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ABSTRACT

Introduction: Treatment continuation is
essential for relapse prevention in patients with
schizophrenia. The aim of this exploratory
study was to compare the time to treatment
discontinuation between patients with
schizophrenia prescribed brexpiprazole (BRX
group) and those prescribed other atypical
antipsychotics (OAA group) in clinical settings
in Japan using health insurance claims data.
Methods: De-identified data of working indi-
viduals with schizophrenia aged\75 years and
their dependents were assessed from April 2017
to May 2020 using a nationwide claims

database. Cox proportional hazards models,
adjusted for baseline patient variables, were
used to compare the time to treatment discon-
tinuation (primary outcome) for 180 days
between BRX and OAA groups and to estimate
the hazard ratio (HR) with 95% confidence
interval (CI). The cumulative treatment con-
tinuation rates at 180 days were also estimated.
Sensitivity and subgroup analyses were con-
ducted for the primary outcome.
Results: The analysis included 978 and 4898
patients in the BRX and OAA groups, respec-
tively. Patients in the BRX group were signifi-
cantly less likely to discontinue treatment than
those in the OAA group (HR 0.86, 95% CI
0.78–0.95; p = 0.0024). The cumulative treat-
ment continuation rates were higher in the BRX
group (45.9%, 95% CI 42.5–49.2]) than in the
OAA group (39.5%, 95% CI 38.1–41.0; log-rank
test, p\ 0.0001). Based on patients matched by
propensity score, the BRX group was signifi-
cantly less likely to discontinue treatment than
the OAA group (log-rank test, p = 0.0466).
Similar results were obtained in sensitivity and
subgroup analyses.
Conclusion: This real-world study showed that
patients in the BRX group were less likely to
discontinue treatments than those in the OAA
group. These findings suggest that BRX may
contribute to treatment continuation among
patients with schizophrenia.
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Trial Registration: University hospital Medical
Information Network (UMIN) Clinical Trials
Registry: UMIN000044682.
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Key Summary Points

Why carry out this study?

Treatment continuation is essential for
relapse prevention in patients with
schizophrenia.

Brexpiprazole (BRX) has been shown to
have favorable safety and tolerability
profiles that may contribute to treatment
continuation and further relapse
prevention.

This exploratory study compared the time
to treatment discontinuation between
patients with schizophrenia prescribed
BRX and those prescribed other atypical
antipsychotics (OAA) in real-world
clinical settings in Japan.

What was learned from the study?

Patients prescribed BRX were less likely to
discontinue treatment than those
prescribed OAA.

Our findings suggest that BRX may
contribute to treatment continuation
during maintenance therapy for patients
with schizophrenia.

Further prospective studies may clarify the
causality between BRX and treatment
continuation.

INTRODUCTION

Schizophrenia is a chronic disorder with low
rates of recovery, with only 13.5% of patients
recovering in both the clinical and social

domains [1]. Relapse, which hinders recovery
[2], is common, with a first 5-year cumulative
relapse rate of 81.9%, and a second cumulative
5-year relapse rate of 78.0% [3]. Continuous
treatment is essential to prevent relapse in
patients with schizophrenia [4], with one study
showing that relapse risk increased by approxi-
mately fivefold when antipsychotic treatment
was discontinued among patients who had
achieved clinical stability [3]. As relapse leads to
worse clinical outcomes and negatively affects
social functioning [4, 5], relapse prevention is
one of the most important goals in the main-
tenance treatment of patients with
schizophrenia.

Along with a lack of clinical insight in this
illness and negative attitudes of patients toward
medication, efficacy and side effects are factors
affecting medication adherence and treatment
continuation [6, 7]. However, to date, few
comparative studies on the efficacy and safety
profiles of currently available antipsychotics are
available. A network meta-analysis comparing
32 oral antipsychotics for the acute treatment of
adults with multi-episode schizophrenia found
that differences in terms of efficacy, including
all-cause discontinuation, were small among
second-generation antipsychotics (SGAs), while
safety profiles (e.g., weight gain, QTc prolon-
gation, sedation) differed greatly [8]. Due to the
limited body of evidence to date, the treatment
guidelines for schizophrenia in Japan do not
recommend specific SGAs and state that medi-
cations should be chosen based on individual
cases [2].

Brexpiprazole (BRX) is a serotonin-dopamine
activity modulator that is a partial agonist at the
serotonin 5-HT1A and dopamine D2 receptors
and an antagonist at the serotonin 5-HT2A and
noradrenaline alpha1B/2C receptors, all at similar
potency [9]. BRX was approved and marketed
for schizophrenia and the adjunctive treatment
of major depressive disorder in 2015 in the USA
[10], and for schizophrenia in 2018 in Japan
[11]. BRX has been shown to have favorable
safety and tolerability profiles [12–14], with a
lower potential than other atypical antipsy-
chotics (OAA) to induce D2 receptor agonist-
related and antagonist-related adverse effects
[15]. These profiles of BRX may contribute to
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treatment continuation and relapse prevention.
However, to the best of our knowledge, few
studies in Japan have compared BRX and other
atypical antipsychotics in terms of treatment
continuation, and their comparative effective-
ness has not been fully clarified in clinical
practice.

