
each study, a multivariate normal likelihood with an
autoregressive AR1 structure was employed.” To assess
the divergence of the model, the Kullback-Leibler
divergence was used.”’ The model fit was evaluated us-
ing the deviance information criterion.”” In addition to
the arguments specific to the MBNMAtime in the JAGS
model,” the following parameters were set: three
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Markov chains were run, each consisting of a total of
20,000 iterations. To ensure convergence, the first
10,000 iterations were discarded to eliminate any tran-
sient behaviour. Furthermore, a thinning rate of 1 in
every 10 iterations per chain was applied to optimise the
storage and analysis efficiency. The drugs were ranked
based on the area under the curve (AUC) value.**
However, formal consistency testing was not possible
due to the absence of closed loops of treatment com-
parisons in the expected network architecture, although
this may still be presumed. Each result is presented as
the effect size (ES) (95% confidence interval (95% CI)
and rank (according to AUC).

The GRADE evaluation was performed based on
various NMA parameters.”” The risk of bias parameter
assesses the extent to which there may be a systematic
deviation from the truth in the included studies, which
can lower the certainty of the results. Inconsistency
specifically refers to disagreements between direct and
indirect evidence in the network meta-analysis. To
ensure valid comparisons, intransitivity assesses
whether all the competing interventions in a systematic
review can be randomised together. This means that it is
possible to design a single multiarm randomised trial in
which all the therapies are compared simultaneously,
using the same population and other relevant factors
(e.g., age). Indirectness considers the differences be-
tween the populations and treatments and between the
results of the studies compared with the populations
and treatments and between the results targeted by the
network meta-analysis. It also takes into account the use
of indirect comparisons. Studies with significant results
are more likely to be published, which can introduce
bias. Publication bias was considered to account for this
potential bias in the evaluation. Imprecision is primarily
assessed by examining the 95% confidence intervals and
determining whether these intervals exclude clinically
relevant effect sizes. Additionally, the optimal size of the
information is also investigated.”

Since this study does not involve participants, no
ethical approval or consent to participate was needed.

Role of the funding source

All the authors confirm that they had full access to all
the data in the study and accept responsibility for the
decision to submit for publication. There was no fund-
ing source for this study.

Results

A total of 403 studies were identified. Ultimately, 44
studies comprising 3358 participants and 45 augmen-
tation treatments met the inclusion criteria.”** The
characteristics of the included studies are presented in
Table 1. The mean age of the participants was 39.5
(standard deviation = 5.8) years, and 33.5% (1124/3358)
of participants were women. The most common

duration of treatment was eight weeks (k = 14, 31.8%),
followed by six weeks (k = 10, 22.7%). The baseline
treatment was mixed antipsychotics in 25 (56.8%)
studies, risperidone in 10 (22.7%) studies and clozapine
in 9 (20.5%) studies. The reasons for the exclusion of
the 359 nonincluded studies are presented in
Supplementary Material 2. Among these 359 non-
included studies, 27.6% (n = 99) were not included due
to inadequate information on randomization procedures
and/or allocation concealment; 20.3% (n = 73) of the
studies were excluded because no mean or dispersion
values were available; 11.4% (N = 41) of the studies were
excluded because the population studied did not exclu-
sively consist of schizophrenia or reported selected pa-
tients (such as patients with tardive dyskinesia); 11.4%
(n = 41) of the studies were excluded because they
involved coinitiation rather than augmentation; 5.6%
(N = 20) of the studies were excluded due to focusing
exclusively on one sex group receiving sex-specific
treatment (e.g., sex hormones); and 4.2% (N = 15) of
the studies were excluded because the analysis of the
effect of assignment to the intervention was inadequate,
thus leading to a lack of clarity regarding whether the
measured effect could be attributed to other drugs
administered on an as-needed basis for insomnia or
agitation, such as lorazepam. As a result, the RoB2
assessment for domain 2 (i.e., deviations from planned
interventions) was evaluated as having a high risk of
bias. Furthermore, 3.9% n = 14 of the studies were
excluded because the measurements of all randomised
patients (whether by observed cases, intention-to-treat
analysis, or imputation methods such as last observa-
tion carried forward) were not considered, introducing
bias into the estimation of the intervention effect.
Consequently, the RoB2 assessment for domain 3 (i.e.,
missing outcome data) was assessed as indicating a high
risk of bias. In addition, 12 studies did not involve
chronic or stable patients, ten were not double-blinded,
ten were not of the desired galenic form, eight did not
involve adjunctive strategies, six did not present data
after the first period (crossover studies), four were not
randomised controlled trials, three did not involve
medication (electroconvulsive therapy, cognitive behav-
ioural therapy), two did not present a control group and
one did not have antipsychotics at the start of the study.
The flowchart is provided in Fig. 1.

