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Summary (English)

This thesis examines the efficacy and side effect profiles of second-generation
antipsychotics (SGAs) in both long-acting injectable (LAI) and oral forms for treating acute
schizophrenia through a comprehensive analysis of two meta-analytic studies. The research
reaffirms the superior efficacy of SGAs over placebo and delineates the comparable
effectiveness of LAISs to oral formulations. LAIs may offer a more favourable side effect profile,
particularly regarding extrapyramidal symptoms. The analysis, however, highlights the need
for cautious interpretation due to limitations such as the reliance on indirect evidence and the
focus on randomized trials limiting generalizability. The findings support more personalized
treatment in people with acute schizophrenia, emphasizing the potential benefits of LAls and
the necessity for further research, including direct comparisons and investigations in naturalistic

settings, to optimize therapeutic outcomes for individuals with schizophrenia.



Summary (German)

In dieser Arbeit werden die Wirksamkeit und die Nebenwirkungsprofile von

Antipsychotika der zweiten Generation (SGAs) in langwirksamer injizierbarer (LAI) und oraler

Form zur Behandlung akuter Schizophrenie anhand einer umfassenden Analyse in Form von

zwei metaanalytischen Studien untersucht. Die Untersuchung bestétigt die iiberlegene

Wirksamkeit von SGAs gegeniiber Placebo und beschreibt die vergleichbare Wirksamkeit von

LAIs gegeniiber oralen Darreichungsformen. LAIs hatten in manchen Bereichen ein

giinstigeres Nebenwirkungsprofil, insbesondere im Hinblick auf extrapyramidale Symptome.

Die Analyse macht jedoch deutlich, dass eine vorsichtige Interpretation erforderlich ist, da sich

die Ergebnisse auf indirekte Belege stiitzen und nur randomisierte Studien einbezogen wurden,

was die Generalisierbarkeit einschrankt. Die Ergebnisse legen eine personalisierte Therapie von

Menschen mit akuter Schizophrenie nahe und unterstreichen den potenziellen Nutzen von LAI

sowie die Notwendigkeit weiterer Forschung, einschlieBlich direkter Vergleiche und

Untersuchungen unter naturalistischen Bedingungen, um die therapeutischen Ergebnisse fiir

Menschen mit Schizophrenie zu optimieren.
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1. Introduction

1.1 Schizophrenia

Schizophrenia, a severe psychiatric disorder (American Psychiatric Association &
Association, 2013), affects over 23.6 million people worldwide (GBD 2019 Mental Disorders
Collaborators, 2022). It is associated with comorbid medical illnesses, a higher chance of being
homeless and jobless (Holm et al., 2021; Javitt, 2014) and a life span which is, on average,
shortened by 15 years (Hjorthgj et al., 2017). Schizophrenia ranks 20" in terms of the global
disease burden (GBD 2019 Mental Disorders Collaborators, 2022).

Schizophrenia has significant cost implications for society, not only in terms of direct
expenses for health care but also, and maybe more importantly, in terms of indirect costs which
stem from early disability retirements (schizophrenia typically starts in early adulthood). It is
estimated that the direct and indirect costs of schizophrenia in the United States total
approximately $343.2 billion (Kadakia, Catillon, et al., 2022). Similarly, a survey conducted in
30 European countries found that the total healthcare costs for schizophrenia in 2010 were 29
billion € and that the average direct healthcare costs per patient per year were approximately
5,800 € (Olesen et al., 2012). Moreover, the total cost for people with schizophrenia in Germany
is three times that of France, and Germany has the highest direct cost of schizophrenia in terms

of the percentage of GDP (0.28 per cent) (Kovacs et al., 2018).



1.2 The current treatment

Oral antipsychotics (OAs) are the primary intervention for treating schizophrenia (Huhn et

al., 2019; Schneider-Thoma et al., 2022), but many patients do not take them as prescribed.

Only 40-60% of people with schizophrenia adhere to their antipsychotic medication (Cramer

& Rosenheck, 1998; Lacro et al., 2002; Velligan et al., 2009). This poor adherence to OAs is

one of the main reasons for high relapse and readmission rates (Velligan et al., 2009).

Compared to OAs, the main advantage of long-acting injectable antipsychotics (LAIs) is

that adherence is assured. The most up-to-date meta-analysis on maintenance treatment in

stable patients showed that LAIs are associated with lower relapse rates than OAs (Kishimoto

et al., 2021). Currently, LAls are available for the following first-generation antipsychotics:

fluphenazine decanoate, flupentixol decanoate, fluspirilene, haloperidol decanoate, pipotiazine

palmitate, perphenazine enanthate and zuclopenthixol decanoate. Several second-generation

are also available as LAls: aripiprazole maintena and lauroxil, olanzapine pamoate,

paliperidone palmitate, and risperidone microspheres, in-situ-microimplants and risperidone

extended-release injectable suspension are available (Citrome, 2021). Compared to first-

generation antipsychotics, second-generation antipsychotics have better tolerability in terms of

extrapyramidal side effects (Huhn et al., 2019) and are increasingly used in clinical practice

(Janzen et al., 2020). This thesis focuses on second-generation LAIs.

1.3 Pharmacokinetic advantages of LAIs

Compared to oral formulation, LAIs have advantages in terms of their pharmacokinetic

profiles, which refer to drug absorption, distribution, metabolism, and elimination (Fan & de
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Lannoy, 2014). After injection, the antipsychotic is slowly and gradually released into the

circulation, leading to a longer blood concentration duration (Correll et al., 2021). With LAIs,

antipsychotics are absorbed continuously, which leads to smaller differences between the

highest (Cmax) and the lowest (Cmin) plasma levels. This effect is potentially associated with

fewer side effects (Sheehan et al., 2012). Moreover, LAls can improve bioavailability by

bypassing the liver (called the first-pass effect) compared to OAs and thus be associated with

smaller total doses administered (Fan & de Lannoy, 2014; Waller et al., 2021).

1.4 The second-generation long-acting injectable antipsychotics.

Four second-generation antipsychotics are currently available as long-acting injectables on

the market, including risperidone LAlIs, paliperidone LAlIs, aripiprazole LAls, and olanzapine

LAIs (Citrome, 2021). Detailed information can be found in Table 1.

“Risperidone long-acting injection microspheres (RLAI-MS)”, introduced in 2003, was the

first SGA-LAI (Harrison & Goa, 2004). “Risperidone 2-syringe mixing system suspension

polymer (RLAI-polymer)” and “risperidone in situ microparticles (RLAI-ISM)” were

introduced in 2018 (Krogmann et al., 2019) and 2024 (Laboratorios Farmacéuticos Rovi, S.A.,

2024), respectively.

RLAI-MS is a solution containing small particles of risperidone encapsulated in a material

called 7525 polylactic acid-co-polyethylene glycol. The RLAI-MS drug is given biweekly, with

the highest concentration in the blood in the fourth week and a half-life of 4-6 days (Gefvert et

al., 2005). As the polymer only starts dissolving after 3 weeks, it is necessary to provide oral

risperidone as a supplement for a duration of 3 weeks (Thyssen et al., 2010). RLAI-MS require

11



eight weeks to reach steady-state plasma concentrations (Correll et al., 2021). RLAI-polymer,
a new type of risperidone LAI, is administered monthly by injection into the subcutaneous
tissue of the abdomen (Laffont et al., 2015).

The RLAI-polymer uses the ATRIGEL® delivery system, a biodegradable polymer in which
risperidone is dispersed for the stable release of risperidone. It has a half-life of 9 to 11 days
with two peaks of absorption, one within 4-6 hours and the other within 10-14 days. Therefore,
RLAI-polymer does not need oral supplementation compared to RLAI-MS (Correll et al., 2021).

Risperidone-ISM utilizes a patented platform to deliver drugs in a controlled, sustained
manner after injection. The active drug is encapsulated in microparticles within a polymeric
matrix made from “poly lactic-co-glycolic acid (PLGA)” and “dimethyl sulfoxide (DMSO)”,
which act together to form an injectable suspension. Upon intramuscular injection, this matrix
precipitates, releasing a portion of the drug quickly as the DMSO diffuses into the bloodstream,
while the remaining drug is gradually released as the PLGA matrix undergoes hydrolysis over
time (Alamo, 2022; Anta et al., 2018).

Paliperidone LAIs can be divided into three types depending on the interval: “paliperidone
palmitate once-monthly (PP1M)”, “paliperidone palmitate 3-monthly (PP3M)”, and
“paliperidone palmitate 6-monthly (PP6M)”.

PP1M, a nanoscale risperidone, is one-tenth the size of conventional powder particles,
thereby effectively increasing the surface area of the solution (Citrome, 2010). Therefore,
PP1M can rapidly attain a stable state and maintain it for an extended period (Morris & Tarpada,
2017). PP1M achieves its peak plasma concentration after 13 days and has a half-life of 25 to

49 days (Samtani et al., 2009).

12



PP3M utilizes the same method of suspending nanoparticles in water as PP1M, except with

bigger particles and a doubled dosage, resulting in an extended paliperidone-release. PP3M has

a half-life of around 84~95 days and reaches maximum blood levels at 30~33 days (Correll et

al., 2021).

PP6M has very low water solubility and can dissolve slowly and release gradually from the

injection site, thus maintaining therapeutic levels in the bloodstream for up to 6 months. This

slow-release mechanism also keeps plasma paliperidone concentrations low for a long period,

thus ensuring sustained symptom control without frequent dosing (Blair, 2022). Therefore, in

clinical practice, PP6M is used for patients adequately treated with PP1M or PP3M (Najarian

et al., 2023).

Aripiprazole, a dopamine-D2 and serotonin-5-HT1A receptor partial agonist and 5-HT2A

receptor antagonist, is thought to balance dopamine and serotonin pathways (Shirley & Perry,

2014). It is available in two LAI formulations, “aripiprazole monohydrate once a month (AOM)”

and “Aripiprazole Lauroxil (AL)”.

