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Abstract

Background. A double-blind, randomized, active-controlled, parallel-group, noninferiority
trial (NCT03345342) demonstrated that paliperidone palmitate once-every-6-months
(PP6M) was noninferior to paliperidone palmitate once-every-3-months (PP3M) in preventing
relapse in clinically stable adults with schizophrenia. This post hoc analysis assessed efficacy and
safety following transition to PP6M from paliperidone once-monthly (PP1M) versus PP3M.
Methods. Adults with schizophrenia who were clinically stable on moderate/high doses of
PP1M or PP3M were randomly assigned 1:2 to dorsogluteal PP3M or PP6M treatment for
12 months. The primary efficacy measure was time to relapse during the 12-month DB phase.
Secondary endpoints included change from DB baseline to endpoint in Positive and Negative
Syndrome Scale (PANSS) total and subscale scores, Clinical Global Impression-Severity (CGI-S)
scale score, and Personal and Social Performance (PSP) scale score. Safety was assessed by
treatment-emergent adverse events (TEAEs), vital signs, and clinical laboratory tests.
Results. Of 702 patients in the study, 231 transitioned from PP1M to PP6M and 247 transi-
tioned from PP3M to PP6M. Low relapse rates for PP6M were observed regardless of
transition pathway (PP1M/PP6M: 7.8%; PP3M/PP6M: 7.3%). Changes from DB baseline to
endpoint in PANSS total, PSP, and CGI-S scores were similar between transition groups. In
the DB phase, ≥1 TEAE was observed in 61.0% and 63.2% of patients in the PP1M/PP6M and
PP3M/PP6M, groups, respectively.
Conclusion. Adults with schizophrenia who transitioned to PP6M from either PP1M or PP3M
experienced similarly low relapse rates. Additionally, symptom and functionality scores sup-
ported the primary analysis and, along with TEAE incidences, were comparable between
transition groups.

Introduction

Schizophrenia is a serious, complex mental disorder that has a 1-year prevalence rate of
approximately 1.2% in adults aged 18–54 years in the United States; onset typically occurs in
late adolescence or early adulthood.1-3 Long-acting injectable antipsychotics (LAIs) have been
shown to have superior attributes to oral antipsychotics (OAPs) in the treatment of adult patients
with schizophrenia owing to (1) reductions in hospitalizations and relapses4-9; (2) more con-
sistent bioavailability, predictable pharmacokinetics and stable plasma medication levels8,10;
(3) elimination of daily pill administration burden while allowing adherence transparency for
healthcare professions5,11; and (4) greater rates of treatment persistence, with longer median
time to discontinuation.12-14 Furthermore, compared to no antipsychotic use, LAIs reduced all-
cause mortality by 53% in patients with schizophrenia, with the greatest benefits observed with
second-generation antipsychotic LAIs (61% reduction) and the smallest benefits observed with
any OAP (36% reduction) or any first-generation antipsychotic (27% reduction).15

Paliperidone palmitate (PP) is a second-generation LAI that has been shown to be effective at
maintaining symptom control and reducing risk of relapse and hospitalization for patients with
schizophrenia.16-22 Three formulations of PP are available: paliperidone palmitate once-monthly
(PP1M),23 paliperidone palmitate once-every-3-months (PP3M),24 and paliperidone palmitate
once-every-6-months (PP6M).25 These different injection intervals provide clinicians and
patients with a variety of options that can be tailored to patient needs and preferences. In some
instances, PP1Mmay give more control to change the dosing of the PP injection, for example, in
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patients who are still somewhat unstable or who are in the begin-
ning of PP therapy where a longer injection interval may be less
desirable. On the other hand, for stable patients, a continuous
control of schizophrenia symptoms over a 3-monthly or 6-monthly
injection interval may be preferable due to less need to return to the
clinic for the injection, greater flexibility when traveling or when
living far from the location where the PP injection is delivered.

