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Abstract:
Background: Treating patients who experience residual psychotic
symptoms during remission of schizophrenia remains one of the most chal-
lenging problems. Themechanisms underlying these symptoms differ from
those of acute hallucinations and delusions. 5-HT6 receptor antagonists
have been considered promising agents in treatment of residual psychotic
symptoms and cognitive dysfunction. The aim of the study was to assess
the efficacy of a selective 5-HT6 inhibitor Avisetron in the reduction
of residual psychotic symptoms in patients with schizophrenia on stable
antipsychotic therapy.
Methods: Eighty clinically stable outpatient subjects with schizophrenia
with residual psychotic symptomswere randomized in a double-blindman-
ner to 6 weeks of Avisetron or placebo at 1:1 ratio. Subjects received 8 mg
of Avisetron or placebo on top their stable antipsychotic treatment. Stan-
dard clinical scales and cognitive tests were used for endpoint assessment.
The primary efficacy endpoint was themean reduction of total Positive and
Negative Syndrome Scale score after 6 weeks of treatment.
Results: No significant differences in the primary and secondary end-
points were found between the groups. However, based on the subgroup
analysis, the significant improvement of total Positive and Negative
Syndrome Scale score and residual psychotic symptoms was observed
in female patients.
Conclusions: It was a negative study with unexpected benefits of the
drug only in females. We hypothesized that the role of patients' sex can im-
pact the treatment response to serotonergic drugs in general. We suggest a
possible synergistic interaction between estrogen and Avisetron by means
of modulating the effect of estrogens on the serotonergic system. Future
studies targeting the sex-related effects of serotonergic drugs arewarranted.
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T he choice of individual treatment strategy for patients with
schizophrenia poses an intriguing problem. In acute phases

of the disease, modern antipsychotics are usually highly effective,
but treatment is much less effective for patients in remission who
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exhibit residual symptoms such as hallucinations and paranoia.
Only about 33% of patients achieve complete reduction of psy-
chotic symptoms despite adequate antipsychotic therapy.1–6

Partial but not complete remission is usually accompanied by
severe impairment in other mental areas. These patients experi-
ence deficits in working memory and planning, whereas accord-
ing to some researchers, patients in complete remission perform
nearly as well as healthy controls.7 The patients in partial remis-
sion also display a significant reduction in social functioning.8

There have been numerous attempts to develop treatment ap-
proaches for residual psychotic symptoms. The hypothesis that
the insufficient blockade of dopamine receptors is responsible
for such symptoms has been rejected because the significant
increases in antipsychotic doses have no effect.9–11 It has been
suggested that the neurophysiological mechanisms underlying
the residual psychotic symptoms differ from those involved
in acute psychosis.12 However, neither a medication nor a com-
plex therapeutic approach for treatment of residual psychotic
symptoms has been registered yet.

For many years, dysfunction of the serotonin system has
been discussed as the basis for psychosis. Its hypothesized impor-
tance in schizophrenia precedes the dopamine one.13 However, to
date, the role of serotonergic dysfunction in specific clinical man-
ifestations of schizophrenia remains unclear, and the significant
impact of antipsychotics on serotonergic receptors indicates that
further research in this direction is warranted. Moreover, there is
a growing body of research regarding the interaction of serotonin
receptors with other systems in the brain, especially the gluta-
matergic system, which has become a subject of keen interest to
researchers of schizophrenia. Abraham et al14 have demonstrated
that the blockade of 5-HT6 receptors causes a considerable increase
in the concentration of glutamate. Gasquet et al15 have further dem-
onstrated that treatment with olanzapine, an antipsychotic with high
antagonistic affinity for 5-HT6 receptors, aids in achieving stable
and complete remission in comparison to conventional or other
atypical antipsychotics. Olanzapine enhances the effects of se-
rotonin reuptake inhibitors through antagonistic GABAergic
action on 5-HT6 receptors in the dorsal raphe nucleus.16 Cloza-
pine also has an influence on this area, demonstrating a unique
combination of effects: the reduction of persistent psychotic symp-
toms (resistant to other antipsychotics) and improvement of cogni-
tive function in patients with schizophrenia.17,18 It has been
observed that sertindole, another antipsychotic with an antagonis-
tic effect on 5HT-6 receptors, improves cognitive dysfunction in
animal models.19

5-HT6 receptor antagonists may improve the processes of
forming new skills and knowledge assimilation.20 In a model of
scopolamine-induced memory deficit in mice, the use of 5-HT6
receptor antagonists significantly improves the working memory
and learning, but not the episodic memory.21 Tripathy et al22
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demonstrated the improvement in social cognition in rats after the
administration of a 5-HT6 receptor antagonist.