Outcomes

Our findings are synthetised in Table 2. No augmenta-
tion treatment was found to improve all five symptom
dimensions of schizophrenia (negative, positive,
depressive, general psychopathology, and total symp-
toms). However, 16 drugs or combined drugs have
shown efficacy in at least one dimension. The statisti-
cally significant results are presented in Fig. 2. The full
results for all symptom dimensions are available in
Supplementary Materials 8, 15 and 21. All the results
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Study (First author, Country Trial Schizophrenia In/out Baseline  Stable Treatment Sample Age (sd) Percentage
publication year) duration diagnostic patient  regime dose size of female
(weeks) (weeks)
Berk et al.,, 2008 Australia 24 DSM-IV both mixed 4 N acetyl cysteine 69 37.2 (10.1) 30
placebo 71 36.1 (11.7) 30
Bobo et al., 2011 USA 6 DSM-IV-TR both mixed 8 armodafinil 29 44.0 (14.6) 483
placebo 29 38.8 (11.7) 31
Buchanan et al., 2015 USA 12 DSM-IV both mixed 4 rasagiline 28 463 (12.2) 143
placebo 29 459 (11.1) 241
Bugarski-Kirola et al., 2016~ World 12 DSM-IV outpatient mixed 12 bitopertin 10 mg 198 402 (12.4) 43
bitopertin 20 mg 199 39.1 (12.2) 43
placebo 199 39.7 (12.7) 33
Bugarski-Kirola et al., 2022 World 6 DSM5 outpatient mixed 8 pimavanserin 193 36.9 (9.5) 36.8
placebo 196 375(9-4) 388
Chang et al., 2008 Republic of Korea 8 DSM-IV both clozapine 12 aripiprazole 29 332(82) 24
placebo 32 317 (74) 19
Chen et al,, 2012 Hong Kong 4 DSM-IV both mixed 12 HT1001 32 431 (85) 16
placebo 32 437 (7.8) 25
Chengappa et al., 2012 USA 12 DSM-IV-TR both mixed 4 L-carnosine 33 46.6 (8.5) 36
placebo 37 46.5(9.0) 38
Freudenreich et al., 2007 USA 6 DSM-IV outpatient clozapine 8 risperidone 11 423 (md) 125
placebo 13
Ghaderi et al.,, 2019 Iran 12 DSM-IV-TR inpatient  mixed 24 vitamin D & probiotics 30 43.2 (6.0) 6.7
placebo 30 448 (83) 67
Ghajar et al., 2018 Iran 8 DSM5 outpatient risperidone 8 citicoline 33 45.4 (11. ) 6
placebo 33 48.9 (10.7) 15
Goff et al., 2008 USA 8 DSM-IV outpatient mixed 4 p-cycloserine 19 50.1 (9. 2) 47.4
placebo 19 48.0 (6.7) 316
lancu et al., 2010 Israel 10 DSM-IV both mixed 4 escitalopram 20 355 (87) 25
placebo 20 38.8 (6.9) 30
Iranpour et al., 2016 Iran 8 DSM-IV-TR inpatient  risperidone 8 pioglitazone 21 38.0(8.9) 333
placebo 21 37.0(77) 26.6
Kaphzan et al., 2014 Israel 12 DSM-IV md mixed 8 entacapone 23 41.8 (27) 26
placebo 22 43.8 2.3) 27
Kardashev et al., 2018 Israel 8 DSM-IV md mixed 6 pregnenolone & L-theanine 18 322 (7.6) 111
placebo 21 33.0 (6.7) 9.5
Kelly et al., 2015 USA 10 DSM-IV-TR both clozapine 24 minocycline 28 42.9 (14.2) 29
placebo 23 42.3 (11.0) 22
Khodaie-Ardakani et al., 2014 Iran 8 DSM-IV-TR outpatient risperidone 8 minocycline 20 41.1 (7.47) 30
placebo 20 389 (7.8) 25
Lane et al.,, 2006 Taiwan 6 DSM-IV inpatient  clozapine 12 sarcosine 10 36.7 (10.1) 30
placebo 10 355 (6.6) 30
Lane et al., 2010 Taiwan 6 DSM-IV inpatient  mixed 12 sarcosine 20 30.4 (10.6) 40
D-serine 20 30.7 (9.6) 40
placebo 20 315(7.9) 55
Lane et al., 2013 Taiwan 6 DSM-IV md mixed 12 sodium benzoate 25 38.4 (9.7) 56
placebo 27 36.3 (7.9) 44.4
Lee et al., 2012 Republic of Korea 12 DSM-IV inpatient  mixed 12 memantine 15 443 (4.3) 267
placebo 11 43.4 3.9) 545
Lerner et al., 2013 USA 6 DSM-IV-TR both mixed 6 bexarotene 45 412 (12.4) 9
placebo 45 417 (10.0) 11
Lin et al., 2017 Taiwan 6 DSM-IV inpatient  clozapine 12 sodium benzoate 1000 mg 20 443 (7.2) 30
sodium benzoate 2000 mg 20 44.8 (8.1) 35
placebo 20 47.0 (11.9) 30