The objective of this exploratory study was
to compare the time to treatment discontinua-
tion between patients with schizophrenia pre-
scribed BRX as monotherapy (BRX group) and
those prescribed other atypical antipsychotics
(OAA group) in clinical settings in Japan using a
nationwide health insurance claims database of
working individuals and their dependents. We
further described patient characteristics, treat-
ment patterns, and medication adherence
assessed using the proportion of days covered
(PDC) [16].

METHODS

Study Design and Data Source

This retrospective observational cohort study
used data from a health insurance claims data-
base of working individuals aged\75 years and
their dependents (those not in full-time
employment) that is managed by JMDC Inc.
(Tokyo, Japan), from 18 April 2017 to 31 May
2020 (entire data period; Fig. 1). The JMDC
database stores de-identified individual-level
data of approximately 11 million people (as of
May 2020). The database also contains patient
characteristics and medical/clinical informa-
tion, including date-stamped inpatient and
outpatient health insurance claims (e.g., diag-
nosis codes in the International Statistical
Classification of Diseases and Related Health
Problems, 10th revision [ICD-10], procedures,
prescriptions, medical services, costs, and med-
ical institutions). Individual medical and treat-
ment histories can be traced across medical
institutions in the JMDC database unless an
employee withdraws from the health insurance
plan.

Ethics Statement

As this study used pre-existing, anonymized
data for secondary purposes, the study does not
need to apply the Japanese Ethical Guidelines
for Medical and Health Research Involving
Human Subjects, and ethics approval from the
institutional review board was not required.
Additionally, the claims data were classified as
anonymously processed information under the
Act on the Protection of Personal Information
2003 in Japan. Informed consent from individ-
ual patients was therefore not required. The
study was conducted in accordance with the
Declaration of Helsinki of 1964 and its later
amendments and registered in the University
Hospital Medical Information Network (UMIN
Clinical Trials Registry: UMIN000044682) [17].
The data were purchased from JMDC Inc. for
the purpose of this study.

Patient Selection

Patients with schizophrenia were identified
from 18 April 2018 to 30 November 2019
(identification period; Fig. 1) and included in
the study if they met all of the following crite-
ria: (1) prescription records of BRX or OAA
(aripiprazole [APZ], olanzapine [OLZ], quetiap-
ine [QTP], risperidone [RIS], perospirone, blo-
nanserin, paliperidone, and asenapine;
hereafter, index drug) during the identification
period (the earliest date of these prescriptions is
defined as the index date), with a washout
period of index drug in the last 60 days, and
with patient records available for C 365 days
before index date; (2) diagnosis records of
schizophrenia (ICD-10 code: F20) at the time of
hospitalization (C 1 records) or outpatient visit
(C 2 records) within 365 days before index date;
and (3) C 18 years of age at index date. Patients
prescribed BRX before any of the other index
drugs were included in the BRX group, other-
wise they were included in the OAA group.
Regarding criterion (1) above, QTP extended-
release formulation, which does not have an
indication for schizophrenia in Japan, was not
examined in this study.
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Patients were excluded if they met any of the
following criteria: (1) diagnosis records of
dementia (ICD-10 codes: F00–03, F05, G30–31),
attention-deficit/hyperactivity disorder (F90), or
intellectual disability (F70–73, F79) within
365 days before index date; (2) prescription
records of antipsychotic drugs other than index
drug during the same period as index drug
for C 30 days after index date; (3) prescription
records of long-acting injectable drugs (APZ
hydrate, paliperidone palmitate, RIS, haloperi-
dol decanoate, and fluphenazine decanoate)
within 60 days before index date; and (4) pre-
scription records of clozapine within 365 days
before index date.

Outcome Measures

The primary outcome was the time to treatment
discontinuation assessed for 180 days in the
BRX and OAA groups. Time to treatment dis-
continuation is a measure of adherence and also
a measure of the efficacy and tolerability of a
drug [18]. This primary outcome was selected
because at the time of study inception (as of
December 2020), BRX was the latest drug to

become available to patients with schizophrenia
in Japan, and there were no studies comparing
treatment continuation among antipsychotics
including BRX. Additionally, BRX was devel-
oped to overcome the side effects of APZ (e.g.,
akathisia, restlessness, and insomnia), which is
the only other D2 partial agonist currently
available and was marketed before brexpipra-
zole in Japan [19]. When[1 index drugs were
prescribed on the same date, they were counted
as 1 day. Treatment was considered to be dis-
continued when the index drug was not pre-
scribed for[ 30 days. Patients were censored
when treatment continued for[180 days, or
when the date of treatment discontinuation
could not be assessed due to withdrawal from
the JMDC database or the end of the data
period.