PP6M was approved based on results from a 12-month,
double-blind (DB), randomized, active-controlled, parallel-
group, noninferiority study (NCT03345342) that demonstrated
that PP6M was as effective as PP3M in delaying and preventing
relapses in clinically stable adult patients with schizophrenia.21

Relapse rates were 7.5% (36 of 478 patients) for PP6M and 4.9%
(11 of 224 patients) for PP3M. PP6M is the first LAI with a
considerably longer dosing interval than other currently available
LAIs, providing continuous stability of schizophrenia symptoms
for up to 6 months with one dose. Clinically stable patients with
schizophrenia who wish to transition to PP6M may do so only if
they have been adequately treated with PP1M for ≥4 months or
PP3M for ≥1 injection cycle providing flexibility to both patient
and clinician in clinical decision making.25

Here, we have assessed the efficacy and safety outcomes follow-
ing the transition to PP6M from PP1M versus PP3M. We hypoth-
esized that efficacy and safety outcomes would not differ but
generalize across the two clinical strategies of transitioning to
PP6M.

Methods

Study design and patients

This post hoc analysis assessed the efficacy and safety following
transition to PP6M from PP1M versus PP3M in clinically stable
adults with schizophrenia who participated in a 12-month, DB,
randomized, active-controlled, parallel-group, noninferiority trial
(NCT03345342) comparing PP6M with PP3M (Figure 1).21 Eligi-
ble patients were men and women aged between 18 and 70 years
who had a Diagnostic and Statistical Manual of Mental Disorders,

Fifth Edition (DSM-5) diagnosis of schizophrenia for ≥6 months
before screening and a Positive and Negative Syndrome Scale
(PANSS) total score of <70 points at the time of screening. Patients
were previously treated with PP1M, PP3M, injectable risperidone
microspheres, or any OAP (except clozapine). Patients were
excluded from the study if they met any of the following criteria:
active primary DSM-5 diagnosis other than schizophrenia; receiv-
ing any form of involuntary treatment (such as involuntary psy-
chiatric hospitalization or court-mandated treatment); attempted
suicide within 12 months prior to screening or at imminent risk of
suicide or violent behavior, as clinically assessed by the investigator
at the time of screening; DSM-5 diagnosis of moderate or severe
substance use disorder (excluding nicotine and caffeine)
within 6 months of screening; history of neuroleptic malignant
syndrome, tardive dyskinesia, or clinically significant and unstable
medical illness; history of treatment-resistant schizophrenia (ie,
failure to respond to two adequate trials of different antipsychotic
medications with adequate doses); or intolerability or severe reac-
tions to moderate or higher doses of antipsychotic medications.21

After screening and an open-label transition phase, clinically
stable patients receiving moderate/high doses of PP1M
(156/234 mg) or PP3M (546/819 mg) for one injection cycle in
the open-label maintenance phase were randomly assigned 1:2 to
PP3M (546/819 mg) or PP6M (1,092/1,560 mg) during the
12-month DB treatment phase. Patients randomly assigned to
the PP3M (546/819 mg) during the DB treatment phase were used
as a reference in this analysis. Patients received dorsogluteal injec-
tions of PP3M (four doses) or PP6M (two doses with alternating
placebo injections tomaintain blinding). The placebo injection was
20% Intralipid® (200 mg/mL) injectable emulsion and matched the
appearance of the active treatment.21 Due to differences in syringe
sizes used for the administration of PP6M versus PP3M, the study
drug administrator was unblinded and not allowed to perform any
other study-related procedures or communicate patient-related
information with study site personnel to ensure the integrity of
the blind.21

This study was approved by independent ethics committees or
institutional review boards.21 The authors assert that this trial was

OAPs
except clozapine

Not previously stabilized
on PP1M/PP3M

Previously stabilized
on PP1M/PP3M

Risperidone long-acting
injection 50 mg every 2 weeks

PP1M
234 mg
day 1

PP1M
156 mg
day 8

PP1M
78-234 mg

monthly PP1M
156 mg

PP1M
78-117 mg

PP3M
546 mg

PP1M
156 mg
day 8

PP6Ma 1092 mg
2 doses with alternating placebo injections

PP3Ma 546 mg
4 doses

Low dose

Moderate dose

Excluded

R
1:2

Screening
Up to 28 days

n=1036

Transition
1-4 months,

1-5 injections

Maintenance
1 or 3 months,

n=767

Double-Blind Treatment
12 months

n=702

PP6Ma 1560 mg
2 doses with alternating placebo injections

PP3Ma 819 mg
4 doses

PP1M
234 mg

PP3M
819 mg R

1:2

Higher dose

Figure 1. Study design. Abbreviations: OAP, oral antipsychotic; PP1M, paliperidone palmitate once-monthly; PP3M, paliperidone palmitate once-every-3-months; PP6M,
paliperidone palmitate once-every-6-months; R, randomization. aPP3M and PP6M were administered dorsogluteally because of the larger volume of PP6M.
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conducted in compliance with the ethical principles of the Decla-
ration of Helsinki of 1975 (revised 2008) and consistent with Good
Clinical Practices and applicable regulatory requirements. All
patients provided written informed consent.