(Table 1 continues on next page)
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Study (First author, Country Trial Schizophrenia In/out Baseline  Stable Treatment Sample Age (sd) Percentage
publication year) duration diagnostic patient  regime dose size of female
(weeks) (weeks)
(Continued from previous page)
Michalopoulou et al., 2015 UK 10 DSM-IV outpatient mixed 4 modafinil 24 372 (9.6) 29
placebo 24 354 (9.9) 25
Mico et al.,, 2011 Italy 16 DSM-IV outpatient clozapine 4 duloxetine 20 359 (7.1) 35
placebo 20 34.0 (6.8) 45
Miodownik et al., 2019 Israel 24 DSM-IV inpatient  mixed 12 curcumin 20 54.1 (12.9) 30
placebo 18 53.4 (4.9) 38.8
Moazen-zadeh et al., 2020  Iran 8 DSM5 inpatient  risperidone 8 vortioxetine 34 34.4 (5.8) 29.4
placebo 34 329 (47) 324
Muscatello et al., 2014 Italy 16 DSM-IV outpatient clozapine 4 ziprasidone 20 36.5 (8.8) 75
placebo 20 33.5 (5.6) 60
Niitsu et al., 2012 Japan 8 DSM-IV outpatient mixed 8 fluvoxamine 23 38.6 (9.5) 39
placebo 24 363 (9.4) 375
Nikbakhat et al., 2016 Iran 8 DSM-IV md risperidone 8 duloxetine 32 33.9 (5.9) 343
placebo 32 34.2 (5.8) 312
Noroozian et al., 2013 Iran 8 DSM-IV-TR outpatient risperidone 8 tropisetron 20 33.8 (7.0) 20
placebo 20 337 (59) 25
Omranifard et al., 2017 Iran 12 DSM-IV-TR inpatient  mixed 12 memantine 30 323 (9.9) 40
placebo 30 34.2 (10.6) 53
Piskuli¢ et al., 2009 Australia 6 DSM-IV outpatient mixed 8 buspirone 9 43.4 (103) 11
placebo 9 372 (137) 33
Rezaei et al., 2013 Iran 8 DSM-IV-TR outpatient risperidone 8 memantine 20 335 (6.9) 40
placebo 20 33.0 (6.9) 45
Roffman et al., 2018 USA 12 DSM-IV-TR outpatient mixed 6 L-methylfolate 29 463 (9.2) 172
placebo 26 447 (12.9) 26.9
Salehi et al., 2022 Iran 8 DSM5 md risperidone 8 palmitoylethanolamide 25 33.76 (6.9) 8
placebo 25 36.8 (9.6) 16
Samaei et al., 2020 Iran 8 DSM5 outpatient risperidone 8 resveratrol 26 3473 (7.0) 38
placebo 26 33.1(55) 42
Sheikhmoonesi et al., 2015  Iran 6 DSM-IV-TR inpatient  mixed 4 buspirone 25 46.7 (9.5) 20
placebo 25 47.3 (10.6) 20
Shiloh et al., 1997 Israel 10 DSM-IV inpatient  clozapine 12 sulpiride 16 40.3 (10.8) 31.25
placebo 12 37.1(12.3) 333
Tharoor et al., 2023 India 24 ICD-10 both mixed md L-carnosine 50 32.1(7.4) 30
placebo 50 31.0 (5.8) 38
Veerman et al., 2016 The Netherlands 26 DSM-IV outpatient clozapine 12 memantine 26 42.4(9.6) 25
placebo 26
Weiser et al., 2021 Romania 16 DSM-IV-TR both mixed 2 aspirin 100 422 (10.7) 51
placebo 100 435 (9.7) 46
Xiao et al,, 2011 China 8 DSM-IV md risperidone 4 sarsasapogenin 41 46.0 (17.2) 512
placebo 39 55.2 (15.7) 513

