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Abstract: Improving medication adherence is critical to improving outcomes in patients 

with schizophrenia. A long-acting injectable (depot) antipsychotic is one of the most effective 

methods for improving treatment adherence and decreasing rehospitalization rates in patients 

with schizophrenia. Until recently, only three second-generation antipsychotics were avail-

able in a long-acting injectable formulation (risperidone, paliperidone, and olanzapine). In 

this respect, the emergence of long-acting aripiprazole injection (ALAI), approved by the US 

Food and Drug Administration for the treatment of schizophrenia in 2013, is timely. ALAI is a 

lyophilized powder of aripiprazole, and the aripiprazole molecule is unmodified. The initial and 

target dosage of ALAI is 400 mg once monthly, but it could be reduced to 300 mg if adverse 

reactions occur with 400 mg. When first administering ALAI, it is recommended to continue 

treatment with oral aripiprazole (10–20 mg/day) or another oral antipsychotic for 2 weeks in 

order to maintain therapeutic antipsychotic concentrations. The primary clearance route for 

ALAI is hepatic, ie, cytochrome P450 (CYP)2D6 and CYP3A4, so dose adjustment is required  

in poor CYP2D6  metabolizers. The efficacy of ALAI was demonstrated in three studies. 

A randomized controlled trial that formed the basis for approval of ALAI in the treatment of 

schizophrenia showed that ALAI significantly delayed time to impending relapse when compared 

with placebo (P0.0001, log-rank test). An open-label, mirror study demonstrated that total 

psychiatric hospitalization rates were significantly lower after switching from oral antipsychotics 

to ALAI. Another randomized controlled trial presented in poster form suggested that ALAI 

400 mg was comparable with oral aripiprazole 10–30 mg in preventing relapse. ALAI was 

generally well tolerated during both short-term and long-term studies. Its tolerability profile, 

including extrapyramidal symptoms and clinically relevant metabolic parameters, was similar 

to placebo. However, insomnia, headache, anxiety, akathisia, weight gain, injection site pain, 

and tremor need clinical attention. These studies suggest that ALAI is a viable treatment option 

for patients with schizophrenia, but direct head-to-head comparisons between ALAI and other 

long-acting injectable antipsychotics are needed to elucidate its risk–benefit profile.
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Introduction
Schizophrenia affects approximately 1% of the population, and is a devastating illness 

with a chronic impact on social and occupational functioning and activities of daily 

living.1,2 Therefore, maintenance treatment with antipsychotics is a core feature of its 

long-term management.3 Nonadherence to antipsychotic medication is one of the most 

important risk factors for relapse and hospitalization in patients receiving treatment 

for schizophrenia.4,5 A study showed that the median time to all-cause discontinua-

tion of medication was less than 4 months for the majority of oral second-generation  

antipsychotics.6  Another study showed that more than 75% of patients with 

schizophrenia eventually became nonadherent within 2  years of being discharged 
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from hospital.7  Nonadherence also largely contributes to 

an increased cost burden for patients. Up to 50% of direct 

medical costs of psychiatric hospitalization were attributed 

to nonadherence with antipsychotic medication.8,9

For these reasons, strategies to reduce hospitalization 

by improving medication adherence are becoming the focus 

of treatment in patients with schizophrenia.10,11 Depot anti

psychotics are shown to be associated with a significantly 

lower risk of nonadherence and rehospitalization than 

oral antipsychotics.1,6  Since the introduction of a second-

generation antipsychotic long-acting injection (risperidone) 

in 2003, only three second-generation antipsychotics have 

been available as a long-acting injectable formulation (ris-

peridone, paliperidone, and olanzapine).12–14 In this respect, 

the emergence of a once-monthly aripiprazole depot injec-

tion or aripiprazole long-acting injection (ALAI) is a timely 

development. In 2013, ALAI was approved for the treatment 

of schizophrenia by the US Food and Drug Administration.15 

The purpose of this paper is to provide a concise review 

regarding the clinical usefulness of once-monthly ALAI in 

patients with schizophrenia.