Outcome measures

The primary outcome of this analysis measured differences in time
to relapse for patients who transitioned to PP6M from PP1M
(PP1M/PP6M) versus PP3M (PP3M/PP6M) during the DB phase.
Summary statistics for those patients who were randomized to
PP3M were also presented as a reference. Relapse criteria, defined
as ≥1 of the following, were identical to those used in previous
clinical studies of PP3M and PP1M19,20: (1) psychiatric hospitali-
zation due to exacerbation of schizophrenia symptoms
(involuntary or voluntary admission); (2) deliberate self-injury
resulting in suicide or exhibited violent behavior resulting in clin-
ically significant injury; (3) aggressive behavior, suicidal or homi-
cidal ideation; (4) a 25% increase (for patients with PANSS scores of
>40 at randomization) or 10-point increase (for patients with
PANSS scores of ≤40 at randomization) in PANSS total score from
randomization for two consecutive assessments between 3 and
7 days; or (5) PANSS items scores of ≥5 (if PANSS items was
≤3 at randomization) or ≥6 (if PANSS items was 4 at randomiza-
tion) after randomization for two consecutive assessments
between 3 and 7 days on any of the following items: P1
(delusions), P2 (conceptual disorganization), P3 (hallucinatory
behavior), P6 (suspiciousness/persecution), P7 (hostility), and G8
(uncooperativeness).21

Secondary efficacy endpoints included changes from baseline
during the DB phase in PANSS total score and subscale scores,
Clinical Global Impression-Severity (CGI-S) scale score, and Per-
sonal and Social Performance (PSP) scale score. Safety assessments
included treatment-emergent adverse events (TEAEs), vital signs,
and clinical laboratory tests.

Statistical methods

The Kaplan–Meier method was used to estimate the 12-month
cumulative estimate of rates of remaining relapse-free. Noninfer-
iority between the different transitions through the PP profiles was
concluded if the lower limit of the two-sided 95% CI of the
difference in the relapse-free rates between the different transition
groups exceeded �10% (the 10% noninferiority margin was
selected based on the results of previous studies of PP1M and
PP3M and on advice from a panel of experts in the field of
schizophrenia, and health authorities and endorsed by the Com-
mittee for Medicinal Products for Human Use).26,27 Moreover, a
10% difference in a categorical outcome translates into a number-
needed-to-treat (NNT) of 10, and any NNT below 10 is generally
seen as clinically relevant.28 The change from baseline (DB) at each
visit in PANSS total and subscale scores and CGI-S and PSP scores
during the DB phase was analyzed using an analysis of the covari-
ance model with factors for treatment and country and baseline
score as a covariate.

Results

Patient characteristics

Of the 702 patients included in theDB phase, 231 transitioned from
PP1M to PP6M and 247 transitioned from PP3M to PP6M.

Baseline demographic and disease characteristics were comparable
between the PP1M/PP6M and PP3M/PP6M transition groups and
the 224 patients within the PP3M arm (Table 1). The mean age for
all patients was 40.8 years, 68.4%weremale, 74.2%wereWhite, and
the baseline mean body mass index was 27.7 kg/m2. The mean
duration of illness at baseline was 13.2 years.

Efficacy

Relapse occurred in 7.8% of patients in the PP1M/PP6M group and
7.3% in the PP3M/PP6M group (Figure 2). The Kaplan–Meier
estimate of the treatment group difference (95% CI) in the per-
centage of patients who remained relapse-free versus PP3M was
�2.7% (�8.5 to 3.0) in the PP1M/PP6Mgroup and�2.9% (�8.3 to
2.4) in the PP3M/PP6M group (Figure 3). The median time to
relapse (the time at which the cumulative survival function equals
0.5 or 50%) was not estimable for any group because of the low
number of relapses during the DB phase (Figure 2). The magni-
tudes of change fromDBbaseline to end point in PANSS total, PSP,
and CGI-S scores were similar between groups (Table 2).