AOM is a liquid suspension consisting of a mixture of lyophilized substance and sterile water,

with aripiprazole as the main active ingredient, followed by dehydroariprazole. AOM reaches

peak plasma concentrations in approximately 6 days, with a half-life between 29.9 and 46.5

days (Correll et al., 2021).

AL is a drug consisting of the non-ester prodrug N-lauroloxymethyl aripiprazole (Hard, Mills,

Sadler, Turncliff, et al., 2017). Depending on the administered dose, AL is administered once

a month (q4w), every six weeks (q6w) or every eight weeks (q8w) (Frampton, 2017). AL
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achieves its maximum blood concentration after 40 days (Hard, Mills, Sadler, Turncliff, et al.,

2017) and has a half-life of 53.9~57.2 days (Hard, Mills, Sadler, Wehr, et al., 2017).

Olanzapine pamoate, a combination of olanzapine and pamoic acid, is administered every

two or four weeks (Citrome, 2009). Once exposed to the bloodstream, olanzapine pamoate has

the potential to dissolve rapidly within minutes to hours. This may lead to high drug

concentrations in the body, predisposing to Post-injection Delirium Sedation Syndrome (PDSS)

(McDonnell et al., 2010). PDSS associated with olanzapine LAI typically occurs at a rate of

approximately 0.07% per injection (Bushe et al., 2015; Novakovic et al., 2013). On a patient-

level, across multiple injections, the cumulative incidence of PDSS ranges approximately from

0.46% to 1.4% (Bushe et al., 2015; Detke et al., 2010; Luedecke et al., 2015; McDonnell et al.,

2014; Novakovic et al., 2013). Therefore, it is recommended to monitor patients for 3 hours

after the administration of olanzapine pamoate in a clinical setting (Citrome, 2009). The drug

reaches its highest concentration in the blood after two to six days and has a half-life of thirty

days (Heres et al., 2014; Mitchell et al., 2013).
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Table 1 Overview of SGA-LAISs.

Formulation Peak Plasma Half-Life

Antipsychotic

Delivery: frequency Delivery: route of

of administration administration

Risperidone

Paliperidone

RLAI-MS

RLAI-polymer

Risperidone-ISM

PPIM

PP3M

PP6M

Every two weeks

Every 4 weeks

Every 4 weeks

Every 4 weeks

Every 3 months

Every 6 months

4th week

4-6h & 10-14
days
24-48 h

13 days

30-33 days

33-35 days

4-6 days

9-11 days

9-11 days

25-49 days

84-95 days

148-159 days

Intramuscular, typically
injected into the deltoid or

gluteal muscle.

Subcutaneous, typically

injected into the abdomen.

Intramuscular, typically
injected into the deltoid or
gluteal muscle.
Intramuscular, typically
injected into the deltoid or
gluteal muscle.
Intramuscular, typically
injected into the deltoid or
gluteal muscle
Intramuscular, typically
injected into the deltoid or

gluteal muscle

It takes 8 weeks to reach a steady state.
Oral supplementation is needed for three
weeks after the first injection. Microspheres

in aqueous suspension.

Does not require oral supplementation.

Does not require oral supplementation.

PP1M requires a booster injection one week

after the initial injection.

PP6M is indicated for patients who have
been adequately treated with PP1M or
PP3M.
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Table 1 (continued) Overview of SGA-LAIs.

Antipsychotic Formulation

Aripiprazole AOM
AL
Olanzapine Olanzapine
pamoate

Delivery: frequency

of administration

Every 4 weeks

Every 4 weeks, every
6 weeks or every 8
weeks

Every 2 weeks or

every 4 weeks

Peak Plasma

5-7 days

40 days

2-6 days

Half-Life

30-47 days

54-57 days

30 days

Delivery: route of

administration

Intramuscular, typically
injected into the deltoid or
gluteal muscle
Intramuscular, typically
injected into the deltoid or
gluteal muscle
Intramuscular, typically
injected into the deltoid or

gluteal muscle

Because of the risk of PDSS, monitoring is

required for at least 3 hours after injection.
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1.5 The context of this dissertation

It has been established that LAls reduce relapse and rehospitalisation rates compared to

oral medication (Efthimiou et al., 2024; Kishimoto et al., 2021; Taipale et al., 2018). Treatment

guidelines also recommend the use of LAls for relapse prevention, especially when adherence

is a problem (Gaebel et al., 2019; Keepers et al., 2020; National Institute for Health and Care

Excellence [NICE], 2014). Nevertheless, for various reasons, the utilization of LAls in clinical

practice remains low (Carbon & Correll, 2014; Heres, 2014; Kane et al., 2013; Novick et al.,

2010).

While previous reviews and guidelines have focused on relapse prevention, whether LAIs

can also be used for acutely ill patients has so far not been addressed in the meta-analytic

literature. Reservations may pertain to the impossibility of slowly titrating LAls and rapidly

switching them when necessary. Other concerns are side effects, especially that due to the long

half-life of LAlIs, it is not possible to stop the drug if a potentially life-threatening neuroleptic

malignant syndrome (NMS) occurs. However, a recent review of case reports showed that the

outcome of NMS is not worse under LAIs compared to OAs (Guinart et al., 2020). Moreover,

in terms of the shortage of psychiatrists even in highly developed countries such as Germany

and a trend to treat more and more acutely ill patients in outpatient settings, their advantages in

terms of adherence and convenience—typically monthly injections rather than daily discussion

about drug intake, time which can be spent on other problems of patients—could make them

an option also for the acute phase (Correll et al., 2021; Kane et al., 2021).
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This situation was the context to systematically review the effects of LAls compared to
placebo, their oral formulations, and their comparisons with one another in acutely ill patients

by meta-analysis.

1.6 Research question and aims.

The objective of the thesis was to conduct a thorough analysis of the effects of SGA-LAIs
compared to placebo and SGA-OAs for acutely ill patients with schizophrenia, using both

pairwise comparisons and network meta-analyses of randomized-controlled studies (RCTs).

1.6.1 Study 1: Research Question and Aims:

The main aim of Study 1 was to investigate the effects of currently available SGA-LAIs
(“olanzapine LAIs”, “risperidone LAIs”, “paliperidone LAIls”, and “aripiprazole LAIs”)
compared to placebo. Conventional pairwise meta-analysis was applied for this purpose. It also
assessed whether SGA-LAIs are superior to their oral equivalents in terms of efficacy and
tolerability, but it turned out that one RCT which compared SGA-LAI and SGA-OA directly
was available. Comparisons between LAI and oral formulations could only be made via
subgroup tests via placebo. This limitation made Study 2 necessary, which applied network

meta-analysis.

1.6.2 Study 2: Research Question and Aims:

Study 1 used pairwise meta-analysis to examine how effective and safe different
formulations of the same compound were compared to placebo, but it could not analyze

well how SGA-LAIs compared to SGA-OAs, and it could not examine at all how different
18



drugs compared (e.g., olanzapine oral vs aripiprazole LAI). Therefore, Study 2 aimed to

address the limitations of Study 1 by the application of network meta-analysis (NMA).

Network meta-analysis can integrate both direct evidence (for example trials comparing

“drug A” with “drug B”) and indirect evidence (for example “drug A” compared to “drug

B” derived from “drug A” versus “drug C” and “drug B” versus “drug C”. Consequently,

NMA can utilize all randomized data, provide results on the above-mentioned comparisons,

increase precision, and produce hierarchies in terms of the various outcomes (Salanti &

Higgins, 2022).
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2. Method

2.1 Overview of the approach

Study 1 used pairwise meta-analysis to assess the relative efficacy of SGA-LAIs versus

placebo and their oral counterparts in the acute phase of treatment. In addition, Study 1

conducted subgroup analyses comparing the efficacy of SGA-LAIs versus placebo and the

efficacy of corresponding SG-OAs versus placebo to determine the efficacy of SGA-LAIs

versus their oral counterparts. Study 1 followed the “Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA)” guidelines (Liberati et al., 2009). Pairwise meta-

analysis had the advantage of producing pooled estimates based on straightforward, direct

evidence. Focusing only on direct evidence avoids the potential additional bias of indirect

comparisons, in particular, a potential violation of the transitivity assumption (Salanti, 2012).

The results are graphically presented in so-called forest plots. These allow a visualisation in

which the results of each study are plotted, making the results highly transparent and

interpretable at a glance.

Study 2 applied network meta-analysis; consequently, it followed the PRISMA reporting

guidelines for NMA (Hutton et al., 2015). The approach implied broader inclusion criteria and

an approximately two times larger sample size. It allowed us to expand the analysis to

comparisons of different oral and LAI antipsychotics (e.g. oral olanzapine versus LAI

risperidone). In addition, the usage of indirect evidence helps to fill in the gaps in evidence and

constructs a ranking system of which drug is optimal, which drug is sub-optimal, etc., in a given

area. Thus, Study 2 did not only verify and corroborate the findings of Study 1, but it also
20



yielded further findings about the comparative efficacy, acceptability and tolerability of the

antipsychotic drugs in question. Network meta-analyses provide clinicians with an overall

assessment that helps them make informed clinical decisions across a wider range of treatment

options, especially in the absence of direct comparative evidence.

More information can be obtained from the corresponding publications (Wang et al., 2023,

2024).

2.2 Search strategy and study selection

The search strategy used for Study 1 was via the “Cochrane Schizophrenia Group's Study-

Based Register (CSGSBR)”, which is compiled by regular searches of multiple electronic

databases and also encompasses the clinical trial registries of “clinicaltrials.gov” and “WHO-

ICTRP”, from the beginning of the database until March 2022 (Wang et al., 2023).

