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Antipsychotic monotherapy (APM) is considered best-acceptable treatment option regardless of antipsychotic class and 
formulation types for treating schizophrenia. However, antipsychotic polypharmacy (APP) has been also widely utilized 
in routine clinical practice. Despite APP has some clinical benefits it has also numerous pitfalls in relation with increased 
total number and doses of APs leading to adverse events as well as decrease of treatment adherence and persistence 
resulting in poor clinical outcomes. Recent introduction of long-acting injectable antipsychotics (LAIs) to the market 
has offered a chance for better medication adherence/persistence and also provided a simplification of treatment regime 
leading to more stabilized treatment for schizophrenia patients. When we cannot stay away from APP in the treatment 
of schizophrenia, clinicians need to find more proper APP regimens and thereby utilization of APP in efficient way 
should be a practical strategy to benefit schizophrenia patient in a real world treatment setting. With this regard, LAIs 
can be one of available APP regimen for treatment of schizophrenia in routine practice since their clinical utility and 
pharmacokinetic stability over oral APs have been well-elaborated today. However, when we have to commence LAIs 
as a part of APP with oral APs or other LAIs, every effort should be made before doing so whether or not validated 
and available treatment options or other clinical factors were not done or evaluated yet. Any treatment guidelines do 
not support APP regardless of the formulation of APP regimen or address two or more LAIs for treatment of schizophrenia 
till today.
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practice.

INTRODUCTION

Schizophrenia is a chronic, recurrent and debilitating 
mental illness needing a longstanding maintenance ther-
apy which requires a strict drug compliance since poor 
drug compliance is usually associated with worsening of 
stabilized psychotic symptoms, recurrence and relapse, 
adverse events from abrupt withdrawal of medications, 
overall leading to poor clinical course and outcomes 

[1,2].
The gold standard treatment for schizophrenia is anti-

psychotic treatment and most treatment guidelines have 
proposed antipsychotic monotherapy (APM), while anti-
psychotic polypharmacy (APP) is substantially prescribed 
for treatment of schizophrenia patients in clinical practice 
due to a number of clinical reasons. Indeed, APP has been 
known to be utilized for 10 to 20% of schizophrenia in 
outpatient basis, while 40% of schizophrenia in inpatient 
basis. However, the prevalence of APP is quite differ-
entially estimated in routine practice in accordance with 
different treatment settings, study methodologies, geo-
graphic distribution across the world [3-6]. 

Why do clinicians use the APP for treatment of schizo-
phrenia against the advice of most treatment guideline 
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Table 1. APM is recommended across the guidelines in the initial treatment of acute schizophrenic episode

Society Guideline title Statement

WFSBP 2012 WFSBP Guidelines for Biological Treatment of Schizophrenia, 
Part 1: update 2012 on the acute treatment of schizophrenia 
and the management of treatment resistance

- APM should be the first-line treatment
- APP should be a strategy of last resort for TRS

NICE 2014 NICE: psychosis and schizophrenia in adults - No routine APP except for short periods -Need to check 
serum level of AP

RANZCP 
2016

RANZCP clinical practice guidelines for the treatment of 
schizophrenia and related disorders

- APP should be in variant form of transition process for AP 
switching

American 
Psychiatric 
Association 
(2020)

The American Psychiatric Association Practice Guideline 
for the Treatment of Patients with schizophrenia

- Clozapine trial should be considered in the first place.
- APP maybe helpful for emergency visits and rehospitaliza-

tion rates as compared to monotherapy.
- No evidence that APP is any more harmful than using APM, 

beyond the common side effects from each drug
CPA 2017 Guidelines for the Pharmacotherapy of Schizophrenia in 

Adults
- Clozapine should be first considered if two different APMs fail
- There is insufficient evidence to make any specific recom-

mendation for APP
BAP 2020 Evidence-based guidelines for the pharmacological treatment 

of schizophrenia: updated recommendations from the BAP
- APP should be used with a closely monitored and short-term 

trial after a lack of response to several adequate trials of APM
- No more availability of other evidence-based treatments in-

cluding clozapine failure
TMAP 2007 The TMAP antipsychotic algorithm for schizophrenia: 2006 

update
- Clozapine APP trial should be placed before initiation of APP 

with non-clozapine AP

WFSBP, World Federation of Societies of Biologic Psychiatry; NICE, the National Institute for Health and Care Excellence; RANZCP, Royal 
Australian and New Zealand College of Psychiatrists; CPA, Canadian Psychiatric Association; BAP, British Association for Psychopharmacology; 
TMAP, Texas Medication Algorithm Project; APM, antipsychotic monotherapy; APP, antipsychotic polypharmacy; TRS, treatment-resistant 
schizophrenia; AP, antipsychotic.

from numerous academic societies and authorities? Pop-
ular treatment guidelines [7-14] recommend the use of 
APP in specific and limited clinical cases as seen in Table 
1. According to numerous studies, clinicians prescribe 
APP for treatment of schizophrenia, mainly for control of 
positive psychotic symptoms [15]. Other reasons include 
amelioration of negative symptoms, improvement of cog-
nitive function, reduction of rehospitalization, cure for 
specific comorbid symptoms such as depression and 
anxiety, reduction of total antipsychotic doses of APM, 
counteracting side effects (SEs), and so on [16-19]. 
However, APP has also clear pitfalls in treatment of schiz-
ophrenia in routine practice. It may increase risk of devel-
oping high-dose treatment of AP, SEs and increase of 
medical costs as well [17,20-22]. Figure 1 illustrates the 
advantages and disadvantages of APP in routine practice.

