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Objective: Although switching antipsychotics is a common strategy in the treatment of 
schizophrenia, caution is needed because of the risk of worsening of psychosis, particularly 
when switching to a dopamine D2 partial agonist. Homovanillic acid (HVA), a dopamine 
metabolite, is thought to be a possible indicator of the response to antipsychotics. We 
examined the effects of switching to brexpiprazole monotherapy from other antipsychotics 
on plasma HVA levels and side effects during maintenance treatment of schizophrenia.
Methods: The antipsychotics of 37 Japanese patients with schizophrenia or schizoaffective 
disorder were switched to brexpiprazole for the improvement of side effects. We evaluated 
clinical symptoms and extrapyramidal symptoms (EPS) and took fasting blood samples at 
baseline and endpoint (eight weeks after completing the switch) to measure plasma levels of 
HVA, prolactin, and metabolic parameters.
Results: Switching to brexpiprazole significantly decreased the Drug-Induced Extrapyramidal 
Symptoms Scale total score (p=0.008), prolactin levels (p<0.001), body weight (p=0.046), and 
body-mass index (p=0.034), and increased HDL cholesterol (p=0.008). On the other hand, switch-
ing to brexpiprazole did not change plasma levels of HVA or Positive and Negative Syndrome Scale 
scores.
Conclusion: Switching to brexpiprazole significantly improved EPS, high prolactin levels, 
and metabolic side effects without elevating plasma HVA levels. Brexpiprazole may stabilize 
dopaminergic neural transmission and could be a useful strategy to decrease the burden in 
patients with schizophrenia during the maintenance phase. Because of the small sample size, 
further studies with larger sample sizes are needed to confirm and extend our results.
Keywords: brexpiprazole, extrapyramidal symptoms, EPS, homovanillic acid, prolactin, 
schizophrenia, switching

Introduction
In the treatment of schizophrenia, side effects caused by antipsychotics including 
extrapyramidal symptoms (EPS), hyperprolactinemia, and metabolic effects impair 
quality of life and decrease medication adherence, while the differences in efficacy 
may be small between individual antipsychotics.1–3 Particularly, most second- 
generation antipsychotics (SGAs) have higher metabolic and cardiovascular effects 
compared with first-generation antipsychotics (FGAs), which may lead to mortality 
risk.1,2 Switching antipsychotics is a common strategy to reduce such side effects, 
although caution is needed because of the risk of worsening of symptoms.
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Brexpiprazole (BPZ) is a partial agonist for dopamine D2 
and 5-HT1A receptors and an antagonist for 5-HT2A 
receptors,4 and it has a favorable safety and efficacy profile 
in the treatment of schizophrenia.1 Although switching to BPZ 
from other antipsychotics typically decreases various side 
effects, caution may be needed when switching to antipsycho-
tics that are partial agonists of dopamine D2 receptors 
(DRD2),5 particularly in patients with dopamine supersensi-
tivity psychosis.6 Plasma levels of homovanillic acid (HVA), 
a dopamine metabolite, are thought to be a possible indicator of 
the response to antipsychotics in the treatment of 
schizophrenia.7–9 Although it is difficult to regard plasma 
monoamine metabolite levels as direct reflections of central 
activity, it is estimated that 30–50% of plasma HVA is derived 
from the brain.10 Few studies report the effects of switching to 
BPZ from other antipsychotics on dopamine turnover and 
antipsychotic-related side effects in patients with 
schizophrenia.

In this study, we examined the effects of switching to 
BPZ monotherapy from other antipsychotics on plasma 
levels of HVA, EPS, prolactin levels, and metabolic side 
effects during maintenance treatment of schizophrenia and 
schizoaffective disorder.