There is some evidence that the impact of antagonists on
5-HT6 receptors causes improvement in some cognitive functions
in patients with schizophrenia, such as social intelligence, atten-
tion shifting, working memory, and other executive functions.23,24

Mohler and colleagues23 suggest that 5-HT6 receptor antagonists
enhance synaptogenesis by increasing the number of polysialylated-
neural cell adhesion molecule immunoreactive neurons in the den-
tate gyrus, affecting the function of the dopamine system through
influencing dopamine-and cyclic adenosine monophosphate –
regulated phosphoprotein-32, and reducing γ-aminobutyric acid
release and excitability of γ-aminobutyric acid interneurons, lead-
ing to the disinhibition of release of glutamate and/or acetylcholine.
This process results in an increase in synaptic plasticity, an impor-
tant factor for healthy brain functioning.

In a review of clinical trials of the 5-HT6 receptor antagonist
idalopirdine in patients with Alzheimer disease,25 Da Silva Costa-
Aze with colleagues21 and Galimberti and Scarpini26 suggest that
such an effect on serotonergic structures may lead to restoration
of function in a damaged cholinergic system. Several studies have
investigated the effects of 5-HT6 receptor antagonists as adjuvant
agents that modulate the effects of the base therapy. Abraham
et al27 showed that the 5-HT6 receptor antagonist PRX-
07034, in combination with low doses of the alpha-1 receptor
blocker prazosin, exerts an antipsychotic effect in animals. In
addition, add-on therapy of a 5-HT6 receptor antagonist signif-
icantly enhances the antipsychotic effects of clozapine and ris-
peridone, but not haloperidol, in rats.28

Lesem29 demonstrated the positive effect of idalopirdine in
combination with antipsychotic therapy (risperidone, olanzapine,
aripiprazole, and quetiapine) on cognitive function in stable pa-
tients with schizophrenia. The author noted that the effect was
dose dependent and increased with the dose escalation, which
ranged from 60 to 240 mg.

The drug Avisetron (AVN-211 or CD-008-0173) is one of
the most well-known selective inhibitors of 5-HT6 receptors, with
a competitive binding assay of Kb

i = 1.09 nM and a functional as-
say ofKf

i = 0.83 to 1.97 nM.30 In preclinical experiments, the drug
was tested in the Alzheimer disease models with positive results.31

Previously, a clinical study of the efficacy and safety of
Avisetron when given as an add-on treatment for stable patients
with schizophrenia exhibiting severe impairment of attention
was conducted.32 The primary outcome of the study was negative,
as Avisetron 4 mg once daily for 28 days did not differ from pla-
cebo in the primary efficacy endpoint—changes in the attention
test battery scores. The only noted difference between Avisetron
and placebo was the improvement of selectivity of attention. The
secondary objective of the study was to prove that the add-on
Avisetron did not cause the exacerbation of psychosis. There
TABLE 1. Demographics, Severity of Disease, and Chlorpromazin
Groups

Avisetron Gr

Female/male ratio 18 women (45%
Mean age, y 38.1 ±
Basic treatment (antipsychotics) 17 (42.5%) typical
Mean dose of antipsychotics
(chlorpromazine equivalent), mg/d

280.8 ±

Total PANSS score 79.8 ±
CGI-S 3.8 ±
Early withdrawal due to worsening of schizophrenia 2

170 www.psychopharmacology.com

Copyright © 2017 Wolters Kluwer H
was no difference in exacerbation rates between the study groups;
however, the improvement of residual psychotic symptoms was
observed only in the Avisetron group. The latter finding was used
as the basis for the study presented here.