The study 2 search was based on a previous meta-analysis conducted by our group about

acute schizophrenia (Huhn et al., 2019; Leucht et al., 2023; Wang et al., 2023). Additionally,

updated searches of the CSGSBR were also conducted on 6/14/2021, 9/21/2021, 6/3/2022, and

6/25/2023 (Wang et al., 2024). The detailed search terms can be found in the study protocol

and publications.

2.3 Criteria for inclusion

2.3.1 Study design

Study 1 and Study 2 included only RCTs without considering blinding methods such as

open, single-blind and double-blind. To ensure rigorous quality control and reliable outcomes,
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studies from mainland China were not included in our analysis. This decision was made because

of quality concerns regarding randomization, which had been raised by several previous

analyses. Many studies from mainland China are actually not appropriately randomized,

although they are stated as such in the publications (Leucht et al., 2022; Parry, 2017; Tong et

al., 2018). To prevent carry-over effects, only the first phase of crossover experiments was

utilized. Study 1 only covered studies with short-term treatment lengths (3-13 weeks), while

Study 2 covered all relevant RCTs, including those with treatment lengths of more than three

weeks.

2.3.2 Participants

Study 1 and Study 2 used the same criterion for selecting participants who had a diagnosis

of schizophrenia or similar conditions, in particular schizoaffective disorder, according to the

diagnostic systems used in the original studies. The included studies were required to have a

minimum of 80% of participants with these diagnoses. Both Study 1 and 2 targeted acutely ill

patients, deliberately excluding trials involving stabilized individuals aimed at relapse

prevention or dosage tapering. 'Acute schizophrenia' was characterized by patients presenting

with exacerbated or active symptoms and at the initiation phase of the study. If the stability

status was not clearly stated, patients were considered to be in an acute phase. There were no

limitations based on age, gender, ethnicity, or the clinical setting of the participants. This

approach ensured a coherent study population focused on the acute phase of schizophrenia, thus

enhancing the relevance and applicability of the findings to a specific patient group in clinical

settings.
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2.3.3 Interventions and control

Study 1 and Study 2 examined oral and injectable forms of four particular SGAs —
olanzapine, paliperidone, risperidone, and aripiprazole.

For Study 1, the inclusion criteria were limited to RCTs that provided direct comparisons
between the LAI and oral forms of these medications or placebo-controlled trials involving any
of the above these four SGAs (Wang et al., 2023). All of the comparisons below were included
in Study 1:

1. Placebo-controlled trials of the four SGAs were included. This means that any
particular of these four SGAs, whether long-acting injectable or oral, was included
in the study as long as it was compared to a placebo in study 1.

2. Head-to-head RCTs of SGA-LAIs with corresponding oral medications, e.g., trials
comparing olanzapine LAIs with olanzapine oral.

Building upon Study 1, Study 2 expanded the scope to encompass RCTs that conducted
any form of head-to-head comparison among these four SGAs, in addition to placebo-
controlled trials involving any of the specified SGAs (Wang et al., 2024). All of the
comparisons below were included in Study 2:

1. Placebo-controlled trials of any of these four SGAs, which is the same as Study

2. Head-to-head comparisons among the four SGAs, irrespective of their
formulation (LAI or oral). L.e., compared to Study 1, not only, for example,
olanzapine LAI versus olanzapine oral, but also, for example, risperidone LAI

versus olanzapine oral or risperidone oral versus olanzapine oral.
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2.4 Outcomes

The outcomes evaluated in Study 1 and Study 2 were largely consistent, with some minor
variations highlighted. Results specific to Study 1 are denoted with (S7), those exclusive to

Study 2 are marked with (52), and outcomes included in both studies are indicated by (S1&S2).

2.4.1 Primary outcomes (S1&S2)

Overall symptom change was the co-primary outcomes in Study 1 (Wang et al., 2023) and
Study 2 (Wang et al., 2024). Change in overall symptoms could have been assessed by either
the total score of the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987) or the
total score of the Brief Psychiatric Rating Scale (BPRS) (Overall & Gorham, 1988). Other
scales that had been published in peer-reviewed publications assessing overall symptoms of

schizophrenia would have also been considered.

2.4.2 Secondary outcomes

2.4.2.1 Efficacy outcomes

1) Response to Treatment: Authors' definitions of treatment response were considered,
prioritizing the following ones: At least a 50% decrease in total scores of
PANSS/BPRS, Clinical Global Impression (CGI) at least greatly improved, followed
by a 20-40% decrease in score of PANSS/BPRS, and CGI at least minimally

improved (S1);
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2)

3)

4)

)

6)

7)

Positive symptoms change: Evaluated using the PANSS positive subscale (Kay et al.,
1987) or the Scale for the Assessment of Positive Symptoms (SAPS) (Andreasen,
1984), focusing on changes from baseline (S1&S2);

Negative symptoms change: Assessed with the PANSS negative subscale (Kay et al.,
1987) or the Scale for the Assessment of Negative Symptoms (SANS) (Andreasen,
1989) (S1&S2);

Depressive symptoms: The Hamilton Depression Rating Scale (HDRS) (Hamilton,
1960), the Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery &
Asberg, 1979), the Calgary Depression Scale (CDS) (Addington et al., 1993) or other
published scales were used (S1&S2);

Quality of Life: The Quality of Life Scale (QOLS) (Heinrichs et al., 1984) or other
published QLS scales (S1&S2);

Functional Outcomes: The Global Assessment of Functioning (GAF) (Jones et al.,
1995) or other published scales on functioning (S71&S2);

Number of dropouts (due to any reason, inefficacy, adverse events, side effect)

($1&S2)

2.4.2.2 Side effect outcomes

1) The number of individuals who had at least one anticholinergic event (§1&S2);
2) The number of persons suffering from constipation (S1);
3) The number of persons suffering from blurred vision (51);

4) The number of persons suffering from dry mouth (S1);
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S)

6)

7)

8)

9)

The number of persons suffering from sedation (S1&S2);

Extrapyramidal symptoms (EPS): The number of participants taking

antiparkinsonian drugs (S1&S2);

Extrapyramidal symptom severity: assessed using scales such as SAS (Simpson

et al., 1970), DIEPSS (Inada & Yagi, 1995), or ESRS (Chouinard & Margolese,

2005) (S1);

Akathisia: assessed by scales such as the akathisia subscale of the ESRS

(Chouinard & Margolese, 2005), the BARS (Barnes, 1989), or DIEPSS Akathisia

Subscale (Inada & Yagi, 1995) (§1); Furthermore, the number of participants with

akathisia was also assessed (S1&S2);

Number of persons who gained more than 7% of their body weight (S1&S2);

Furthermore, the mean weight gain in kilograms (S1&S52);

10) Mean change of prolactin levels (ng/ml) (S1&S2);

11) Mean change of QTc interval (milliseconds) (S1&S2);

Mortality: (1) deaths from any cause, (2) deaths from natural causes, and (3) deaths from

suicide (§1) (Hutton et al., 2015).

2.5 Study selection, data extraction and risk of bias.

2.5.1 Procedure

Both Study 1 and Study 2 followed similar procedures.

These two studies were planned and led by the primary investigator, who drafted the

protocol and led all stages of the research, including protocol drafting, participant selection,
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data extraction, and bias risk assessment. For the purpose of quality control, study selection,

data selection, and risk of bias assessment had to be duplicated by an additional person.

Collaboration was established with co-authors listed in the original publications (Wang et al.,

2023, 2024). All disputes were addressed through discussions or by involving other experienced

reviewers in Professor Leucht's team. The process of selecting studies was divided into two

stages. First, potentially relevant titles/abstracts were scrutinized and selected in the Citavi

reference managing program. Second, full texts were obtained and examined to determine

whether they met the inclusion criteria. More detailed information can be found in published

articles (Wang et al., 2023, 2024).

2.5.2 Data extraction

The same data extraction process was used for Study 1 and Study 2. A Microsoft Access

database was used to extract data. This database allowed double entry of the data so that

discrepancies between reviewers could easily be identified. If the information was flawed or

ambiguous, the authors of the studies were contacted using the contact information provided in

the text. The general data extracted from each included study is the follows:

1) Study characteristics:

® Name of the first author and publication year.

® Information on randomisation, allocation and blinding methods.

® [ength of each trial.

® Diagnostic criteria applied.

2) Treatment:
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® Intervention and application: details on the antipsychotic and its

administration.

® Dosing: frequency and dosage administered.

3) Participant demographics and baseline characteristics:

®  Enrollment: number of participants randomized.

® Demographics: percentage of females and average age.

® (Clinical background: average duration of illness and severity at study start,

with mean scores and standard deviations of scales measuring overall

symptoms.

For continuous results, the mean, standard deviation (SD), and number of people after

random assignment were extracted. Data from intention-to-treat (ITT) analyses were preferred,

e.g., repeated-measures mixed models (MMRM), multiple imputation (MI) and Ilast-

observation-carried-forward (LOCF), which are currently preferred to completer data (Nich &

Carroll, 2002). Either change from baseline to endpoint or at endpoint data could be used in the

analysis, with changing data taking preference.

In terms of fixed-dose trials, only LAI doses authorized by the summary of product

characteristics (SmPC) (DailyMed, n.d.) were included. For oral formulations, the maximum

fixed doses determined in accordance with the International Consensus on Antipsychotic

Dosage (Gardner et al., 2010) were included. In addition, all flexible-dose trials in which the

physician could adjust the dose were included.

When studies had more than one dose group, the groups were merged using appropriate

methods (Higgins, 2019).
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2.5.3 Risk of bias

Study 1 and Study 2 used the risk of bias tool version 1 (ROB 1) (Higgins et al., 2011),
which included seven dimensions (Higgins et al., 2011); see Table 2:

Table 2 Risk of bias assessment of the RCT.

