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Background: In a previous meta-analysis, the use of serotonin; 5(5-HT;4) receptor partial agonists of the azapirone
class as an add-on therapy was associated with beneficial effects on positive symptoms and attention/processing
speed in schizophrenia patients. This meta-analysis builds on that study by examining the effects of adjunctive
treatment with 5-HTj, partial agonists in improving other domains of neurocognitive function in schizophrenia
patients.

Methods: A literature search was performed from 1987 to May 2023 to identify randomized controlled trials. The
standardized mean difference (SMD) with 95 % confidence intervals (CI) was calculated when there were two or
more studies. Four studies, involving 313 patients, met the inclusion criteria and were used in the analysis.
Results: 5-HT; 5 partial agonists (buspirone or tandospirone) did not have a significant effect on verbal learning
(SMD = 0.08, 95 % CI = —0.31 to 0.47) or working memory (SMD = 0.15, 95 % CI = —0.09 to 0.39). Regarding
executive functions (Wisconsin Card Sorting Test), positive but non-significant results were seen with the
category number (SMD = 0.26, 95 % CI = —0.81 to 1.32), while non-significant effects were noted for percent
preservation errors (SMD = —0.10, 95 % CI = —0.53 to 0.33).

Conclusions: The absence of any significant benefits in the cognitive domains studied here may have been due to
the variance in the concomitant medication (typical vs atypical antipsychotic drugs), the level of cognition at
baseline, or other factors. Further studies with various types of 5-HTj, agonists are warranted to examine the
potential cognitive efficacy of stimulating these receptors.

1. Introduction 1996; Heaton et al., 2001; Keefe et al., 2005; Sumiyoshi et al., 2016;
Wittorf et al., 2008). Therefore, developing treatment approaches that
target cognitive function in schizophrenia has been a priority for

researchers.

Cognitive impairment is one of the core symptoms in patients with
schizophrenia. It is estimated that up to 85 % of these patients experi-

ence impairments in several domains of cognitive function, such as
verbal memory, working memory and executive functions (Jauhar et al.,
2022; Meltzer and Sumiyoshi, 2008). Importantly, cognitive deficits
have been shown to play a central role in predicting vocational and
social outcomes in schizophrenia patients (Galderisi et al., 2020; Green,

Atypical antipsychotic drugs (AAPDs), with clozapine as the proto-
type, have been reported to be more effective than typical antipsychotic
drugs (TAPDs) in treating psychotic and mood symptoms, as well as
cognitive impairment in patients with schizophrenia (Meltzer, 2013,
2017; Meltzer and Gadaleta, 2021). The distinctive properties of AAPDs
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have been discussed in relation to their high affinity, either as an agonist
or antagonist, for several serotonin (5-hydroxytryptamine; 5-HT) re-
ceptor subtypes (Meltzer and Gadaleta, 2021; Sumiyoshi, 2008). For
example, a relatively high affinity for 5-HT2x receptors versus dopamine
(DA)-D,, receptors may be related to the difference between AAPDs and
TAPDs (Meltzer and Massey, 2011). This notion has been supported by
in vivo experiments with rodents (Stockmeier et al., 1993; Sumiyoshi
et al., 1994a, 1994b; Sumiyoshi et al., 1993; Sumiyoshi et al., 1995), and
may describe the mechanisms of some of the AAPDs currently used, e.g.,
risperidone, olanzapine, and quetiapine (Araki et al., 2006; Meltzer
et al., 2003; Sumiyoshi et al., 2006; Sumiyoshi et al., 2003a, 2003b).