Table 1: Characteristics of the included studies.

presented in this network meta-analysis used a placebo
as the reference. In summary, studies including patients
treated with risperidone, mixed antipsychotics, or clo-
zapine yielded different results.

The studies that included patients treated with ris-
peridone mainly focused on patients with negative
symptoms. The results of the network meta-analysis of
patients taking risperidone indicated that tropisetron
was the most effective treatment for negative symptoms,

with a large effect size (ES) [-0.83; 95% confidence in-
terval (95% CI) (-1.12 to —0.55); rank = 1]. The three
drugs had moderate-to-large ES for negative symptoms:
pioglitazone [-0.63; 95% CI (-0.94 to —0.30), rank = 2J;
minocycline [-0.56; 95% CI (-0.72 to —0.39), rank = 3];
and memantine [-0.50; 95% CI (-0.66 to -0.32),
rank = 4]. Palmitoylethanolamide had a small ES for
negative symptoms [-0.28; 95% CI (-0.50 to —0.05),
rank = 5] but a moderate-to-high effect on general
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Fig. 1: Flow diagram.

psychopathology [-0.58; 95% CI (-0.84 to -0.32),
rank = 1]. Duloxetine [-0.47; 95% CI (-0.59 t0-0.35),
rank = 5] and sarsasapogenin [-0.21 (-0.33 to —0.09,
rank = 6] had small-to-moderate effects on total symp-
toms. The net graphs and forest plots of effect sizes with
rankings for the risperidone group are shown in
Supplementary Materials 3-8, respectively.

The results of the studies including patients treated
with mixed antipsychotics yielded more modest ESs
than did the studies involving patients treated with ris-
peridone only. No augmentation drug yielded a large ES
in any dimension. Only sarcosine yielded a moderate-to-
large ES for total symptoms [-0.57; 95% CI (-0.90
to —0.27), rank = 1] and presented a small-to-moderate
ES for negative symptoms [-0.35; 95% CI (-0.57
to —0.13), rank = 2]. The other drugs yielded small-to-
moderate ES. Notably, two augmentation drugs had
small-to-moderate ES for positive symptoms (sodium
benzoate [-0.41; 95% CI (-0.60 to —0.21), rank = 1] and
memantine [-0.23; 95% CI (-0.36 to —0.11), rank = 2J).
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Memantine also had a small-to-moderate ES for negative
symptoms [—-0.32; 95% CI (—0.45 to —0.19), rank = 1] and
general psychopathology [-0.32; 95% CI (-0.44
to —0.20), rank = 1]. Additionally, sodium benzoate had a
small-to-moderate ES for general psychopathology
[-0.25; 95% CI (-0.44 to —0.07), rank = 3]. The combi-
nation of vitamin D + probiotics yielded a small-to-
moderate ES for negative symptoms [-0.29; 95% CI
(—0.50 to —0.08), rank = 3], and pregnenolone + 1-the-
anine for general psychopathology [-0.31; 95% CI (-0.47
to —0.15), rank = 2]. p-serine and fluvoxamine yielded a
small-to-moderate ES for total symptoms: [-0.33; 95%
CI (~0.68 to —0.01), rank = 4] and [-0.22; 95% CI (~0.37
to —0.07), rank = 5]. The net graphs and forest plots of
effect sizes with rankings for the mixed group are
shown in Supplementary Materials 9-15, respectively.
In the studies including only patients with clozapine,
duloxetine yielded the best ES (negative symptoms
[-1.12; 95% CI (-1.30 to —0.91), rank = 1], a moderate-to-
large effect for depressive symptoms [-0.52; 95% CI
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Baseline Drug Dose(mg/d) Duration  Positive Negative Depressive  General Total kRCTs N
regimen (Weeks) psychopathology subjects
Risperidone  tropisetron 10 8 - 1 N/A 3 1 1 20
minocycline 200 8 - 3 - 4 3 1 20
palmitoylethanolamide 1200 8 - 5 N/A 1 4 1 25
pioglitazone 30 8 - 2 - - 2 1 21
memantine 20 8 = 4 N/A 2 = 1 20
duloxetine 60 8 - - N/A - 5 1 32
sarsapogenin 200 8 - - N/A N/A 6 1 41
Mixed memantine 20 12 2 1 - 1 2 2 45
sodium benzoate 1000 6 1 - - 3 3 1 25
sarcosine 2000 6 N/A 2 N/A N/A 1 1 20
pregnelonone/t- 50/400 8 N/A 4 N/A 2 N/A 1 18
theanine
vitamin D/probiotics 50,000 Ul/2weeks 8 x 10° CFU/d 12 - 3 N/A - - 1 30
D-serine 2000 6 N/A - N/A N/A 4 1 20
fluvoxamine 150 8 N/A - - N/A 5 1 23
Clozapine duloxetine 60 12 - 1 1 1 1 1 20
sodium benzoate 1000 6 2 3 - 3 2 1 20
ziprasidone 80 16 - 2 - 4 4 1 20
sulpiride 600 10 - - 2 N/A 5 1 16
risperidone 4 6 - - - 2 3 1 11
sodium benzoate 2000 6 1 - - - - 1 20
minocycline 200 10 = - - N/A 6 1 28