Patients and Methods
Subjects were Japanese patients diagnosed with schizophrenia 
or schizoaffective disorder according to the Diagnostic and 
Statistical Manual of Mental Disorders, Fifth Edition. All 
patients had been treated with antipsychotics before the 
study. Antipsychotics in all patients were switched to BPZ 
based on a physician’s decision to improve side effects such 
as EPS, hyperprolactinemia, or metabolic side effects. The 
switching methods, duration, and the dose of BPZ were not 
fixed. Benzodiazepines and anticholinergics were permitted as 
additional medications to manage insomnia, restlessness, and 
EPS. The endpoint was defined as eight weeks after comple-
tion of the antipsychotic switching. We evaluated symptom 
severity via the Positive and Negative Syndrome Scale 
(PANSS), Clinical Global Impression (CGI), and Drug- 
Induced Extrapyramidal Symptoms Scale (DIEPSS) at base-
line and endpoint. In addition, fasting blood samples were 
taken at baseline and endpoint to measure triglycerides (TG), 
LDL cholesterol (LDL), HDL cholesterol (HDL), fasting glu-
cose (BS), hemoglobin A1c (HbA1c), prolactin, and HVA, 
body weight (BW) and body-mass index (BMI) was also 
measured at those times. Plasma levels of HVA were analyzed 
by high-performance liquid chromatography with electroche-
mical detection using methods previously described.11 In brief, 

1000 μL of plasma sample was deproteinized and extracted 
into ethyl acetate saturated with NaCl twice. The organic 
phases were evaporated to dryness. After dissolving in 500 
μL of ultrapure water, 20 μL was injected into the HPLC. All 
chromatographic separations were performed on octadecyl- 
functionalized silica gel (3 μm particles, 4.5 mm 150 mm) 
reversed-phase column. The intra- and inter-assay coefficients 
of variation for plasma HVA levels in our laboratory were 
3.4% and 6.2%, respectively. This study was approved by the 
ethics committee of Fukushima Medical University, and the 
patients provided written informed consent after having been 
informed of the purpose of the study.

This study was conducted in accordance with the 
Declaration of Helsinki.

We used a t-test to compare PANSS, CGI-S, DIEPSS 
scores, plasma HVA levels, and other laboratory data at base-
line and endpoint. Intent-to-treat analyses were performed 
using the last observation carried forward method for 
PANSS, CGI, and DIEPSS scores. The Mann–Whitney 
U-test was used to compare the baseline data and the changes 
between the completion group and the dropout group. The chi- 
square test was used to compare the baseline data.

Results
A total of 37 subjects (23 men and 14 women, schizo-
phrenia: n=34; schizoaffective disorder: n=3) were 
included in this study. Most were chronic outpatients, 
and the duration of illness was 27.1±14.8 years. Five of 
37 patients (13.5%) received antipsychotic polypharmacy 
at baseline. The average chlorpromazine-equivalent dose 
of the previous antipsychotics was 410.2±272.3 mg, and 
24.3% of the patients were taking high-dose antipsychotics 
(chlorpromazine-equivalent doses ≥600 mg) (Table 1). 
Twenty-seven patients completed the study, and ten 
patients dropped out because of worsening of schizophre-
nia (n=5), irritation (n=2), insomnia (n=2), and other rea-
sons (n=1). The switching methods were add-on switching 
in 24 cases (64.9%) and cross titration switching in 13 
cases (35.1%) (Table 1).

For all subjects, there were no significant changes in 
the PANSS total score (baseline 61.5±19.5, endpoint 63.5 
±23.1, p=0.498), CGI-S (Severity) (baseline 3.5±0.9, end-
point 3.5±0.9, p=0.624), and plasma HVA levels (baseline 
11.8±7.7 ng/mL, endpoint 13.2±6.0 ng/mL, p=0.296) after 
the switch (Table 2). DIEPSS total score and prolactin 
levels showed a significant decrease after the switch 
(DIEPSS; baseline 3.6±3.7, endpoint 2.5±2.9, p=0.008, 
prolactin; baseline 28.9±26.9 ng/mL, endpoint 13.0±14.6 
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ng/mL, p<0.001) (Table 2). Prolactin levels significantly 
decreased in each gender (male; baseline 20.7±11.6 ng/ 
mL, endpoint 6.6±4.1 ng/mL, p<0.001, female; baseline 
40.0±36.9 ng/mL, endpoint 21.8±19.0 ng/mL, p=0.044) 
(Table 2). Furthermore, BW and BMI showed 
a significant decrease (BW; baseline 73.6±24.1, endpoint 
72.4±23.9, p=0.046, BMI; baseline 28.0±7.1, endpoint 
27.5±7.1, p=0.034) and HDL significantly increased (base-
line 48.4±11.1 mg/dl, endpoint 52.2±11.6 mg/dl, p=0.008) 
after the switch (Table 2).