Sequence generation This criterion refers to the method used for randomly assigning
participants to different experimental groups, ensuring the allocation
process is unbiased.

Allocation concealment This measure conceals the group assignments from both
participants and researchers until the participants are officially
enrolled in the study, preventing selection bias.

Blinding of participants and This process conceals group information from both participants

personnel and researchers to avoid their expectations or behaviours in reaction
to the assigned drug, which could influence the study outcomes.

Blinding of outcome This category involves concealing group information from

assessment those who measure or evaluate the outcomes, ensuring that this
knowledge does not bias their assessment.

Missing outcome data This bias category refers to situations where some participants
do not complete all study measurements or follow-up assessments,
leading to unknown outcomes.

Selecting reporting This bias occurs when researchers only report some of the
measured outcomes, potentially ignoring or omitting other relevant
data.

Other biases This category includes any additional practices or factors that
could introduce bias into the study results, not covered by the other

specified criteria.

Each dimension can be categorized into three degrees: Low, Unclear and High risk of bias.
Then, the overall risk of bias for all included studies was categorized into three grades: Low
("No domains at high risk of bias and less than four domains with unambiguous bias”), Medium

(“One domain at high risk of bias or no domains at high risk of bias and more than three domains
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with unambiguous bias”), and High (“All other cases”) following the approach by (Furukawa

et al., 2016).

2.6 Data analysis

Effect size indices: standardized mean differences (SMDs) were used for mean values of
rating scales, while mean differences (MDs) were used for prolactin levels (ng/ml), weight
increase (kg), and QTc prolongation (milliseconds). In both studies, a random effects model
(DerSimonian & Laird, 1986) was used to combine the results of the different studies.

When missing SDs were encountered, the following methods were used:

1) SDs calculated from standard errors (SE), using the formula: SD = SE * VN,

2) Derived from “confidence intervals”, “p-values”, “t-values”, “F-values” (Higgins

et al., 2019),
3) Estimation from median and range (Wan et al., 2014),
4) Using the mean SD from other studies in the review (Furukawa et al., 2006),

5) Contacting study authors.

Odds ratios (OR) were used for dichotomous data.

2.6.1 Data analysis in Study 1

Study 1 used pairwise, random effects meta-analyses to compare SGA-LAIs with identical
oral formulations and SGA-LAIs with placebo. In addition, studies of SGA-OAs (olanzapine,
aripiprazole, paliperidone, risperidone) versus placebo were included for the purpose of

subgroup testing.
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2.6.1.1 Subgroup analysis in Study 1

It turned out that there was only one RCT that directly compared a SGA-LAI with its oral

counterpart. In Study 1, simple subgroup analyses were conducted comparing the effect sizes

of LAIs versus placebo with those of their oral formulations versus placebo. These were used

to compare the differences in efficacy and side effects of LAIs versus oral medications with the

same antipsychotics.

Moreover, the main analysis combined different LAI formulations that had the same

antipsychotic component (e.g., aripiprazole monohydrate once a month and aripiprazole

lauroxil). In a subgroup analysis of the primary outcome, the different LAI formulations of the

same antipsychotic were examined separately.

2.6.1.2 Sensitivity analysis in Study 1

To ensure the robustness of the findings, two sensitivity analyses of the primary outcome

were performed for doses close to the maximum efficacy threshold dose and for data at 6 to 8

weeks. Following the recommendations of Leucht et al. (Leucht et al., 2020), sensitivity

analyses only included those dosages that were close to maximum efficacy. These doses were

aripiprazole LAI at dosages of 440 mg every four weeks, olanzapine LAI at 210 mg every two

weeks, risperidone LAI at 50 mg every two weeks, and paliperidone LAI at 100 mg every four

weeks.

Moreover, most OA-RCTs lasted 6-8 weeks, while LAI-RCTs often lasted 12 weeks.

Therefore, to ensure uniformity in the assessment period, another sensitivity analysis was
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conducted to obtain six weeks of data from the LAI studies while excluding studies with OAs

shorter than six weeks and longer than eight weeks.

2.6.1.3 Assessment of heterogeneity in Study 1

Study 1 (pairwise meta-analysis) used the Chi-squared (y?) test (significance threshold at

0.10) and the I? statistic (>50%), indicating heterogeneity (Higgins, 2019).

2.6.2 Data analysis in Study 2

Study 2 employed network meta-analysis techniques in a frequentist framework (Riicker,
2012) to synthesize data from all RCTs, including the assimilation of indirect comparisons
where no direct RCT evidence existed between interventions. Given the diversity of the data,
the analysis used a random effects model (Higgins, 2019). In a frequentist approach, the P-

score was used to rank each intervention in relation to others (Riicker & Schwarzer, 2015).

2.6.2.1 Heterogeneity Assessment in Study 2

Heterogeneity in NMA is defined as differences in treatment effects across research. A
common between-study variance (t*) was used and assessed for each outcome (Higgins, 2019).

Heterogeneity was categorised as low, medium or high (Rhodes et al., 2015).

2.6.2.2 Transitivity assumption and assessment of coherence

Transitivity assumption and assessment of coherence in NMA (Salanti et al., 2008, 2014).
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1) The transitivity assumption means that clinical and methodological differences

among studies do not significantly influence the outcomes across comparisons. It is

important that direct and indirect evidence can be legitimately combined. Researchers

must assess whether variations in study design or population characteristics in terms

of potential effect modifiers might compromise transitivity (Salanti, 2012). Therefore,

in Study 2, differences in the interventions in terms of the following effect modifiers

were assessed with box plots: baseline severity, age, gender proportion and placebo

response.

2) Assessment of Coherence (Efthimiou et al., 2016):

Coherence tests whether the transitivity assumption holds by comparing direct and

indirect evidence. Two types of coherence tests were applied in Study 2:

® The local test was the “Separation of Indirect Evidence from Direct

Evidence (SIDE)” method to evaluate the coherence between indirect and

direct estimates (Dias et al., 2010). When 10% of closed loops showed

differences between direct and indirect evidence, significant incoherence

was assumed (Veroniki et al., 2013, 2021).

® The global test was the “design-by-treatment interaction model” to assess

overall network coherence (Higgins et al., 2012).

In both tests, the significance threshold was set at 0.1, given their low statistical power.
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2.6.2.3 Sensitivity Analyses in Study 2

In Study 2, sensitivity analyses on the primary outcome involved excluding studies lacking

standardized diagnostic criteria, non-blinded studies, those with high data attrition (over 50%),

and those rated as high risk of bias. Similar to Study 1, sensitivity analyses also compared 6—

8-week outcomes between LAIs and oral antipsychotics and prioritized studies using near-

maximum effective doses.

2.6.2.4 Subgroup Analysis in Study 2

I compared the pooled group of all LAIs with the pooled group of all oral antipsychotics

in terms of the outcome of overall symptoms.

2.6.2.5 Confidence in the evidence in Study 2

The CINeMA web application was used (Nikolakopoulou et al., 2020) to evaluate the level

of confidence in the primary outcome change in overall symptoms. The assessment addressed

six criteria: study bias risk, reporting biases including publication bias, study indirectness,

imprecision, heterogeneity, and incoherence, categorized as “high”, “moderate”, “low”, or
b

“very low”.

2.7 Statistical software

Data analysis was conducted using R 4.2.0. For pairwise meta-analyses, the “meta”

package (Schwarzer, 2007) was used. Network meta-analyses were conducted employing the

"netmeta" package (Riicker et al., 2016).
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Table 3 summarizes the methodological similarities and differences between Study 1 and
Study 2.

Table 3 Overview of study methods

— S
Population Patients with acute schizophrenia Same as Study 1

Intervention LATI or oral formulations of aripiprazole, Same as Study 1
olanzapine, risperidone, paliperidone, and
placebo.
Comparison Included only RCTs for the following Included RCTs that incorporated
comparisons: analyses comparing any two of the
1. Olanzapine LAI vs olanzapine oral or following interventions:
placebo. 1. Risperidone LAITs.
2. Aripiprazole LAI vs aripiprazole oral or 2. Paliperidone LAIs.
placebo. 3.  Aripiprazole LATs.
3. Paliperidone LAI vs paliperidone oral or 4. Olanzapine LAIs.
placebo. 5. Oral formulations of risperidone.
4. Risperidone LAI vs risperidone oral or 6. Oral formulations of paliperidone.
placebo. 7.  Oral formulations of aripiprazole.

8.  Oral formulations of olanzapine.

9. Placebos, regardless of whether
administered orally or through
injection.

Outcomes Primary outcome: “Overall symptom Primary outcome: “Overall symptom
change” (SMD). change” (SMD).
Secondary outcomes: Secondary outcomes:
1) “Response rate” (N). 1) “Positive symptoms” (SMD).
2) “Positive symptoms” (SMD). 2) “Negative symptoms” (SMD).
3) “Negative symptoms” (SMD). 3) “Depressive symptoms” (SMD).
4) “Depressive symptoms” (SMD). 4) “Number of dropouts (due to any
5) “Number of dropouts (due to any reason, inefficacy, side effects)”
reason, inefficacy, side effects)” (N). ).
6) “Quality of life” (SMD). 5) “Social functioning” (SMD).
7) “Social functioning” (SMD). 6) “Quality of life” (SMD).
8) “The number of participants taking 7) “Weight gain” (N).
antiparkinsonian drugs” (N). 8) “Weight increase in kg (MD)”.
9) “Akathisia” (SMD /N). 9) “At least one anticholinergic side
10) “Weight gain” (N). effect” (N).
11) “Weight increase in kg (MD). 10) “Prolactin level in ng/mL” (MD).
12) “Prolactin level in ng/mL” (MD). 11) “The number of participants
13) “Dry mouth” (N). taking antiparkinsonian drugs”
14) “QTc prolongation in msec” (MD). MN).
15) “Sedation” (N). 12) “Akathisia” (N).
16) “At least one anticholinergic side 13) “Sedation” (N).
effect” (N). 14) “QTc prolongation in msec”
17) “Urinary retention” (N). (MD).

