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Background and Hypothesis: Long-acting injectable anti-
psychotic drugs (LAIs) are mainly used for relapse preven-
tion but could also be advantageous for acutely ill patients
with schizophrenia. Study Design: We conducted a system-
atic review and meta-analysis of randomized-controlled-
trials (RCTs) comparing the second-generation long-acting
injectable  antipsychotics (SGA-LAIs) olanzapine,
risperidone, paliperidone, and aripiprazole with placebo or
their oral counterparts in acutely ill patients with schizo-
phrenia. We analyzed 23 efficacy and tolerability outcomes,
with the primary outcome being overall symptoms of schiz-
ophrenia. The results were obtained through random ef-
fects, pairwise meta-analyses, and subgroup tests. The
study quality was assessed using the Cochrane-Risk-of-
Bias-Tool version-1. Study Results: Sixty-six studies with
16 457 participants were included in the analysis. Eleven
studies compared second-generation long-acting injectable
antipsychotics (SGA-LAIs) with a placebo, 54 compared
second-generation oral antipsychotics (SGA-orals) with
a placebo, and one compared an SGA-LAI (aripiprazole)
with its oral formulation. All 4 SGA-LAISs reduced overall
symptoms more than placebo, with mean standardized dif-
ferences of —0.66 (95% CI: —0.90; —0.43) for olanzapine,
-0.64 (—0.80; —0.48) for aripiprazole, —0.62 (—0.76;
—0.48) for risperidone and —-0.42 (—0.53; —0.31) for
paliperidone. The side-effect profiles of the LAIs corres-
ponded to the patterns known from the oral formulations.
In subgroup tests compared to placebo, some side effects
were less pronounced under LAIs than under their oral
formulations. Conclusions: SGA-LAIs effectively treat
acute schizophrenia. Some side effects may be less frequent
than under oral drugs, but due to the indirect nature of the

comparisons, this finding must be confirmed by RCTs com-
paring LAIs and orals head-to-head.
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Introduction

Schizophrenia is a chronic and severe mental condi-
tion that has a significant impact on society. Oral anti-
psychotics (OAPs) have been the primary treatment for
schizophrenia.! Unfortunately, non-adherence is fre-
quent>* and may compromise treatment efficacy.

Long-acting injectable antipsychotics (LAIs) have
been used as maintenance treatments for preventing re-
lapse in patients with stable schizophrenia since 1960.5%
LAIs provide a unique advantage over OAPs as they have
distinct pharmacokinetics. Compared to OAPs, LAls can
bypass hepatic and intestinal absorption and reach the
circulatory system directly, decreasing the “first pass ef-
fect” and improving their bioavailability.”!® The slower
absorption rate of LAIs leads to a prolonged half-life!!
and fewer peak-to-trough plasma concentration varia-
tions, which may contribute to better efficacy and tolera-
bility compared to OAPs."?

The use of LAIs for the treatment of schizophrenia
has been a topic of debate, with some studies showing
their advantage over OAPs,%"*'7 while others have not
found this to be the case.'® ?* While being well studied as a
maintenance treatment option,>® evidence about the use
of LAlIs in the acute phase of schizophrenia has recently
emerged.'>!%2122 In many settings, acutely ill patients are
often treated as outpatients. However, this approach can
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resultin patients quickly discontinuing oral antipsychotics
due to common symptoms of acute schizophrenia, such
as suspiciousness or a lack of insight.”® Furthermore, the
financial pressures® of shorter hospital stays make LAIs
useful for providing antipsychotic coverage when patients
need to be discharged quickly.

Nevertheless, to our knowledge, no systematic review
has examined the effects of LAls in patients with acute
schizophrenia. In general, 2 main questions exist: What
are the efficacy and safety of LAIs compared to placebo,
and how do LAIs compare to their oral counterparts in
this context?

Thus, the purpose of the present meta-analysis was to
compare the efficacy and safety of long-acting injectable
second-generation antipsychotics with that of OAPs or
placebo in patients with acute schizophrenia.

Methods

Search Strategy and Selection Criteria

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.® The
review protocol was published on the OSF (https://osf.
10/7gj2s/).

We searched the Cochrane Schizophrenia Group’s
Study-Based Register, which includes https://clinicaltrials.
gov/ and www.who.int/ictrp, from the database’s incep-
tion to March 2022. We also assessed the references of all
included trials for published and unpublished reports of
further studies.

We included open, single-blind, double-blind, short-
term, randomized-controlled-trials (RCTs), short-term
being defined as three to thirteen weeks duration ac-
cording to Cochrane reviews.”® To avoid language bias,
we included all studies irrespective of their language and
origin.”’” To ensure data quality, we excluded trials per-
formed in the mainland of China due to potential quality
concerns,?® 30 except for studies conducted by interna-
tional pharmaceutical companies.

We included only patients with acute schizophrenia ir-
respective of the diagnostic system used. Acute schizo-
phrenia was defined as patients who had aggravated or
active symptoms and who were at least at the beginning
of the respective studies. If the authors described indi-
viduals as “acute” or did not explicitly mention their sta-
bility status, we presumed that these patients were acute.

