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ABSTRACT
Objective: To evaluate durability of therapeutic effect of long-term
treatment with aripiprazole lauroxil in patients with schizophrenia
following successful treatment of an acute psychotic episode.
Methods: This post hoc analysis assessed long-term outcomes
for a subgroup of patients who entered a 52-week extension
study after being successfully stabilized with one of 2 doses of
aripiprazole lauroxil (441 or 882 mg) in a pivotal 12-week, placebocontrolled, randomized clinical trial. Durability of therapeutic
effect was measured by the proportion of patients completing
the 1-year course of aripiprazole lauroxil, the trajectories of the
Positive and Negative Syndrome Scale (PANSS) total and the
Clinical Global Impression-Severity (CGI-S) item scores beyond the
first 12 weeks, and the likelihood of remission at any follow-up
point.
Results: In total, 181 patients treated with aripiprazole lauroxil
entered the extension study; 73% and 66% of patients from
the 441 mg and 882 mg groups, respectively, completed all 13
aripiprazole lauroxil treatments scheduled every 4 weeks over 52
weeks. Both groups continued on a positive trajectory of symptom
improvements (P < .0001 for reductions in PANSS total and CGI-S
scores from week 12 to end of follow-up). Most patients (74%
and 68% in the aripiprazole lauroxil 441 mg and 882 mg groups,
respectively) achieved remission during follow-up.
Conclusions: These post hoc analyses of a subgroup of patients
demonstrate the continued therapeutic efficacy of aripiprazole
lauroxil after successful treatment of an acute episode of
schizophrenia. Both the 441 mg and 882 mg groups had similar
retention rates, degree of symptom improvement, and likelihood
of remission.
Trial Registration: ClinicalTrials.gov identifier: NCT01469039;
European Clinical Trials Database (EudraCT) numbers: 2012–
003445-15 and 2012–003996-20
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S

chizophrenia is a severe mental disorder characterized
by a range of symptoms, including delusions, auditory
hallucinations, and behavioral and cognitive dysfunction.1,2
As it is a chronic disease, continued antipsychotic treatment
is crucial for the achievement and maintenance of
remission, which supports the ultimate goal of recovery.2,3
However, nonadherence to antipsychotic medication is
common, with a report of approximately 74% of patients
discontinuing study medication (oral antipsychotics) within
18 months of starting treatment.4,5 This is a major cause for
concern, as nonadherence is associated with exacerbation
of psychopathology (including psychosis, aggression,
and self-injury) and worsening of long-term function.6,7
Nonadherence to medication also contributes to relapse rates,
leading to a “revolving door” syndrome wherein patients are
frequently rehospitalized,8 resulting in increased burden
on patients and their caregivers, as well as on health care
systems and costs. The use of long-acting injectable (LAI)
antipsychotic medication is an important treatment option,
as it ensures delivery of medication and provides clinicians
and caregivers with real-time, accurate information on a
patient’s adherence to prescribed medication.5 As the number
of LAIs being developed and approved for the treatment of
schizophrenia increases, studies of long-term outcomes of
LAI treatment are important to help patients, caregivers, and
clinicians make informed treatment decisions.
Aripiprazole lauroxil is a novel LAI atypical antipsychotic
approved in 2015 in the United States for the treatment
of adults with schizophrenia.9 The efficacy, safety, and
tolerability of once-monthly aripiprazole lauroxil for the
treatment of acute exacerbation of symptoms in patients
with schizophrenia were previously demonstrated in a phase
3, 12-week, randomized, double-blind, placebo-controlled
trial.10 A 52-week extension study was subsequently carried
out to evaluate the long-term safety and durability of
therapeutic effect of aripiprazole lauroxil in patients with
stable schizophrenia; participants in this study included
patients from the initial 12-week acute-phase study, as well
as newly enrolled patients with chronic stable schizophrenia
(de novo patients). The primary results of this study
reporting on the long-term safety of aripiprazole lauroxil
will be published in full elsewhere.
The present article reports the results of a post hoc
analysis that assessed the durability of therapeutic effect of
long-term aripiprazole lauroxil treatment in patients from
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METHODS
The initial 12-week acute-phase study (ClinicalTrials.gov
identifier: NCT01469039; European Clinical Trials Database
[EudraCT] number: 2012–003445-15) was conducted
across 7 countries from December 2011 to March 2014. The
52-week extension study (EudraCT number: 2012–00399620) was conducted at 92 study centers in North America,
Europe, and Asia between June 2012 and April 2015. Both
studies were conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines by the
International Conference on Harmonization, 1997. The
study protocols, amendments, and informed consent
forms were approved by an independent ethics committee/
institutional review board for each site. All patients provided
written informed consent before entering both the initial and
extension studies.
Patients
Patients aged 18 to 70 years who successfully completed
the initial 12-week study10 were invited to enter a 52-week
extension study to assess the long-term safety and durability
of therapeutic effect of aripiprazole lauroxil. Study design
details and results of the 12-week study are published
elsewhere.10 The key eligibility criteria for transitioning from
the acute-phase study to the long-term extension study were
successful completion of the full 12 weeks of the study and
mutual agreement between patient and investigator that
continued treatment by monthly injections of aripiprazole
lauroxil was indicated. The screening and consent procedures
were done at the end of the 12-week study, 4 weeks after
the patients’ last (blinded) study injection. In this post hoc
analysis, only patients who had received active treatment
(aripiprazole lauroxil) in the initial study and continued
in the extension study were evaluated. Patients who had
received placebo were excluded from this analysis.
Study Design and Treatments
Patients followed in this post hoc analysis had previously
been randomized to receive an aripiprazole lauroxil dose of
either 441 mg or 882 mg (corresponding to 300 or 600 mg
aripiprazole equivalent, respectively, excluding the lauroxil
component) in the initial 12-week study. Aripiprazole
lauroxil was administered by intramuscular injection once
every 4 weeks, and patients would have received a total of 3
fixed doses of aripiprazole lauroxil at the end of the 12-week
study. On entering the 52-week extension study (at the time
or within 1 week of the last visit of the 12-week study),
patients received their fourth dose of aripiprazole lauroxil.
Subsequent extension study visits occurred every 4 weeks
thereafter, with patients receiving a total of 12 additional
doses (once every 4 weeks), with the final dose administered
4 weeks before the final assessment at the 1-year point (ie, at
week 60). Thus, patients who completed both the initial and