Data search
We conducted a data search on April 1, 2014, using the key 

terms “aripiprazole” with “depot”, “once monthly”, “long-

acting injection”, and/or “long-acting injectable” in the fol-

lowing databases: PubMed, Embase/Medline, PsycINFO, 

and Cochrane Library. The studies searched were verified 

for publication in English peer-reviewed journals, but we 

did not utilize date constraints. Reference lists from the 

identified articles and reviews were also used to find addi-

tional studies. 

Five published clinical trials were initially identified 

(Figure 1). One poster was found by searching scientific 

meetings for paper and poster presentations. To supplement 

these six studies, data obtained from the package informa-

tion by Otsuka Pharmaceuticals were extracted online from 

http://www.fda.gov. The literature search and verification 

were handled first by one of the authors (SMW) and then 

independently reassessed by others (CUP and SJL). This 

paper aimed to provide a review of once-monthly aripiprazole 

depot injection in the treatment of patients with schizophre-

nia. Thus, all relevant studies meeting the aim of our review 

were selected based on consensus among the authors.

General information
A summary of general information concerning ALAI is 

provided in Table 1. ALAI is a lyophilized powder of  

aripiprazole, and the aripiprazole molecule is unmodified.16,17 

The antipsychotic activity of ALAI is primarily from its 

parent drug, aripiprazole.17 Its major metabolite, dehydro-

aripiprazole, plays a minor role. The combination of partial 

agonism (agonism/antagonism) at dopamine D
2
 and sero-

tonin 5-HT
1A

 receptors and antagonism at serotonin 5-HT
2A

 

receptors is an important potential antipsychotic mechanism 

of aripiprazole.18–20 Following a single intramuscular dose of 

ALAI, the median time to peak plasma concentration was 

5–7 days. Mean terminal elimination half-life of aripiprazole 

after every 4-weekly injection of ALAI 300 mg and 400 mg 

was 29.9  and 46.5  days, respectively. A study showed 

Figure 1 Flow chart for study selection.

5 published
clinical trials

39 articles

Excluded 149 articles after review 
of titles because they were 
irrelevant or duplicates

Excluded 31 articles after review 
of abstract
– Reviews 7
– Animal studies 2
– Irrelevant 22

Excluded 3 articles after review 
of full document
– Review 1
– Animal study 1
– Case report 1

PubMed: 48
Embase/Medline: 99
PsycINFO: 33
The Cochrane central register of controlled trials: 8

Total n=188 articles

8 articles
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that aripiprazole and dehydro-aripiprazole concentrations 

increased proportionally with an increase in the dose of 

ALAI.16

Research showed that plasma levels of ALAI are consis-

tent with those achieved by oral aripiprazole.16,17,21 A study 

simulated aripiprazole plasma concentration-time profiles 

based on the pharmacokinetic parameters for a single dose 

of ALAI and from previous oral aripiprazole steady-state 

studies.16 This simulation showed that minimum plasma drug 

concentrations during a dosing interval at steady-state (C
ss, min

) 

for ALAI 300 mg and 400 mg corresponded to or was a little 

above the C
ss, min 

for oral aripiprazole 10 mg/day. The recom-

mended initial and target dosage of ALAI is 400 mg once a 

month, which could be reduced to 300 mg once a month if 

adverse reactions occur with 400 mg.17 The appropriate site of 

injection is the gluteal muscle (intramuscular), and the injec-

tion should be performed by a health care professional. After 

the first ALAI, it is recommended to continue treatment with 

oral aripiprazole (10–20 mg/day) or another oral antipsychotic 

for 14  consecutive days in order to maintain therapeutic 

antipsychotic concentrations. The primary clearance route of 

ALAI is hepatic, ie, via cytochrome (CYP)2D6 and CYP3A4. 

Therefore, dosage adjustment of ALAI is required in patients 

who are poor CYP2D6 metabolizers, and also in patients tak-

ing concomitant CYP3A4 inhibitors and/or CYP2D6 inhibi-

tors for more than 14 days.22 The injection schedule requires 

modification for missed doses.