We excluded maintenance (relapse prevention) studies
in stable patients and dose-reduction trials. We excluded
first-generation LAIs (FGA-LAIs), which produce
more extrapyramidal symptoms (EPS) and tardive dys-
kinesia.”> Most FGA-LAI studies have been published
before the advent of second-generation antipsychotics.
As such, they may involve stronger intervention effects
than more recent RCTs, resulting in significant bias.?!*?
Moreover, FGA-LAIs are getting used less, at least in
high-income countries.*® Therefore, the present review

Page 2 of 13

included trials comparing SGA-LAIs (aripiprazole LAI,
olanzapine LAI, risperidone LAI, and paliperidone LAI)
with their oral versions or placebo. Concerning fixed
dosage trials, we solely included those LAI doses author-
ized by the summary of product characteristics (SmPC).*
For oral formulations, we included target to maximum
fixed doses according to the International Consensus of
Antipsychotic Dosing® (supplementary table S2). We
also included all flexible-dose trials where physicians
could adjust the dose.

Furthermore, in studies that involved multiple dose
arms, we combined the arms with appropriate formulae.*
The same approach was used for different injection inter-
vals (eg, olanzapine IM. biweekly and 4 weekly). In ac-
cordance with Leucht et al*’ post hoc sensitivity analyses
only included near-to-maximum effective doses, com-
prising aripiprazole LAI of at least 440 mg 4 weekly,
olanzapine LAI 210 mg biweekly, risperidone 50 mg bi-
weekly, and paliperidone 100 mg 4 weekly.

We excluded studies comparing SGA-LAIs to a dif-
ferent oral drug (different compound) or LAI. Finally, we
used the studies from an updated, previously published
meta-analysis,! which included SGA-OAP placebo-
controlled studies (aripiprazole, olanzapine, risperidone,
and paliperidone), for subgroup analysis.

Data Analysis

Each study was characterized by extracting the following
general data: Study name, publication year, and blinding
type; trial duration; diagnostic criteria; intervention; ap-
plication; dosing interval; mean dose and range (mg); the
number of patients randomized; percentage of females;
mean age in years; mean duration of illness in years;
and mean baseline severity (SD) on a scale for overall
symptoms.

The primary outcome was changed in the PANSS* or
BPRS total score® from baseline to endpoint.

Secondary outcomes included response rate, discontin-
uation for any reason, inefficacy, depressive symptoms (eg,
the Hamilton Depression Rating Scale,* the Montgomery
Asberg Depression Scale,*' or other published scales),
quality of life (eg, Quality of Life Scale*?), social func-
tioning (eg, global assessment of functioning®), use of
antiparkinsonian drugs, extrapyramidal symptoms (meas-
ured by the ESRS,* DIEPSS,* and SAS*), akathisia
(Barnes Akathisia Scale,”” DIEPSS Akathisia subscale,*
and the akathisia subscale of the ESRS*), number of
patients with akathisia, weight gain (continuous, kg; di-
chotomous, defined as >7%), prolactin, dry mouth, QTc
prolongation, sedation, at least one anticholinergic side-
effect, urinary retention, blurred vision, constipation, all-
cause mortality, mortality for suicide.

All data were entered in duplicate into a specifically
setup Microsoft ACCESS database, allowing an au-
tomatic comparison of the 2 independent extractions.
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Dichotomous data were analyzed using odds ratios (OR),
while continuous outcomes were analyzed using stand-
ardized mean differences (SMD, for rating scale results)
or mean differences (MD), including their 95% CI. We
evaluated between-study heterogeneity using y? and P
statistics. Values of P < .05 and F > 50% indicated con-
siderable heterogeneity.

We meta-analyzed RCTs comparing LAIs with placebo
and compared the effect sizes of different LAIs vs placebo
by subgroup tests. We also meta-analyzed RCTs which
compared LAIs and oral drug formulations directly.
Moreover, we performed meta-analytic subgroup tests
in which the effect sizes of LAIs compared to placebos
were compared with the effect sizes of their oral coun-
terparts vs placebo. In addition, different LAI formula-
tions containing the same antipsychotic component (eg,
aripiprazole maintena and lauroxil) were pooled in the
main analysis and then separately analyzed in a subgroup
analysis. In addition to the sensitivity analysis on the dose
mentioned above, we performed sensitivity analyses using
studies on LAIs whose results were reported closest to 6
weeks. This is because studies on acute phase LAIs typi-
cally last 12 weeks, whereas studies comparing OAPs with
placebos typically last 6-8 weeks (primary outcome only).
The few oral studies which lasted less than 6 and more
than 8 weeks were excluded from this analysis.

Two authors (DW, SD) independently selected the
studies, extracted data, and assessed the risk of bias for
the included LAI studies using the Cochrane risk of bias
method for randomized trials (RoB 1).*® Discrepancies
were resolved through discussion, with the assistance of
SL when necessary.

All data analyses were conducted using the “meta”
package® in R version 4.2.0.

Results

After screening 14 135 titles and abstracts, we examined
3424 full-text publications. Eleven placebo-controlled
trials and one comparison of aripiprazole LAI vs
aripiprazole oral yielded usable data from 4775 partici-
pants. Additionally, 54 placebo-controlled OAP studies
with 11682 participants were included after updating
and screening a previously published meta-analysis'; one
study did not provide usable data. Overall, 66 studies with
16457 participants were included (for detailed informa-
tion on the screening process, please refer to the flowchart
in figure 1). The included studies were published between
1992 and 2022 (supplementary table S1). All detailed re-
sults can be found in the supplementary material.