Safety

Of the 702 total patients, 428 (61.0%) had at least one TEAE during
the DB phase, with TEAEs experienced by 61.0%, 63.2%, and 58.5%
of patients in the PP1M/PP6M, PP3M/PP6M, and PP3M groups,
respectively (Table 3). The most common TEAEs (occurring in

Table 1. Baseline Demographics and Disease Characteristics

PP1M/
PP6M
n = 231

PP3M/
PP6M
n = 247

PP3M
n = 224

Total
N = 702

Mean age (SD), yearsa 39.4 (11.91) 42.8 (11.42) 40.0 (10.98) 40.8 (11.53)

Male, n (%) 148 (64.1) 178 (72.1) 154 (68.8) 480 (68.4)

Race, n (%)

White 174 (75.3) 179 (72.5) 168 (75.0) 521 (74.2)

Asianb 43 (18.6) 23 (9.3) 30 (13.4) 96 (13.7)

Black and/or
African American

13 (5.6) 36 (14.6) 23 (10.3) 72 (10.3)

Ethnicity, n (%)

Hispanic or Latino 38 (16.5) 37 (15.0) 25 (11.2) 100 (14.2)

Mean BMI (SD), kg/m2 26.9 (4.79) 28.8 (4.96) 27.5 (4.96) 27.7 (4.96)

Mean age at first SCZ
diagnosis (SD),
years

28.0 (9.11) 27.4 (8.93) 27.5 (9.05) 27.6 (9.02)

Mean duration of
illness (SD), years

11.4 (9.89) 15.5 (10.71) 12.5 (9.84) 13.2 (10.30)

Mean duration PH
prior to study (SD),
daysc

63.3 (72.13) 62.8 (67.76) 44.6 (53.09) 57.2 (65.75)

Abbreviations: BMI, body mass index; PH, psychiatric hospitalization; PP1M, paliperidone
palmitate once-monthly; PP3M, paliperidone palmitate once-every-3-months; PP6M, paliper-
idone palmitate once-every-6-months; SCZ, schizophrenia.
aAge at screening visit.
bAsian race subcategories include Chinese, Korean, Japanese, Filipino, Asian Indian, Thai,
Malaysian, and other Asian races.
cDuration of the most recent hospitalization for psychosis any time prior to study start (not
restricted to 24 months prior to study start).
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≥5% of patients) experienced in the PP1M/PP6M, PP3M/PP6M,
and PP3M groups were weight increased, injection site pain, head-
ache, nasopharyngitis, and upper respiratory infection (Table 3).

During the DB phase, the percentage of patients experiencing at
least one serious TEAE was 5.2% (n = 12), 4.9% (n = 12), and 6.7%
(n = 15) in the PP1M/PP6M, PP3M/PP6M, and PP3M groups,
respectively. The most frequent serious TEAEs were related to

psychiatric disorders (PP1M/PP6M: n = 8; PP3M/PP6M: n = 6;
PP3M: n = 7), including schizophrenia (PP1M/PP6M: n = 4;
PP3M/PP6M: n = 4; PP3M: n = 1). A total of 22 patients (3.1%)
experienced a TEAE leading to drug withdrawal (PP1M/PP6M:
n = 6; PP3M/PP6M: n = 10; PP3M: n = 6). Three deaths were
reported during the DB phase (PP1M/PP6M: n = 1 [cause not
specified]; PP3M: n = 2 [sudden death of unknown cause, and

Figure 2. Kaplan–Meier plot of patients without relapse during the DB phase. Abbreviations: DB, double-blind; PP1M, paliperidone palmitate once-monthly; PP3M, paliperidone
palmitate once-every-3-months; PP6M, paliperidone palmitate once-every-6-months.

Figure 3. Number of patients who remained relapse free at the end of DB by maintenance dose (PP1M or PP3M). Abbreviations: DB, double-blind; PP1M, paliperidone palmitate
once-monthly; PP3M, paliperidone palmitate once-every-3-months; PP6M, paliperidone palmitate once-every-6-months. aCensored data included patients who completed the DB
phase without relapses and patients who withdrew early during the DB phase. bBased on Kaplan–Meier product limit estimates.