■■ As the number of long-acting injectable antipsychotics

being developed and approved for treatment of
schizophrenia increases, studies of long-term treatment
outcomes are important to allow clinicians to make
informed treatment decisions.

■■ The present study provides 1-year follow-up data on

treatment continuation and symptom course in a cohort
of outpatients with schizophrenia who were recently
stabilized with one of 2 fixed doses (441 mg or 882 mg) of
aripiprazole lauroxil given every 4 weeks.

■■ Both doses of once-monthly aripiprazole lauroxil were

associated with high retention rates and continued
improvements in schizophrenia symptoms beyond
the acute psychotic episode. The majority of patients
achieved, and remained in, remission until the end of the
study.

extension studies received a total of 16 aripiprazole lauroxil
doses over the span of 64 weeks. Patients in the extension
study continued to receive the same dose as previously
received in the acute-phase study (either 441 mg or 882
mg aripiprazole lauroxil) and remained blind to their dose
assignment, which was unchanged throughout the study.
Study Assessments
The durability of the therapeutic effect of aripiprazole
lauroxil was assessed using the following variables: time until
discontinuation, treatment response trajectories (Positive
and Negative Syndrome Scale [PANSS] total11 and Clinical
Global Impression-Severity [CGI-S]12 item scores), and time
to remission.
Overall retention and time to discontinuation were
assessed from week 12 (the beginning of the 52-week
extension period) in all patients who had received at least 1
dose of aripiprazole lauroxil in the extension study.
Clinical symptoms, global severity, and time to remission
were assessed from the beginning of the initial acute-phase
study (baseline) in patients who had at least 1 PANSS/CGI-S
assessment after drug administration in the extension study.
PANSS and CGI-S scales were administered at baseline and
at weeks 1, 2, 3, 4, 8, 12, 16, 24, 32, 44, 60, and 64. Severity
was rated (scored) using CGI-S according to the following
scale: normal, not at all ill (1); borderline mentally ill (2);
mildly ill (3); moderately ill (4); markedly ill (5); severely ill
(6); or extremely ill (7).
Remission rates were assessed using the cross-sectional
criteria established by the Remission in Schizophrenia
Working Group (Andreasen criteria).13 The remission
criteria required attaining a score ≤ 3 (mild or less) in 8
specified PANSS items: delusions (P1), unusual thought
content (G9), hallucinatory behavior (P3), conceptual
disorganization (P2), mannerisms/posturing (G5),
blunted affect (N1), social withdrawal (N4), and lack of
spontaneity (N6). In the current analysis, the definition
of remission was modified from the original Andreasen
recommendation of 6 months as the minimum duration
during which the aforementioned PANSS items criteria
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1. Patient Disposition