18) “Blurred vision” (N).

19) “Constipation” (N).

20) “All-cause mortality, Mortality for
suicide” (N).
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Note: MD: Mean difference; SMD: Standard mean difference; N: the number of

participants.

Table 3 (continued) 1 Overview of study methods

I T T N

PRISMA PRISMA-NMA
https://osf. i0/7gj2s/ https://osf.io/tb25u/

Search strategy Search using the CSGSBR, clinicaltrials.gov, ~ Previous meta-analyses were reviewed
and WHO-ICTRP from the beginning of these (Leucht et al., 2023; Schneider-Thoma et
databases until March 2022 al., 2022; Wang et al., 2023) and updated
with searches of the CSGSBR on

6/14/2021, 9/21/2021, and 6/3/2022.
Includes short-term (3-13 weeks) RCTs ofall ~ There was no restriction on the duration
types of blinding, including open-, single-, and of treatment for inclusion in the study as
double-blind. long as the patients were in the acute phase

Pairwise meta-analysis

Study design

Data analysis

Network meta-analysis

Sensitivity 1. Prioritizing studies that employed doses 1.  Excluding studies without
analyses close to the maximum effective dose. operationalized diagnostic criteria
2. Comparing LAIs and oral antipsychotics 2.  Excluding open RCTs.

with results between 6-8 weeks. 3. Excluding completer analyses.
4.  Excluding studies with a high
degree of missing data (exceeding
50%)).
5. Excluding studies with a high risk
of bias as per RoB 1 standards.
6.  Prioritizing studies that employed

doses close to the maximum
effective dose.
7.  Comparing LAIs and oral

antipsychotics with results between
6-8 weeks.

Subgroup analysis [EER
versus placebo with those of their oral
formulations versus placebo.

Comparing the effect sizes of LAIs 1.

Comparison of pooled LAIs vs
pooled oral antipsychotics in terms
of overall symptoms.

2.  Comparing different LAI formulations
that had the same antipsychotic
component (e.g., aripiprazole maintena
and lauroxil).

Heterogeneity v> (alpha at 0.10) and I*> (significant Common t°
Heterogeneity when >50%).
Transitivity Not applicable 1. Transitivity assessment by
assumption and comparing the distribution of
incoherence potential effect modifiers:
assessment “Placebo  response”, “Baseline
severity”, “Mean age”, and

“Percentage male”.
2. Local and global tests were used to
assess incoherence.

Confidence in the Not applicable CINeMA
evidence
Risk of Bias ROB 1 ROB 1
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3. Main results and publication summaries

3.1 Publication 1 (peer-reviewed): Wang, D., Schneider-Thoma, J., Siafis, S., Burschinski,

A., Dong, S., Wu, H., Zhu, Y., Davis, J. M., Priller, J., & Leucht, S. (2023, Jun 23). Long-

Acting Injectable Second-Generation Antipsychotics vs Placebo and Their Oral Formulations

in Acute Schizophrenia: A Systematic Review and Meta-Analysis of Randomized-Controlled-

Trials. Schizophrenia Bulletin. https://doi.org/10.1093/schbul/sbad089

Protocol: https://ost. i0/7gj2s/

Main Author: Dongfang Wang

Author contributions: DW was involved in all steps, including study design, data collection,

data processing, analysis, and interpretation, and he wrote the first draft.

A systematic review and random-effects, pairwise meta-analysis was used to assess the

efficacy of four SGA-LAIs (risperidone, paliperidone, aripiprazole and olanzapine) against

placebos or their oral equivalents. It focused on the advantages of SGA-LAIs for acute

schizophrenia based on direct evidence. Results from sixty-six studies with 16,457 participants

indicated that all tested LAIs significantly reduced schizophrenia symptoms compared to

placebo, and sensitivity analyses of overall symptoms yielded similar results. However, side

effects were also more frequent. There were few head-to-head comparisons between LAIs and

oral treatments. Therefore, a network meta-analysis which could integrate direct and indirect

evidence was needed (= Publication 2).

3.2 Publication 2 (peer-reviewed): Wang D, Schneider-Thoma J, Siafis S, Qin M, Wu H,

Zhu'Y, Davis JM, Priller J, Leucht S. Efficacy, acceptability and side-effects of oral versus

long-acting- injectables antipsychotics: Systematic review and network meta-analysis. Eur
37



Neuropsychopharmacol. 2024 Jun;83:11-18. doi: 10.1016/j.euroneuro.2024.03.003. Epub
2024 Mar 15. PMID: 38490016.

Protocol: https://osf.io/tb25u/

Main Author: Dongfang Wang

Author contributions: DW contributed to all steps, including study design, data collection,
processing, analysis, and interpretation and wrote the first draft.

This was a network meta-analysis which can integrate direct and indirect evidence (for
example, drug A vs drug B, derived from A versus C and B versus C). It was thus approximately
twice as large and included 115 randomized trials with over 25,000 participants with acute
schizophrenia. The same drugs (LAI and oral formulations of risperidone, paliperidone,
aripiprazole, olanzapine, and placebo) were included, but direct comparisons of oral
formulations could also be used to evaluate the efficacy and tolerability of LAls. The analysis
found that there was no significant difference between LAIs and oral medications in terms of
overall symptom relief. Additionally, sensitivity analyses of overall symptoms supported these
results. However, there were advantages of some LAls in terms of certain side effects. Including
also indirect evidence in the statistical analysis, this study was better able to make a judgement
about differences between drugs. Therefore, it supports clinician's decision-making when

choosing among the available long-acting injectable and oral antipsychotic drugs.

3.3 My contribution to the publications

For two published papers included in my dissertation (Wang et al., 2023, 2024), I made

the main contribution to these two articles as the first author. This included the initial
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conceptualization and planning of the studies, drafting and registering the protocols, designing
the search strategies, and systematic assessment of all included literature. I also searched the
literature for other potentially relevant studies, extracted the data needed for this study, and
assessed the risk of bias for all included studies.

At the same time, when data were missing, or information was unclear, I also contacted
the original authors to obtain more information about the data, as well as to develop and perform
statistical analyses, assess the robustness of the evidence, and interpret the statistical results.

My contributions also included drafting the manuscript, managing the process of
manuscript submission and revision based on peer review comments, and coordinating the work
of other co-authors involved in study selection, data extraction, and risk assessment.

For more information on the specific contributions of all authors, please see the author

names section of each publication.
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4. Findings and general discussion

This thesis offers a comprehensive examination of comparative research on SGAs in the

management of acute schizophrenia based on two related methods and includes randomized-

controlled trials in different studies.

4.1 Main Findings of Study 1

Study 1 included 66 studies and 16,457 participants, of which only one study compared

LAI directly with an oral counterpart (aripiprazole, Kane et al., 2014). Study 1 focused on the

efficacy and safety of LAls compared to placebo in direct (“head-to-head”) comparisons, but

some preliminary analyses on differences between the various LAIs have already been made.

4.1.1 Efficacy in Study 1.

® All SGA-LAIs were significantly more effective than placebo in treating acute

schizophrenia in terms of symptom reduction, response rates, and lower dropout rates.

Olanzapine LAl, aripiprazole LAI and risperidone LAI had similar effect sizes compared

to placebo in relieving overall and specific symptoms compared to placebo, while

paliperidone LAI was less efficacious in some of the outcomes. This finding was important

for clinicians: previous observational investigations had found that paliperidone LAI is

used more frequently than the other SGA-LALISs, possibly because clinicians think that it is
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more efficacious (Cai et al., 2019; Patel et al., 2018). However, our results suggest that it

is somewhat less efficacious because it had the lowest effect size versus placebo.

® In subgroup analysis, compared to placebo, only aripiprazole LAI was better than its oral

formulation in terms of the primary overall efficacy and several secondary efficacy

outcomes. Based on a total of 8§ studies, paliperidone LAI was significantly less effective

than its oral formulation in social functioning. However, these findings should be treated

with caution because they are based on simple subgroup analyses using a placebo as a

mediator.

4.1.2 Side Effects in Study 1.

® Weight gain: This is one of the most common side effects of several SGAs (Hirsch et al.,

2017). It is believed to be caused by a variety of pharmacologic mechanisms, such as the

blockade of histamine receptors and 5-HT2C receptors (Siafis et al., 2018). In Study 1, all

SGAs in both oral and LAI formulations caused more weight increase than placebo.

Olanzapine LAI had the greatest effect on weight with 3.2 kg, which is in line with

previous studies of our group, including the author of this thesis (Burschinski et al., 2023;

Leucht et al., 2023). The differences in weight gain (both mean and the number of

participants with >7% increase in body weight) between LAls and oral formulations in

subgroup tests were not significant. An important limitation is the usually longer duration

of LAI studies (with LAI studies generally extending to 13 weeks, whereas oral studies

usually lasted 4-6 weeks), which may reduce the negative impact of oral formulations on

weight gain.
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EPS: EPS are seen as a main reason for nonadherence (Kadakia, Brady, et al., 2022;

Lauriello & Perkins, 2019; Perkins, 2002) and can be associated with treatment-induced

suicidal behaviour (Seemiiller et al., 2012). SGAs usually have a lower risk of EPS than

first-generation antipsychotics (FGAs) (Kumar & Sachdev, 2009; Meltzer, 2004). Study 1

provided further findings on long-acting injectable versions of SGAs concerning this

question. Compared to placebo, paliperidone LAI and risperidone LAI did not show a

higher risk of akathisia or use of antiparkinsonian drugs compared to placebo, which

contrasts with their oral forms, which had more such side effects than placebo (Huhn et

al., 2019). In contrast, aripiprazole LAI was associated with a higher risk of akathisia

compared to placebo and its oral formulation. However, the results from rating scales on

the Akathisia scale and EPS did not support these results, with the limitation that only one

aripiprazole study (Kane et al., 2014) reported data for the Barnes Akathisia scale. 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 = 0.05). In summary,

the evidence suggests that LAI formulations may have a lower risk of EPS compared to

their oral counterparts.