Clinical evidence
Three studies investigated the efficacy of ALAI in the treat-

ment of schizophrenia (Table 2). A placebo-controlled, 

randomized withdrawal maintenance study conducted in 

2012  formed the basis of the approval of ALAI for the 

treatment of schizophrenia.21 This multicenter study com-

pared the efficacy of ALAI with placebo in 403  patients 

(aged 18–60  years). Subjects enrolled had had a diag-

nosis of schizophrenia for at least 3  years according to 

the DSM-IV-TR (Diagnostic and Statistical Manual of 

Table 1 General information on aripiprazole long-acting injection

Pharmacokinetics
Tmax (days) 5–7
t½ (days) 29.9–46.5
Time to steady state concentration After dose 4
Major metabolism Hepatic (CYP2D6 and CYP3A4)

Needle gauge 21
Approved injection site Gluteal muscle
Dosing and administration

Injection interval 4 weeks
Recommended initial and monthly dose 400 mg

Dosage adjustments related to CYP metabolism
CYP2D6 poor metabolizers 300 mg
CYP2D6 poor metabolizers + concomitant CYP3A4 inhibitors 200 mg
Patient initially tolerant to ALAI 400 mg taking concomitant

Strong CYP2D6 or CYP3A4 inhibitors 300 mg
CYP2D6 and CYP3A4 inhibitors 200 mg
CYP3A4 inducers Avoid use 

Patient initially tolerant to ALAI 300 mg taking concomitant
Strong CYP2D6 or CYP3A4 inhibitors 200 mg
CYP2D6 and CYP3A4 inhibitors 160 mg
CYP3A4 inducers Avoid use 

Dosage adjustments for missed doses
Missed second or third doses

4–5 weeks since last injection Administer as soon as possible
5 weeks since last injection Restart concomitant oral ARP for 14 days with the next injection

Missed fourth or subsequent doses
4–6 weeks since last injection Administer as soon as possible
6 weeks since last injection Restart concomitant oral ARP for 14 days with the next injection

Pregnancy category C
Pediatric use (18 years) Not established 

Geriatric use (60 years) Not established

Note: Data used to compile this table are from.16,17

Abbreviations: ARP, aripiprazole; CYP, cytochrome P450; t½, terminal elimination half-life; Tmax, time to maximum plasma concentration of aripiprazole long-acting 
injection.
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Mental Disorders, Fourth Edition, Text Revision). All 

patients had a history of symptom exacerbation or relapse 

when not receiving antipsychotic treatment. Patients 

initially entered the oral conversion phase (phase 1)  

to cross-titrate their antipsychotics to oral aripiprazole 

monotherapy over 4 weeks. After stabilizing their symptoms 

using open-label oral aripiprazole monotherapy for 8 weeks 

(phase 2), patients meeting the criteria for stabilization then 

received open-label ALAI (phase 3). Thereafter, patients who 

remained consistently stable for more than 3 months with 

ALAI entered the double-blind phase (phase 4) and were 

randomized in a 2:1 ratio to intramuscular ALAI 400 mg (or 

300 mg if not tolerant of 400 mg) or placebo (ALAI, n=269; 

placebo, n=134). The primary outcome measure was time 

to exacerbation of psychotic symptoms/impending relapse, 

defined as meeting any or all of the following predefined 

criteria during the double-blind phase (phase 4):

•	 Clinical worsening – Clinical Global Impression- 

Improvement (CGI-I) score of 5 plus an increase of 

score to 4 on any of the core Positive and Negative 

Syndrome Scale (PANSS) items (conceptual disorganiza-

tion, hallucinatory behavior, suspiciousness, or unusual 

thought content) with an absolute score of 2 on that 

specific item or an increase 4 on these PANSS items 

and an absolute increase of 4 on the combined score 

of these items since randomization

•	 Aggravation of psychotic symptoms – hospitalization

•	 Risk of suicide – Clinical Global Impression-Severity 

of Suicidality (CGI-SS) score of 4  (severely suicidal) 

or 5 (attempted suicide) on part 1 or a score of 6 (much 

worse) or 7 (very much worse) on part 2

•	 Violent behavior – clinically significant self-injury, injur-

ing others, or damaging the property of others.