12-Week
Acute-Phase
Studya
52-Week
Extension
Study

AL 441 mg
Enrolled (n = 207)
Completed (n = 130)

AL 882 mg
Enrolled (n = 208)
Completed (n = 135)

Placebo
Enrolled (n = 207)
Completed (n = 95)

Enrolled
AL 441 mg
(n = 81)

Enrolled
AL 882 mg
(n = 100)

Completed (n = 59, 72.8%)
Discontinued (n = 22, 27.2%)

Completed (n = 66, 66.0%)
Discontinued (n = 34, 34.0%)

Patient decision (n = 13, 16.0%)
Adverse events (n = 2, 2.5%)
Lost to follow-up (n = 2, 2.5%)
Lack of efficacy (n = 3, 3.7%)
Other (n = 1, 1.2%)
Physician decision (n = 1, 1.2%)

Enrolled b
AL 441/882 mg
(n = 55)

De novo patients enrolled in
52-week studyc
AL 882 mg
(n = 242)

Patient decision (n = 10, 10.0%)
Adverse events (n = 5, 5.0%)
Lost to follow-up (n = 10, 10.0%)
Lack of efficacy (n = 3, 3.0%)
Other (n = 4, 4.0%)
Physician decision (n = 2, 2.0%)

aAcute-phase study reported in Meltzer et al.10

bPatients from the acute-phase study who entered the 52-week extension study but were not evaluated in the current post hoc analysis

cNewly enrolled patients who entered the 52-week study but were not included in the current post hoc analysis
Abbreviation: AL = aripiprazole lauroxil.

must be maintained to achieve remission, to the requirement
that patients had to have met the PANSS items criteria in
2 consecutive efficacy assessments. Durability of remission
was evaluated by assessing the conditional probability of
continued remission in the first assessment subsequent to
the achievement of remission. The proportion of patients
who achieved remission and continued to meet these criteria
for the remainder of their follow-up time in the extension
study was also assessed.
Statistical Analysis
Retention/discontinuation and remission rates were
estimated using the Kaplan-Meier method. Log rank tests
were performed for treatment comparisons, and hazard ratios
(HRs) with 95% confidence intervals (CIs) were computed.
Changes from baseline in PANSS total and CGI-S scores
were analyzed using a mixed effects model for repeated
measures. The model included the baseline score at entry to
the initial (12-week) and extension (52-week) studies, study
region, visit, and treatment group, and interaction term of
treatment group and visit. The within-subject variability was
modeled using an unstructured covariance matrix. The least
squares (LS) mean and standard error (SE) of change from
baseline scores at each visit were reported and plotted for
PANSS total and CGI-S scores.
RESULTS
Patient Disposition and Baseline Characteristics
A total of 181 patients who had received aripiprazole
lauroxil in the acute-phase study and received at least
1 aripiprazole lauroxil injection (their fourth injection
overall) in the extension study were evaluated in this post

Table 1. Demographic and Psychiatric Characteristicsa,b
At Extension
Study Entry
Age, years
Sex, male, n (%)
Race, n (%)
White
Black/African American
Asian
Weight, kg
BMI, kg/m2
PANSS total score
Baseline (week 0)c
Week 12
Week 64
CGI-S score
Baseline (week 0)c
Week 12
Week 64

441 mg
(n = 81)
38.8 (10.7)
48 (59.3)