Hyperprolactinemia: It is one of the common side effects of concern of some SGAs, in

particular risperidone, paliperidone and amisulpride (for which an LAI formulation is not

available) that can have a serious impact on quality of life: menstrual disorders,

amenorrhoea, sexual dysfunction, gynaecological inflammation, infertility, decreased

bone mineral density and breast cancer (Bostwick et al., 2009). Study 1 found that
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risperidone, paliperidone and oral olanzapine were associated with increased prolactin

levels compared to placebo, while data on olanzapine LAI and aripiprazole were not

available. Paliperidone LAI’s risk for hyperprolactinemia was significantly lower than its

oral formulation, while risperidone LAI also had the same trend but without a significant

difference. Notably, aripiprazole oral uniquely demonstrated a reduction in prolactin levels,

which is in line with previous studies (Schneider-Thoma et al., 2022; Zhu et al., 2021).

The reason for this finding is probably the partial dopamine agonist mechanism of action

of aripiprazole, which means that it has an intrinsic dopamine D2 receptor stimulating

effect of approximately 30% (Burris et al., 2002). This pharmacological property might

confer an advantage in managing hyperprolactinemia-related side effects, enhancing

patient well-being. It has also been shown that adding aripiprazole to prolactin-increasing

drugs such as risperidone reduces prolactin (Chen et al., 2015; Lu et al.,, 2022;

Raghuthaman et al., 2015; Zheng et al., 2019).

Anticholinergic side effects: Three indices (at least once anticholinergic event, dry mouth

and constipation) were used to assess anticholinergic side effects. There was no significant

difference between SGA-LAIs and placebo. Subgroup analyses showed that fewer patients

treated with aripiprazole LAI experienced dry mouth compared with those taking oral

aripiprazole, and fewer patients treated with olanzapine LAI experienced anticholinergic

side effects compared with its oral formulation.

Other side effects: No differences were found in QTc and mortality between SGA-LAIs

and placebo or their oral formulations.
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4.1.3 Implications of Study 1.

The findings from Study 1 suggest that LAls are effective in the acute treatment of

schizophrenia and may provide comparable or slightly enhanced efficacy compared to oral

formulations. Additionally, certain LAIs appear to be associated with favourable side effect

profiles, which could potentially contribute to improved patient adherence and quality of life.

Conventional pairwise meta-analysis has the advantage that it summarizes the “pure” direct

evidence, while network meta-analysis uses direct and indirect evidence and must rely on

further assumptions. However, as there was only one RCT comparing an LAI with an oral

formulation and no RCTs which compared LAIs with one another, the possibility to assess

differences in efficacy and side effects between drugs was restricted to pairwise-meta-analysis

subgroup tests. This methodology is limited, and it cannot use all the randomized evidence.

Therefore, Study 2, which applied network meta-analysis, was conducted.

4.2 Main Findings of Study 2

The main aim of Study 1 was to explore the relative efficacy and tolerability of SGA-LAIs

compared to placebo. In contrast, the aim of Study 2 was to obtain comparisons between

different SGA-LAI antipsychotics and compared to their oral counterparts through a network

meta-analysis.

Study 2 represents a progression from the initial groundwork laid by Study 1, expanding

the inclusion criteria to encompass 115 studies with 25,550 participants (compared to 66 studies

and 16,457 participants in Study 1). NMA allows the use of both direct (e.g., all trials which

compared drug A and drug B) and indirect evidence (e.g., drug A versus drug B derived from
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drug A versus drug C and drug B versus drug C), providing a broader comparison of the various
SGAs-LAIs and the respective SGAs-oral. This methodology helped to strengthen the evidence
base, in particular by also including RCTs, which compared the oral forms of the antipsychotics
in question and provided information which can be used by psychiatrists in clinical decision-
making. By adopting a network meta-analysis approach, Study 2 not only corroborated but also

expanded upon the insights from Study 1.

4.2.1 Efficacy in Study 2

® Both LAIs and their oral counterparts significantly reduced ‘overall symptoms of
schizophrenia’ compared to placebo. This reaffirmed the results of Study 1. In addition,
based on the findings of Study 1, Study 2 further found that olanzapine oral and risperidone
LAI were significantly more efficacious than aripiprazole oral, whereas none of the other
antipsychotics showed any clear differences in the inter-drug comparisons. Olanzapine
stood out in efficacy compared to placebo, with the LAI form achieving the highest effect
size (SMD -0.66), followed by olanzapine oral in third place (SMD -0.55). Superior
efficacy of olanzapine had also been found in previous studies, which showed it to be
efficacious in long-term treatment (Leucht et al., 2023) and in treatment-resistant patients
(Dong et al., 2023), research projects to which the author of this thesis contributed. Study
2 distinguished between LAI and oral forms to address the efficacy of olanzapine LAI
specifically. This approach provided a critical insight because previous studies combined
LAI with oral drugs (Leucht et al., 2023) and thus masked the effects of each one

separately. Study 2, therefore, not only supported the existing evidence but also built on
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it, specifically highlighting the value of olanzapine LAls in the treatment of acute
schizophrenia.

Similar hierarchies as for the primary outcome, ‘overall symptoms of schizophrenia’, were
observed for positive and negative symptoms. Moreover, all drugs were superior to
placebo for depressive symptoms, consistent with the results of Study 1.

Discontinuation of antipsychotic medication significantly increases the risk of relapse in
patients with schizophrenia (Forsman et al., 2019), which can lead to hospital admissions,
deterioration of personal and social functioning, substance abuse and deterioration of
overall health (Nielsen et al., 2015; Phan, 2016). Consequently, healthcare utilization and
costs are increased, and when treatment is resumed, patients’ outcomes may be worse than
at the end of the previous episode (Taipale et al., 2020). Study 2 showed that all SGAs
were more effective than placebo in avoiding drop-outs, with oral olanzapine being
particularly effective, which was similar to the findings of previous studies (Huhn et al.,
2019; Leucht et al., 2023). Although few differences were statistically significant, a
consistent trend that emerged from these studies was that patients were less likely to drop
out of treatment due to the inefficacy of treatment. In contrast, olanzapine and aripiprazole
oral formulations had a higher risk of dropping out of treatment due to side effects. These
results highlight the complex balance between antipsychotic efficacy and tolerability,

emphasizing the need for individualized treatment decisions.
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4.2.2 Side Effects in Study 2

® Weight gain: Weight gain is a common side effect of all antipsychotics analyzed, but the

greatest increase in this side effect was seen for oral olanzapine compared to placebo,

corroborating the results of Study 1. Moreover, Study 2 found a lower incidence of weight

gain with olanzapine LAI compared to oral olanzapine, which may be due to reduced

fluctuations in plasma levels of LAI formulations (Sheehan et al., 2012). However, this

observation had a shortcoming in that only one study on olanzapine LAI was available.

There were no clear differences between oral and LAI formulations of other antipsychotics.

Therefore, no definitive conclusions could be drawn regarding the comparative effects of

LAI and oral antipsychotics on body weight. More data are needed to understand the long-

term impact of LAI antipsychotics on weight gain.

® Hyperprolactinemia: Aripiprazole stood out as the only antipsychotic which reduced

prolactin levels, consistent with the results of Study 1, and although aripiprazole LAI

showed a larger mean effect size compared to its oral form, this was not statistically

conclusive due to broad confidence intervals. Paliperidone and risperidone had the highest

prolactin increase. This effect was smaller in the LAIs than in the oral formulations

(statistically significantly so for paliperidone), eventually because plasma levels of LAls

are more stable and do not fluctuate much. In contrast, each oral intake leads to plasma

level peaks, which may be associated with more side effects.

® EPS: Oral formulations of risperidone and paliperidone were significantly more likely to

cause a higher risk of using antiparkinsonian drugs compared with placebo, whereas their

LAI formulations only showed a trend in this regard. LAl may thus have a potential
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advantage in reducing the incidence of such side effects, but currently, the data are

inconclusive.

®  Other side effects: Olanzapine LAI significantly mitigated the risk of anticholinergic side

effects when compared to both its oral version and risperidone oral. Sedative effects were

common to all antipsychotics, more so with olanzapine, probably due to its potent

histaminergic activity, although such effects did not reach conventional levels of statistical

significance with paliperidone oral, aripiprazole LAI, and olanzapine LAI. The study also

observed only a small QTc interval prolongation of an average of 3.2 msec, 3.5 msec and

3.5 msec with olanzapine oral and risperidone oral and LAI, suggesting a small cardiac

risk associated with these treatments. These results are consistent with Study 1.