636 C.U. Correll et al.

https://doi.org/10.1017/S1092852924000476 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852924000476


pulmonary embolism, 1 each]), which investigators considered
unrelated to the study medication. There were no deaths reported
in the DB phase for PP3M/PP6M.

Discussion

This post hoc analysis found that adult patients with schizophrenia
who transition to PP6M from either PP1M or PP3M experience
similarly low relapse rates, with 91.6% of patients in the PP1M/
PP6M group and 92.3% in the PP3M/PP6M remaining relapse-free
up to 12 months. Assessments of schizophrenia symptoms, patient
functioning, disease severity, and safety were similar between the
transition groups, confirming that patients were clinically stable
and well maintained on PP6M. Safety findings were consistent with
the known profile of PP.17-22 The type and incidence of TEAEs was
comparable between the PP1M/PP6M, PP3M/PP6M, and PP3M
groups, demonstrating a similar safety profile between the formu-
lations. None of the most common TEAEs, including injection site
pain and weight gain, were reported as serious. The sample patient
population examined in this study is relatively representative of
that seen in a clinical care setting in terms of sex, race, and baseline
disease severity.

Treatment with LAIs has been shown to have superior efficacy
to OAPs in reducing hospitalizations and relapses in patients with
schizophrenia.4-9 LAIs reduce the pill burden associated with the
daily administration of OAPs and have been shown to lead to

higher rates of treatment adherence and lower rates of relapse.5

Additionally, LAIs provide the opportunity for healthcare practi-
tioners to be aware of medication nonadherence by patients, and
subsequent appropriate intervention can be taken to prevent fur-
ther exacerbation of symptoms.5 Transitioning clinically stable
patients to an LAI with a longer dosing interval, such as PP6M,
could providemore patient-focused care.29,30 LAIs that have longer
dosing intervals may bemore advantageous to patients for a variety
of reasons, including fewer injections required, a reduction in social
stigma, and greater overall quality of life.7,12,29 A comparative
effectiveness analysis using a Medicare claims database showed
that PP3M had a lower hazard ratio of discontinuation, treatment
failure and relapse compared to twice-monthly risperidone LAI.31

In addition, cost offsets from reduced administration and relapse
costs due to adherence benefits suggest minimal budget impact to
introducing PP6M as a treatment option.32 The real-world perfor-
mance of PP6M is currently being analyzed.

Ultimately, greater clinical stability through LAI use can facil-
itate uninterrupted psychosocial rehabilitation and counter self-
stigma.6,33,34 Together with extended injection intervals, which
have been shown to decrease antipsychotic discontinuation risk,

Table 2. Summary of Change From Baseline in PANSS, CGI-S, and PSP During
the DB Phase

PP1M/PP6M
n = 231

PP3M/PP6M
n = 247

PP3M
n = 224

PANSS total score

Mean at DB baseline (SD) 53.3 (9.52) 50.6 (9.51) 51.4 (9.77)

Mean change from
baseline (SD)

�1.8 (9.74) �1.8 (8.11) �1.6 (7.40)

Mean PANSS subscale scores (SD)

Positive subscale

Baseline (DB) 11.3 (3.36) 10.7 (3.05) 10.8 (2.98)

Change from baseline �0.1 (3.54) �0.2 (3.06) �0.1 (2.82)

Negative subscale

Baseline (DB) 16.3 (4.06) 15.8 (4.32) 15.9 (4.18)

Change from baseline �0.8 (2.85) �0.6 (2.54) �0.6 (2.61)

CGI-S scorea

Mean at DB baseline (SD) 3.0 (0.76) 3.0 (0.80) 3.0 (0.77)

Mean change from
baseline (SD)

0.0 (0.77) 0.0 (0.63) 0.0 (0.63)

PSP scoreb

Mean at DB baseline (SD) 66.5 (11.15) 66.2 (13.67) 66.5 (11.82)

Mean change from
baseline (SD)

1.1 (7.31) 0.9 (6.94) 1.1 (8.11)

Abbreviations: CGI-S, Clinical Global Impression-Severity scale; DB, double-blind; PANSS,
Positive and Negative Syndrome Scale; PP1M, paliperidone palmitate once-monthly; PP3M,
paliperidone palmitate once-every-3-months; PP6M, paliperidone palmitate once-every-
6-months; PSP, Personal and Social Performance scale.
aPP1M/PP6M, n = 228; PP3M/PP6M, n = 245; PP3M, n = 220.
bPP1M/PP6M, n = 229; PP3M/PP6M, n = 246; PP3M, n = 221.