Risk of Bias

The percentages of studies with high, unclear, and low risk
of bias were as follows: 0%, 47%, and 53% for random-
ization; 0%, 53%, and 47% for allocation concealment;

3.03%, 31.82%, and 65.15% for blinding of patients and
clinicians; 3.03%, 34.85%, and 62.12% for blinding of
raters; 4.55%, 12.12%, and 83.33% for missing outcomes;
9.09%, 18.18%, and 72.73% for selective reporting; and
1.52%, 12.12%, and 86.36% for other biases (supplemen-
tary table S4).

Primary and Secondary Outcomes
Efficacy-Related Outcomes.

LAIs vs Placebo. All LAls were found to be more effi-
cacious than placebo concerning all efficacy-related out-
comes: Overall symptoms (range of mean SMDs: —0.42
for paliperidone to — 0.66 for olanzapine), responders
(range of mean ORs: 2.22 for paliperidone to 4.12 for
risperidone), positive symptoms (range of mean SMDs:
—0.40 for paliperidone to — 0.68 for olanzapine), negative
symptoms (range of mean SMDs: —0.29 for paliperidone
to — 0.54 for olanzapine), depressive symptoms (range
of mean SMDs: —0.22 for risperidone to —0.43 for
aripiprazole), dropout due to inefficacy (range of mean
ORs: 0.52 for paliperidone to 0.25 for aripiprazole) and
dropout due to any reason (range of mean ORs: 0.63 for
risperidone to 0.47 for paliperidone), see table 1 and sup-
plementary figures S1-S38.

Data on social functioning were available only for
aripiprazole and paliperidone, and both were found to
be better than placebo (mean SMDs: —0.53 and — 0.23,
respectively). A single trial®® revealed that risperidone-
LAI was not better than placebo regarding quality of life
(SMD: —0.19, 95% CI — 0.41, 0.04) (table 1 and supple-
mentary figures S1-S38).

Head-to-Head Comparisons of LAls vs Their Oral
Counterparts.  Only one study® directly compared a LAI
with its oral formulation (aripiprazole LAI vs aripiprazole
oral formulation). There was no clear difference in the
outcomes we addressed (supplementary figures S1-S38).

Subgroup Tests Comparing Different LAls vs pla-
cebo. table 1 provides a summary of subgroup com-
parisons of various LAIs. A pattern emerged suggesting
that paliperidone LAI was less efficacious than other
antipsychotics in improving overall symptoms (P = .03),
positive symptoms (P =.04), social functioning
(P < .01), discontinuation for inefficacy (P =.04), and
in responder rates (P = .03) (also see supplemental fig-
ures S1—S38).

Subgroup Tests Comparing Different Formulations of the
Same LAIL. We compared various LAI formulations
using the same antipsychotic. There were no clear differ-
ences between aripiprazole LAI lauroxil and maintena,
and between risperidone LAI subcutaneous, risperidone
LAI ISM and risperidone LAI Consta (supplementary
figures S64-S113).
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Identification
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Full-text
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abstract

Screening

£
=
S
=

14135 references identified through
searching and Cochrane Schizophrenia
Group’s register (03/2022) and
MEDLINE(01/2023),hand-searching of

systematic reviews, and the database of

Studies included in a previous
meta-analysis in acute schizophrenia
(Huhn et al 2019): 402 oral
antipsychotics RCTs

our search team.

10711 Exeluded:

161 Ne RCTs

4616 from the mainland of China
294 population <80%
schizophrenia

2634 Wrong comparison

3006 wrong design

Included 3424 ]

3327 Excluded:

. 1745 Wrong comparison
1582 wrong population (stable
schizophrenia)

348 Wrong
comparison

348 Excluded:

Included:

Included: _ 54 trials
97 References on 12 trials

l

Total: 66 trials with 16457 individuals

11 trials compared LAls with placebo
1 trial compared LAI with same oral antipsychotics (aripiprazole)
54 trials compared oral with placebo.

Fig. 1.

Subgroup Tests Comparing LAls With Their Oral
Counterparts Using Effect Sizes vs placebo. ~ figure 2 shows
the results of subgroup tests. Aripiprazole LAI was supe-
rior to its oral counterpart regarding overall symptoms
and positive symptoms, response rate, and dropout for
inefficacy. Risperidone LAI was better than its oral agent
in response rate. In contrast, paliperidone oral was signif-
icantly better than its LAI in social functioning (supple-
mentary figure S39-S62).

Sensitivity Analysis Using Only Maximum Effective Doses
and Data Closest to 68 Weeks. This sensitivity analysis
included only near to-maximum effective doses according
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to Leucht et al’’ The results did not change considerably
(supplementary figure S118-S211).

Furthermore, since LAI studies had a longer duration
(median 13 weeks) compared to their oral counterparts (me-
dian 6 weeks), we conducted the same subgroup analyses as
above using LAI results closest to 6 weeks. Nonetheless, no
apparent distinctions were observed in comparison to oral
treatments (supplementary figures S114-S117).

Side-Effect-Related Outcomes.