4.2.3 Implications of Study 2

Study 1 used paired meta-analyses to directly compare LAI with placebo or the same

oral medications, providing straightforward summary effects of direct evidence. Study 2

used network meta-analysis to compare multiple treatments simultaneously, using all the

relevant RCT evidence by integrating direct and indirect comparisons. This approach

provides treatment hierarchies for the various outcomes, which can be used in clinical

decision-making and supports more individualized treatment of patients with

schizophrenia.
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5. Limitations

These findings should be interpreted with the following limitations. First, although a total

of 115 studies with 25,550 participants were included, for olanzapine LAI, which was on top

of the efficacy hierarchy, only one RCT was available. Another issue is that only one study

compared LAIs and their oral medications directly. Thus, many of the findings rely on

indirect evidence, which is not the most trustworthy method. Third, both studies only

considered RCTs and did not include observational studies. Combining RCTs and

observational studies would have violated the transitivity assumption. However, evidence

from more naturalistic designs yielded clearer effectiveness advantages of LAls than RCTs

(Kishimoto et al., 2021). Fourth, studies from mainland China were excluded because of

frequently raised quality concerns (Leucht et al., 2022; Parry, 2017). However, studies from

Taiwan and Hong Kong or studies conducted in mainland China by international pharmacy

companies met our inclusion criteria. Fifth, another challenge in evaluating LAI studies is

the long duration of their regimens, often up to 13 weeks. This duration complicates the

comparison with oral compounds, which are usually tested in 4-8 weeks of studies. However,

this limitation was addressed by a sensitivity analysis of the primary outcome using 6 to 8-

week results only, and there was no major difference from the primary result.
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6. Conclusions

In summary, Studies 1 and 2 enhance our understanding of antipsychotic treatments for
acute schizophrenia, showing that both LAIs and oral SGAs effectively reduce symptoms
compared to placebo. LAls, in particular, offer similar efficacy with potentially fewer side
effects, such as hyperprolactinemia and some extrapyramidal symptoms, compared to oral
forms. However, these findings should be interpreted with caution due to limitations such as
indirect comparisons and the exclusion of real-world studies. These insights underscore the
need for targeted treatment approaches and further research, especially direct comparisons and

real-world studies, to optimize schizophrenia management.
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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-LAISs) 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.

Key words: efficacy/depots/safety/oral antipsychotics

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.°* LATs
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 LAIs in the acute phase of schizophrenia has recently
emerged.'*!'%*22 ITn many settings, acutely ill patients are
often treated as outpatients. However, this approach can
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result in 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 LAIs 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.
i0/7gj2s/).

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,”* 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

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 LAIL 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 x2 and F°
statistics. Values of P < .05 and I” > 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 68 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 LAIls vs Their Oral
Counterparts. Only one study?® directly compared a LAT
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 LAI. 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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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
our search team.

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

Identification
and screening

348 Excluded:
348 Wrong
comparison

10711 Excluded:

. 161 No RCTs

d 4616 from the mainland of China

. 294 population <80%
schizophrenia

. 2634 Wrong comparison

. 3006 wrong design

[ Included 3424

Title-and
abstract
Screening

3327 Excluded:

. 1745 Wrong comparison

. 1582 wrong population (stable
schizophrenia)

£
£
S
=

Included:
97 References on 12 trials

Included:
54 trials

l

Total: 66 trials with 16457 individuals

11 trials compared LAIs 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

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 LAls 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)

Ari LAI VS Pla 925
Ola LAI VS Pla 402
Pal LAI VS Pla 2017
Ris LAI VS Pla 1010
Response rate (dichotomous)
Ari LAI VS Pla 963
Ola LAI VS Pla 404
Pal LAI VS Pla 2098
Ris LAI VS Pla 738
Positive symptoms (continuous)
Ari LAI VS Pla 925
Ola LAI VS Pla 402
Pal LAI VS Pla 2017
Ris LAI VS Pla 1010
Negative symptoms (continuous)
Ari LAI VS Pla 925
Ola LAI VS Pla 402
Pal LAI VS Pla 2017
Ris LAI VS Pla 1010
Depressive symptoms (continuous)
Ari LAI'VS Pla Ola 596
LAl VS Pla —
Pal LAI VS Pla 2015
Ris LAI VS Pla 283
All-cause discontinuation (dichotomous)
Ari LAI VS Pla 963
Ola LAI VS Pla 404
Pal LAI VS Pla 2098
Ris LAI VS Pla 1092
Discontinuation for inefficacy (dichotomous)
Ari LAI VS Pla 963
Ola LAI VS Pla 404
Pal LAI VS Pla 2098
Ris LAI VS Pla 1092
Social function (continuous)
Ari LAI VS Pla 936
Ola LAI VS Pla —
Pal LAI VS Pla 1459

Ris LAI VS Pla —
Quality of life (continuous)

Ari LAl VS Pla —

Ola LAI VS Pla —

Pal LAI VS Pla —
Ris LAI VS Pla 337
Weight gain (continuous)
Ari LAI VS Pla 961
Ola LAI VS Pla 404
Pal LAI VS Pla 1605
Ris LAI VS Pla 624
Weight gain (dichotomous)
Ari LAl VS Pla 963
Ola LAI VS Pla 404
Pal LAI VS Pla 2098
Ris LAIVS Pla QTc 1092
(continuous)
Ari LAI VS Pla —
Ola LAI VS Pla —
Pal LAI VS Pla —
Ris LAI VS Pla 637

w LN WUk N = w LN w LN N U =N w LN

lw o

N DR N

w uE, N

—0.64 [-0.80; —0.48]
—0.66 [-0.90; —0.43]
—0.42 [-0.53; —0.31]
—0.62 [-0.76; —0.48]

2.84[2.07;3.91]
3.16 [1.84; 5.43]
2.22[1.76;2.78]
4.12 [2.89; 5.88]

—0.65 [-0.92; —0.38]
—0.68 [-0.91; —0.45]
—0.40 [-0.50; —0.31]
—0.58 [-0.72; —0.43]

—0.43 [-0.57; —0.30]
—0.54 [-0.77; -0.31]
—0.29 [-0.38; —0.19]
—0.39 [-0.58; —0.21]

—0.43 [-0.60; —0.26]

—0.22 [-0.35; —0.09]
—0.36 [-0.61; —0.11]

0.51 [0.39; 0.66]
0.60 [0.38; 0.96]
0.47 [0.36; 0.63]
0.63 [0.47; 0.85]

0.25 [0.16; 0.39]
0.40[0.22; 0.71]
0.52 [0.42; 0.64]
0.46 [0.30; 0.71]

—0.53 [-0.66; —0.39]

~0.23 [-0.34; —0.11]

-0.19 [-0.41; 0.04]

1.31[0.14; 2.49]
3.21[2.11; 4.31]
1.32[0.89; 1.75]
2.18[1.19; 3.16]

2.21[1.22;3.99]
2.85[1.48; 5.47]
2.90[1.76; 4.79]
2.53 [1.60; 4.00]

3.40 [-0.44; 7.24]

P=

.03

.03

.04

12

.14

.51

.04

.01

.01
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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=233
Ari LAI VS Pla — — —
Ola LAI'VS Pla Pal — — —

LAI' VS Pla 2098 5 1.18[0.90; 1.53]
Ris LAI VS Pla 1092 3 1.11[0.72;1.71]
EPS scale (continuous) Ari P=.32
LAI' VS Pla 339 1 —0.10 [-0.31; 0.12]
Ola LAIVS 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 LAI' VS Pla 339 1 0.00 [-0.21; 0.21]
Ola LAIVS 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 Akathisia 787 2 —0.03 [-0.18; 0.11]
(adverse event) P=.03
Ari LAl VS Pla 963 2 3.12[1.75; 5.56]
Ola LAIVS 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 LAI' VS Pla 963 2 1.02 [0.51; 2.07]
Ola LAIVS Pla 404 1 0.47[0.22;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 LAIVS 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 LAI VS Pla 963 2 1.02 [0.51; 2.07]
Ola LAIVS Pla 404 1 0.47[0.22;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 LAl VS Pla — — —
Ola LAIVS Pla — — —
Pal LAI VS Pla 1527 3 0.25[0.05; 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=.84
Ari LAI VS Pla 963 2 2.51[0.82;7.71]
Ola LAIVS Pla 404 1 4.27[0.99; 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 LAl VS Pla — — —
Ola LAI'VS Pla Pal - - -
LAl 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 LAI'VS Pla 963 2 0.34[0.03:4.12]
Ola LAIVS Pla 404 1 0.32[0.01; 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%Cl] 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

pP=.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 LN

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 1.31kg aripiprazole to 3.21kg olanzapine) (table 1 and
supplementary figures S1-S38). Aripiprazole LAl 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 LAls 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 LAIls 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 LAI. 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 LAls 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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1. Overall symptoms

2. Positive symptoms

K/N SMD 95%CI SubgroD teet K/N SMD 95%CI

Risoral VSPLA 1 20/3804 -0.521-0.60;-0.43) ) 1 142650 0.59 [-0.68; -0.50)
| p=0.20

RisLAIVSPLA 1| 31010 -0.621-0.7;-0.48] ? 1 3010 -0.5810.72; -0.43)

Paloral VSPLA < 75089 .0.49 1.0.65; -0.33] . 7 6/1956 -0.51 |-0.66; -0 36]
! p=0.48

Pal LAIVSPLA 1 52017 -0.421-0.53;0.31] 4 7 512017 -0.401-0.50;-0.31]

Olaoral VS PLA | 20/3563 -0.53[-0.64;-0.42] ) 1 1772889 -0.51 [0.59; -0.42)
y p=0.31

Ola LAIVSPLA 7] 1/402 -0.66 [-0.90; -0.43)] 7 1/402 068 [-0.91;-0.45] "

Arioral VSPLA 1 91770 -0.39 [-0.4%; -0.29) o ‘ 181702 -0.34 |-0.44; -0.24]
! p<0.01

AriLAIVSPLA | 2925 -0.64[-0.80;-0.48] +—&— T 2925 -0.65(-0.92; -0.38]

4 i

SMo

<0 favours antipsychotic

4. Depressive symptoms

5. Social function

K/N SMD 95%CI Subgroup test "K/N SMD 95%CI
Risoral VSPLA 7 ari25 091080491 * 3 | 2p4 03st0.62;0.0
| p=0.64
: e < 1283 -0.36[-0.61;-0.11 — > 4
Ris LAI VS PLA tos 1 .
Paloral VSPLA 1 /1956 -0.36(-0.47;-0.24) 14/1154 -0.521-0.64: -0.39)
p=0.12
PalLAIVSPLA - 52015 -0.221-0.35;-0.09] 1 3/1459  -0.23[-0.34;-0.11)
Olaoral VSPLA 7| 10/1875 -0.35[-0.44;-0.25] 12427 0.5110.78; 0.24)
p=NA
OlaLAIVSPLA 1 NA/NA NA { NA/NA NA
Arioral VSPLA 1 129 0411064018 o o 41140 -0.22[-0.56;0.13)
1 p=0.87
AfLAIVSPLA - W5% -0.43[0.60;-0.26) 1 20936 0.5310.66; -0.39)
3