According to many previous studies, long-acting in-
jectable antipsychotics (LAIs) have been found to reduce 
the poor drug compliance compared to oral antipsychotics 
and thereby help to keep maintenance antipsychotic 
treatment which is an essential part for treatment of schiz-
ophrenia patients to achieve best clinical outcomes in-
cluding symptomatic remission/response and functional 

recovery [23,24]. In fact LAIs showed comparable or bet-
ter effectiveness and tolerability compared to oral anti-
psychotics in treatment of schizophrenia (i.e., significant 
reduction of relapse/recurrence, rehospitalization and im-
provement of some functional capacities) [25-27].

LAIs are one of the ideal treatment options for treatment 
of schizophrenia reflecting the guidance from many cru-
cial treatment guidelines and consensus among re-
nowned experts [25,28]. Despite the advice for advocat-
ing APM from most treatment guideline, clinicians cannot 
stay away from APP but in reality, they need APP in rou-
tine practice or specific clinical situations in the treatment 
of schizophrenia [16]. 

Can we expect any potential roles of LAIs as one of re-
placement agent against oral APs in APP for the treatment 
of schizophrenia? This review focuses on the potentiality 
and prospect of LAIs in the treatment of schizophrenia pa-
tients who need APP in routine clinical practice.
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Fig. 1. Pros and cons of antipsy-
chotic polypharmacy.
QoL, quality of life; EPS, extrapyra-
midal side effects.

THE TREND OF APP IN THE TREATMENT 
OF SCHIZOPHRENIA PATIENTS OVER 

THE WORLD

According to the recent systematic review based on op-
erational criteria using 147 studies [29], there were sub-
stantial differences in the prevalence and yearly trend of 
APP among continents; North America (16%) showed the 
lowest pooled APP rates compared those from Oceania 
(16.4%), Asia (32%), and Europe (23%). Despite the wide 
variations among geographic regions, global median rate 
of APP was found to be approximately 20% in the study 
[29]. 

The reasons for substantial differences in the preva-
lence of APP among continents are unclear. However, 
one of the plausible explanations should be availability of 
second generation APs (SGAs) which have significantly 
different pharmacodynamics (PD) and pharmacokinetic 
(PK) profile expanding their clinical usage for more tuned 
therapeutic targets and objectives such as augmentation 
of therapeutic benefit and reduction (counteract) of spe-
cific SEs from the first AP treatment. Differences in health 
insurance among countries, cultural backgrounds favor-
ing polypharmacy between countries, and different use of 
new formulation of APs might also contribute to such dif-
ferential usage trend of APP among continents [29,30]. 

However, the gradual increasing trend of APP usage has 
been currently and consistently reported over few deca-
des regardless of geographic regions. According to the 
study investigating the 10-year trends in the treatment and 

outcomes of patients with first-episode schizophrenia in 
Denmark [30], the percentage of patients treated with 
APP increased significantly using any of the two criteria 
(“total polypharmacy” defined as receiving at least two 
APs within 2 months, increased by 23% from 33.3% to 
56.2%; “long-term polypharmacy” defined as exclusion 
of cross-tapering situation and renewed new APs within 
four months from the last prescription, increased by 20% 
from 16.7% to 37.1%). Another interesting finding was 
that the use and average dosage of APs (defined daily 
dose, DDD) also increased significantly as SGAs became 
the most widely prescribed AP among classes (SGA ＋ 

SGA ＞ SGA ＋ FGA (first generation antipsychotic) ＞ 

FGA ＋ FGA). As for APM, an increase in yearly DDD was 
also found, however, it was significantly higher in APP 
than in APM by more than twice. 

WHY DO WE NEED TO CONSIDER LAIs 
AS A REGIMEN FOR APP IN ROUTINE 

PRACTICE 

Real Data Regarding LAIs as Being a Part of APP
One of the major advantages of LAIs is to offer the 