The secondary outcome was the time to
treatment discontinuation assessed for
180 days. This outcome was examined sepa-
rately for patients in the BRX group and for
patients in each OAA group (APZ, OLZ, QTP, or
RIS). Patients prescribed perospirone, blo-
nanserin, paliperidone, and asenapine were not
examined separately because of the very small
number of patients identified in each group

Fig. 1 Study timeline with hypothetical patient journeys.
aIndex date was defined as the date of earliest prescription
of brexpiprazole, aripiprazole, olanzapine, quetiapine,

risperidone, perospirone, blonanserin, paliperidone, or
asenapine identified during the identification period. bThe
drug prescribed at index date was defined as index drug
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(n\100). In terms of discontinuation and
censoring, we used the same definitions as those
used for the primary outcome.

Another secondary outcome was PDC C 0.8,
which was defined as good medication adher-
ence [16] to index drug. PDC C 0.8 was exam-
ined separately for patients in the BRX and OAA
groups, and for each APZ, OLZ, QTP, and RIS
group. PDC was calculated as the total number
of days’ supply of index drug divided by
180 days, and[1 index drugs prescribed on the
same date were not double-counted.

Baseline Variables

Patient characteristics assessed at baseline or at
the time of index date were age, sex, benzodi-
azepine equivalent dose (mg/day) [20], and
medications for other symptoms or disorders
(antidepressants, drugs for bipolar disorder,
anxiolytics, hypnotics, and anti-Parkinson’s
drugs). Patient characteristics assessed included
Charlson Comorbidity Index (CCI) during
365 days before the month of index date (ex-
cluding acquired immunodeficiency syndrome/
human immunodeficiency virus due to the
unavailability of data) [21], PDC during
365 days before index date (not including
PDC = 0), chlorpromazine (CP) equivalent dose
(mg/day) [20] estimated based on the last atyp-
ical antipsychotics (excluding brexpiprazole but
not limited to index drugs) prescribed before
index date (not including CP equivalent = 0),
mean interval between outpatient visits (day),
and the number and total number of days of
psychiatric hospitalization during 365 days
before the month of index date. The baseline
PDC was calculated based on index drugs
excluding BRX.

Treatment Patterns

The treatment patterns assessed during the data
period included mean prescription interval
between outpatient visits (days). The variables
assessed during the treatment period included
hospitalization in psychiatric department, BRX
dose for the BRX group or CP equivalent dose of
index drug for other groups (mg/day), total

number of days hospitalized for psychiatric
treatment at index date (including days before
and after index date), and psychiatric home
care.

Statistical Analysis

Baseline characteristics, treatment patterns, and
PDC were descriptively summarized using the
mean ± standard deviation (SD) or median and
interquartile range (IQR: first quartile [Q1],
third quartile [Q3]) for continuous variables,
and using number and percentage for categori-
cal variables. For the primary outcome, Cox
proportional hazards models were used to esti-
mate hazard ratio (HR) with 95% confidence
interval (CI) for the BRX and OAA (reference)
groups and p values. As covariates in the anal-
ysis, we used the following baseline patient
characteristics: sex, age, CP equivalent doses of
antipsychotic medication (mg/day), CCI, con-
comitant medications (yes/no; antidepressants,
medications for bipolar disorder, anxiolytics,
hypnotics, and anti-Parkinson’s disease drugs),
concomitant benzodiazepine equivalent dose
(mg/day), and the number and total number of
days hospitalized for psychiatric treatment.
Survival curves adjusted based on the Cox pro-
portional hazards model were generated [22].
We further used Kaplan–Meier survival analysis
to estimate cumulative treatment continuation
rates at 180 days, with 95% CI for the BRX and
OAA (reference) groups, and to generate sur-
vival curves. The log-rank test was used to
compare treatment discontinuation between
the two groups. For the secondary outcome,
survival curves and cumulative continuation
rates with 95% CI were estimated using
Kaplan–Meier survival analysis for the BRX and
APZ, OLZ, QTP, and RIS groups.

We conducted sensitivity analyses to
demonstrate robustness for the primary out-
come, using the following statistical analysis
and definitions: (1) Kaplan–Meier survival
analysis based on patients matched by propen-
sity score (BRX vs. OAA group; 1:1 caliper
matching); (2) with a[60-day gap period for
assessing treatment discontinuation; and (3)
with a washout period of 365 days for the
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inclusion criteria. For (1), the log-rank test was
used to compare the treatment discontinuation
between the two groups. Additionally, we fur-
ther conducted the following subgroup analy-
ses: (4) splitting data into two for patients with
(18 April 2018 to 30 April 2019) and without
prescription restrictions (1 May 2019 to 30
November 2019); (5) excluding patients pre-
scribed antidepressants and CP equivalent
dose\150 mg; and (6) excluding patients
diagnosed with depression at index date. For
(4), we split the data because after a new drug
being listed in the National Health Insurance
drug price standard in Japan, each prescription
is limited to a 14-day supply during the first year
from the month of launch (for the case of BRX,
from 18 April 2018 to 30 April 2019). This
requirement ensures frequent consultation and
sufficient observation by prescribing physicians.
For (5), 150 mg was selected because the rec-
ommended dose of APZ, which is the only other
D2 partial agonist currently available, is 6–-
24 mg/day [23], with the lower value equivalent
to the 150 mg CP dose. We intended the
included patients to have schizophrenia. All
other analyses except (1) were performed using
Cox proportional hazards models with the same
covariates as those used for the primary
outcome.