5-HT14 receptors have also been thought to mediate the efficacy of
several AAPDs (e.g., aripiprazole, lurasidone, brexpiprazole, risperi-
done, olanzapine) (Lemoine et al., 2012; Meltzer and Sumiyoshi, 2008;
Newman-Tancredi and Albert, 2012; Sumiyoshi, 2020). 5-HTj, re-
ceptors are located widely in the areas of the brain governing cognitive
and emotional processes, e.g., in the frontal cortex, hippocampus, and
amygdala (Le Francois et al., 2008). The 5-HT; 4 partial agonist actions
of AAPDs provide a preferential increase in extracellular concentrations
of DA and acetylcholine in the prefrontal cortex relative to subcortical
areas (Ichikawa et al., 2001; Li et al., 1998; Masana et al., 2011). As
enhancement of prefrontal DA transmissions is thought to regulate the
activities of mesolimbic DA neurons (Davis et al., 1991; Deutch, 1992),
5-HT partial agonism may alleviate psychotic symptoms, and cogni-
tive impairment in schizophrenia patients (Ichikawa et al., 2001; Melt-
zer and Sumiyoshi, 2008; Newman-Tancredi and Albert, 2012;
Newman-Tancredi and Kleven, 2011; Sumiyoshi, 2020; Yamada et al.,
2023). However, the cognitive benefit of AAPDs has been found to be
only small to moderate (Désaméricq et al., 2014; Keefe et al., 2007;
Woodward et al., 2005; Woodward et al., 2007). Therefore, additional
means are needed to develop novel strategies to improve cognitive
impairment in schizophrenia (Leucht et al., 2009; Meltzer, 2013; Melt-
zer et al., 2012).

Azapirone derivatives, such as buspirone and tandospirone exhibit
potent binding affinities for 5-HT;5 receptors, with Ki values of 20 nM
and 27 nM, while their affinities for D, receptors are 240 nM and 1700
nM (Hamik et al., 1990; Matheson et al., 1994; Newman-Tancredi and
Kleven, 2011). Several clinical trials have been conducted to determine
whether add-on therapy with buspirone or tandospirone can improve
cognitive functioning (PisKuli¢ et al., 2009; Sumiyoshi et al., 2001b;
Sumiyoshi et al., 2007; Wang et al., 2019), including studies reporting
negative findings (PisKulic¢ et al., 2009). In a recent meta-analysis we
conducted, the addition of buspirone or tandospirone to ongoing treat-
ment with antipsychotic drugs was found to improve attention/pro-
cessing speed, in addition to positive symptoms in patients with
schizophrenia (Yamada et al., 2023). Since attention/processing speed is
thought to represent the construct of overall cognitive impairment of
schizophrenia (Reichenberg, 2010), the results from our previous meta-
analysis (Yamada et al., 2023) support the interpretation that 5-HTj
receptor stimulation produces cognitive benefits.

In spite of the above evidence, further consideration is necessary to
determine whether augmentation therapy with 5-HT;, partial agonists
produce benefits for the individual domains of cognitive function. This
idea is particularly relevant not only to verbal learning memory that has
been thought to largely affect functional outcomes (Green et al., 2000),
but also cognitive domains associated with the function of the prefrontal
cortex, e.g., working memory and executive function (Sheffield and
Barch, 2016; Sheffield et al., 2015). These types of cognitive function
have been targeted in pivotal studies of pharmacological cognitive
enhancement, by means of augmentation therapy with tandospirone,
which report improvement in verbal learning memory and its organi-
zation (Sumiyoshi et al., 2001a; Sumiyoshi et al., 2001b), as well as
executive function (Sumiyoshi et al., 2001b) in patients with schizo-
phrenia. These cognitive benefits are consistent with the data from an-
imal studies where the systemic administration of 5-HT; partial
agonists increased extracellular DA concentrations in the prefrontal
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cortex. Importantly, all of the above cognitive domains have been
considered to predict vocational and social outcomes (Meltzer and
Sumiyoshi, 2008; Sumiyoshi et al., 2001b; Green et al., 2000).