The mean patient age in the ALAI and placebo groups was 

40.1 years and 41.7 years, respectively. The result showed 

that time to impending relapse was significantly delayed in 

the ALAI group when compared with the placebo group 

in both the interim and final analyses (P0.0001, log-rank 

test). Time to study discontinuation, for reasons other than 

study termination, from the double-blind phase was also 

significantly longer with ALAI than with placebo (P0.001, 

log-rank test). Since the efficacy of ALAI was demonstrated 

by the preplanned interim analysis, the study was terminated 

early. Moreover, the rate of relapse was significantly lower 

in the ALAI group (9.6%) when compared with the placebo 

group (36.8%; hazard ratio 4.72, 95% confidence interval 

[CI] 2.81–7.94), with a calculated number needed to treat for 

relapse of 4 (CI 3–5).22 Clinical Global Impression-Severity 

(CGI-S) and PANSS total scores were maintained with ALAI 

but worsened significantly with placebo.

The second study used an open-label, mirror image 

design to investigate hospitalization rates in patients with 

schizophrenia treated retrospectively with oral antipsychotics 

followed by prospective treatment with ALAI in a naturalistic 

community setting.23 A total of 183 patients with schizophre-

nia, aged 18–65 years, participated in the study. In the first 

phase of the study, patients were treated with oral standard-

of-care antipsychotics (retrospective data) for 6 months. After 

4 weeks of stabilization, the same patients were treated with 

ALAI 400 mg (prospective data) for 6 months. The primary 

endpoint was a comparison of the proportion of patients 

hospitalized in the latter 3 months of the retrospective oral 

antipsychotic treatment period and those hospitalized during 

the latter 3 months of the prospective ALAI 400 treatment 

period (months 4–6). The results showed that total psychiatric 

hospitalization rates were significantly lower after switching 

Table 2 Summary of clinical trials of investigating efficacy of aripiprazole once monthly in patients with schizophrenia

Study Duration Design Daily dose (mg/4 weeks) na Primary outcome Results

Kane et al21 52 weeks RCT ALAI 
(300–400) 
placebo IM

269 
 
134

Time to exacerbation  
of psychotic symptoms/ 
impending relapse

ALAI  placebo IM*** for  
time to impending relapse

Kane et al23  49 weeksb Open-label,  
mirror image

Oral antipsychoticsc 
ALAI 
(300–400)

183 
 
183

Hospitalization rates Hospitalization rate ALAI  
 oral antipsychotics***

Fleischhacker  
et al24 

52 weeks RCT ALAI 
(300–400) 
Oral ARP 
(10–30 mg/day) 
ALAI 
(25–50)

265 
 
266 
 
131

Rate of exacerbation  
of psychotic symptoms/ 
impending relapse

ALAI (300–400) = oral ARP 
ALAI (300–400) and oral  
ARP  ALAI (25–50)** in  
relapse rate

Notes: aTotal number of intent-to-treat patients; b24 weeks of treatment with oral antipsychotics, one week of stabilization, and 24 weeks of ALAI; cstandard of care 
**P0.01; ***P0.001.
Abbreviations: ALAI, aripiprazole long-acting injection; ARP, aripiprazole; RCT, randomized controlled trial; IM, intramuscular route.
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to ALAI (months 4–6) when compared with the 3-month 

retrospective treatment period (months -4 to -1) when the 

same patients were receiving oral antipsychotics (6.6% 

versus 28.1%, P0.0001). Total psychiatric hospitalization 

rates were also lower in whole prospective 6 months after 

patients were switched to ALAI (hospitalization rate for 

months 0–6 was 14.2%) than whole retrospective 6 months 

while they were on oral antipsychotics (hospitalization rate 

for months -7 to -1, 41.5%, P0.0001).