The drug’s rank according to the symptom is noted in the boxes only for significant effects. The number of subjects (N subjects) represents the number of subjects receiving the active treatment, not the
entire sample size, including patients treated with a placebo. “Total” means “Total symptomatology score”; “-” means “non-significant result”; “N/A" means “non applicable”(not tested); "k RCTs” means
“number of randomised controlled trials”. Only low-risk-of-bias randomised controlled trials (RCTs) have been included, which accounts for the low number of studies for each molecule.

Table 2: Efficacy of 16 augmentation drugs demonstrating significant effects in at least one symptom domain of schizophrenia.

(—0.63 to —0.40), rank = 1], small-to-moderate effect for
total symptoms [-0.46; 95% CI (-0.63 to -0.30),
rank = 1] and for general psychopathology [-0.45; 95%
CI (-0.54 to —0.34), rank = 1] but no significant ES for
positive symptoms). The other strategies yielded small-
to-moderate ES. A dose-dependent effect was observed
for sodium benzoate on positive symptoms (1000 mg/
d [-0.27; 95% CI (-0.55 to —0.01), rank = 2] and
2000 mg/d [-0.32; 95% CI (-0.59 to —0.08)], rank = 1).
Sodium benzoate (1000 mg/d) was also effective for
treating negative symptoms with a small-to-moderate ES
[-0.21; 95% CI (-0.38 to —0.02), rank = 4]. Minocycline
yielded a small-to-moderate ESs for total symptoms
[-0.21; 95% CI (~0.37 to —0.04), rank = 6].

The studies combining clozapine with other anti-
psychotics yielded small-to-moderate ESs (ziprasidone
for negative symptoms [-0.27; 95% CI (-0.36 to —0.18),
rank = 2] and general psychopathology [-0.21; 95% CI
(-0.33 to -0.10), rank = 4]; sulpiride for depressive
symptoms [-0.25; 95% CI (-0.36 to —0.12), rank = 2];
and risperidone for general psychopathology symptoms
[-0.25; 95% CI (-0.46 to —0.04), rank = 2], while aripi-
prazole yielded no significant results. The net graphs
and forest plots of effect sizes with rankings for the
clozapine group are shown in Supplementary Materials
16-21, respectively.

Serious adverse events

Serious adverse events are presented in Supplementary
Material 22. None of the augmentation drugs that
showed efficacy were associated with a significant in-
crease in serious adverse events.

Risk of bias evaluation

According to the inclusion criteria, only studies with a
low risk of bias were considered. The plot and table
concerning the risk of bias v2 assessment are available
in Supplementary Materials 23 and 24.