In view of the continued uncertainty regarding the cognitive benefits
of stimulation of 5-HTj4 receptors (PisKulic et al., 2009; Yasuno et al.,
2003), we conducted a systematic review and meta-analysis of ran-
domized controlled trials (RCTs) to examine the possible efficacy of 5-
HT1a receptor partial agonists of the azapirone class for improving
specific domains of cognitive function. In line with the above discus-
sions, verbal learning, working memory, and executive function were a
focus of this study. We hypothesized that the addition of buspirone or
tandospirone to ongoing treatment with antipsychotic drugs would be
beneficial for improving specific neurocognitive functions in patients
with schizophrenia.

2. Methods
2.1. Inclusion criteria and search strategies

We conducted the current meta-analysis on the basis of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines. The inclusion criteria were as follows: (1) RCTs, (2) human
studies; studies that (3) targeted patients with schizophrenia or schizo-
affective disorder, (4) evaluated the effect of cognitive functions, (5)
provided sufficient data to evaluate effect sizes, (6) were written in
English, (7) had a duration where the drug administration was 4 weeks
or longer. Studies focusing on schizophrenia or schizoaffective disorder
were included, based on previous considerations (Keepers et al., 2020;
Yamada et al., 2023).

RY and AW independently conducted a literature search using
PubMed, the Cochrane Library, and PsycINFO databases from 1987 until
23 May 2023 using the following keywords: “alnespirone” OR” bino-
spirone” OR “buspirone” OR “enilospirone” OR “eptapirone” OR
“gepirone” OR “ipsapirone” OR “revospirone” OR “tandospirone” OR
“zalospirone” AND “schizophrenia”. Additional studies were obtained
by scanning the reference lists of the included studies and previous re-
views. TS approved the final list of included studies.

2.2. Data extraction and quality assessment

The information for each study was independently extracted by RY
and AW with coding discrepancies resolved by TS. When the data were
not fully described in the published article, the corresponding authors
were contacted and asked to provide additional information. If there was
no response to our queries, we tried to obtain the necessary information
by measuring the length of graphs showing non-tabulated results. If
none of these methods proved feasible, then the studies were excluded
from the analysis. The outcome measures were classified into verbal
learning, working memory, and executive function. The Cochrane risk of
bias tool was used to evaluate the methodological quality of each RCT
(Higgins et al., 2011).

RY and AW independently assessed the following characteristics of
each trial: (i) random sequence generation, (ii) blinding of subjects and
personnel, (iii) blinding of outcome assessment, (iv) incomplete
outcome data, (v) selective reporting, and (vi) other potential sources of
bias. The assessment was done by evaluating what was reported in the
selected articles and accessing and evaluating the study protocols where
available. If necessary, any disagreements were thereafter resolved by
TS.

2.3. Statistical analysis

We based the analyses on intent-to-treat (ITT) or modified ITT data
(i.e., at least one dose or at least one follow-up assessment); no data from
observed cases analysis were included. Statistical analyses were per-
formed using Review Manager 5.3 for Windows. The effect size was
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calculated based on the difference in the change of baseline scores, be-
tween the experimental vs. control conditions. When no data on the
mean change from the baseline were available, we calculated the mean
change and standard deviation based on the assumption that the cor-
relation between the scores at follow-up and those at the baseline was
0.5. For continuous data, the standardized mean difference (SMD =
Hedges' g as an effect size measure) was used, considering the correction
for small sample bias (Lakens, 2013). If data for two or more outcome
measures were provided, we selected a single outcome based on the
focus of the meta-analysis (Scammacca et al., 2014). We used a fixed-
effects model if homogeneity (p=0.05) was found and a random-
effects model (DerSimonian and Laird, 1986) if not (p < 0.05).
Because a meta-analysis requires at least two studies in theory (Pigott,
2012), meta-analyses were performed when the mean effect was eval-
uated in at least two studies. Finally, funnel plots were inspected visually
to explore the possibility of publication bias.