The third study, which was reported as a poster, is a 

double-blind, randomized comparison of ALAI with oral 

aripiprazole using a noninferiority design.24  After an oral 

conversion phase and a stabilization phase, patients were 

randomized to ALAI 400 mg (with an option to decrease 

to 300 mg), oral aripiprazole (10–30 mg/day), and ALAI 

50 mg (with an option to decrease to 25 mg). ALAI 50 mg 

is a subtherapeutic dosage and its purpose was for assay 

sensitivity. The results showed no significant difference 

in the relapse rate between ALAI 400 mg (7.1%) and oral 

aripiprazole (7.8%). Both treatment arms were significantly 

superior to ALAI 50 mg (21.8%; P0.001).25 In addition, 

time to impending relapse was also significantly delayed 

in the ALAI 400 mg group when compared with the ALAI 

50 mg group (hazard ratio 3.2, CI 1.8–5.5; P0.0001, log-

rank test), but was similar between the ALAI 400 mg group 

and the oral aripiprazole group (hazard ratio 1.0, CI 0.6–1.8; 

P=0.99, log-rank test).22

Safety and tolerability
Four studies assessed the safety and tolerability of ALAI in 

patients with schizophrenia.16,21,26,27 However, a long-term 

study by Fleischhacker et al26 was an extension of the pivotal 

clinical trial by Kane et al.21 Thus, the study by Fleischhacker 

et al generally contained all the safety and tolerability data 

reported in the study by Kane et al. The long-term study by 

Fleischhacker et al evaluated the safety and tolerability of 

ALAI throughout four study phases: oral conversion (phase 1,  

4–6 weeks); oral stabilization (phase 2, 4–12 weeks); sta-

bilization of ALAI with coadministration of oral aripipra-

zole (phase 3, 12–36 weeks); and a 52-week, randomized 

double-blind, maintenance phase (phase 4, ALAI versus 

placebo).26 Adverse events (5%) in any phase were insom-

nia, headache, anxiety, akathisia, weight gain, injection site 

pain, and tremor. The incidence of extrapyramidal symptoms 

was similar in all phases, and no significant differences 

between the ALAI 400  mg group and the placebo group 

were observed in any of the three extrapyramidal symptom 

scales (Abnormal Involuntary Movement Scale, Simpson 

Angus Scale, and Barnes Akathisia Rating Scale).21,26 No 

changes in clinically relevant metabolic parameters were 

noted across the study phases. Moreover, the adverse event 

rate for the ALAI 400 mg group was comparable with that 

in the placebo group in the double-blind phase.

A multicenter, open-label, parallel-arm study investigated 

the safety and tolerability of ALAI 200 mg (n=10), 300 mg 

(n=15), and 400 mg (n=14).16 Most treatment-emergent adverse 

events were classified as mild or moderate in intensity. Four 

patients in the ALAI 400 mg group reported injection site pain 

as a common treatment-emergent adverse event, but there 

were no reports of injection site pain in the ALAI 200 mg and 

300 mg groups. Tremor, upper respiratory infection, musculo-

skeletal symptoms, sedation, rash, headache, and weight gain 

were also more common in the ALAI 400 mg group than in 

the ALAI 200 mg and 300 mg groups. Although the incidence 

of treatment-emergent adverse events tended to increase with 

the dosage of ALAI, the sample size was too small to evaluate 

its clinical significance. Four patients (10.3%) discontinued 

treatment due to treatment-emergent adverse events, but none 

receiving ALAI 400  mg withdrew from the study. Three 

subjects in the ALAI 300 mg group discontinued because of 

drug dependence, worsening of psychosis, and worsening of 

schizophrenia symptoms, and one patient in the ALAI 200 mg 

group discontinued due to worsening of psychosis.

The third study investigated the safety and tolerability 

of a single dose of ALAI 400 mg in patients with schizo-

phrenia stabilized on oral atypical antipsychotics other than 

aripiprazole (not included in Table 3).27 In this open-label 

multicenter trial, 60 patients received ALAI 400 mg while 

taking oral olanzapine (n=3), quetiapine (n=28), risperidone 

(n=24), or ziprasidone (n=5). The most common treatment-

emergent adverse events were injection site pain and tooth-

ache (4/60  for both, 6.7%), but overall the treatment was 

well tolerated. This study showed that the safety profile in 

patients receiving concomitant ALAI and oral antipsychotics 

other than aripiprazole was comparable with that reported 

previously in patients receiving concomitant ALAI and oral 

aripiprazole.21 Psychotic symptoms, ie, secondary endpoint 

measures evaluated using PANSS total scores, CGI-S, and 

CGI-I scores, remained stable during the study. The mean 

baseline and mean changes at endpoint were 64.5 and -3.7, 

respectively, for PANSS total scores and 3.3 and -0.1 for 

CGI-S scores. The mean CGI-I score at week 1 was 3.85 and 

at week 4 was 3.58. This study suggests that when switching 

from existing oral antipsychotics to ALAI, clinicians could 

directly switch to ALAI without the trouble of stabilizing 

with oral aripiprazole.
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Table 3 Safety and tolerability of aripiprazole once-monthly in patients with schizophrenia