We hypothesized that the add-on treatment with the 5-HT6
receptor antagonist could be effective in reducing residual psy-
chotic symptoms in patients with or without cognitive distur-
bances both through a direct effect on the serotonergic system
and via its indirect influence on the glutamatergic system.
MATERIALS AND METHODS
Eighty patients aged 18 to 65 years with a clinical diagnosis

of schizophrenia (according to Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition, Text Revision) undergoing
stable antipsychotic treatment were included in the study. The pa-
tients did not have the psychotic exacerbation for at least 3 months
before screening. Therapeutic stability was defined as up to 2 an-
tipsychotics with maximum total daily dose equivalent to chlor-
promazine 600 mg for 3 months before screening (or 6 months
for prolonged forms) and stable doses of anticholinergic drugs,
antidepressants, and mood stabilizers (except for carbamazepine)
for 3 months before screening.

Each patient had a caregiver and gave the informed consent.
The study was conducted in accordancewith good clinical practice.

The total Positive and Negative Syndrome Scale (PANSS)
score ranged from 70 to 90 (inclusively). Scores of 4 or higher
were required on at least 2 of the following items: P1, P3, P6,
and G9. To exclude patients with the beginning of exacerbation,
scores of 3 or lower were required for items P4, P5, and G14.

Eighty patients were randomized in a double-blind manner
into 2 treatment groups at 1:1 ratio: Avisetron or placebo. Data
on patients' sex, age, severity of the disease, basic treatment, and
antipsychotic loading are presented in Table 1.

Study Design
This study is a double-blind placebo-controlled multicenter

trial. Twelve Russian sites participated in this study (see Appen-
dix 1); the study was approved by the Russian regulatory author-
ities (No. 406 dated July 1, 2013) and the local ethics committees
of each site. All subjects were outpatients. The duration of the
treatment period was 6 weeks. The starting dose of Avisetron or
placebo was 4 mg (1 tablet) once daily. After 1 week, the dose
was increased to the target dose of 8 mg (2 tablets) once daily.

Study Medication
The daily dose of Avisetron (CD-008-0173) 8 mg was

chosen as a maximum dose studied in phase I for safety and tol-
erability. The dose proved to be safe in healthy volunteers and
e Equivalent of Basic Treatment in the Avisetron and Placebo

oup (n = 40) Placebo Group (n = 40) P

), 22 men (55%) 10 women (25%), 30 men (75%) 0.062
13.9 36.1 ± 10.2 0.470

23 (57.5%) atypical 16 (40.0%) typical 24 (60.0%) atypical 0.821
157.2 318.7 ± 147.0 0.269

5.4 81.7 ± 5.9 0.142
0.4 3.9 ± 0.3 0.245

5 0.24
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FIGURE 1. The reduction of total PANSS score.

TABLE 2. PANSS and CGI-S Scores at Baseline and End of Treatment (MITT-LOCF)

Avisetron Group Placebo Group

Scales Baseline, Mean (SD) End of Treatment Mean Change P Baseline End of Treatment Mean Change P

PANSS positive 18.9 (±2.1) 16.7 ± 3.9 −2.2 ± 3.7 0.001 18.0 ± 2.6 16.6 ± 3.8 −1.5 ± 3.8 0.051
PANSS negative 22.7 ± 2.9 21.1 ± 3.5 −1.7 ± 2.7 0.029 24.5 ± 2.8 22.8 ± 3.0 −1.7 ± 2.6 0.010
PANSS general 38.3 ± 4.5 35.3 ± 6.1 −3.1 ± 5.5 0.017 39.2 ± 3.6 37.5 ± 5.7 −1.7 ± 4.8 0.107
PANSS total 79.8 ± 5.4 72.9 ± 10.6 −6.9 ± 9.2 0.0005 81.7 ± 5.9 76.8 ± 10.4 −4.9 ± 9.9 0.012
CGI-S 3.8 ± 0.4 3.6 ± 0.6 −0.21 ± 0.5 0.131 3.9 ± 0.3 3.8 ± 0.6 −0.1 ± 0.6 0.496

MITT-LOSF indicates modified intent-to treat-last observation carried forward.
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is supposed to provide the sufficient clinical effect in the target
patients' population. The daily dose was allowed to be reduced
to 4 mg for any safety reason; however, no such cases were re-
ported during the study. Avisetron and placebo were provided
in tablets, containing 4 mg of active substance or placebo. The
drug was packed in plastic bottles. It was manufactured by
MiraxBioPharma Ltd by the order of Avineuro LLC.