269 records identified by a literature search

Pubmed: 103
Cochrane Library: 24

Web of Science: 142
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3. Results
3.1. Systematic review

Fig. 1 shows the PRISMA study selection flowchart. The initial search
yielded 269 potential articles. After removing duplicates, 185 articles
were screened. The four studies included in the systematic review
included 313 patients (the experimental group n = 159; the control
group n = 154). Characteristics of the included studies are shown in
Table 1. These studies were conducted in the USA, Australia, Japan, and
China. Three of the four studies were on outpatients. Sample sizes
ranged from 9 to 99 and 9-97 participants in each of the groups. Three
studies included only schizophrenia patients, while one study (PisKuli¢
et al., 2009) included both schizophrenia (89.5 %) and schizoaffective
disorder (10.5 %) patients. The mean age ranged from 27.8 to 43.4 years
(in the experimental group), and from 31.8 to 39.7 (in the control
group). The proportion of men ranged from 56.2 % to 77.8 %. The mean
duration of illness ranged from 6.3 to 19.0 years (in the experimental
group), and from 7.5 to 19.0 years (in the control group). The daily dose
of 5-HT; 5 partial agonists (buspirone or tandospirone) ranged from 21.6
to 30 mg/day, while the mean duration of its use ranged from 6 to 24

185 studies screened

against title and abstract
| |

> 84 duplicate records removed

20 studies assessed for

full-text eligibility

> 165 non-relevant studies excluded

16 studies excluded with reasons
* 2 duplicate records

* 2 review studies

A 4

4 studies included in the

systematic review and meta-analysis

* 2 case reports

* 1 animal study

* 2 case-control studies

* 4 difference of measures

* 3 details unknown

Fig. 1. PRISMA study selection flowchart.
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Table 1
Selected characteristics of the included studies.
Study, Total Men/ Drug N Age Duration Dose Out/ Duration Symptom Concomitant Neurocognitive
country Women Inpatient of illness severity txt outcomes
(mean
(mg/ (BPRS or
0
(n) (%) + SD. (week) day) (year) PANSS)
year)
Sux:tly;loshl BPRS
) Tan: WMS-R(Revised
(2001) 57.7/ Tan 15 2784 30 ) Tan: 6.3 Tan: 16.8 Typical verbal meimory
1 Japan 26 6 Outpatient + 4.30, +9.00 . . composite)
42.3 6.30, (fixed) antipsychotic ) .
Pbo: Wisconsin Card
: Pbo: 7.5 Pbo: 18.9 Sorting Test
Pbo 11 31.8 +
9.40 +5.40 + 8.70
Sumiyoshi
et al. BPRS Auditory
Bus: Consonants Trigram
Bus: 19.0 Bus: 20.6 . . .
9 (2007) USA 73 56.2/ Bus 36 40.5 + 2 30 Outpatient L 11.20 4 8.00 Atyplcal ' Callforr%la Verbal
43.8 11.80, (fixed) antipsychotic Learning Test
o 7 ara Po:190  Pbo: 200 " ortng Tt
12.50 + 13.50 + 8.60
P‘:::llhc PANSS
) Bus: Hopkins verbal
(2009) ) Bus: 15.2 Bus:52.8 + . learning test
3 Australia 18 77.8/ Bus ° 434 + 6 21.6 + Outpatient +10.20 9.30 Atyplcal . The n-back
22.2 10.30 3.75 antipsychotic
Pbo: component of the
i Pbo: 11.7 Pbo:55.4 task
Pbo 9 372+
13.70 +9.40 + 14.90
Wang et al. PANSS
(2019) Bus: Bus: 12.01  Bus: 48.03
. Bus 99 39.81 + - o o . WAIS-RC (digital
China 70.9/ 30 + 8.87 +12.95 Atypical L
4 196 10.11 24 . . span test, digital
29.1 (fixed) antipsychotic
Con: Con: Con: 47.49 symbols)
Con 97 39.02 + 11.24 + " '12 3'2
9.56 8.28 :

BPRS, Brief Psychiatric Rating Scale; PANSS, Positive and Negative Syndrome Scale; Bus, buspirone; Pbo, placebo; Tan, tandospirone; Con, Control; txt, treatment.