LAIs vs Placebo. All LAIs had a significantly higher risk
of clinically important weight gain (at least 7% increase)
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Table 1. LAIs Compared to Placebo on all Outcomes

Outcomes No. of Participants No. of Studies SMD/MD/ OR [95%CI] Subgroup Analysis
Overall symptoms (continuous) P=.03
Ari LAT VS Pla 925 2 —0.64 [-0.80; —0.48]
Ola LAI VS Pla 402 1 —0.66 [-0.90; —0.43]
Pal LAI VS Pla 2017 5 —0.42[-0.53; —0.31]
Ris LAT VS Pla 1010 3 —0.62 [-0.76; —0.48]
Response rate (dichotomous) P=.03
Ari LAT VS Pla 963 2 2.84[2.07; 3.91]
Ola LAT VS Pla 404 1 3.16[1.84; 5.43]
Pal LAI VS Pla 2098 5 2.22[1.76; 2.78]
Ris LAI VS Pla 738 2 4.12[2.89; 5.88]
Positive symptoms (continuous) P=.04
Ari LAI VS Pla 925 2 —0.65[-0.92; —0.38]
Ola LAI VS Pla 402 1 —0.68 [-0.91; —0.45]
Pal LAT VS Pla 2017 5 —0.40 [-0.50; —0.31]
Ris LAI VS Pla 1010 3 —0.58 [-0.72; —0.43]
Negative symptoms (continuous) P=.12
Ari LAT VS Pla 925 2 —0.43[-0.57; —0.30]
Ola LAI VS Pla 402 1 —0.54[-0.77; —0.31]
Pal LAI VS Pla 2017 5 —0.29 [-0.38; —0.19]
Ris LAT VS Pla 1010 3 —0.39[-0.58; —0.21]
Depressive symptoms (continuous) P=.14
Ari LAT VS Pla 596 1 —0.43 [-0.60; —0.26]
Ola LAI VS Pla — — —
Pal LAI VS Pla 2015 5 —0.22[-0.35; —0.09]
Ris LAT VS Pla 283 1 —0.36 [-0.61; —0.11]
All-cause discontinuation (dichotomous) P=.51
Ari LAT VS Pla 963 2 0.51[0.39; 0.66]
Ola LAT VS Pla 404 1 0.60 [0.38; 0.96]
Pal LAT VS Pla 2098 5 0.47[0.36; 0.63]
Ris LAI VS Pla 1092 3 0.63[0.47; 0.85]
Discontinuation for inefficacy (dichotomous) P=.04
Ari LAT VS Pla 963 2 0.25[0.16; 0.39]
Ola LAI VS Pla 404 1 0.40[0.22; 0.71]
Pal LATI VS Pla 2098 5 0.52[0.42; 0.64]
Ris LAT VS Pla 1092 3 0.46[0.30; 0.71]
Social function (continuous) P < .01
Ari LAT VS Pla 936 2 —0.53 [-0.66; —0.39]
Ola LAI VS Pla — — —
Pal LAI VS Pla 1459 3 —0.23[-0.34; —0.11]
Ris LAT VS Pla — — —
Quality of life (continuous) —
Ari LAI VS Pla — — —
Ola LAI VS Pla — — —
Pal LAI VS Pla — — —
Ris LAI VS Pla 337 1 —0.19 [-0.41; 0.04]
Weight gain (continuous) P<.01
Ari LAT VS Pla 961 2 1.31[0.14; 2.49]
Ola LAI VS Pla 404 1 3.211[2.11; 4.31]
Pal LAT VS Pla 1605 4 1.32[0.89; 1.75]
Ris LAT VS Pla 624 2 2.18[1.19; 3.16]
Weight gain (dichotomous) P=091
Ari LAT VS Pla 963 2 2.21[1.22;3.99]
Ola LAT VS Pla 404 1 2.85[1.48; 5.47]
Pal LAI VS Pla 2098 5 2.90[1.76; 4.79]
Ris LAI VS Pla 1092 3 2.53[1.60; 4.00]
QTc (continuous) —
Ari LAT VS Pla — — —
Ola LAT VS Pla — — —
Pal LAI VS Pla — — —
Ris LAI VS Pla 637 2 3.40 [—0.44; 7.24]
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Table 1. Continued