Missing data were not imputed. All statistical
analyses used a significance level of 0.05, and
two-sided 95% CI was estimated. All statistical
analyses were performed using SAS Release 9.4
(SAS Institute, Inc., Cary, NC, USA).

RESULTS

Patient Selection and Baseline
Characteristics

In total, 109,050 individuals diagnosed with
schizophrenia were recorded in the JMDC
database during the data period (Fig. 2). Of
these, 1249 patients were prescribed BRX and
met the other inclusion criteria, and 5885
patients were prescribed other index drugs and
met the other inclusion criteria. Of the 1249
patients prescribed BRX who met all inclusion
criteria, 271 were ultimately excluded because

they met one or more of the exclusion criteria,
leaving 978 patients to be included in the BRX
group in this study. Of the 5885 patients eligible
for inclusion in the OAA group (i.e., prescribed
other index drugs) who met all inclusion crite-
ria, 987 were ultimately excluded patients
because they met one or more of the exclusion
criteria, leaving 4898 patients to be included in
the OAA group in this study. Of the 4898
patients in the OAA group, 1496, 1011, 919, and
856 patients were included in the APZ, OLZ,
QTP, and RIS medication groups, respectively. A
detailed patient flow chart for each group is
provided in the Electronic Supplementary
Material (ESM) Fig. S1.

The baseline characteristics of patients are
summarized in Table 1. The mean (± SD) age of
patients in the BRX group was
39.8 ± 12.7 years, and 61.1% of this group were
female. The mean age of patients in the OAA
group was 41.9 ± 13.1 years, and 56.4% of this
group were female. The other baseline charac-
teristics are provided in ESM Table S1.

Treatment Patterns

The mean (± SD) prescription interval in the
BRX group was 16.2 ± 8.7 days, and a median
(Q1, Q3) BRX dose was 1.2 (1.0, 1.8) mg/day
(Table 2). The majority of patients (87.3%) were
not hospitalized at the time of the index date,
and 5.3% received psychiatric home care during
the treatment period. The mean prescription
interval in the OAA group was 22.2 ± 16.2 days,
and the median dose of index drug was 100.0
(56.8, 204.4) mg/day. The number of patients
who were not hospitalized was slightly lower in
the OAA group (77.7%) than in the BRX group,
but only 2.2% received psychiatric home care
during the treatment period. Other treatment
patterns are reported in ESM Table S2.

Treatment Discontinuation

Among the 978 and 4898 patients in the BRX
and OAA groups, respectively, 480 (49.1%) and
2705 (55.2%) patients discontinued treatments
during the 180-day period. The mean (± SD)
continuation period was 57.7 ± 46.6 days in
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the BRX group and 51.9 ± 43.3 days in the OAA
group. The Cox proportional hazards model
showed that patients in the BRX group were

significantly less likely to discontinue treatment
than those in the OAA group (HR 0.86, 95% CI
0.78–0.95; p = 0.0024; Fig. 3; ESM Table S3). The

Fig. 2 Flow chart of patient enrollment. ADHD Atten-
tion-deficit/hyperactivity disorder, BRX brexpiprazole,
OAA other atypical antipsychotics, APZ aripiprazole,
OLZ olanzapine, QTP quetiapine, RIS risperidone. aIndex
drug was defined as the earliest prescription of BRX, APZ,
OLZ, QTP, RIS, perospirone, blonanserin, paliperidone,
or asenapine identified during the identification period.
Patients prescribed brexpiprazole before any of the other

index drugs were included in the BRX group, otherwise
they were included in the OAA group. bPatients in each of
the APZ, OLZ, QTP, and RIS medication groups were
included in the OAA group, and patients who were
prescribed perospirone, blonanserin, paliperidone, and
asenapine were not assessed separately due to the small
number of patients identified in each of these medication
groups
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Table 1 Baseline characteristics of patients diagnosed as schizophrenia

Baseline
characteristics

BRX group
(n = 978)

OAA group
(n = 4898)

APZ
medication
groupa

(n = 1496)

OLZ
medication
groupa

(n = 1011)

QTP
medication
groupa

(n = 919)

RIS
medication
groupa

(n = 856)

Age, yearb 39.8 ± 12.7 41.9 ± 13.1 39.5 ± 12.4 42.5 ± 13.2 43.8 ± 12.8 42.9 ± 14.3