weeks. As concomitant antipsychotic drugs, AAPDs were used in three
studies (Sumiyoshi et al., 2007; PisKulic et al., 2009; Wang et al., 2019).
More specifically, they were risperidone (Sumiyoshi et al., 2007;
PisKulic et al., 2009; Wang et al., 2019), olanzapine (Sumiyoshi et al.,
2007; PisKuli¢ et al., 2009; Wang et al., 2019), clozapine (Sumiyoshi
et al., 2007; PisKuli¢ et al., 2009; Wang et al., 2019), quetiapine
(PisKulic et al., 2009; Wang et al., 2019), ziprasidone (Sumiyoshi et al.,
2007; Wang et al., 2019), amisulpride (PisKuli¢ et al., 2009), and ari-
piprazole (Wang et al., 2019). Treatment with TAPDs (haloperidol,
sulpiride, or pimozide) was ongoing in one study (Sumiyoshi et al.,
2001b). The mean symptom severity score ranged from 48.03 to 52.8(in
the experimental group), and 47.49 to 55.4(in the control group), as
measured by the Positive and Negative Syndrome Scale, or from 16.8 to
20.6 (in the experimental group), and from 18.9 to 20.0 (in the control
group), as measured by the Brief Psychiatric Rating Scale (Table 1).
Table 2 shows neurocognitive outcomes used in the selected studies
(verbal learning, working memory, and executive function).

The summary for the risk of bias is shown in Fig. 2. Three studies had
an unclear risk of bias, in relation to either the blinding of the partici-
pants and personnel, selective reporting and other sources of bias. We

Table 2
Neurocognitive outcomes used in the selected studies.

Cognitive domain Cognitive variable

Verbal learning Wechsler Memory Scale—Revised verbal memory composite
California Verbal Learning Test

Hopkins verbal learning test

Auditory Consonants Trigram

digital span test (WAIS-R)

The n-back component of the task

Wisconsin Card Sorting

Working memory

Executive function

found little indication of publication bias for the outcomes. Visual in-
spection of the funnel plots for verbal learning, working memory, and
executive function suggested symmetry (Fig. 3(A), (B), (C), (D)).

3.2. Meta-analysis

We performed meta-analyses on verbal learning, working memory,
and executive function (Wisconsin Card Sorting Test (WCST), as these
cognitive domains were examined in two or more studies. The use of 5-
HT;a partial agonists did not have a statistically significant effect on
verbal learning memory (SMD = 0.08, 95 % CI = —0.31 to 0.47), or
working memory (SMD = 0.15, 95 % CI = —0.09 to 0.39) (Fig. 4(A),
(B)). In terms of executive function, as measured by the WCST, positive
but non-significant result was seen with the category number (SMD =
0.26, 95 % CI = —0.81 to 1.32), while a non-significant effect was noted
for percent preservation errors (SMD = —0.10, 95 % CI = —0.53 to 0.33)
(Fig. 4 (©), (DY).

4. Discussion

This study examined the potential benefits of the adjunctive use of
the azapirone derivatives buspirone or tandospirone, for potentiating
the treatment of cognitive impairment in patients with schizophrenia.
Our initiative was based on the ability of these 5-HT s partial agonists to
enhance attention/processing speed, a central construct of cognitive
function, as shown in a recent meta-analysis (Yamada et al., 2023).
However, contrary to those results, the add-on therapy was not found to
improve verbal memory, working memory, or executive function.

The absence of a significant positive influence on the cognitive
function domains examined in this study might be explained in several
ways. First, the current meta-analysis included studies in which the
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Risk of bias
) 5 D7
D1:Random sequence generation
: Judgement
D2: Allocation concealment )
D3: Blinding of participants and personnel (= Unclear
D4: Blinding of outcome assessment -
D5: Incomplete outcome data . Low
D6: Selective reporting
D7: Other sources of bias
Fig. 2. Risk of bias.
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Fig. 3. Funnel Plot for Verbal learning (A), working memory (B), Wisconsin Card Sorting Test (category number) (C), and Wisconsin Card Sorting Test (D)