GRADE evaluation

With respect to the GRADE evaluation, we only
included studies with a low risk of bias and no signifi-
cant methodological limitations. The risk-of-bias
assessment was therefore not downgraded. The only
studies comparing two different augmentation drugs
were three-arm studies with placebo as the reference.
Since clinical trials are internally consistent, the loops
formed by these studies were not checked for incon-
sistency. Furthermore, the network structure of this star
network, which compares each drug to that of the pla-
cebo, prevents direct and indirect estimates from being
compared. To ensure transitivity, the studies involved
comparable populations (patients with chronic

www.thelancet.com Vol 69 March, 2024


www.thelancet.com/digital-health

Articles

Risperidone group

Standardized Mean Difference
Negative
Tropisetron -0-83 (11210 -0-55) -
Piogiitazone -0-63 (-0-94 10 -0-30) .
Minocycline -0-56 (-0-72 10 -0-39) .
Memantine 050 (-0-66 t0 -0-32) -
Paimitoylethanolamide -0-28 (-0-50 10 -0-05) .
General psychopathology
Paimitoylethanolamide 058 (-0-84 10 -0-32) .
Memantine -0-38 (-0-54 t0 -0-23) -
Tropisetron -0:32 (-0-55 0 -0-10) .
Minocycline -0:29 (-0-45t0-0-13) .
Total
Tropisetron 055 (-0-80 to -0-31) .
-0-58 (-1:15 10 -0-02) -
051 (-0-69 to 0-34) -

053 (-0-77 10 -0-29) -

Pioglitazone
Minocycline
Paimitoylethanolamide
Duloxetine 047 (-0-59 t0 -0-35) -

sarsasapogenin -0-21(-0:33t0 -0-09) -

Mixed group

Positive

Benzoate 041 (-0-60 to -0-21) .

Memantine -0-23(-0-36 to -0-11) -
Negative

Memantine 0:32 (-045t0 0-19) "
sarcosine -0-35(-0-57 to 0-13) -
Vitamin D & probiotic -0:29 (-0-50 to -0-08) -

General psychopathology

Memantine -0-32(-0-44 t0 -0-20) .

Pregnenolone & L-theanine  -0-31 (-0:47 to -0-15) .
Benzoate -0:25 (-0-43 10 -0-06) .
Total
sarcosine -0-57 (-0-90 t0 -0-27) .
-0-35 (047 10 -0-22) .
0:32(:0:51t0-0-13) -
0:33 (068 t0 -0-01) -
-0-22(-0:37 10 -0-07) -

Memantine
Benzoate
D-serine
Fluvoxamine

Clozapine group

Bositive
Benzoate 2000mg
Benzoate 1000mg

-0-32(-0-59 to -0-08) »
0:27 (0:55 to 0.01)

Negative
Duloxetine
Ziprasidone
Benzoate 1000mg

1112 (1:3510 0:91)
-0:27 (-0:36 t0 -0-18)
-0:21(-0:38 t0 0:02)

Depressive

Duloxetine
Sulpiride

052 (-0-63 t0 -0-40)
-025(-0-36 t0 -0-12)

General psychopathology *
Duloxetine

Risperidone

Benzoate 1000mg
Ziprasidone

-0-45 (054 t0-0-34) -
-0:25 (046 t0 0-04)
021 (044 to 0-01)
-0-21 (033 t0 0-10)

Total-
Duloxetine
Benzoate 1000mg
Ziprasidone
Sulpiride
Minocycline

-0-46 (063 t0 0-30)
-0:30 (-0-58 to -0-05)
-0-23 (-0-38 t0 -0-07) ol
-0-21(:0-37 t0 0-06)
021 (037 to 0-04)

Fig. 2: Forest plots of drugs providing a statistically significant effect
on at least one symptom dimension. 95% Cl: 95% confidence
interval.

schizophrenia treated with stable antipsychotics), the
same interventions (augmentation strategies involving
oral tablets/capsules compared with placebo indistin-
guishable from orally active compounds or another
active drug), and comparable measurement scales, with
the results presented in comparison to those of the
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placebo. These findings reinforce the applicability of the
evidence generated for this population and ensure a low
degree of indirectness for all the studies. Therefore,
there was no significant indirectness, and the rating was
not downgraded in the indirectness assessment. Since
there are only one or two studies per tested drug, it is
not possible to investigate publication bias, so this factor
cannot be assessed. The imprecision is presented in
Supplementary Material 25, in which a decrease of one
level of imprecision is observed for each drug due to the
limited number of participants, which does not allow
the optimal information size to be achieved. Addition-
ally, imprecision is further reduced when the drug’s
confidence interval includes zero. Therefore, the cer-
tainty of evidence is rated as “moderate” for each sta-
tistically significant drug and “low” for each
nonsignificant drug based on the GRADE assessment.