Assessment

Efficacy
The change of the total PANSS32 score after 6 weeks of

treatment was used as a primary efficacy endpoint. The PANSS
subscales, Clinical Global Impression–Severity (CGI-S) and
Clinical Global Impression–Improvement (CGI-I),33 Negative
Symptom Assessment,34 Personal and Social Performance Scale,35

and A Scale for Rating Functioning Related to Cognitive Impair-
ment in Schizophrenia (CogFu)36 were used as the secondary end-
point scales during 6 weeks of treatment. Cognitive function was
assessed using Brief Assessment of Cognition in Schizophrenia37

and Continuous Performance Test.38

For the secondary efficacy measurement, we developed the
study-specific response criteria. Because the main objective of
the study was the changes in the severity of the residual psychotic
symptoms, we considered that the reduction of P1 (delusions) and
P3 (hallucinatory behavior) as the criterion of response was more
important than the reduction of the total PANSS score. Therefore,
a patient was assessed as responder if at least 1 item relating to P1
and/or P3 was scored as absent (score 1) or borderline to normal
(score 2) at the end of the study.

Safety
Safety assessments included the evaluation of treatment

emergent adverse events (AEs), clinical laboratory parameters,
electrocardiogram, physical examination, and vital signs.

Statistical Methods
The primary efficacy endpoint was the mean reduction of the

total PANSS score from baseline at week 0 to the final assessment
at week 6. The main purpose was to demonstrate the significant
reduction in PANSS total score in the Avisetron group compared
with the placebo group with the minimal expected difference of
−7 points. The null hypothesis (H0), that Avisetron was no differ-
ent from placebo, was tested against the alternative hypothesis
(Ha), that Avisetron was superior to placebo, using a 2-tailed t test
with α value of .05, power of 80%, and SD of 10. The hypothesis
H0 can be rejected if the upper limit of the 95% confidence inter-
val was below 0.

For the secondary endpoints, we used the descriptive statistics,
the Wilcoxon t test for assessing the intragroup changes, and the
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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Mann-Whitney U test for assessing differences between Avisetron
and placebo.

RESULTS
The baseline characteristics of the main clinical scales were

as follows: the total PANSS score of 79.8 ± 5.4 and 81.7 ± 5.9
and CGI-S score of 3.8 ± 0.4 and 3.9 ± 0.3 in Avisetron and pla-
cebo groups, respectively (no statistical difference).

The changes of PANSS and CGI-S scores in each study
group over the 6 weeks of treatment are presented in Table 2.
The PANSS total score and subscores (positive, negative, and gen-
eral) decreased significantly in the Avisetron group, whereas in
the placebo group, the statistically significant change was noted
only for the total PANSS score and negative subscore. The
CGI-S changed significantly in neither of the study groups.

The difference of −2.1 points in the mean change of the total
PANSS score between the groups was not significant (P = 0.341).
There was also no difference between the groups in the change of
the PANSS subscores and CGI-S.

A comparison of the rate of reduction in symptoms severity
revealed improvement for the Avisetron group during the first
2 weeks of treatment, whereas improvement in the placebo group
was not observed until week 4 (Fig. 1).

The between-group differences were insignificant in every
week of the treatment.

Rates of reduction in patients with different CGI-I scores at
the end of Avisetron/placebo titration (1 week after randomiza-
tion), week 4, and week 6 of treatment (study completion) are pre-
sented in Table 3.

We observed that only 18% (13 of 71) of the patients might
be considered responders according to our criteria of treatment re-
sponse. Three of these patients (8.6%) were in the placebo group,
whereas 10 were (27.7%) in the Avisetron group.