best-available APM strategy enhancing treatment adher-
ence as well as simplifying the complexity of treatment 
regimens in the treatment of schizophrenia. Despite in-
adequate current evidence strongly supporting the use of 
LAIs as an APP regimen, emerging claims data studies and 
some small studies have been suggesting the relative pop-
ularity of APP with LAI and oral APs in routine practice.
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Interestingly, a recent prospective, observational study 
investigating the effectiveness of aripiprazole once-monthly 
(AOM) for those initiated or switched to AOM was con-
ducted in 53 schizophrenia patients in Canada [21]. 
According to the results, the use of AOM significantly im-
proved all psychopathologies and functioning level meas-
ured by the Positive and Negative Syndrome Scale and 
Global Assessment of Functioning scores as well as  ad-
verse events (AEs) from baseline to month 6. Intriguingly 
the total number of APs was also significantly reduced af-
ter a 6-month treatment with AOM (3.0 to 2.1), clearly in-
dicating that AOM usage could be positively associated 
with potential treatment adherence, health care costs or 
tolerability issues. Such AOM’s effect regarding the reduc-
tion of AP number was also replicated in another 
12-month retrospective study in different geographic re-
gion [25]. The study was conducted for those treated with 
two or more APs or different LAIs (≥ 3 months duration) 
before the first injection of AOM. After switch to AOM for 
12-month, the number of APs before AOM was 2.4, while 
it significantly decreased to 0.7, indicating 58.3% 
reduction. Indeed, such reducing effect was already nota-
ble in early time at the study and maintained throughout 
the whole observation period; the number of concurrent 
APs were 1.3 at baseline, 0.4 at month 3, and 0.5 at month 6. 
Furthermore, numerical decreases of other concomitant 
psychotropics including mood stabilizers, antianxiety 
drugs, and antiparkinsonian drugs were also found, in-
dicating that the clinical utility of AOM in patients with 
APP in daily practice could be extended to substantial 
amelioration and simplification of the whole treatment 
regimen beyond APs. Such two studies provided prelimi-
nary findings regarding the beneficial influence of AOM 
on reduction of total psychotropics including APs as well 
as offering the co-administration trend of AOM and exist-
ing ongoing APs in routine practice since the number of 
concurrent APs were still approximately two and one, re-
spectively, after switch to AOM for 6-month and 12- 
month in such two studies. Both 6 months and 12 months 
are longer to be in a transition period to AOM mono-
therapy, but rather showing a form of APP comprising 
AOM and oral APs.

Likewise, previous claim data-based studies [31,32] 
have also shown the co-prescription pattern of LAIs and 
other APs proposing that APP consisting of LAIs and other 
APs may potentially prevalent than we think in real treat-

ment setting. Doshi et al. [32] has conducted an observa-
tional, retrospective cohort study using administrative 
claim data for investigating the frequency and duration of 
concurrent oral APs in 340 Medicaid patients receiving 
LAIs. Among all patients initiated LAIs including fluphe-
nazine decanoate (FD), haloperidol decanoate (HD), ris-
peridone LAI (RLAI), and paliperidone palmitate (PP), ap-
proximately 76% had a concurrent oral APs in the 6 
months post-hospital discharge. There were substantial 
differences in the frequency of combining any oral APs, 
where 80.0%, 80.4%, 88.9%, and 58.8% for FD, HD, 
RLAI, and PP, respectively. Almost 3 out of 4 patients ini-
tiated LAIs still took concurrent oral APs according to the 
results. Further to say, oral APs overlapped with LAIs for 
an average of 56.5 days, corresponding to an average of 
65.7% of LAIs covered days, in which PP users with con-
current usage of any oral APs had the lowest overlapping 
days (53.4%), while it was highest in the users with HD 
(72.1%). It should be also notable that patients taking con-
current oral APs were mostly on their LAIs, while the first 
generation LAIs were frequently on oral SGAs which is 
commonly observed APP pattern for the use of different 
pharmacological profile between APs. In another similar 
study using retrospective chart review in a single center 
[31], LAIs/oral APs APP was defined as the use of both 
agents outside the manufacturer’s recommendations for 
titration and overlap for a certain period. Among 79 pa-
tients met study selection criteria, 27.8% of patients (n = 
22) were found as LAIs/oral AP APP. Among such patients 
with LAIs/oral APs APP, approximately 50% of patients 
were on the same AP in both formula type. Interestingly 
patients with LAIs/oral AP APP were half as likely to be on 
a maximum dose LAI compared with those on LAI mono-
therapy (13% vs. 26%) indicating that LAI/oral AP APP is 
being used without maximization of a single agent in 87% 
of patients which represents the need of therapeutic dose 
optimization. Notably 68% of patients took LAI/oral AP 
APP for more than 1 year based on medical records, in-
dicating that clinicians may be reluctant to change 
long-term medication regimen not to hinder patients’ sta-
bility or measurement-based reassessments were not 
done for a while, despite of the fact that 59% of patients 
had a history of attempt to reduction of oral APs’ doses. 
According to detailed documentation, the reasons for 
LAI/oral AP APP were diverse as follows: no rationale for 
32%, failure of previous tapering of oral APs for 23%, re-
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fractory cases for 17%, preference of patients for 14%, 
and slow tapering process for 14%. Furthermore, as for 
the LAI/oral AP APP types by class, 56%, 26%, 11%, and 
7% were on SGA ＋ SGA, FGA ＋ SGA, FGA ＋ FGA, and 
SGA ＋ FGA, respectively.