Comparing the completion and the dropout groups, 
although there were no significant differences in the 

characteristics at baseline, switching method, duration of 
switching, and the dose of BPZ after the switching between 
the two groups, the DIEPSS total score of the completion 
group tended to be higher than that of the dropout group at 
baseline (p=0.058) (Tables 1 and 2). Furthermore, the changes 
in PANSS total (p<0.001), positive (p=0.002), and negative 
(p=0.027) scores, CGI-S (p=0.019), and DIEPSS total score 
(p=0.012) were significantly different between the two groups 
after the switching (Table 2). The PANSS total (p=0.051) and 
positive score (p=0.072), CGI-S (p=0.096), and plasma HVA 
levels (p=0.099) tended to increase at the endpoint in the 
dropout group but not in the completion group. In the 

Table 1 Baseline Characteristics

Total 
(n=37)

Completion 
Group (n=27)

Dropout 
Group 
(n=10)

p value Difference 
Between Two Groups

Age (years), mean±SD 57.3±11.5 57.6±12.0 56.0±9.9 0.719

Male/Female 23/14 16/11 7/3

Out-/inpatient 34/3 25/2 9/1

Diagnosis
Schizophrenia, n(%) 34 (91.9) 24 (88.9) 10 (100)

Schizoaffective disorder, n(%) 3 (8.1) 3 (11.1) 0 (0)

Duration of illness (years), mean±SD 27.1±14.8 29.0±16.3 20.6±7.8 0.244

Previous antipsychotic dose, converted to chlorpromazine 
equivalents (mg), mean±SD

410.2±272.3 379.7±232.1 492.5±361.5 0.479

Number of patients with high-dose antipsychotics (converted to 
chlorpromazine equivalents of 600mg or more), n(%)

9 (24.3) 7 (25.9) 2 (20.0) 0.537

Number of patients with polypharmacy, n(%) 5 (13.5) 3 (11.1) 2 (20.0) 0.412

Switching method
Add on switch, n(%) 24 (64.9) 19 (70.4) 5 (50.0) 0.220
Cross titration switch, n(%) 13 (35.1) 8 (21.6) 5 (50.0)

Preswitch main antipsychotic agent
Risperidone 16 (43.2) 12 (44.4) 4 (40.0)

Blonanserin 6 (16.2) 4 (14.8) 2 (20.0)
Olanzapine 5 (13.5) 3 (11.1) 2 (20.0)

Paliperidone 4 (10.8) 3 (11.1) 1 (10.0)

Perospirone 3 (8.1) 2 (7.4) 1 (10.0)
Aripiprazole 2 (5.4) 2 (7.4) 0 (0)

Haloperidol 1 (2.7) 1 (3.7) 0 (0)

Side effects as a reason for switching
Extrapyramidal symptoms, n(%) 14 (37.8) 10 (37.0) 4 (40.0)

Weight gain, n(%) 9 (24.3) 6 (22.2) 3 (30.0)
Hyperglycemia, Hyperlipidemia, n(%) 8 (21.6) 5 (18.5) 3 (30.0)

Hyperprolactinemia, n(%) 4 (10.8) 4 (14.8) 0 (0)

Other, n(%) 2 (5.4) 2 (7.4) 0 (0)
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completion group, the DIEPSS total score (p=0.005) and PRL 
levels (p<0.001) showed a significant decrease, whereas HDL 
(p=0.004) showed a significant increase after the switch.