Table 3. Overall Safety Summary (DB Phase)

PP1M/
PP6M
n = 231

PP3M/
PP6M
n = 247

PP3M
n = 224

Total
n = 702

≥1 TEAE 141 (61.0) 156 (63.2) 131 (58.5) 428 (61.0)

≥1 possibly related
TEAE

70 (30.3) 78 (31.6) 61 (27.2) 209 (29.8)

≥1 serious TEAEs 12 (5.2) 12 (4.9) 15 (6.7) 39 (5.6)

TEAEs leading to
drug withdrawn

6 (2.6) 10 (4.0) 6 (2.7) 22 (3.1)

TEAEs leading to
death

1 (0.4) 0 (0) 2 (0.9) 3 (0.4)

Most common (≥5%) TEAEs

Weight increased 17 (7.4) 23 (9.3) 17 (7.6) 57 (8.1)

Injection site pain 11 (4.8) 26 (10.5) 9 (4.0) 46 (6.6)

Headache 19 (8.2) 13 (5.3) 12 (5.4) 44 (6.3)

Nasopharyngitis 10 (4.3) 12 (4.9) 13 (5.8) 35 (5.0)

Upper respiratory
infection

7 (3.0) 17 (6.9) 9 (4.0) 33 (4.7)

Most common (≥1%) serious TEAEs

Psychiatric
disorders

8 (3.5) 6 (2.4) 7 (3.1) 21 (3.0)

Schizophrenia 4 (1.7) 4 (1.6) 1 (0.4) 9 (1.3)

Treatment-emergent abnormal plasma prolactin results by gender

Female, n 83 68 69 220

High, n (%)a 11 (13.3) 13 (19.1) 14 (20.3) 38 (17.3)

Male, n 148 178 152 478

High, n (%)a 17 (11.5) 35 (19.7) 16 (10.5) 68 (14.2)

Abbreviations: DB, double-blind; PP1M, paliperidone palmitate once-monthly; PP3M, paliper-
idone palmitate once-every-3-months; PP6M, paliperidone palmitate once-every-6-months;
TEAE, treatment-emergent adverse event.
Values are n (%) unless otherwise noted.
aHigh = baseline value ≤ normal range upper limit and postbaseline > normal range upper
limit. For males, the reference range is 2.64–13.13 μg/L and for females the reference range is
2.74–26.72 μg/L.
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broader- and longer-injection-interval LAI use may facilitate
greater reengagement with life and promote greater functional
recovery than is currently achieved.12,35,36

Results of this study must be interpreted within its limitations.
First, the subgroup sample sizes were small, which reduced the
statistical power to identify potential group differences. However,
the results of the PP1M/PP6M and PP3M/PP6M groups were very
similar numerically, indicating that both clinical pathways to
PP6M are valid clinical options. Second, the initial PP1M or
PP3M treatment during the transition and maintenance phases
prior to baseline of the DB phase was not randomized; however, all
patients had to be clinically stable prior to the DB phase, and
transitioning to PP3M or PP6M via PP1M is the approved initia-
tion schedule,7 increasing the generalizability of the results and
supporting flexibility in the clinical initiation of PP6M. Third, the
use of placebo injections for the PP6Mgroups limits interpretations
related to the comparison of the dosing intervals between PP3M
and PP6M and may introduce a potential placebo effect. Finally,
despite the inability to estimate the median time to relapse, the low
event rate of around 7% is clinically significant and suggests a
positive effect of PP6M, in that the majority of patients did not
experience a relapse. There is a risk that the current observation
period may not be long enough to observe relapses in a significant
proportion of patients which may introduce a bias in the event rate
over a longer time period.

Conclusions

In conclusion, adults with schizophrenia who transitioned to
PP6M from either PP1M or PP3M experienced similarly low rates
of relapse with no new safety signals, providing clinicians and
patients flexibility regarding treatment plans incorporating PP6M.
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