Outcomes No. of Participants No. of Studies SMD/MD/ OR [95%CI] Subgroup Analysis
Use of antiparkinson medication (dichotomous) P=.83
Ari LAT VS Pla — — —
Ola LAI VS Pla — — —
Pal LAI VS Pla 2098 5 1.180.90; 1.53]
Ris LAI VS Pla 1092 3 1.11[0.72; 1.71]
EPS scale (continuous) P=.32
Ari LAI VS Pla 339 1 —0.10[-0.31; 0.12]
Ola LAI VS Pla 404 1 —0.21[-0.44; 0.01]
Pal LAI VS Pla 1730 4 0.01 [-0.10; 0.11]
Ris LAI VS Pla 1075 3 —0.09 [-0.22; 0.03]
Akathisia scale (continuous) P=.57
Ari LAT VS Pla 339 1 0.00[-0.21; 0.21]
Ola LAI VS Pla 404 1 —0.20 [-0.42; 0.03]
Pal LAI VS Pla 1735 4 —0.02 [-0.15; 0.11]
Ris LAI VS Pla 787 2 —0.03 [-0.18; 0.11]
Akathisia (adverse event) P=.03
Ari LAT VS Pla 963 2 3.12[1.75; 5.56]
Ola LAI VS Pla — — —
Pal LAI VS Pla 2098 5 1.08[0.61; 1.89]
Ris LAI VS Pla 1092 3 1.59[0.79; 3.19]
At least once anticholinergic side effect P=.11
Ari LAT VS Pla 963 2 1.02[0.51; 2.07]
Ola LAI VS Pla 404 1 0.4710.22; 1.02]
Pal LAI VS Pla 2098 5 0.86[0.55; 1.35]
Ris LAI VS Pla 1092 3 1.81[0.84; 3.88]
Dry mouth(dichotomous) P=.07
Ari LAI VS Pla 623 1 0.20 [0.04; 1.02]
Ola LAI VS Pla 404 1 3.96 [0.51; 30.84]
Pal LAI VS Pla 1527 3 1.79[0.44; 7.37]
Ris LAI VS Pla 300 1 3.48[0.42; 28.70]
Constipation (dichotomous) P=.11
Ari LAT VS Pla 963 2 1.02[0.51; 2.07]
Ola LAI VS Pla 404 1 0.4710.22; 1.02]
Pal LAI VS Pla 2098 5 0.86[0.55; 1.35]
Ris LAI VS Pla 1092 3 1.81[0.84; 3.88]
Blurred vision (dichotomous) —
Ari LAI VS Pla — — —
Ola LAI VS Pla — — —
Pal LAI VS Pla 1527 3 0.2510.05; 1.28]
Ris LAI VS Pla — — —
Urinary retention (dichotomous) —
Ari LAI VS Pla — — —
Ola LAI VS Pla — — —
Pal LAI VS Pla — — —
Ris LAI VS Pla — — —
Sedation (dichotomous) P=2384
Ari LAT VS Pla 963 2 2.51[0.82; 7.71]
Ola LAI VS Pla 404 1 4.2710.99; 18.37]
Pal LAI VS Pla 1774 4 2.37[0.98; 5.72]
Ris LAI VS Pla 1092 3 1.96 [0.86; 4.47]
Prolactin Level (continuous) P<.01
Ari LAI VS Pla — — —
Ola LAI VS Pla — — —
Pal LAI VS Pla 451 1 18.85[12.08; 25.62]
Ris LAI VS Pla 742 2 29.17 [24.84; 33.50]
All-cause mortality P=.98
Ari LAT VS Pla 963 2 0.3410.03: 4.12]
Ola LAI VS Pla 404 1 0.3210.01; 16.30]
Pal LAI VS Pla 2098 5 0.49[0.11; 2.16]
Ris LAI VS Pla 1092 3 0.31[0.04; 2.53]
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Table 1. Continued

Outcomes No. of Participants

No. of Studies

SMD/MD/ OR [95%CI] Subgroup Analysis

Mortality for suicide

Ari LAI VS Pla 963
Ola LAI VS Pla 404
Pal LAI VS Pla 2098
Ris LAI VS Pla 1092

P=.99
0.72[0.04; 11.49]

0.32[0.01; 16.30]

0.67[0.12; 3.55]

0.50 [0.05; 4.82]

W L= N

Note: Ris, risperidone; Pal, paliperidone; Ola, olanzapine; Ari, aripiprazole; PLA, placebo.

For continuous outcomes:

1.For effect-related outcomes, a negative value (—) indicates that the antipsychotic is favored over placebo.
2.For side-effect related outcomes, a negative value (—) indicates that the antipsychotic has fewer side effects than placebo.

For dichotomous outcomes:

1.For effect-related outcomes, an OR > 1 indicates that the antipsychotic is favored over placebo, for example, response rate.
2.For side-effect related outcomes, an OR < 1 indicates that the antipsychotic has fewer side effects than placebo.

than placebo (range of mean ORs: 2.21 for aripiprazole to
2.90 for paliperidone) and mean weight gain (range of mean
MDs 1.31kgaripiprazole to 3.21kg olanzapine) (table 1 and
supplementary figures S1-S38). Aripiprazole LAI was as-
sociated with a higher risk of akathisia (mean OR = 3.12)
than placebo; paliperidone LAI (mean MD = 18.85) and
risperidone LAI (mean MD = 29.17) produced more pro-
lactin increase than placebo (table 1). There were no signif-
icant differences between LAIs and placebos in akathisia
rating scale results (continuous), EPS scales (continuous),
sedation, constipation, dry mouth, at least one anticholin-
ergic side-effect, use of antiparkinsonian drugs, prolactin,
all-cause mortality, and mortality for suicide (table 1 and
supplementary figures S1-S38).

Head-to-Head Comparisons of LAls With Their Oral
Counterparts. Only one study® compared aripiprazole
LAI with aripiprazole oral, and there was no significant
difference between them in terms of any side effects (sup-
plementary figure S1-S38).

Subgroup Tests Comparing Different LAls vs Placebo. table
1 shows that the risk of akathisia (dichotomous) was
highest for aripiprazole LAI (P =.03). Conversely,
aripiprazole LAI was associated with a statistically sig-
nificantly lower weight gain (continuous). In addition,
prolactin increase was more pronounced when using
risperidone LAI compared to paliperidone LAI (P = .01)
(table 1 and supplementary figures S1—S38).

Subgroup Tests Comparing Different Formulations of the
Same LAL.  We compared various LAI formulations of
the same antipsychotic. There were no clear differences
between aripiprazole maintena and lauroxil, and between
risperidone LAI subcutaneous, risperidone LAI ISM and
risperidone LAI Consta in terms of side-effect outcomes
(supplementary figure S64-S113).

Subgroup Tests Comparing LAls With Their Oral
Counterparts Using Effect Sizes vs Placebo. Compared
to their oral formulations, olanzapine LAI had a

significantly lower rate of at least one anticholinergic
side-effect, aripiprazole LAI had a significantly lower fre-
quency of dry mouth, paliperidone LAI had significantly
lower prolactin levels, and aripiprazole LAI, paliperidone
LAI, and olanzapine LAI had significantly lower EPS
scores. In contrast, akathisia (dichotomous) was sig-
nificantly more likely to develop with aripiprazole LAI
than with its oral formulation. We did not find significant
differences in other side effects, including weight gain,
among the four LAIs and their oral formulations (figure
3 and supplementary figures S39-S62).