Netley et al. [21] analyzed 427 patient cases who re-
ceived a combined 1,480 injections including aripipra-
zole, fluphenazine, haloperidol, risperidone and paliper-
idone LAIs by retrospective chart review to find whether 
or not clinicians utilize LAIs in accordance with the pub-
lished labeling information in their practice in one health 
system at Indiana and Ohio involving 9 hospitals. Based 
on the results, consistency rates following the labeling in-
formation provided and approved by the manufacturer 
and authority were 71.2% for indication, 67.4% for trial 
of oral APs, 94.4% for dose of LAI, 84.5% for frequency of 
LAI shot, and 93.9% for titration method. Interestingly 
among patients those were able to track within the health 
system, a majority had a LAI treatment duration less than 
90 days, possibly indicating that LAIs were acutely and 
shortly combined to oral APs for control of severe psy-
chotic symptoms or improvement of adherence when pa-
tients are released from involuntary admission or holds. 
Such data also suggest that off-label usage and flexible uti-
lization of LAIs may be frequently done potentially by the 
clinical preference and experience of clinicians, patients’ 
factors, and other diverse clinical factors. 

One previous study (n = 90) has investigated the risks 
and benefits of switching from two to one AP among pa-
tients on two non-clozapine oral APs, and among those 
on combinations involving either clozapine or an in-
jectable APs [33]. In the study, approximately one out of 
five patients were already being treated with APP involv-
ing LAIs with non-clozapine oral APs, also proposing the 
prevalent use of APP including LAIs and oral APs in rou-
tine practice.

LAIs are Better than Oral APs in Prevention of Relapse 
and Treatment Adherence

It is well-known that LAIs have superiority in relapse 
and rehospitalization over oral APs in a number of clinical 
trials and meta-analysis [34-38] despite some debates on 
this issue [39] due to diverse possible biases such as study 
methodology, expectation bias, natural illness course, 
and time effect [40]; indeed, the superiority of LAIs over 
oral APs were not found in some randomized and con-

trolled clinical trials (RCTs), while LAIs were superior to 
oral APs in most mirror-image and some large cohort stud-
ies, indicating a mandatory change on study design in 
consideration of formula difference. A possible solution 
would be the implementation of a practical effectiveness 
trial in which post-randomization involvement should be 
kept to a minimum for better reflection of routine practice 
[40]. 

According to a meta-analysis investigating 25 mir-
ror-image studies, LAIs showed clear superiority over oral 
APs in prevention of admission by risk ration (RR) of 0.43 
and reduction of the number of hospitalizations by RR of 
0.38. Such beneficial effects of LAIs over oral APs were al-
so replicated in claims data studies as well [34]. 
Nonadherence (proportion of days covered less than 
0.80), discontinuation (continuous medication gap ≥ 60 
days), and schizophrenia-related rehospitalization were 
compared between LAIs users and oral APs users, all in 
the 6 months after discharge [34]. The non-adherent pro-
portion of patients were significantly lower in LAIs user 
than in oral APs users (51.8% vs. 67.7%). The proportions 
of patients with a 60-day continuous gap in medication 
(23.8% vs. 39.4%) and rehospitalization (19.1% vs. 
25.3%, p = 0.01) were also significantly lower in LAIs 
users than in oral APs users [34]. Interestingly the magni-
tude of such differences was increased when comparing 
SGA LAIs users with those of oral APs. For instance, when 
examined separately, only patients receiving SGA LAIs 
(absolute odds ratio, AOR = 0.59,) and not FGA LAIs 
(AOR = 0.90) had a statistically significant reduction in 
odds of rehospitalization, possibly indicating differential 
effect between SGA and FGA LAIs due to differences in 
pharmacological profile. 

Numerous studies have also replicated the superiority 
of LAIs over oral APs in terms of adherence, all-cause dis-
continuation, rehospitalization, cost effectiveness, and 
functioning in the treatment of schizophrenia as well as 
bipolar disorder regardless of geographic regions con-
ducted clinical trials and studies [34-38].

LAIs can Achieve and Maintain Stable Therapeutic 
Dose

Based on previously mentioned meta-analysis [41], the 
proposed minimal dose for prevention of relapse was 
found to be 200 CPZeq mg/d, and also even when the 
dose was reduced up to 40% from the initial maintaining 
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dose, psychopathological worsening was not observed if 
the AP dose reduction was adequate to occupy at least 
50% (especially ＞ 50 years) to 65% of D2 receptor pro-
spectively measured by Carbon 11-labeled raclopride 
positron emission tomography [42]. Such effects of ther-
apeutic dose maintenance regarding relapse prevention 
was also replicated in numerous studies and other 
meta-analyses [43]. Uchida et al. [43] conducted a 
meta-analysis including 13 studies with 1,395 subjects to 
investigate the differential efficacy between standard dose 
AP (DDD) vs. low dose AP (≥ 50% to ＜ 1 DDD) or very 
low dose AP (＜ 50% DDD) for relapse prevention in 
schizophrenia where very low-dose AP was inferior to the 
standard-dose AP (number-need-to-harm = 9) and a 
trend-level of significance was found between stand-
ard-dose AP and the low-dose AP therapy favoring stand-
ard-dose AP over low-dose AP (p  = 0.05). This data clear-
ly indicate the AP dose reduction should be possible but 
clinicians need to keep the dose in therapeutic range of 
individual AP, at least corresponding to CPZeq dose of 
200 mg/d or more.