Aripiprazole Lauroxil
882 mg
Total
(n = 100)
(N = 181)
38.9 (11.4)
38.8 (11.1)
64 (64.0)
112 (61.9)

54 (66.7)
11 (13.6)
16 (19.8)
74.6 (15.3)
26.6 (4.8)

64 (64.0)
13 (13.0)
23 (23.0)
75.8 (19.7)
26.2 (5.4)

118 (65.2)
24 (13.3)
39 (21.6)
75.3 (17.8)
26.4 (5.2)

92.8 (9.9)
63.6 (17.1)
52.0 (14.5)

91.3 (10.5)
63.4 (16.2)
52.0 (15.2)

92.0 (10.2)
…
…

4.9 (0.7)
3.1 (1.0)
2.6 (0.9)

4.8 (0.6)
3.2 (1.1)
2.7 (1.1)

4.8 (0.6)
…
…

aValues at beginning of extension study for patients in the post hoc analysis

population unless otherwise indicated.

bValues presented as mean (SD), unless otherwise indicated.

cValues at baseline of initial 12-week acute study for patients included in

the present post hoc analysis population who had at least 1 PANSS/CGI-S
assessment after drug administration in the extension study (441 mg,
n = 80; 882 mg, n = 94; total, N = 174).
Abbreviations: BMI = body mass index, CGI-S = Clinical Global ImpressionSeverity, PANSS = Positive and Negative Syndrome Scale, SD = standard
deviation.

hoc analysis (81 and 100 patients in the aripiprazole lauroxil
441 mg and 882 mg cohort, respectively) (Figure 1). Reasons
for exclusion from the post hoc analysis include failure to
meet eligibility criteria for the long-term study and/or initial
placebo arm assignment. The mean age (standard deviation
[SD]) was 38.8 (11.0) years, 61.9% of patients were male, and
65.2% were white (Table 1). Mean (SD) PANSS total scores
at the beginning of the extension study (n = 80 and n = 94 in
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Figure 2. Kaplan-Meier Estimate of Time to Treatment Discontinuation
a
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Weeks Since AL Initiation
aAssessed from the beginning of

the extension study (week 12).

bMedian duration of AL treatment could not be estimated as the proportion of patients who discontinued

treatment during the study did not reach 50%.
Abbreviations: AL = aripiprazole lauroxil, CI = confidence interval, HR = hazard ratio, q4w = every 4 weeks.

the 441 mg and 882 mg groups, respectively) were 63.6 (17.1)
and 63.4 (16.2), respectively. Mean (SD) CGI-S scores at the
beginning of the extension study were 3.1 (1.0) for the 441
mg group and 3.2 (1.1) for the 882 mg group. Additional
PANSS total scores and CGI-S scores at the beginning of the
12-week acute phase and at the end of the extension phase
(week 64) are provided in Table 1.
Durability of Therapeutic Response
Treatment exposure and retention. Approximately 70% of
patients entering the extension study received the complete
regimen of 13 injections over the course of 52 weeks and
completed the study (59 [72.8%] and 66 [66.0%] patients in
the 441 mg and 882 mg groups, respectively) (Figure 1). The
median duration of aripiprazole lauroxil treatment could not
be estimated, as the proportion of patients who discontinued
treatment during the study did not reach 50%. The 75th
percentile durations of retention for the aripiprazole lauroxil
441 mg and 882 mg groups were estimated at 50.1 (95% CI,
36–52) and 41.3 (95% CI, 22–52) weeks, respectively. There
was no significant difference in retention rates between
patients who entered on the aripiprazole lauroxil 441 mg
dose and those who entered on the aripiprazole lauroxil
882 mg dose (HR [95% CI] = 1.05 [0.78–1.41]; log rank test:
P = .74) (Figure 2).
The primary reasons for early discontinuation were
withdrawal by the patient (n = 13, 16.0%) in the 441 mg group
and withdrawal by the patient and loss to follow-up (n = 10,
10.0%, each) in the 882 mg group (Figure 1). Withdrawal
rates due to adverse events were low: 2 (2.5%) and 5 (5.0%)
in the 441 mg and 882 mg groups, respectively (Figure 1).
Symptoms and severity of illness. Patients from the
acute-phase study who continued in the 52-week study