Sensitivity  Analysis ~ Using  Maximum  Effective
Doses. These sensitivity analyses revealed no important
difference (supplementary figure S118-S211).

Discussion

The present study is the first systematic review that com-
pared the efficacy and safety of SGA-LAIs vs placebo
and their oral counterparts in the treatment of acute
schizophrenia. Based on 66 studies and 14 988 partici-
pants SGA-LAIs were clearly more effective than pla-
cebo, and they were generally as efficacious as their oral
formulations. Certain side effects occurred less frequently
under LAIs compared to oral antipsychotics, although
this pattern was not fully consistent.

Some studies reported that psychiatrists prescribe
paliperidone LAI more frequently than other LAIs*
in patients who have indicators of higher severity of ill-
ness. For example, an analysis of the electronic health re-
cords of 1281 patients in London found that paliperidone
palmitate was more likely to be prescribed in patients
with more frequent and lengthy hospital admissions.’!
Similarly, an analysis of a Medicaid database revealed that
clinicians were more likely to prescribe paliperidone LAI
than aripiprazole LAI in patients with multiple hospital-
izations.” Paliperidone could have been wrongly assumed
to be a more effective LAI in this studies®*? because, in
our meta-analysis, it had the smallest effect size compared
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Fig. 2. Subgroup analysis for LAls and the same oral formulations in terms of efficacy-related outcomes.

to placebo in various efficacy outcomes. Nevertheless, we
derived the efficacy inferiority of paliperidone from sub-
group tests vs placebo. Firm evidence of differences be-
tween LAIs can only be derived from head-to-head RCTs,
of which very few are available. In the double-blind RCT
by Fleischhacker et al,® paliperidone LAI was inferior
to risperidone LAI in acutely ill patients, but there was
no paliperidone booster injection after eight days of
treatment which subsequently became part of the SoPC.
Pandina et al* and Li et al® confirmed the non-inferiority
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of paliperidone LAI compared to risperidone LAI, and
there was no clear difference between aripiprazole LAI
and paliperidone LAI in the EULAST study>® which can
be described as a hybrid between an acute phase and re-
lapse prevention study. Aripiprazole once-monthly and
aripiprazole 2 monthly were similarly effective in acutely
ill patients.’’” Network meta-analyses on relapse preven-
tion did also not find clear differences between the 4 LAIs
in question.>”® More head-to-head trials between LAIs
are needed to characterize their relative efficacy.

€20z dunp gz uo Jasn || [adeyD e euljoed YHON Jo Aisioaun Aq G1L9502.2/680PeAS/INUOS/EE0 "0 L/I0P/S[oIHE-00UBAPE/UNS|INGEILSIYAOZIYOS/WOo"dNO OIS PED.//:SAY WOl PAPEojUMOC