Meanwhile 44% of patients identified as treatment-re-
sistance schizophrenia by treating physicians were found 
to have either subtherapeutic (25%) or undetectable 
(19%) AP levels, which was significantly associated with 
black ethnicity, shorter duration of current treatment and 
APs other than olanzapine and amisulpride [44], indicat-
ing serious issue of under-treatment and/or poor com-
pliance of patients with schizophrenia. Such in-
appropriate treatment trends have been consistently found 
in many other studies. Lopez et al. [45] has investigated 
the level of disagreement between clinicians’ routine as-
sessments of medication status and plasma levels of com-
monly prescribed APs in acutely ill patients (n = 105) who 
visited an emergency room. According to the results, ur-
gent evaluation of AP status predicted therapeutic and 
nontherapeutic antipsychotic levels at rates of 41.5% and 
75%, respectively, indicating frequent misleading by usu-
al assessments of AP intake status. 

Likewise, substantial proportion of previous researches 
reported similar findings supporting a significant correla-
tion between plasma concentration and/or large fluctua-
tions in peak-to-trough plasma concentration with in-
creased tolerability issues [46]. Indeed, it was proposed 
that improved adherence with LAIs compared with oral 
APs may have been associated with stable serum concen-

trations and a subsequent significant reduction in AEs 
[47]. As previously reported, if plasma concentration cor-
relates with downstream pharmacologic effect on D2-re-
ceptor occupancy, AP formulations with smaller plasma- 
concentration fluctuations should lead to less fluctuations 
in D2-receptor occupancy resulting in an improved PD 
profile [46]. Further, peak-to-trough fluctuations are high-
er and more unstable in formulations with a shorter 
half-life than in those with longer half-life since half-life 
represents the time for plasma drug level to decrease by 
half [46]. Additionally the advantages of small plasma- 
concentration fluctuations often seen in controlled-release 
formulations include reduced peak concentrations which 
is related to reduced risk for developing AEs, increased 
trough concentrations which is associated with lowering 
a risk for subtherapeutic drug levels, and eventually more 
chance for achieving an optimal adherence by balancing 
risk-benefit profile, when stable and proper selection of 
AP dose is achieved, compared to immediate-release for-
mulations [46,48,49]. In line with previous reports [46,49], 
the PK profile of RLAI administered every 2 weeks cap-
tured a stable steady-state AP levels falling in the interval 
observed with an equivalent oral AP dose but with lower 
and less fluctuations (i.e., 1/2 weeks vs 1/day) [50], which 
was also similarly observed in different LAIs including 
AOM [51]. Figure 2 illustrates a potential role of LAIs as a 
part of APP in the treatment of schizophrenia.

Which LAIs should be Better for APP Regimen?
Currently available and popular LAIs include AOM, 

RLAI, PP, Olanzapine Pamoate (OP) and HD in current 
practice, which have different pharmacological profile 
along with slightly different injection interval, require-
ment of oral AP at the early phase, AEs, injection sites, 
post-injection monitoring, cost, and dosing schedule. 
Table 2 summarizes pharmacological characteristics of 
LAIs [47-56]. 

There have been no clear evidence supporting a superi-
ority of one specific LAI over other LAI since no sufficient 
comparative trials have been conducted [57], which has 
been also reported in the recent real-world study (similar 
efficacy among PP, AOM, and RLAI for rehospitalization) 
[58]. Therefore it should be most reasonable for clinicians 
to utilize any pertinent LAI in accordance with preference 
and clinical experience of physician, patient’s urge, clin-
ical situation, comorbid condition, economic status, past 
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Fig. 2. Potential role of long-acting 
injectable antipsychotics (LAIs) as 
being a part of antipsychotic poly-
pharmacy (APP) regimen. 
PK, pharmacokinetic.

Table 2. Pharmacological characteristics of popular LAIA

Agents
Half-life 

(day)
Tmax 
(day)

Formulation 
technology

Frequency
Oral AP 

stabilization
Note

RLAIA 3−6 28−35 Microsphere preparation BM 3 weeks Needs refrigeration
OP 30 7 Crystalline salt with 

OZP and pamoic acid
OM No need Post-injection delirium

PP1 24−49 13 Nanocrystal OM No need Needs two consecutive loading 
doses of PP1 with first 234 mg 
and then 156-mg dose after 7 
to 10 days, necessarily on del-
toid muscle

PP3 84−95 30−33 Larger nanocrystals 3-monthly No need Stabilized on the PP1 prepara-
tion before the first of PP3