Discussion

To our knowledge, this is the first network meta-analysis
exploring the efficacy of augmentation drugs in patients
with schizophrenia. Tropisetron (10 mg/d), memantine
(20 mg/d) and minocycline (200 mg/d) may improve the
negative symptoms of patients treated with risperidone
with moderate-to-large ES (and large ES for tropisetron).
Pioglitazone at a dosage of 30 mg/day has also been
demonstrated to be effective; however, it is associated
with safety concerns, particularly regarding bladder
cancer.”” Therefore, its use is not recommended. Pal-
mitoylethanolamide (1200 mg/d) has also yielded a
moderate-to-large ES for the persistent general psycho-
pathology symptoms of patients treated with risperi-
done. These drugs should be further explored in
patients treated with other antipsychotics. The studies
including mixed antipsychotics yielded more disap-
pointing results, probably due to increased heterogene-
ity in the baseline groups. However, sodium benzoate
(1000 mg/d) and memantine (20 mg/d) have yielded
small-to-moderate ES for positive symptoms. Mem-
antine also yielded a small-to-moderate ES for negative
symptoms and general psychopathology, as did sodium
benzoate for general psychopathology. Studies including
only patients treated with clozapine (i.e., the most
resistant form of schizophrenia) have shown that
60 mg/d duloxetine yielded the best results, with a large
ES for negative symptoms and a moderate-to-large ES
for depressive symptoms. Sodium benzoate is the only
drug that yielded a small-to-moderate ES for positive
symptoms in patients treated with clozapine. Antipsy-
chotic combination strategies with clozapine yielded
more disappointing results, as indicated by the small-to-
moderate ES for ziprasidone 80 mg/d in individuals
with negative and general psychopathology, sulpiride
600 mg/d in individuals with depressive symptoms, and
risperidone 4 mg/d in individuals with general psy-
chopathology.  Aripiprazole yielded nonsignificant
results.
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We observed larger effect sizes for negative symptoms
than for positive symptoms. However, this does not
necessarily imply that augmentation drugs targeting
negative symptoms are more effective. This difference in
effect sizes can be attributed to the fact that antipsy-
chotics generally exhibit greater efficacy in treating pos-
itive symptoms than in treating negative symptoms.
Consequently, the baseline severity of positive symptoms
was lower than that of negative symptoms, leading to
artificially inflated effect sizes for negative symptoms.
Moreover, most studies including risperidone as a base-
line treatment have focused on negative symptoms. The
use of mixed antipsychotics may have induced hetero-
geneity between groups, resulting in lower effect sizes.

We identified two augmentation drugs (sodium
benzoate and memantine) that appear to be effective for
persistent positive symptoms, exhibiting small-to-
moderate effect sizes. Among these drugs, NMDA
modulation seems to be the most likely shared mecha-
nism of action. However, it is important to emphasise
that the clinical relevance of these drugs may be subject
to scrutiny, considering the small-to-moderate effect
sizes. Effect sizes represent averages, and no definitive
conclusions can be drawn about efficacy for individual
patients.”’ It is also possible that more pronounced ef-
fects are observed with longer treatment durations. To
address the question of treatment duration, our statis-
tical analysis included the duration of the study and each
measurement at every visit. However, not all durations
were explored in the included trials, and most were
limited to six or eight weeks.

Studies exploring the augmentation of clozapine
with other antipsychotics have provided poor results,
with small-to-moderate effect sizes for ziprasidone,
sulpiride and risperidone and no significant effects for
aripiprazole, suggesting that antipsychotic augmenta-
tion may not be the best strategy for improving psy-
chotic symptomatology in stabilised patients. The
combination of antipsychotics may increase the risk of
side effects, including akathisia, resulting in a poor
benefit/risk ratio. In contrast, duloxetine augmentation
appears to be the best augmentation strategy for patients
treated with clozapine with persistent negative symp-
toms or general psychopathology. Duloxetine selectively
inhibits the reuptake of serotonin and norepinephrine
and thus causes an increase in dopamine in the pre-
frontal cortex. This mechanism of action could account
for its efficacy in addressing various symptoms. Other
hypothesised mechanisms of action of the augmenta-
tion drugs that have shown significant efficacy are pre-
sented in Supplementary Material 26.