patients who participated had already been treated with AAPDs, i.e.,
clozapine, risperidone, olanzapine, or ziprasidone, (Sumiyoshi et al.,
2007; PisKuli¢ et al., 2009; Wang et al., 2019) for more than three
months. It is possible that the intrinsic 5-HT;5 agonist activity of the
AAPDs, by causing an increase in DA and/or Ach release, may have
limited the ability of augmentation therapy with buspirone to improve

specific cognitive domains. In support of this consideration, the 5-HT15
antagonist WAY 100635 inhibits the increase in DA release produced by
AAPDs, such as clozapine and ziprasidone which are 5-HT;a partial
agonists (Ichikawa et al., 2001; Chung et al., 2004) by themselves, as
well as olanzapine and risperidone, which do not directly interact with
5-HTj 5 receptors (Diaz-Mataix et al., 2005; Ichikawa et al., 2001).
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Piskulic et al.{2009) Australia. -0.9 1.997498 9 -0 2.325941 9 17.5% -0.35 [-1.28, 0.58]
Sumiyoshi et al. (2007) USA. 8.9 1510099 30 8.7 125048 29 58.5% 0.01 [-0.50,0.52]
Sumiyoshi et al. (2001} Japan. 16.3 1911256 15 5 19.2943 11 24.0% 0.57 [0.23,1.37]
Total (95% CI) 54 49 100.0% 0.08 [-0.31, 0.47]
Heterogeneity: Chi®= 2.34, df= 2 (P = 0.31); F=15% 14 52 ; é j‘
Testfor overall effect Z= 0.42 (P = 0.67) Favours [control] Favours [experimental]
(A)
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Piskulic et al.{2009) Australia. -0.2 0.3 9 0 0.360555 9  B3% -0.57 [-1.52,0.37] —
Sumiyoshi et al. (2007) USA, 2.8 11.40132 30 1.3 9.250405 29 21.7% 0.14 [-0.37, 0.65] -
Wang et al. (2019) China. 1.4 2762626 99 0.74 3.228637 97 72.0% 0.22 [-0.06, 0.50]
Total (95% CI) 138 135 100.0% 0.15[-0.09, 0.39]
Heterogeneity. Chi*= 247 df=2 {(P=0.29); F=19% i‘ I2 3 % i
Testfor overall effect 2= 1.25 (P = 0.21) Favours [control] Favours [experimental]
(B)
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Sumiyoshi et al. (2007) USA. 0 25514702 30 0.6 23065125 29 54.4% -0.24 [-0.76,0.27]
Sumiyoshi et al. (2001) Japan. 1.6 1.7349352 15 0 1.9313208 11 45.6% 0.85[0.03, 1.67]
Total (95% CI) 45 40 100.0% 0.26 [-0.81,1.32]

Heterogeneity: Tau®= 0.48; Chi*= 4.95, df=1 (P = 0.03), F=80%

Testfor overall effect: 2= 0.47 (P = 0.64) Fauours [control] Favaurs [expenmental]
©
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Sumiyoshi et al. (2001) Japan. -4.6 21.714511 15 6.9 23451866 11 29.4% -0.50 [-1.29, 0.30]
Sumiyoshi et al. (2007) USA. -4.8 17.367498 30 -589 1459075 29 70.6% 0.07 [-0.44, 0.58]
Total (95% CI) 45 40 100.0% -0.10 [-0.53, 0.33]

Heterogeneity: Chi*=1.37, df=1 (P =0.24), F=27%
Test for overall effect: Z= 0.45 (P = 0.65)

(D)

2
Favours [control]

PN

Favours [expenmental

Fig. 4. Mean effect of 5-HT1A receptor partial agonists of the azapirone class as an add-on therapy on Verbal learning (A); working memory (B); Wisconsin Card
Sorting Test (category number) (C); and Wisconsin Card Sorting Test (percent preservations) (D).