AOM 29.9−46.5 6.5−7.1 Polymorphic mono-
hydrate−water 
preparation

OM 2 weeks -

AL 29.2−34.9 3−5 Prodrug approach OM, 6-week, 
2-monthly

3 weeks -

HD 21 1−6 A sesame oil 
formulation

OM Oral AP stabilization at least 
3 weeks and up to 3 months; 
no needs if loading doses 
are applied 

Needs initiation of a 25 mg IM 
test dose, followed one week 
later by 50 mg IM, after which 
once-monthly

LAIAs, long acting injectable antipsychotics; AP, antipsychotic; RLAIA, risperidone LAIA; OP, olanzapine pamoate; PP1, paliperidone palmitate 
once-monthly; PP3, PP 3-monthly; AOM, aripiprazole once-monthly; AL, aripiprazole lauroxil; HD, haloperidol decanoate; BW, biweekly; OZP, 
olanzapine;  OM, onece-monthly; IM, intramuscular; SCZ, schizophrenia. 

patient’s personal and family history to APs if available, 
and the goal of APP such as increasing adherence/persistence 
under full pharmacological understandings including PK 
and PD profile of currently available LAIs in the market 
because they have substantial differences in pharmaco-
logical property since they originated from similar chem-
ical characteristics of their own oral APs [59]. 

However, we can have some clues in the selection of 
LAIs as one of APP regimen for the treatment of schizo-
phrenia since there have been intriguing data from diverse 
clinical studies as following. For instance, AOM has been 
recently approved for treatment of schizophrenia as such 
one of LAIs [28,60]. In a number of RCTs including 
well-designed registration trials, it has been found to be 
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effective and tolerable for treatment of schizophrenia pa-
tients leading to possible replacement of oral AP treat-
ment which is usually associated with early dropout and 
poor persistence/compliance leading to frequent easy re-
currence and relapse [61-65]. According to recent studies 
[59,66-69], AOM showed a superiority over competitive 
LAI, PP, especially regarding improvement of quality of 
life (QoL) and functional capacity as well as reduction of 
psychopathology symptoms and AEs such as sexual 
dysfunction. Functional recovery is the primary objective 
in contemporary treatment of schizophrenia since it is 
highly and significantly associated with the well-being of 
patients with schizophrenia. The beneficial effects of AOM 
on functional recovery and improvement of QoL have 
maintained without worsening for 1 years which was 
found in a long-term open trials [70]. Indeed, AOM has 
differential pharmacological profile compared to PP show-
ing some clinical differences in low propensity of ex-
trapyramidal side effects (EPS), negative symptoms, anxi-
ety, depression and cognitive function due to its unique 
pharmacological profile including D2 partial agonist, par-
tial 5-HT1A agonist, 5-HT2A antagonist, 5-HT2C partial 
agonist, 5-HT6 antagonist, weak partial agonist at 5-HT7, 
and 5-HT2B inverse agonist [71]. However, it should be 
completely premature to say that AOM may have a supe-
riority over PP in terms of QoL and functional capacity 
due to a dearth of direct comparative trials since all such 
direct-comparison trials were sponsored by the manu-
facturer, Otsuka. Hence, we definitely need more ad-
equately-powered and well-designed independent clin-
ical trials whether such differences between AOM and PP 
would be replicated. 

Likewise treatment retention rates were found to be sig-
nificantly different by severity of schizophrenia among 
AOM, RLAI, and PP in a recent retrospective cohort study 
[72], in which AOM was significantly beneficial in all 
cause discontinuation in mild cases of schizophrenia than 
PP (hazard ration, HR = 0.36) and RLAI (HR = 0.4), while 
PP (HR = 2.6) and RLAI (HR = 1.67) were superior to AOM 
in moderate to severe cases of schizophrenia. Such re-
versed trend of findings by disease severity was also sim-
ilar in terms of hospitalization despite of no statistical dif-
ferences between AOM, PP, and RLAI in the study. 

A recent independent RCT [73] has compared AOM 
and PP in the treatment of schizophrenia and bipolar dis-
order comorbid with substance use disorder (AOM, n = 

51; PP, n = 50) where AOM significantly more improved 
craving and QoL than PP at the 1-year follow-up. Indeed 
there have been no study result proposing that oral pal-
iperidone had effects on craving, whereas numerous stud-
ies have reported the beneficial effects of oral aripiprazole 
on amelioration of craving of alcohol in human [74] and 
animal [75], possibly due to profound differences in per-
spectives of involvement in dopaminergic neuro-
transmission between AOM and PP.

As described before, the inconsistency between LAIs 
usage following labeling information was observed in the 
recent study in which there were some clinically intrigu-
ing points for inquiry on oral AP titration, injection fre-
quency, and LAI dose adjustment needing future re-
searches [21]. For instance, the inconsistency rate on oral 
AP trial of AOM was almost 30%, while it was approx-
imately 50% in RLAI and the inconsistency rate on in-
jection interval of AOM was almost 40% (more frequent 
visit), while it was only approximately 5% in PP. In addi-
tion, approximately 50% of the patients who had any LAIs 
administered did not return for next injection or failed to 
show follow-up visit and most patients who returned to 
follow-up visit had a short LAI treatment duration less 
than 3 months, indicating that clinicians may also use LAI 
as a short-term control for acute psychotic symptoms 
and/or prescribed a single-injection before discharge to 
prevent acute worsening.