No between-group differenceswere observed in the Negative
Symptom Assessment, Personal and Social Performance Scale,
www.psychopharmacology.com 171
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TABLE 3. The Rates of Patients With Different CGI-I Courses

Avisetron Group Placebo Group

End of
Titration, %

4 Weeks
of Treatment

6 Weeks
of Treatment

End
of Titration

4 Weeks
of Treatment

6 Weeks
of Treatment

Improvement 30 61.1 60 16.2 51.4 52.5
No changes 62 33.3 32.5 81.1 42.9 32.5
Deterioration 7.5 5.6 7.5 2.7 5.7 15
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and CogFu scales, nor in the Brief Assessment of Cognition in
Schizophrenia or Continuous Performance Test performance at
any stage of the study.

Analysis of the results accounting for patient sex revealed an
interesting fact. The largest positive change in clinical symptoms
(in terms of total PANSS score reduction) was observed in females
in the Avisetron group (18 cases). Females in the placebo group
showed a slight worsening of symptoms.

For males, a moderate improvement was observed in both the
Avisetron and placebo groups. Interestingly, there was a signifi-
cant diversity in the response of males in the Avisetron group.
Some male patients showed substantial improvement in symp-
toms, whereas some exhibited worsening of symptoms. Males in
the placebo group revealed less of a difference between the largest
and smallest changes in severity of symptoms (Fig. 2).

In general, the factor of patient sex had a profound effect on
therapeutic response (F = 8.2, P = 0.005).

Females in the Avisetron group displayed themost prominent
decrease in residual psychotic symptoms (PANSS positive sub-
scale score, P < 0.001; Marder factor of positive symptoms,
P < 0.005), general psychopathological symptoms (P < 0.01),
and disorganization (Marder factor of disorganization, P < 0.05).
There were no sex-related effects in the response to Avisetron on
negative symptoms. Changes of key indices from the baseline visit
to the endpoint visit are presented in Table 4.

Avisetron demonstrated favorable safety profile similar to
placebo. There were no serious AEs or severe AEs in the study.
Twenty-seven AEs were registered in 16 (40.0%) patients on
Avisetron, and 33 AEs were registered in 19 (47.5%) patients on
placebo. The following events were registered in 5% or more of
FIGURE 2. The dynamics of PANSS total and subscales' scores in the Av
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the patients: acute respiratory infection in 4 (10.0%), increased al-
anine aminotransferase in 2 (5.0%), and worsening of symptoms
of schizophrenia in 2 (5.0%) patients on Avisetron; tachycardia
in 2 (5.0%), headache in 2 (5.0%), orthostatic dizziness in 2
(5.0%), anxiety in 2 (5.0%), and deterioration of the mental status
in 3 (7.5%) patients on placebo. In the Avisetron group 2 (5.0%)
patients were withdrawn from the study due to AE (ischemic heart
diseases and worsening of schizophrenia), whereas in the placebo
group, 5 (12.5%) patients were discontinued early due to AE
(worsening of schizophrenia).
DISCUSSION
The primary objective of the study was to prove that the

adjunct treatment with a 5-HT6 receptor antagonist is effective
in reducing residual psychotic symptoms in patients with schizo-
phrenia. The results of this study failed to confirm this hypothesis.
Therefore, it is a negative study. However, some unexpected find-
ings were considered to be of interest.

We found a significant role of patient sex in the response to
Avisetron. Its efficacy was reliably confirmed only in female pa-
tients. Significant improvement in extremely sluggish and resis-
tant symptoms and low variability in response in female but
not in male patients demonstrated that there were some important,
but not obvious, factors, which influenced the efficacy of
Avisetron in the treatment of this population. One of the expla-
nations for this phenomenon could be the synergistic action of
estrogen and Avisetron due to estrogen modulation of the sensitiv-
ity of serotonin receptors to ligands. Yokomaku et al38 demon-
strated facilitating effects of estrogen on glutamate transmission
isetron and placebo groups with regard to the sex factor.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 4. The Dynamics of PANSS Factors in the Avisetron and Placebo Groups With Regard to the Sex Factor