Sex, femaleb 598 (61.1) 2761 (56.4) 840 (56.1) 554 (54.8) 515 (56.0) 468 (54.7)

CCI 0.0 [0.0, 1.0] 0.0 [0.0, 1.0] 0.0 [0.0, 1.0] 0.0 [0.0, 1.0] 0.0 [0.0, 1.0] 0.0 [0.0, 1.0]

PDC in the last

yearc
0.7 ± 0.3 0.6 ± 0.3 0.5 ± 0.3 0.5 ± 0.3 0.5 ± 0.3 0.5 ± 0.3

CP equivalent

dose, mg/dayd
186.5 ± 170.0 172.2 ± 198.2 146.7 ± 155.0 187.9 ± 197.7 134.5 ± 183.8 193.7 ± 225.2

Benzodiazepine

equivalent dose,

mg/dayb

6.9 ± 11.9 6.4 ± 12.2 5.4 ± 10.0 5.6 ± 10.9 8.5 ± 14.3 5.8 ± 12.5

Mean interval

between

outpatient visits,

day

22.8 [12.6,

36.5]

30.0 [0.0,

60.8]

33.2 [7.9, 73.0] 26.1 [0.0, 60.8] 26.1 [0.0,

52.1]

32.7 [0.0,

73.0]

Total number of days in psychiatric hospitalization, days

0 827 (84.6) 4138 (84.5) 1322 (88.4) 797 (78.8) 780 (84.9) 734 (85.7)

1–90 112 (11.5) 606 (12.4) 143 (9.6) 166 (16.4) 112 (12.2) 98 (11.4)

[ 90–180 27 (2.8) 82 (1.7) 22 (1.5) 24 (2.4) 17 (1.8) 8 (0.9)

[ 180 12 (1.2) 72 (1.5) 9 (0.6) 24 (2.4) 10 (1.1) 16 (1.9)

Psychiatric

hospitalizations

in the last year,

yes

151 (15.4) 760 (15.5) 174 (11.6) 214 (21.2) 139 (15.1) 122 (14.3)

Number 0.2 ± 0.4 0.2 ± 0.4 0.1 ± 0.4 0.2 ± 0.5 0.2 ± 0.4 0.2 ± 0.4

Medicationsb

Antidepressants 383 (39.2) 1816 (37.1) 656 (43.9) 337 (33.3) 446 (48.5) 209 (24.4)

Drugs for bipolar

disorder

268 (27.4) 1315 (26.8) 382 (25.5) 254 (25.1) 323 (35.1) 205 (23.9)

Anxiolytics 367 (37.5) 1758 (35.9) 509 (34.0) 369 (36.5) 384 (41.8) 274 (32.0)

Hypnotics 615 (62.9) 3054 (62.4) 875 (58.5) 631 (62.4) 661 (71.9) 490 (57.2)
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cumulative treatment continuation rates at
180 days were significantly higher in the BRX
group (45.9%, 95% CI 42.5–49.2) than in the
OAA group (39.5%, 95% CI 38.1–41.0; log-rank
test, p\0.0001).

Among the 1496, 1011, 919, and 856
patients in the APZ, OLZ, QTP, and RIS medi-
cation groups, respectively, 831 (55.5%), 574
(56.8%), 497 (54.1%), and 498 (58.2%) patients,
respectively, discontinued treatments during
180 days. Among the BRX group and the four
medication groups of the OAA, cumulative
treatment continuation rates at 180 days were
higher in the BRX group (45.9%, 95% CI
42.5–49.2) than in the four groups (APZ: 40.2%,
95% CI 37.6–42.8; OLZ: 37.1%, 95% CI
33.9–40.3; QTP: 40.4%, 95% CI 37.0–43.8; RIS:
36.4%, 95% CI 32.9–39.8) (Fig. 4).

Proportion of Days Covered ‡ 0.8

The mean (± SD) PDC was 0.53 ± 0.36 in the
BRX group and 0.48 ± 0.37 in the OAA group,
and 35.6% and 31.9% of patients, respectively,
had PDC C 0.8. The mean PDC in the APZ, OLZ,

QTP, and RIS medication groups was
0.51 ± 0.36, 0.46 ± 0.37, 0.48 ± 0.37, and
0.44 ± 0.37, respectively, and 33.7, 29.7, 32.2,
and 28.7%, respectively, had PDC C 0.8. Results
for PDC\0.5 and for 0.5 B PDC \0.8 are
provided in ESM Table S4.

Sensitivity and Subgroup Analyses

Based on the sensitivity analysis with patients
matched by propensity score, patients in the
BRX group were significantly less likely to dis-
continue treatment than those in the OAA
group (log-rank test, p = 0.0466; ESM Table S5;
ESM Fig. S2). Other sensitivity analyses using
the alternative definitions of a[ 60-day gap
period and a washout period of 365 days both
yielded similar results; the BRX group was less
likely to discontinue treatment than the OAA
group (HR 0.82, 95% CI 0.74–0.92, p = 0.0005;
HR 0.91, 95% CI 0.82–1.01, p = 0.0741; ESM
Figs. S3, S4).