Discussion
To our knowledge, this is the first study to investigate the 
effects of switching to BPZ from other antipsychotics on 
plasma levels of HVA, prolactin, EPS, and metabolic side 
effects simultaneously in patients with schizophrenia or schi-
zoaffective disorder. In this study, for all subjects, the switch to 
BPZ improved EPS and decreased prolactin levels signifi-
cantly, whereas it did not change PANSS scores and plasma 
HVA levels. With regard to EPS and prolactin, the results were 
consistent with a previous study in Japan, although that study 
included patients who received >2mg/day of BPZ.12 

Moreover, a recent network meta-analysis suggested that 
BPZ did not show a significant increase of prolactin compared 
with placebo in patients with acute schizophrenia.1 BPZ has 
a unique pharmacological profile as a partial agonist for 
DRD2, which may lead to these results. Most subjects (30 of 
37, 81.0%) received serotonin-dopamine antagonists or FGA 
before the switch, and the partial agonism and relatively higher 
D2 intrinsic activity of BPZ brought the improvement of EPS 
and high prolactin levels, which were associated with DRD2 
antagonism. Notably, switching to BPZ did not alter plasma 
levels of HVA, which is a possible indicator of antipsychotic 
treatment response in the switching strategy in patients with 
schizophrenia.9 Previous studies have suggested that psychotic 
symptoms were correlated to plasma HVA levels in the treat-
ment of schizophrenia.9,13–15 Taken together, our results sug-
gest that switching to BPZ may stabilize dopaminergic neural 
transmission, which leads to an improvement of high prolactin 
levels and EPS induced by D2 antagonism without elevating of 
HVA levels.

The discontinuation rate of this study was 27%, which was 
higher than that of a previous study (17.0%).16 In that study,16 

however, the discontinuation rate of the subgroup in which 
subjects received non-aripiprazole before the switch to BPZ 
was 25.4%, which was comparable to that in our study. In this 
study, the changes in PANSS scores, CGI-S, and DIEPSS total 
score were significantly different between the two groups after 
the switching (Table 2). Furthermore, PANSS total (p=0.051), 
positive score (p=0.072), and plasma HVA levels (p=0.099) 
tended to increase in the dropout group at the endpoint, 
although a small number of patients restricted the results. At 
the patient level, plasma levels of HVA in 5 of 6 patients 
(83.3%) who finished blood tests at both baseline and endpoint 
in the dropout group increased after incomplete switching to 

BPZ. These results were comparable with a previous study of 
our’s,9 which showed that plasma HVA levels of worsened 
patients increased after switching to aripiprazole or blonan-
serin from other antipsychotics in patients with schizophrenia. 
Our results suggest that plasma levels of HVA may be 
a possible indicator for switching to D2 partial agonists during 
the maintenance phase of schizophrenia or schizoaffective 
disorder.