Long-Acting Injectable Second-Generation Antipsychotics for Acute Schizophrenia

. o
9. Akatiisia scale 10. Akathisia (dichotomous) o lDibgdntipadkiciondcly Q
KN SMD 9576C1 | Subgroup test J P u—— . Subgroup test K/N OR 95%GI Subgroup teat g
Bk WS 0,10 [001;0:2] i i 1204 26911825097 - = e 20 6 20 . 1 >
petis o h :
T ! . pEo0 I pebos o
RISLAIVS PLA | poir naia i e . == 1 o 1sefosssio Er== > 1 aem Latpaig) T & %
PALOraINEPER i aosponszom 5 |<al . 1w gsnsa | o 1 m Levitos e . + E):
ipEons i PEOAR } L p=0as o
PULAIVEPEA \ynms saeransony | - " Sss 0 {015 0.11] H © s L L8N f o : 3
Qlaorl VEPLA 1oy erpanaan = TR 1 izmeresssie = 4 EeE 0 [ 2] . g
El * i
! J : ! S
Ol LALVEPLA |y 050 (045 68T : RANA NA - 4 NN At el - - « @
030 =
=
Arioral VEPLA 1%IN7Z 2.1510.0% 0.2 A LSS e = { 1000 124 J0:80; 193] e - %
x [ W)
AFLAIVS LA 1% 000[0317001]  —Apri : PR 7 T S NERES ST ’ 4 NAMNA NA o P %
= L - - _— — b
2 o M ansipsycoe i o <1 favours antipayeho: T <1 favours aniipaychotlc 3
12, M least one anticholinergicadverseefteet 15 BPS sealé |14 sedation : S 8
s Subgroup test Subgroup test | KN OR 959C1 Subgroup test
Kb ool V8 PLA ho G IS o o LKA SMD 95%CT = 1 e 1572989 236 1172 3,29 i, 5
s s (Lot 1) P05 293 L0407 L p=0ils ) s P P
Ris LALVS PLA ——= { = : R ISEEAG A : o}
WAL 181 He B AL s -n.W[DJJ:ﬂM‘I 3
BAB0. AL B 344 v Py
Pl pral VS PLA MIB07 1104 1006 2.3 T oame oz pasam . H S ! p=gids 8
Pal LAI'VS PLA H B AT 27l 871 s >
B/2008 0.8 |0:65; 1,38 T anTm o0l g 0. | 8
Olaiarsl VS PLA oy i ) ] e 35 - e i e °
L L Ll e T ' 1A BT IR 1 =00 =
-3 - @
OlaLis M PLY 104 0T 22 1) e 0 peaseon) - ) =3
- ) ) 5 )
RSl Ve R 5285 1,7210.9%: 3.0 @ I § cjiny 0¥ folok o8] .o . = i o L p=ikao =3
‘ H a C
. EOT ¢ opens 9T LUZI0AL3 AT *
ATLATVSPLA 9 403 [0ss 207 -T— » 4 I s aTE A —— . —— . @
o <1 favours antipsyehoric - = T e i = <1 Favoues antipsyediotic 3
15, constipation 16, All getse movtality 17, Death for suicide g
K/ OR 959G Bubgroip oot | WM QR estec  Subgiouprest | KN OR9SWCL | Subgroup test <
Rigoral VS PLA ¢ 18R LAz s ) Bl % el 3 commmnd HAE L (s edl) IEAT L5 10k 7] v | g
T p=054 :P*‘?—" i op=oa a
Ris LALVS PLA - o 580 R TR — =7 WU 0N 1 R o g CP
QO
Pal dral VS PLA - BABOT 128 (008 3.07] s - . . —F— TRIAO 030 1009 .05 1 F10 030 10,59 A.35] * ;
JERN = H p=087 5
Pal LAIVE PLA  * 32008 056 (0.5 1.59] = - v ol Bybee .40 (kg E e} ‘ i —— o 3 Q
(o))
Ols el VS I Bj160E 134 064 7.40] -~ o . . A ) iaises Lt ) 4 I3 LR WAESE] ol Top=0ise g
| openg L p=0as : =
ORLAIVSPLA . o ez on - - | 1409 02 (001 bedal ] ©
: N
Arioral VSPLA . ade L2lesiass) o R 7 n | 4 MR LmpanIIH " 8
HONE LES 030 1547 i op=0.77 w
P ‘ >
. WG 103 (054 2.07] ————1 = . il 2MEH  0,7210,04] 1149 P %)
! aoea patwon AT - o o
E B 1 Pavoiars ansipsyeiiatic . o <1 favours andipsychotle L <0 fayomrs antijsychotic o
c
&
18 Weight gain (eontinuous) 115, Weight gain (dichoromeus) ; — . S
) KN MDD 950G Subgreus test AN OR 95561 - | SUMpRREN o Byl Ty o o
RIEORIVEPLA | \yners ssitusiing - . 1 e -n i i | twam semeonesa) S
i i p=033 16 2ERR SRS [R— | p=0 &
RISLAIVEPLA < waz, = ajrass 4] I T — EERE== - [ 1| i e SanpakEnm] g
5 067 - H 4 ot - & - N
Paloral MEPLA ] 17008 LI7[067: 1as) - ! p=0.67 T AN (LA 8] i ‘”3; | p 0L TIN5 025 [40.39; 58.16] 8
' I op=0as o=
Pal LAL VS PLA 41605 1 520.8% 1751 sE09s L9 (136 4500 ] 1451 EEES [ 12.08; 25.02] —_
)]
Maoral VEPLA 1 1872000 242 1,99 304 g — E i UIRKR 345 (305,53, S = TR ARG 450 |28 080 o
5 L op=06g | p=NA <
OALAIVSPLA 1 1403 3IL[Z 05| — T noe s LA s == - | | NANA Ry g
Adoral VSPLA | #1554 cediomyoeny | .o 4 2053 1991109 k0 — =y | { = -3 1A S T 208 <
. | o] peRa @
N 3 peogi § e b7
AFLATVSPLA | 961 L3104 . ' 1 zme mam m:ise) i o 1 o N B0 ,U:),_
: y T Yen i S— I ] ! nilgigeisiic S
"y 41 fuvemars antipychiotic 5 0 favoiisa
21. Dry mouth L e S,
RioniveeiA | KA omamne g
o T wina 3 pLs s =}
i pross g-_
RELALVEPLA | jfon 248 (0,48 26700 -
| O
Pal oril VS PLA - 41050, 160 sz 37l | v . L
T o
Pl LATVS PLA 4 3157 79 (e 2051 =1
[\
Oliworal VSPLA 4 10vi7ra “was fdios 7am) . Q
1 -
OLAIVEPLA 7 VA asilasy sesd] o[ - 9
i _ L peass 0]
) v nsemesven | L
AvLAIVSPLA I
iz on <0 e il =
@
Administration & LAl © Oral  Ingredienis =* Anpiprazole VS placebo =+ Olanzapine VS placedo =#= Paliperidone VS piacebo =+~ Rispendone VS placedo @
o
=
Fig. 3. Subgroup analysis for LAIs and the same oral formulations in terms of safetyrelated outcomes. »
o
c
>
(]
N
o
N
w

Page 9 of 13



D. Wang et al

Regarding drug safety compared to placebo, all SGA-
LAIs caused weight gain, which is one of the most
common side effects of SGAs. This side effect has been at-
tributed to histamine receptor inhibition and 5-HT2A re-
ceptor inhibition.” Blocking hypothalamic H1 receptors
may activate AMP-activated protein kinase (AMPK),
which is known to be a feeding regulator.® It can also ac-
tivate AMPK-carnitine palmitoyltransferase-1 signaling,
which is associated with caloric intake and, ultimately,
weight gain.®’ Furthermore, blockade of the 5-HT,, re-
ceptor has been associated with feeding behavior®> and
insulin resistance.®* As expected, olanzapine’s mean
weight gain was most pronounced (3.2 kg). The numbers
of patients with at least 7% weight gain were not signifi-
cantly different between groups. However, differences in
the underlying rates must be considered. For example,
28% of olanzapine-treated patients vs 12% in the placebo
group gained weight compared to paliperidone LAI 8%
vs 3% in its placebo groups (supplementary figure S18).
The weighted mean relative risks were the same, RR 2.85
for olanzapine and RR 2.9 for paliperidone (table 1), but
olanzapine’s weight gain occurred at a higher level.