Interestingly a recent large cohort study has clearly 
found that the most effective APP regimen regarding re-
duction of hospitalization should be clozapine/aripipra-
zole compared to any numerous APP regimen [19]. 
Indeed, a recent case study [76] reported a successful APP 
with clozapine and AOM (400 mg/d) for a patient whose 
psychotic symptoms were not sufficiently controlled by 
adequate dose of clozapine monotherapy (545 mg/dL) for 
4 months. This data suggests that clozapine/AOM poly-
pharmacy should be effective alternative treatment ap-
proach at least for a subgroup of patients with schizo-
phrenia. 

OP has been also widely used as one of LAIs for treat-
ment of schizophrenia [77], however, it has a substantial 
differences compared to AOM, PP, and RLAI since it has a 
strong potential of sedation, liability for developing weight 
gain, and requirement of close post-injection monitoring 
after injection, at least for 3 hours due to its tendency for 
developing post-injection delirium/sedation syndrome 
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(PDSS) which may lead to serious accident and injury in 
patients [77]. Indeed, the prevalence of PDSS ranges from 
0.07 to 1.4% after its approval in EU 2008 and USA 2009. 
The PDSS includes various notorious neuropsychiatric 
symptoms such as deep sedation, confusion, ataxia, delir-
ium and cloud of consciousness, and the mechanism is 
related to exposure to toxic concentration of OP due to 
unintended partial intravascular injection or blood vessel 
injury during the injection [78]. Based on data with ap-
proximately 45,000 OP given to 2,054 patients, onset of 
PDSS ranged from immediate to 3 to 5 hours after in-
jection (median onset time = 25 minutes after injection) 
and the recovery time ranged from 1.5 to 72 hours [78]. 
However, it should be notable that 3-hour close monitor-
ing time did not significantly impacted on patients’ sat-
isfaction with continued long-term treatment with OP 
based on the results from post-hoc analysis for a 6-month 
fixed dose RCT and a 6-year open-label safety study [79]. 
Intramuscular/intravenous olanzapine has been success-
fully and commonly utilized to treat schizophrenia pa-
tients with acute agitation in emergency department or 
acute admission situation [80,81].

RLAI has been mostly widely used for treatment of 
schizophrenia since 2003 [82]. It needs shortest injection 
interval among LAIs. Thus it requires repeated injections 
every 2 weeks after which steady-state levels are usually 
reached by weeks 6 to 8. RLAI may be suitable for patients 
who need frequent visit to clinic less than 4 weeks interval 
for frequent assessment and observation by clinicians. In 
addition, despite few studies have compared LAI with oral 
APs in recent onset schizophrenia, RLAI has been tested 
in comparison with oral APs including risperidone and 
haloperidol for patients who experienced their first epi-
sode of schizophrenia where the remission rate of RLAI 
(64.0%) was higher than oral APs (40.4%) [83]. Further, it 
was also easily accepted by such patients and showed in-
creased adherence in first-episode patients being treated 
by oral APs (less than 4 months) [84].

DISCUSSION

When clinicians decided to prescribe LAIs as a regimen 
of APP, there should be some possible clinical issues in re-
lation with existing oral APs or LAIs. In a transition period 
from oral AP to LAI, overlapping period of LAI and pre-
vious oral AP/own oral AP of LAI should be considered 

due to PK of LAIs since some LAIs need stabilization phase 
with oral AP. For instance, AOM needs at least 2 weeks of 
oral AP stabilization is needed to secure proper ther-
apeutic dose level. RLAI and HD also need at least 21 
days of oral AP initiation/stabilization period, while PP 
and OP do not need such overlap with oral APs due to 
their rapid dissolution effects [85]. Hence, clinician may 
use PP or OP for acute addition to oral APs or rapid re-
placement of oral AP to complement APP. There are also 
LAIs with 2-month or 3-month injection interval today. PP 
also has a formulation 3-monthly injection, while aripi-
prazole has 2-monthly injection as well. Those would be 
beneficial for APP patients who do not like frequent in-
jections, are insightful, and do not need frequent clinic 
visit due to stabilized clinical condition. 