There were several possible reasons for the dropout and 
completion rates in this study. A recent study suggested that 
add-on switching to aripiprazole may induce a better out-
come for the continuation of aripiprazole than cross switch-
ing and direct switching.17 In addition, it has been suggested 
that the incidences of adverse events and worsening of psy-
chiatric symptoms were lower when switching slowly over 
time.16,18 In this study, the switching method of 5 (55.6%) of 
the 9 dropout patients because of worsening psychiatric 
symptoms was cross switching. The switching method may 
have effects on the dropout rate, and careful add-on switch-
ing may induce a favorable outcome for the continuation of 
BPZ. In addition, although there was no significant differ-
ence in the duration of switching between the groups, the 
pace of reduction of the previous drug might have been 
accelerated, which may also lead to the worsening of psy-
chiatric symptoms. Yoshimura et al reported that patients 
who had previously taken high doses of antipsychotics (CP- 
equivalent doses of more than 800 mg/day) had a higher 
discontinuation rate of BPZ.19 Although the CP-equivalent 
doses of antipsychotics at baseline in the dropout group were 
relatively low (492.5±361.5 mg/day) and not different from 
those in the completion group, most subjects in this study 
were chronic and had received long-term antipsychotic treat-
ment. Caution is needed in switching antipsychotics to 
a partial agonist, particularly in patients with dopamine 
supersensitivity psychosis,5,6 and partial agonism of BPZ 
may be associated with the worsening of psychosis in this 
study. Moreover, the maximum dose of BPZ in Japan is 
2 mg/day, which is lower than that of other countries. 
A higher dose of BPZ may be needed to prevent the worsen-
ing of psychosis in some patients, in particular patients who 
are chronic and have received long-term antipsychotic treat-
ment before switching. At baseline, the DIEPSS total score 
of the completion group tended to be higher than that of the 
dropout group. Although the reason remains unclear, more 
severe EPS may reflect an overblockade of DRD2, and the 
subjects in the completion group may tend to accept the 
switching because of BPZ’s partial agonism and favorable 
profile for EPS.
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Regarding metabolic parameters, there was 
a significant decrease in BW and BMI, and a significant 
increase in HDL after switching to BPZ, which is consis-
tent with previous meta-analyses showing that BPZ has 
a favorable profile for metabolic side effects.1,2 A previous 
study reported that the average weight gain associated with 
BPZ was 3.2 kg vs 4.0 kg with aripiprazole, and the rate of 
weight increase ≥7% was 18.6% for BPZ vs 25.3% for 
aripiprazole in acute and 52-week studies.20 Weight gain is 
one of the common side effects of SGAs, which leads to 
non- or partial adherence, metabolic and cardiovascular 
risks. Murray et al raised several issues about the long- 
term prophylactic use of antipsychotics, including effects 
of antipsychotics on physical health, antipsychotic-induced 
dopamine receptor supersensitivity, and treatment-resistant 
schizophrenia.21 Together with previous studies indicating 
that it seems that dopamine partial agonists do not induce 
D2 receptor supersensitivity,22,23 our results of significant 
effects on prolactin, EPS, and metabolic side effects sug-
gest that switching to BPZ is a useful long-term treatment 
strategy for patients with SGAs-associated side effects in 
real-world settings.

Our study has several limitations. First, this is a non- 
randomized open study, and our sample size was very 
small. Furthermore, previous studies have reported the 
safety of BPZ with a larger sample size.12,16,20 Second, it 
is difficult to regard plasma dopamine metabolites as direct 
reflections of central activity, although not only central 
nervous system but also peripheral markers may be possi-
ble biomarkers for schizophrenia.24 Third, because most 
patients were outpatients, non- or partial adherence to 
medication may have affected the results. Nevertheless, 
this is the first study to investigate the effect of switching 
to BPZ on plasma HVA levels, which is a possible bio-
marker in the treatment of schizophrenia. Our results sug-
gest that switching to BPZ improves EPS, high prolactin 
levels, and metabolic side effects without elevating plasma 
levels of HVA, and may be a useful long-term treatment 
strategy for patients with schizophrenia or schizoaffective 
disorder. Furthermore, plasma levels of HVA may be 
a possible indicator for switching to a D2 partial agonist 
from other antipsychotics during the maintenance phase of 
schizophrenia or schizoaffective disorder.

Conclusion
In summary, we found that switching to BPZ from other 
antipsychotics significantly improved EPS, high prolactin 
levels, and metabolic side effects (BW, BMI, and HDL) 

without elevating plasma HVA levels during the mainte-
nance phase of schizophrenia or schizoaffective disorder. 
Our results suggest that switching to BPZ may stabilize 
dopaminergic neural transmission and could be a useful 
long-term treatment strategy to decrease the burden in 
patients with schizophrenia or schizoaffective disorder, 
although careful and flexible switching methods may be 
needed for successful switching. Furthermore, longitudinal 
measurement of plasma levels of HVA may be useful for 
switching strategies in the maintenance treatment of schi-
zophrenia, in particular when switching to DRD2 partial 
agonists. Caution is warranted in interpreting these results 
because of the small sample size, and further studies with 
larger sample sizes are needed to confirm and extend our 
results.
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