These results should be interpreted with caution. We
achieved a moderate level of confidence in our grading
evaluation, primarily due to the limited number of
studies included. For instance, both the tropisetron and
duloxetine results were supported by only one trial each;
therefore, these findings warrant replication to confirm

their preliminary nature. This limited sample size is
mainly due to the augmentation design of the included
trials, which makes them less common. Only high-
quality trials with a low risk of bias were included in
order to account for the small number of trials for each
drug. Several studies were not included in our work due
to methodological issues. In accordance with the RoB2
guidelines, regarding the randomization process, we
found that simple statements such as “We carried out a
random allocation” or “We used a random allocation
plan” were insufficient to ensure that the allocation
sequence was genuinely random. To address these
randomization issues, clear and precise information
must be provided.”” Various methods can be employed,
such as restricted randomization, stratified randomiza-
tion, or a combination of both methods, known as
minimization. Furthermore, these studies did not pro-
vide any evidence of the adequate generation of random
sequences. To ensure the proper generation of random
sequences, methods such as the use of sequentially
numbered opaque sealed envelopes and block random-
ization can be employed.” This explains why we have a
significantly smaller number of randomised controlled
trials than the systematic overview of meta-analysis by
Correll et al.” or why compounds that appeared to be
effective previously, such as mirtazapine, lamotrigine,
or N-acetyl-cysteine, were not examined herein.”? Addi-
tionally, several crossover studies were not included, as
the results were not presented after the first period, thus
leading to potential carry-over bias.’® One other limita-
tion of our study could be the potential for differences
between placebo arms across trials, particularly due to
the star-like network structures with placebo at the
centre. Such discrepancies could bias the estimates. To
address this, we implemented a four-step strategy to
minimise heterogeneity in the placebo arms. First, our
focus was exclusively on studies with similar dosage
forms (oral tablets/capsules), excluding intranasal/
intravenous drug studies. Second, we identified back-
ground antipsychotic therapies as a major source of
between-trial heterogeneity that could influence efficacy
and safety profiles. Consequently, we performed sepa-
rate analyses for networks involving risperidone, mixed
antipsychotics, and clozapine as background therapies.
Third, to acknowledge the potential for residual het-
erogeneity, we used a random effects model for data
pooling to better manage this uncertainty. Finally, our
initial plan to analyse differences in specific baseline
variables was limited by the insufficient number of trials
for consistent comparisons within each network.

The original data may face criticism due to the po-
tential exclusion of certain patient groups, such as those
with suicidal ideations, addiction issues, or physical
comorbidities, as randomised controlled trials tend to
favour specific patient characteristics.” Most of the
RCTs conducted on the risperidone group were con-
ducted by the same team and focused primarily on
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negative symptoms. This emphasis may explain why
more drugs were associated with a greater ES for
negative symptoms in these studies. In the case of clo-
zapine studies, the daily dose of clozapine varied from
275 mg/d to 503 mg/d. However, there are inadequate
reports on clozapine blood levels, which can signifi-
cantly vary depending on factors such as sex, smoking
status, and CYP1A2 metabolism. These variables were
not adequately addressed in the studies. Therefore, it is
crucial to investigate the role of CYP1A2 in the observed
results, particularly considering that duloxetine, which
demonstrated efficacy in these studies, is metabolised
by this enzyme. Combining the current findings with
those from meta-analyses is recommended to provide
comprehensive information for clinical practice. Despite
these limitations, the present results may have impor-
tant implications for clinical practice. Some of the
treatments that have shown efficacy in our study may
exhibit synergistic effects, such as the combination of
memantine and galantamine.” Future guidelines for the
treatment of schizophrenia should include these data in
an algorithm to choose the best treatment option ac-
cording to the clinician experience and the patient’s
preference in shared decision-making. Overall, these
limitations underscore the complexity of assessing the
efficacy of combination therapies in schizophrenia pa-
tients. The identification of biomarkers would likely
assist clinicians in selecting the most appropriate
augmentation drugs. Additional RCTs with a low risk of
bias are needed to confirm the present findings and test
combinations, as well as real-world data, to validate the
effectiveness and safety of these methods.

The findings of this network meta-analysis indicate
that sodium benzoate and memantine may be effective
at relieving persistent positive symptoms, with effect
sizes ranging from small to moderate. For patients
treated with risperidone, tropisetron, pioglitazone,
minocycline and memantine demonstrated efficacy in
reducing negative symptoms, with effect sizes ranging
from moderate to large. Augmentation of clozapine with
antipsychotics had small-to-moderate effect sizes, while
duloxetine had a large effect on reducing negative
symptoms in patients treated with clozapine. Many
factors remain to be explored to guide clinical practice.
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