Females Males

Avisetron Group Placebo Group Avisetron Group Placebo Group

PANSS total score 13.1 (±16.1) −2.1 (±11.1)* 5.1 (±10.7) 7.2 (±8.4)
PANSS positive subscale 4.9 (±4.8) −1.5 (±4.9)* 1 (±4.1) 2.4 (±2.8)
PANSS negative subscale 0.88 (±2.1) 0.60 (±2.0) 2.41 (±2.9) 2.07 (±2.7)
PANSS general psychopathology subscale
Marder factor of positive symptoms 3.35 (±2.3) −0.2 (±2.57)* 0.7 (±2.4) 2.3 (±1.8)*
Marder factor of disorganization 1.7 (±1.9) −0.8 (±3.1)*

*The difference between the Avisetron and placebo groups is significant.
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in the experiment. Estrogen promotes an increase in N-methyl-
D-aspartate receptor subunit expression,39 a neuronal sensitivity
to synaptic input, mediated by N-methyl-D-aspartate glutamate
receptors.40 It modulates serotonergic system through several levels,
regulating tryptophan hydrolase density41 and influencing binding
of 5HT receptors.42

There are data on increased efficacy of antipsychotic treat-
ment after adding the estrogens. The effectiveness of add-on ther-
apy with estrogen in women with persistent psychotic symptoms
of schizophrenia was reported by Chakos et al.43 Kulkarni et al44

also demonstrated a significantly greater reduction of psychotic
symptoms in women who took 100 mg of estradiol in addition
to an antipsychotic, as compared with those undergoing antipsy-
chotic therapy alone.

It was shown in experiments that testosterone in contrast
to estrogen could not increase the density of serotonergic re-
ceptors45 and reduces the activity of serotonergic system46

and the sensitivity of serotonin receptors.47,48

These facts can be indirect explanations of the found sex-
related difference of the efficacy of Avisetron. We hypothesize
that much higher doses of Avisetron are required to achieve
positive effects in males.

We were unable to find any studies of drug efficacy in which
male and female patients were analyzed separately. Thus, it is dif-
ficult to conclude if the sex differences discovered are universal or
specific to our study drug only.

Complete reduction in at least one of the residual psychotic
symptoms was observed to be 3 times more frequent in the
Avisetron group than in the placebo group. This also indicates the
positive effects of Avisetron, at least in some groups of patients.

The lack of improvement in cognitive functioning in re-
sponse to Avisetron was an unexpected result, in contrast with
the experimental data and the results of previous studies. This
may be due to insufficient doses Avisetron given.

It is also interesting that a decrease in some clinical symp-
toms was observed in stable patients without the administration
of any new active agent. In the placebo group, reductions were ob-
served for residual symptoms of delusion but not for hallucina-
tions. We hypothesize that the pathogenesis of the latter is
more greatly influenced by biological components, reducing
the placebo effect.

Despite the traditional point of view that subjects with
schizophrenia are resistant to the placebo effect,49 the results of
a large number of multicenter clinical trials in recent years refute
this judgment, with the present study supporting this conclusion.50

The problem is most evident in situations in which the effects of
well-known antipsychotic agents are indistinguishable from
those of a placebo.51 Difficulties with signal detection arise
due to the placebo effect, reducing effect size even in studies
© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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of monotherapy.52 It is reasonable that the role of the placebo
effect increases in add-on studies due to the difficulty involved
in detecting and quantifying cognitive and behavioral changes.
Possible reasons for high values of the placebo response in
schizophrenia trials include some characteristics of patients,
specificities of sites, and differences in the designs of the study
protocol.50 Presumably, binary outcomes decrease or prevent
placebo response.53

Another paradigm described in research on the placebo effect
refers to attributes of the patient's personality, which contribute to
the biological response to an inactive substance, focusing on the
importance of the patient's beliefs in the formation of this biolog-
ical response.49 We surmise that unconscious expectations of re-
searchers can also indirectly influence the observed efficacy of
the studied drug. In contrast to the typical dynamics observed
in the placebo response, which displays maximum intensity at
the beginning of the study and subsequently achieves a plateau,
the most prominent placebo effects in this study were deferred,
which may point to an additional mediating component.

Despite the ambiguous results of this study, the cumula-
tive experimental and clinical data regarding the importance
of 5-HT6 receptor dysfunction suggest further studies of
Avisetron are required, though challenging. The significance of
appropriate dosages of the drug, especially relating to the factor
of patient sex, should be taken into account during the creation
of subsequent protocols.
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