Although no significant differences were
found between the BRX and OAA groups for
prescription restrictions (HR 0.91, 95% CI

Table 1 continued

Baseline
characteristics

BRX group
(n = 978)

OAA group
(n = 4898)

APZ
medication
groupa

(n = 1496)

OLZ
medication
groupa

(n = 1011)

QTP
medication
groupa

(n = 919)

RIS
medication
groupa

(n = 856)

Anti-Parkinson’s

drugs

148 (15.1) 532 (10.9) 137 (9.2) 92 (9.1) 57 (6.2) 129 (15.1)

Data are expressed as the mean ± standard deviation (SD), the median with the interquartile range (quartile 1 [Q1],
quartile 3 [Q3]) in square brackets, or as n (%)
BRX Brexpiprazole, OAA other atypical antipsychotics, APZ aripiprazole, OLZ olanzapine, QTP quetiapine, RIS risperi-
done, CCI Charlson Comorbidity Index, PDC proportion of days covered, CP chlorpromazine
aEach APZ, OLZ, QTP, and RIS medication group is part of the OAA group. Patients who were prescribed perospirone,
blonanserin, paliperidone, and asenapine were not assessed separately because of the small number of patients identified in
each of these medication groups
bAssessed at baseline or at the time of the index date; all other baseline characteristics were assessed during 365 days before
the index date or the month of index date, except for CP equivalent dose, which was estimated based on the last atypical
antipsychotics prescribed before the index date (excluding BRX but not limited to index drugs)
cNot including 0. The number of patients assessed were 876, 3650, 1149, 714, 661, and 596 patients in the BRX, OAA,
APZ, OLZ, QTP, and RIS medication groups, respectively
dNot including 0. The number of patients assessed were 840, 3396, 1080, 659, 599, and 554 patients in the BRX, OAA,
APZ, OLZ, QTP, and RIS medication groups, respectively
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0.79–1.04, p = 0.1678), patients in the BRX
group were significantly less likely to discon-
tinue treatment than those in the OAA group
without prescription restrictions (HR 0.85, 95%
CI 0.73–0.99, p = 0.0322; ESM Fig. S5). In gen-
eral, similar results favoring BRX were observed
in statistical analyses excluding patients pre-
scribed antidepressants and CP equiva-
lents\150 mg, and in patients diagnosed with
depression (HR 0.85, 95% CI 0.76–0.95,
p = 0.0041; HR 0.84, 95% CI 0.73–0.98,
p = 0.0239; ESM Figs. S6, S7).

DISCUSSION

Medication adherence is generally low in
patients with schizophrenia [24], and poor
adherence is associated with worse clinical
outcomes including relapses [25, 26]; therefore,
continuous treatment is crucial to prevent
patients from relapsing and to achieve better
clinical outcomes. This study is the first to
exploratory compare treatment discontinuation
between patients with schizophrenia prescribed
BRX and those prescribed OAAs in Japanese
clinical settings using a nationwide health
insurance claims database. The analysis

Table 2 Treatment patterns of patients diagnosed as schizophrenia

Treatment patterns BRX
group
(n = 978)

OAA
group
(n = 4898)

APZ
medication
groupa

(n = 1496)

OLZ
medication
groupa

(n = 1011)

QTP
medication
groupa

(n = 919)

RIS
medication
groupa

(n = 856)

Mean prescription

interval between

outpatient visits, dayb

16.2 ± 8.7 22.2 ± 16.2 24.6 ± 16.1 19.1 ± 14.8 20.4 ± 14.4 23.5 ± 19.7

Hospitals with

psychiatric

departments, yes

606 (62.0) 2790 (57.0) 890 (59.5) 564 (55.8) 482 (52.4) 463 (54.1)

BRX dose or CP

equivalent dose of

index drug, mg/dayc

1.2 [1.0,

1.8]

100.0 [56.8,

204.4]

75.0 [57.8,

155.6]

177.5 [100.0,

303.3]

49.5 [34.9,

102.8]

106.5 [78.0,

207.2]

Total number of days in psychiatric hospitalization at index date, dayd

0 854 (87.3) 3806 (77.7) 1310 (87.6) 677 (67.0) 698 (76.0) 623 (72.8)

0–90 109 (11.1) 1020 (20.8) 171 (11.4) 316 (31.3) 200 (21.8) 225 (26.3)

[ 90–180 15 (1.5) 72 (1.5) 15 (1.0) 18 (1.8) 21 (2.3) 8 (0.9)

Psychiatric home care,

yes

52 (5.3) 106 (2.2) 24 (1.6) 23 (2.3) 16 (1.7) 15 (1.8)