There was no clear difference between paliperidone
LAI and risperidone LAI vs placebo in extrapyramidal
side-effect scales and in the use of antiparkinson med-
ication. This finding is important because their oral
formulations clearly produce more EPS than placebo.!
Aripiprazole LAI resulted in more akathisia adverse
events than placebo. This finding was not substantiated by
mean scores of the Barnes Akathisia scale, but only one
aripiprazole study* reported Barnes Akathisia scale data
that were useable for meta-analysis. Paliperidone LAI and
risperidone LAI led to substantial hyperprolactinemia,
which can cause sexual dysfunction and dys-/amenor-
rhea.% Prolactin data were not available for olanzapine
LAI and aripiprazole LAI. In a previous network meta-
analysis of oral antipsychotics, aripiprazole was asso-
ciated with a reduction of prolactin levels compared to
placebo, and olanzapine led to only a small increase.!

All four LAIs were sedating, but some uncertainty re-
mained because 95% Cl included a small possibility of no
effect. There were no clear differences between LAIs and
placebo in terms of various anticholinergic side-effects,
QTec prolongation, and mortality.

When we compared LAIs with their oral counterparts
by subgroup tests, the former were superior in several
instances (figure 3): LAI formulations of aripiprazole,
olanzapine, and paliperidone had lower extrapyramidal
symptom rating scale scores than their oral counterparts,
and patients on risperidone LAI needed almost less
antiparkinsonian medication than those on oral (P = .05).
The prolactin increase of paliperidone LAI was less pro-
nounced than that of its oral formulation, and there
was the same trend for risperidone LAIL. Aripiprazole
LAI was associated with fewer patients reporting dry
mouth than those receiving aripiprazole orally, and fewer
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olanzapine LAI-treated patients experienced at least one
anticholinergic side effect. These results may be due to
the smaller peak-to-trough fluctuations and more stable
plasma concentrations of LAIs compared to oral formu-
lations.'>* ¢ Moreover, as LAIs avoid the first-pass effect
in the liver, lower actual doses of LAIs compared to oral
medication'” may be needed for the same bioavailability
and efficacy, and this effect may result in fewer side ef-
fects.® It is, however, also possible that the doses of the
LAIs were actually lower than those of their oral coun-
terparts. Pharmaceutical companies try to produce LAI
doses that are equivalent to oral doses, but these relation-
ships are not straightforward and can, for example, de-
pend on the injection site (gluteal vs deltoid), frequency
of injections (eg, 2 weekly or 4 weekly) and vehicle me-
dium.! It is also important to mention that weight gain
did not differ between LAIs and orals, and that except for
prolactin increase, sexual side-effects such as amenorrhea
were rarely reported and not analyzed by us.

These results should be interpreted with the following
limitations. First, there was one exception to the rule in
that aripiprazole LAI had a higher risk of akathisia com-
pared to placebo than oral. The validity of this finding is
unclear because, in the single head-to-head comparison
of aripiprazole LAI and oral, the trend was in the other
direction (more akathisia with oral).*® Second, regarding
efficacy, subgroup tests via placebo only provide indirect
evidence; and the number of LAI studies was usually
much smaller than that of the oral compounds. We could
not conduct a sensitivity analysis at six to eight weeks for
side effects because, in the LAI studies, these outcomes
were only measured at the endpoint, which was usually
13 weeks. It is known that patients can get accustomed
to their medications over time. Thus, given the longer
duration of the LAI studies, fewer adverse effects may
have been reported at endpoint. This issue is more likely
in continuous outcomes such as scale-rated EPS and pro-
lactin because they are measured at baseline and at end-
point. In contrast, side effects reported as adverse events
usually occur early after the initiation of treatment.
Third, ideally, there would be a large, randomized study
including all SGAs (LAIs and oral), but it is unlikely
that such a study could be conducted. A step forward
could be a network meta-analysis, but it would mainly be
star-shaped, using a placebo as a common comparator.
Fourth, we only considered randomized-controlled-trials,
the participants of which can differ substantially from
those of real-world registry studies.” Fifth, we did not in-
clude studies from the mainland of China because it has
been shown that most of them are not adequately ran-
domized.” Usually, Chinese publications are very short,
making it difficult to judge their quality.?**° Sixth, there
was no study in acutely ill first-episode patients which
limits generalizability. In this important subgroup with
little previous drug exposure, severe side effects which re-
quire immediate cessation, such as neuroleptic malignant
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syndrome’ or priapism may be an even greater concern
than in chronic patients.

Despite its limitations, the present study provides clin-
icians with important information on the effects of LAIs
in acute schizophrenia. In clinical practice, the early use
of LAISs offers an option with less volatility of peak and
trough levels which could eventually lead to fewer ad-
verse effects compared to their oral equivalents, but this
needs to be confirmed by head-to-head comparisons.
Finally, LAIs may bridge the often-difficult initial treat-
ment phase when patients are especially skeptical of their
treatment.

Supplementary Material

Supplementary material is available at https://academic.
oup.com/schizophreniabulletin/.
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