demonstrated sustained and gradual improvements in
PANSS total score for both dose groups through week 64
(Figure 3A); LS mean (SE) change from week 12 was −8.1
(1.3) (P < .0001) and −7.2 (1.2) (P < .0001) for the 441 mg and
882 mg cohorts, respectively.
Similar results were observed for patient CGI-S scores
(Figure 3B); sustained improvement in CGI-S scores was
observed from study baseline through the end of the 52-week
study. The LS mean (SE) changes for the 441 mg and 882 mg
cohorts from week 12 to week 64 were −0.4 (0.1) (P < .0001)
and −0.3 (0.1) (P < .0001), respectively.
Remission. In total, 34 (42.5%) and 33 (35.1%) patients
in the 441 mg and 882 mg groups, respectively, had met
remission criteria by week 12, and 59 (73.8%) and 64 (68.1%)
patients in the 441 mg and 882 mg groups, respectively, had
achieved remission by week 64. A Kaplan-Meier plot for
time to remission is shown in Figure 4. The median time
to remission from the beginning of the initial study was
16.1 (95% CI, 8.1–23.6) and 16.4 (95% CI, 12.1–25.1) weeks
for the 441 mg and 882 mg groups, respectively. Of the 123
patients who met the remission criteria, 112 (56 each in the
441 mg and 882 mg groups) remained in remission until the
subsequent assessment; thus, the conditional probability of
continued remission to a third assessment was 91% (112 of
123 patients). Most (80.5%) of the 123 patients remained in
remission for the rest of the study (until week 64 or study
discontinuation) (48 [81.4%] and 51 [79.7%] patients in the
441 mg and 882 mg groups, respectively).
We further explored the rate of remission using the
conventionally accepted 6-month duration criteria. A subset
of patients who had achieved remission (as defined in the
current study) between weeks 12 and 32, inclusive, were
followed up for at least 6 months to assess maintenance of
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Baseline in PANSS Total and CGI-S Scores (MMRM)
a

A. PANSS Total Score
Extension Phase

Acute Phase

–5

Total PANSS Score
Mean (SD)

AL 441 mg q4w (n = 80)
AL 882 mg q4w (n = 94)

–10

AL 441 mg

AL 882 mg

Baseline

92.8 (9.9)

91.3 (10.5)

Week 12

63.6 (17.1)

63.4 (16.2)

Week 64

52.0 (14.5)

52.0 (15.2)
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–35
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–45
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Weeks Since AL Initiationd

B. CGI-S Score
LS Mean ± SE Change From Baseline CGI-S

0

Acute Phase

Extension Phase
AL 441 mg q4w (n = 80)
AL 882 mg q4w (n = 94)

–0.5
–1.0

CGI-S Score, Mean (SD)
AL 441 mg

AL 882 mg

Baseline

4.9 (0.7)

4.8 (0.6)

Week 12

3.1 (1.0)

3.2 (1.1)

Week 64

2.6 (0.9)

2.7 (1.1)

–1.5
–2.0

P < .0001e,f
P < .0001e,f

–2.5
01234

8

12

16

24

32

44

60

64

Weeks Since AL Initiationd
aIn patients who had at least 1 PANSS/CGI-S assessment after drug administration in the extension study.
bP values reported for change in mean PANSS total score from week 0 to week 64.

cA separate analysis comparing change in mean PANSS total score from week 12 (beginning of extension

study) to week 64 showed significant reductions in PANSS total score (P < .0001).

dIndicated weeks denote assessment time points.

eP values reported for change in mean CGI-S score from week 0 to week 64.

fA separate analysis comparing change in mean CGI-S score from week 12 (beginning of extension study)

to week 64 showed significant reductions in CGI-S score (P < .0001).
Abbreviations: AL = aripiprazole lauroxil, CGI-S = Clinical Global Impression-Severity, MMRM = mixed
effects model for repeated measures, PANSS = Positive and Negative Syndrome Scale, q4w = every 4
weeks, SD = standard deviation, SE = standard error.