When combining certain LAI with existing LAI with or 
without existing oral AP, clinicians should be more careful 
since there are a dearth of data regarding the mixed use of 
two or more LAIs. However some case series reports pro-
posed the clinical utility of diverse combination of two 
different LAIs without further AEs including PP [86-88], 
RLAI [88,89], OP [86,88,90], and HD [90] in clinical 
practice. Even in one case report, it was used for adoles-
cent patients with severe psychosis and aggression where 
clozapine was not a viable therapeutic option and the re-
sults endorsed the effectiveness of two LAIs combination 
without showing any tolerability issues [88]. Two different 
LAI OM formulation can be administered simultaneously 
every 4 weeks or alternatively every 2 weeks depending 
on clinical situation and patients’ preference where si-
multaneous injection can be useful for those want less fre-
quent shots and are relatively stabilized, while alternating 
injection can be beneficial for patients who need more 
close observation and are sensitive to simultaneous in-
jection [91]. The proper usage of two LAIs should be uti-
lization of lowest efficacious doses closely monitoring 
risks associated with AEs under clinicians’ best reflection 
of cost-effectiveness since LAIs combination is not cov-
ered by insurance yet. However we should keep in mind 
that a single LAI, preferably with a longer dosing interval 
and less AE should be left and maintained to minimize 
risks of tolerability issues if patients’ symptoms are mean-
ingfully ameliorated. Figure 3 illustrates the putative ad-
ministration method of two different LAI.

When switching one LAI to another LAI for any reasons 
in a patient at steady-state on two LAIs, later LAI should be 
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Fig. 3. Hypothetical injection interval when combining two or more long-acting injectable antipsychotics (LAIA) once-monthly. Solid line means 
LAI A existing injection and two dashed lines indicate LAI B newly injected. New LAI B can be administered simultaneously (tight dashed line, Sim) 
every 4 weeks along with an existing LAI A or injected alternatively (wide dashed line, Alt) every 2 weeks with existing LAI A depending on clinical 
situation and patients’ preference. Simultaneous injection can be useful for those want less frequent shots and are relatively in stable clinical status, 
while alternating injection can be beneficial for patients who need more close observation, are more compliant and are sensitive to injection pain. 
In case of switching from existing LAI A/B to LAI A/C, a new LAI C can be administered in place of the next injection of existing LAI B (not shown 
in figure).
AP, antipsychotic polypharmacy.

injected in place of the next injection of existing LAI. 
There has been no evidence to support the use of spe-

cific LAI over other LAI in the treatment of schizophrenia 
in terms of efficacy, however, clinicians may differentially 
utilize individual LAI for target symptoms or objectives 
based on unique pharmacological differences among 
LAIs. For instance, AOM has some beneficial PD in terms 
of efficacy and tolerability in association with negative 
symptoms, cognition, and functional recovery as well as 
reduction of EPS, weight gain and sexual dysfunction, 
compared with other LAIs such as RLAI, PPAs, HD, and 
OP [13,35,92]. RLAI was found to be effective in the treat-
ment of first-episode schizophrenia as well as shown a su-
perior remission rate in comparison with oral AP [83].

As for cost-effectiveness, AOM and PP were compared 
in some studies resulting in mixed findings [35,93-96]. 
Indeed, comparative studies using claim-data or inde-
pendent researches comparing the cost-effectiveness be-
tween AOM and PP failed to show a superiority of one 
over the other till today. Such cost-effectiveness studies 
on LAIs should be further investigated in more ad-
equately-powered and well-designed RCTs.

Indeed, LAI monotherapy is still the optimal treatment 
option given the recommendation from all major treat-
ment guidelines. Currently available treatment guidelines 
do not give any formal suggestion or recommendation to 

address on LAI polypharmacy in combination with exist-
ing oral APs as well as on two or more LAIs combination 
therapy. Literatures also exist that LAI monotherapy may 
have superiority over LAI polypharmacy on some points 
such compliance and development of AEs. In a recent ret-
rospective cohort study (n = 397) [97], 97 took LAI mono-
therapy and 300 patients had LAI/oral AP polypharmacy 
in which the mean CPZeq of LAI monotherapy and 
LAI/oral AP polypharmacy were 416.8 mg and 1147.9 
mg, respectively. The time to discontinuation for any rea-
son was significantly longer in the LAI monotherapy 
group (HR = 0.46) than in the LAI/oral AP polypharmacy 
and no significant difference was found in the mean clin-
ical global impression-Improvement scale (CGI-I) be-
tween the LAI monotherapy group and the LAI/oral AP 
polypharmacy (3.3 vs. 3.4), indicating that LAI/oral AP 
polypharmacy may have more risks of developing poor 
compliance and high-dose treatment, although such data 
should be more replicated in subsequent studies. 

To summarize, when clinicians have to commence LAIs 
as a part of polypharmacy, every effort should be made 
before to do so with meticulous re-evaluation of available 
treatment options or other clinical factors not being con-
sidered or investigated yet. It is not easy decision for clini-
cians to take LAIs polypharmacy in routine practice since 
no formal guidelines or even expert consensus has not 
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been established till today. Based on currently available 
data and clinical practice, APP with LAIs can be poten-
tially usable but not for all patients in routine practice. 
However, it could be one of another viable treatment op-
tions for treating patients with difficult-to-treat, partial re-
sponse to clozapine/unusable case of clozapine treatment 
and compliance issues at best today. Needless to say, 
more data coming from adequately-powered and well- 
designed RCTs, naturalistic researches, direct compara-
tive studies and observational cohort studies may clearly 
address these interesting points near future.
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