Data are presented as the mean ± SD, the median with the interquartile range (Q1, Q3) in square brackets, or as n (%)
aEach APZ, OLZ, QTP, and RIS medication group is part of the OAA group. Patients who were prescribed perospirone,
blonanserin, paliperidone, and asenapine were not assessed separately because of the small number of patients identified in
each of these medication groups
bAssessed during the data period; all other variables were assessed during the treatment period of index drug
cFor the BRX group, BRX dose (mg/day) was calculated, whereas for other groups, the CP equivalent dose (mg/day) was
calculated
dDays admitted to hospital include both before and after index date
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demonstrated that patients in the BRX group
were significantly less likely to discontinue
treatments than those in the OAA group (HR
0.86; p = 0.0024), that cumulative continuation
rates at 180 days were significantly higher in the
BRX group (45.9%) than in the OAA group
(39.5%) and higher than in any of the four
medication groups (APZ 40.2%; OLZ 37.1%;
QTP 40.4%; RIS 36.4%), findings which are in
line with those of a real-world study comparing
continuation rates at 24 weeks (approx.
168 days) in patients prescribed BRX and ase-
napine [27].

The higher treatment continuation rates in
the BRX group may be attributed to the efficacy
and safety of BRX that have been demonstrated
in clinical trials. In 6-week short-term studies in
patients with acute schizophrenia, BRX showed
efficacy over placebo, and favorable safety and

tolerability [12, 13, 28, 29], with lower discon-
tinuation rates due to adverse events in the BRX
group than in the placebo group in global
studies (8.1% vs. 12.7%) [14] and in a Japanese
study (10.5–16.5% vs. 17.2%) [13]. The safety of
BRX was further demonstrated in a 52-week
long-term study in which the incidence of
treatment-emergent adverse events, including
akathisia, weight gain, and extrapyramidal dis-
order, was comparable to that of short-term
studies [14, 30]. In addition to the efficacy and
side effects, there are other factors that are
known to affect medication adherence and
treatment continuation, including lack of ill-
ness insight, negative attitudes toward medica-
tion, and comorbidities [6, 7].

The cumulative treatment continuation rate
at 180 days (approx. 26 weeks) in the BRX group
was 45.9%. In a long-term clinical trial of BRX

Fig. 3 A Survival curves adjusted based on a Cox
proportional hazards model, B Kaplan–Meier survival
curves for the time to treatment discontinuation in the
BRX and OAA groups. The survival curve based on the
Cox proportional hazards model was adjusted for sex and
age at index date, chlorpromazine equivalent doses of
antipsychotic medication (mg/day) estimated based on the
last atypical antipsychotics prescribed before index date,
Charlson Comorbidity Index assessed during 365 days

before the month of index date, medications used at index
date (yes/no: antidepressants, medications for bipolar
disorder, anxiolytics, hypnotics, and anti-Parkinson’s
drugs), benzodiazepine equivalent dose (mg/day) at index
date, and the number and total number of days in
psychiatric hospitalization during 365 days before the
month of index date. HR hazard ratio, CI confidence
interval
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in Japan, 59.2% and 41.8% of newly enrolled
patients and patients continuing from the
short-term study, respectively, completed a
52-week assessment [30]. In a long-term global
study [31], 82.5% and 43.0% of the patients
completed the study for 26 and 52 weeks,
respectively. Our real-world study showed
slightly lower continuation rates than those
reported in this clinical trial, which may be due
to differences between clinical trials conducted
under strict inclusion/exclusion criteria and
supervision, and observational studies con-
ducted based on data obtained from daily clin-
ical practice. A previous real-world study
reported treatment continuation rates of 48.5%
for BRX at 24 weeks [27]. Our results may,
therefore, reflect real-world continuation rates
based on big data from a nationwide health
insurance claims database.

The proportion of patients with PDC C 0.8
was 35.6% and 31.9% in the BRX and OAA
groups, respectively; these results are generally

in line with those of a previous claims database
study in the USA [32]. The percentage of PDC
C 0.8 in the BRX group was higher than that in
the OAA group and in any of the four medicine
groups (APZ, 33.7%; OLZ, 29.7%; QTP, 32.2%;
RIS, 28.7%). Although the severity of symptoms
in our study population is unknown, the out-
patient status of most patients (at the time of
index date, 87.3% and 77.7% in the BRX and
OAA groups, respectively, were not hospital-
ized) suggests that their symptoms may be
managed by the current treatment. Neverthe-
less, further improvements in adherence may
contribute to relapse prevention and improve
clinical outcomes. Further studies exploring
patients in need of attention are warranted.