remission status. In total, 48 patients achieved remission
between weeks 12 and 32. Of these patients, 38 (79%)
continued to meet the cross-sectional remission criteria over
the next 6 months and beyond.
DISCUSSION
The continuing therapeutic benefit of aripiprazole
lauroxil was observed over a 52-week extension period, as
demonstrated by low rates of treatment discontinuation,
which were comparable for both doses (approximately 27%
and 34% in the 441 mg and 882 mg groups, respectively).
The main causes of treatment discontinuation were
patient withdrawal (16%) in the 441 mg group and patient

withdrawal and loss to follow up (10% each) in the 882 mg
group.
Withdrawals due to adverse events (AEs) were low
(2.5%–5.0%), suggesting that treatment with aripiprazole
lauroxil was well tolerated over the course of 52 weeks.
Mean PANSS total score and CGI-S scores were
maintained throughout the course of the 52-week extension
study, with a therapeutic trajectory of continued symptom
improvement for both dosage groups from week 12 to week
64. Approximately 35% to 43% of the analysis population
achieved remission criteria relatively early (by week 12),
whereas 68% to 74% had achieved remission by the end
of the study. These rates were comparable with those
reported for risperidone LAI for treatment of first-episode/
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Kaplan-Meier Estimate of Time to Remission
a,b
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a

Time to remission was calculated from baseline of the initial study (week 0) to the second assessment
that met remission criteria; assessed in patients who had at least 1 PANSS/CGI-S assessment after
drug administration in the extension study.
bRemission was defined as the simultaneous attainment of a score of ≤ 3 in at least 2 consecutive
efficacy assessments on the following 8 items of the PANSS in the current study: Delusions, Unusual
Thought Content, Hallucinatory Behavior, Conceptual Disorganization, Mannerisms and Posturing,
Blunted Affect, Social Withdrawal, and Lack of Spontaneity.
Abbreviations: AL = aripiprazole lauroxil, CGI-S = Clinical Global Impression-Severity, PANSS = Positive
and Negative Syndrome Scale, q4w = every 4 weeks.

recent-onset schizophrenia (64%) or switched from oral
antipsychotics (51.1%).14,15 Approximately 80% of patients
who had achieved remission were still in remission at the end
of this study, demonstrating the durability of aripiprazole
lauroxil in maintaining symptom control.
We found no statistically significant or clinically
meaningful differences in retention, symptom reduction,
or time to remission between the 2 doses of aripiprazole
lauroxil in this post hoc analysis, suggesting that the 441
mg and 882 mg doses are comparable for the maintenance
of stabilization of clinical symptoms, at least over the course
of a year.
A limitation of this post hoc analysis was the requirement
that patients must have successfully completed the initial
study to continue into the extension study, which would
have resulted in the preferential selection of a study
population who derived benefit from aripiprazole lauroxil
treatment, while excluding patients who did not respond
or had adverse reactions to aripiprazole lauroxil treatment
in the first 12 weeks. As such, the remission and retention
data reported in this post hoc analysis are likely to be more
favorable in this cohort of patients compared with unselected
patients in a real-world setting. A further limitation to the
remission analysis was that the interval between PANSS
evaluations changed over the course of the study, with the
shortest assessment intervals (weekly) at the beginning of
the 12-week acute study and the longest intervals (every
12 weeks) at the end of the 52-week extension study.
The stepwise increase in duration between assessments
precluded using a set time interval to define remission.
However, because the likelihood of remaining in remission

for the next adjacent assessment was > 90%, we feel that the
overall finding of high remission rates over the course of
the follow-up was not affected by the differing assessment
periods.
Another limitation was that the efficacy of the 2 fixed doses
of aripiprazole lauroxil was evaluated with no opportunity
for dose adjustments over the course of the study, making
it difficult to identify patients who might benefit from
higher versus lower doses. It is possible that some patients
might have benefited more from dose adjustment and
flexible dosing. In addition, the lack of comparators made it
difficult to draw any conclusions about the relative efficacy
of aripiprazole lauroxil.
In conclusion, the results of this post hoc analysis
demonstrated the continued therapeutic effect of aripiprazole
lauroxil in the maintenance of clinical stability over a period
of more than 1 year. The low discontinuation and high
retention rates observed support the use of aripiprazole
lauroxil as an efficacious long-term treatment option in
patients with schizophrenia.
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