Second, none of the RCTs included in this meta-analysis set any
criteria for the baseline scores on the cognitive function. The distribu-
tion of cognitive performance at baseline would obviously be expected
to influence the results of the RCTs. In fact, some RCTs with schizo-
phrenia patients have used inclusion criteria for the cognitive function
scores e.g., by setting a cutoff point (Narita et al., 2017). Further RCTs
are thus needed to examine if augmentation with 5-HTj 5 partial agonists
is beneficial for improving multiple neurocognitive functions in patients
with substantial cognitive decline.

Based on the results of this study, the future prospects of 5-HT;5
partial agonists as a cognitive enhancer deserve further consideration.
The benefits of adjunct treatment also depend on the properties (e.g.,
receptor affinity) of antipsychotic drugs administered, which may itself
have direct- or indirect-acting 5-HT;, agonist properties. It is possible
that the putative pro-cognitive effect of 5-HT;5 partial agonists exam-
ined here (buspirone, tandospirone) may be more pronounced when
added to treatment with an antipsychotic drug with a high affinity for 5-
HT; 4 receptors, such as lurasidone. In fact, lurasidone by itself has been
reported to improve working memory and executive function in patients
with schizophrenia (Corponi et al., 2019; Meltzer et al., 2020). There-
fore, augmentation with 5-HT; 4 partial agonists of the azapirone class
may be beneficial when given to patients who can tolerate only to a
limited dose of lurasidone due to adverse events (e.g., parkinsonism,
insomnia) at a higher dose of the drug. This concept may be relevant to
the clinical observation that clozapine, with higher 5-HT;4/D; ratios of

binding affinity than that of lurasidone (Ishibashi et al., 2010; Meltzer
and Gadaleta, 2021), is associated with minimal incidence of extrapy-
ramidal side effects (Miller, 2000).

It is also worthwhile to note that there are only two partial agonists
currently available, i.e., buspirone and tandospirone. These compounds
are structurally related azapirones, and are known to be rapidly
metabolized to 1-PP, an alpha2 adrenoceptor antagonist (Gower and
Tricklebank, 1988; Huang et al., 2017), which could have off-target
effects. Thus, the potential benefits of targeting 5-HT;4 receptors as a
mechanism for improving therapy of cognitive deficits deserve addi-
tional examinations. In this line, NLX-101, a selective biased agonist
acting on post-synaptic cortical neurons (Depoortere et al., 2010;
Depoortere et al., 2021; van Goethem et al., 2015) is drawing attention.
Previous studies have shown that NLX-101 provides a beneficial influ-
ence on working memory, as evaluated by the delayed non-matching to
position task representing cholinergic tone (Depoortere et al., 2021).
The drug has also been reported to alleviate cognitive impairment
induced by N-methyl-p-aspartate receptor blockade, as demonstrated by
the hole-board test (Depoortere et al., 2010) and the pattern separation
test (van Goethem et al., 2015). These findings may encourage clinical
trials of novel 5-HTjs receptor-related compounds for cognitive
enhancement in patients with schizophrenia.

This study has several limitations. First, the number of studies
included in the meta-analysis was small. To fully understand the po-
tential merit of 5-HT 4 partial agonists for individual cognitive domains,
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further studies are needed. Second, most studies included in this meta-
analysis focused on short-term (6-8 weeks) outcomes, possibly under-
estimating the potential long-term benefits of the 5-HT; 5 partial agonists
used in these studies. Third, as this meta-analysis aimed to examine the
effect of 5-HT 5 receptor partial agonists of the azapirone class, other 5-
HT; A partial agonists, such as NLX-101, also need to be tested as an add-
on agent.

5. Conclusions

The results of this meta-analysis did not show that augmentation
with 5-HT;a partial agonists of the azapirone class produce sufficient
effects on some domains of cognitive function in patients with schizo-
phrenia. Further studies with other compounds and more refined pro-
tocols are warranted to examine the potential cognitive efficacy of
stimulation of 5-HTj4 receptors.
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