We observed slight differences in the base-
line patient characteristics between the BRX
and OAA groups. As this observational study
included all eligible patients prescribed index
drugs in a real-world setting, selection bias may
have led to such baseline differences. The sen-
sitivity analyses based on patients matched by
propensity score, however, supported the
results of the main analysis, favoring BRX over
OAAs. Furthermore, a subgroup analysis with-
out prescription restrictions yielded similar
favorable results for BRX. We conducted this
subgroup analysis because, in the case of new
drugs, prescribing physicians gradually gain an
understanding of drugs’ characteristics over
time. We considered that this initial stage after
the drug’s launch would influence prescribing
patterns and treatment discontinuation. Addi-
tionally, the mean CP equivalent dose was
186.5 and 172.2 mg/day in the two groups,
respectively; these were at a lower limit of the
recommended dose of APZ (150–600 mg/day CP
equivalent) [23] and appeared to be lower than
the previously reported figure (a median CP
equivalent dose approx. slightly [ 200–-
400 mg/day) in a real-world study using the
JMDC database [33]. The lower results in our
study may be because the authors of the men-
tioned real-world study [33] excluded patients
with CP equivalent doses B 75 mg/day; our
results were therefore generally similar to those
of the previous database study. Additionally, we
found over half of the patients had comorbid
depression (54.5% and 50.6% in the BRX and

Fig. 4 Kaplan–Meier survival curves for the time to
treatment discontinuation in the BRX, APZ, OLZ, QTP,
and RIS medication groups. BRX brexpiprazole; APZ
aripiprazole; OLZ olanzapine; QTP quetiapine; RIS
risperidone; CI confidence interval
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OAA groups, respectively; ESM Table S1), and
approximately 40% of the patients in the BRX
and OAA groups were prescribed antidepres-
sants at baseline. As there is a possibility of the
schizophrenia diagnosis code being entered to
prescribe antipsychotics, these baseline charac-
teristics may indicate that patients without
schizophrenia were included in the analysis
population. Despite these observations, all sub-
group analyses showed similar results to those
of the primary analysis.

The sensitivity and subgroup analyses
showed similar results to those of the primary
analysis. Along with the higher PDC in the BRX
group, the findings of our study indicate that
BRX may contribute to treatment continuation
during maintenance therapy among patients
with schizophrenia. Treatment continuation
reflects efficacy and tolerability of a drug [18].
Combined with the aforementioned efficacy
and safety profiles of BRX shown in clinical
trials [12–14, 29, 30], these findings may suggest
a potential role for BRX in relapse prevention in
schizophrenia. Further studies, including
prospective ones, may clarify the causality
between BRX and treatment continuation and
are of clinical value.

Limitations

This study has several limitations. First, it is
possible that the results are not generalizable to
the entire Japanese population with
schizophrenia. People with severe symptoms
may be less represented in the study population
because we used employment-based health
insurance claims data and individuals may
withdraw from employment-based insurance in
cases of symptom exacerbation or relapse.
Although such selection bias did not apply to
dependents, patients with non-severe
schizophrenia symptoms may be represented in
the study population. The database does not
contain records of individuals aged C 75 years.
Furthermore, the proportion of patients
aged C 65 years in the data source (3.0%) [34] is
considerably lower than the proportion of per-
sons aged C 65 years in the Japanese general
population (approximately 29%) [35].

Therefore, the findings of this study may not be
consistent with the general situation in Japan,
and the potential confounding effect of the
differences in the proportion of older people
should be noted. Additionally, as discussed
above, we observed slight between-group dif-
ferences in patient characteristics, but such
differences may reflect real-world situations.
Although polypharmacy is more common in
Japan than in other countries among patients
with schizophrenia, we compared the time to
treatment discontinuation between patients
prescribed monotherapy with BRX and OAAs.
Due to the nature of the health insurance claims
database, diagnosis records of schizophrenia
entered for billing purposes may not reflect
actual diagnosis. However, the sensitivity and
subgroup analyses showed similar results to
those of the primary analysis. The treatment
discontinuation and PDC we examined using
prescription records do not reflect actual intake
of prescribed medication. Additionally, severity
of schizophrenia is not recorded in the data-
base. Treatment discontinuation and the level
of adherence may differ with severity and rea-
sons unknown to us. Since the patient back-
ground and baseline are biased and there are
unmeasured confounding factors, we con-
ducted analyses to remove confounding as
much as possible, but it is unclear whether we
were able to remove all confounding factors.
However, we consider that confounding effects
of polypharmacy were limited to patients who
were prescribed antipsychotics other than index
drugs for\30 days after index date. We have
further taken into account the confounding
effect of polypharmacy in all statistical analyses
by adjusting for baseline variables, including
the total CP equivalent dose of antipsychotic
medications.

CONCLUSION

In this real-world study using nationwide claims
data of working individuals and their depen-
dents, we found that patients in the BRX group
were significantly less likely to discontinue
treatments than those in the OAA group, and
that the treatment continuation rate at
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180 days was higher in the BRX group.
Although we noted slight between-group dif-
ferences in baseline patient characteristics,
sensitivity and subgroup analyses showed simi-
lar results to those of the primary analysis.
These findings suggest that BRX may contribute
to treatment continuation during maintenance
therapy for patients with schizophrenia. Further
studies including prospective ones may clarify
the causality between BRX and treatment
continuation.
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