Fleischhacker et al26 Mallikaarjun et al16

Adverse event Group Adverse event Group 

ALAI 400 (%) 
(n=269)

Placebo (%) 
(n=134)

ALAI 200 (%) 
(n=10)

ALAI 300 (%) 
(n=15)

ALAI 400 (%) 
(n=14)

Insomnia 27 (10.0) 12 (9.0) Injection site pain 0 (0.0) 0 (0.0) 4 (28.6)

Weight gain 26 (9.7) 13 (9.7) Tremor 0 (0.0) 1 (6.7) 3 (21.4)
Anxiety 16 (5.9) 10 (7.5) URTI 1 (10.0) 2 (13.3) 4 (28.6)
Headache 16 (5.9) 7 (5.2) Vomiting 0 (0.0) 2 (13.3) 2 (14.3)
Tremor 16 (5.9) 2 (1.5) Muscular symptoms 0 (0.0) 0 (0.0) 4 (28.6)
Akathisia 15 (5.9) 8 (6.0) Sedation 0 (0.0) 0 (0.0) 2 (14.3)
Nasopharyngitis 10 (3.7) 7 (5.2) Rash 0 (0.0) 0 (0.0) 2 (14.3)
Worsening psychosis 8 (3.0) 9 (6.7) Headache 2 (20.0) 0 (0.0) 2 (14.3)
Injection site pain 8 (3.0) 5 (3.7) Weight gain 1 (10.0) 2 (13.3) 3 (21.4)

Abbreviations: ALAI, aripiprazole long-acting injection; URTI, upper respiratory tract infection including nasopharyngitis.

Expert opinion
ALAI is a viable treatment option for patients with schizo-

phrenia. The beneficial effects of ALAI in preventing relapse 

of schizophrenia are supported by three clinical studies. One 

randomized controlled trial demonstrated superior efficacy 

of ALAI over placebo for preventing relapse in patients 

with schizophrenia.21 One open-label, mirror image study 

also showed that ALAI was superior to oral standard-of-care 

antipsychotics in decreasing hospitalization rates.23 Another 

randomized controlled trial, which has been presented only as 

a poster at the time of writing, shows that ALAI is as effective 

as oral aripiprazole in preventing relapse of schizophrenia.24 

The safety and tolerability of ALAI has been well 

documented by four clinical trials. The pivotal clinical trial 

by Kane et al and a long-term safety study, which was an 

expansion of the pivotal trial, showed that ALAI was as well 

tolerated as placebo.21,26 An open-label, parallel-arm study 

demonstrated the safety and tolerability of three different 

doses of ALAI, ie, 200 mg, 300 mg, and 400 mg.16 More-

over, the safety profile in patients receiving ALAI and oral 

antipsychotics other than aripiprazole concomitantly was 

comparable with that in patients receiving ALAI and oral 

aripiprazole concomitantly.27 Psychotic symptoms assessed 

by PANSS total scores, CGI-S scores, and CGI-I scores, also 

remained stable during the same study, suggesting that clini-

cians could directly switch to ALAI without the trouble of 

stabilizing with oral aripiprazole. However, insomnia, head-

ache, anxiety, akathisia, weight gain, injection site pain, and 

tremor need close monitoring when administering ALAI. 

Despite the availability of these studies, more research 

is needed to clarify important issues. For example, clinical 

trials comparing the efficacy, tolerability, and safety of ALAI 

with that of other long-acting injectable antipsychotics are 

required to elaborate its risk–benefit profile. In addition, 

studies are also needed to confirm its efficacy and safety in 

pediatric and geriatric patients with schizophrenia.
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