SMD

<0 favours antipsychotic

7. All-cause discontinuation

: 3.Negative symptoms
o Subgroup test K/N SMD 95%CI Subgroup test
) 1 15/2757 -0.40 [0.50; -0.30] = '
i\ p=085 I p=099
e 1 3/1010 -0.39[-0.58;-0.21] =
’ 1 611956 0.39[-0.53;-0.26)
| p=0.24 p=0.22
1 5/2017 -0.29[-0.38;-0.19)
S 1 17/2890 0.4 0.54; -0.33) 4 '
¢ PO p=0.43
ey g 11402 0540077031 e g
- { 9/1767 -0.31[-0.41;-0.22] WY ~
p=0.04 + p=0.15
'
p——t | 2925 0.43[0.57;-0.30)
SMD <0 favours antipsychotic ™ swp <0 favouis antipsychotic

6. Response rate

Subgroup test K/N OR 95%CI Subgroup test
x 13/2556 2.41 [2.00; 2.90] 1 p<0.01
' p=NA '
g 1 2738 4.1212.89; 5.88) -
v 1 72120 2.1411.68;2.72] b 2
! p<0.01 1 P=0383
. 1 52098 2.22(1.76; 2.78]
v 1 1372242 2.39(1.94; 2.96) .
p=NA 1P=035
1 1404 3.16(1.84;5.43] -
—— |- S 4 8/1755 1.89 [1.52; 2.38] N
' 1 p=0.04
! p=0.10 H
o 1 2963 2.84[2.07;3.91)
3

SMD <0 favours antipsychotic oR > favours antipsychotic

8. Discontinuation for inefficacy

K/N OR 95%CI : Subgroup test K/N OR 95%CI
Ris oral VS PLA 7 20/4104 0.60[0.48; 0.76] € v 1 183724 0.29(0.23; 0.36)
1 p=0381
Ris LAIVSPLA 7 31092 0.63(0.47;0.85] : 1 31092 0.46[0.30;0.71)
Pal oral VS PLA | 72120 0.48[0.36;0.63] r 1 72120 0.38[0.29;0.49)
! p=098
Pal LAIVS PLA 7 52098 0.47(0.36; 0.63] 1 5/2098 0.52[0.42; 0.64]
Ola oral VS PLA 7 20/3707 0.53 [0.42; 0.66) - 19/3498  0.35 [0.26; 0.46)
! p=063
Ola LAI VS PLA < 1/404 0.60[0.38; 0.96] o 1/404 0.40(0.22;0.71]
Ari oral VS PLA . 91814 0.63[0.52; 0.77) % 1 9nsi4 0.5210.39;0.70]
! p=0.20
Ari LAIVS PLA 4 2/963 0.51[0.39;0.66] , 2/963 0.25[0.16; 0.39]
. ) [

OR <1 favours antipsychotic

Administration & LA © Onal

Subgroup test

| p=005

| P<0.01

) : :
OR <1 favours antipsychotic

Ingredients =+~ Arpiprazole VS placebo ~#= Olanzapine VS placebo == Paliperidone VS placebo =4~ Risperidone VS placebo

Fig. 2. Subgroup analysis for LAIs 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

of paliperidone LAI compared to risperidone LAI, and
there was no clear difference between aripiprazole LAI
and paliperidone LAT 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 LAls
in question.>”*® More head-to-head trials between LAIs
are needed to characterize their relative efficacy.
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Ris oral VS PLA
Ris LAIVS PLA
Pal oral VS PLA
Pal LAIVS PLA
Ola oral VS PLA
Ola LAIVS PLA
Ari oral VS PLA

Ari LAIVS PLA

Ris oral VS PLA.
Ris LALVS PLA
Pal oral VS PLA
Pal LALVS PLA
Olaoral VS PLA
Ola LAIVS PLA
Arioral VS PLA

Ari LATVS PLA

Ris oral VS PLA
Ris LAI VS PLA
Pal oral VS PLA
Pal LAI VS PLA
Olaoral VS PLA
OlaLAI VS PLA

Ari oral VS PLA

Ari LAI'VS PLA

Ris oral VS PLA
Ris LA VS PLA
Pal oral VS PLA
Pal LAIVS PLA
Ola oral VS PLA
OlaLAI VS PLA
Ari oral VS PLA

Ari LATVS PLA

Ris oral VS PLA
Ris LAI VS PLA
Pal oral VS PLA
Pal LAIVS PLA
Olaoral VS PLA
OlaLAI VS PLA
Ari oral VS PLA

Ari LALVS PLA
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Fig. 3. Subgroup analysis for LAIs and the same oral formulations in terms of safetyrelated outcomes.
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Regarding drug safety compared to placebo, all SGA-
LAls 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% CI included a small possibility of no
effect. There were no clear differences between LAls and
placebo in terms of various anticholinergic side-effects,
QTc prolongation, and mortality.

When we compared LAls 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 LAI. Aripiprazole LAI
was associated with fewer patients reporting dry mouth
than those receiving aripiprazole orally, and fewer

olanzapine LAl-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.' Tt is also important to mention that weight gain
did not differ between LAls 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 (LAIls 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 LAls 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, LAls 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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ARTICLE INFO ABSTRACT

Keywords:

Long-acting injectable antipsychotics
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Network meta-analysis

Acute schizophrenia

Long-acting injectable antipsychotics (LAls) are primarily used for relapse prevention, but in some settings and
situations, they may also be useful for acute treatment of schizophrenia. We conducted a systematic review and
frequentist network meta-analysis of randomized-controlled trials (RCTs), focusing on adult patients in the acute
phase of schizophrenia. Interventions were risperidone, paliperidone, aripiprazole, olanzapine, and placebo,
administered either orally or as LAI. We synthesized data on overall symptoms, complemented by 17 other ef- ficacy
and tolerability outcomes. Confidence in the evidence was assessed with the Confidence-in-Network-Meta-
Analysis-framework (CINeMA). We included 115 RCTs with 25,550 participants. All drugs were significantly more
efficacious than placebo with the following standardized mean differences and their 95 % confidence in- tervals:
olanzapine LAI -0.66 [-1.00; -0.33], risperidone LAI -0.59[-0.73;-0.46], olanzapine oral -0.55[-0.62;-

0.48], aripiprazole LAI -0.54[-0.71; -0.37], risperidone oral -0.48[-0.55;-0.41], paliperidone oral -0.47[-0.58;-
0.37], paliperidone LAI -0.45[-0.57;-0.33], aripiprazole oral -0.40[-0.50; -0.31]. There were no significant effi-
cacy differences between LAIs and oral formulations. Sensitivity analyses of the primary outcome overall
symptoms largely confirmed these findings. Moreover, some side effects were less frequent under LAIs than
under their oral counterparts. Confidence in the evidence was moderate for most comparisons. LAIs are effica-
cious for acute schizophrenia and may have some benefits compared to oral formulations in terms of side effects.
These findings assist clinicians with insights to weigh the risks and benefits between oral and injectable agents
when treating patients in the acute phase.

1. Introduction

Schizophrenia affects more than 24 million people globally, and it
was the 20th leading cause of disability in 2019 (Collaborators, 2022).
Oral antipsychotic drugs (OAPs) are the main form of treatment for
schizophrenia (Ceraso et al., 2020; Huhn et al., 2020; Leucht et al.,
2023). For relapse prevention, the most up-to-date meta-analysis
showed that long-acting injectable formulations are superior to oral
formulations in mirror-image studies, cohort studies, and
randomized-controlled trials, although the superiority of LAIls in the

latter two designs was relatively small(Kishimoto et al., 2021). LAIs offer
advantages over OAPs, including improved adherence, less frequent
dosing, knowing immediately when treatment is stopped, and then
giving more time to react due to their longer half-life (Correll et al.,
2021). LAIs do not undergo the first-pass effect in the liver enhancing
bioavailability (Ragia et al., 2016), and their slower absorption and
steadier blood concentrations might cause fewer side effects and provide
better tolerance (Shechan et al., 2012; Wang et al., 2023).

Some of these beneficial features of LAIs may also be useful in the
treatment of acutely ill patients with schizophrenia. However, to the
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best of our knowledge, only one conventional pairwise meta-analysis
has focused on the effects of LAls in acutely ill patients (Wang et al.,
2023). Pairwise meta-analysis is a method that can only combine trials
comparing two treatments directly, of the design drug A vs drug B. In
contrast, network meta-analysis is a technique that combines direct (e.
g., drug A vs. drug B) and indirect evidence (e.g., drug A vs. drug B
derived from drug A vs drug C and drug B vs drug C). It can, therefore,
make use of all randomized data and increase precision(Salanti and
Higgins, 2022). Moreover, the use of indirect evidence helps to fill gaps
in the matrix of comparisons and ultimately derived hierarchies of which
drug is likely to be the best, the second best, etc., for a given outcome.

In the present network meta-analysis, we thus investigated the
comparative efficacy and tolerability of SGAs, which are available in
both oral and long-acting injectable formulations in people with acute
schizophrenia.

2. Experimental procedures
We conducted this NMA study based on the Preferred Reporting

Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting
guidelines for NMA; see PRISMA checklist in eAppendix 1. A protocol

was published on the Open Science Framework website (https://osf.io/f

625j) and is presented in eAppendix 2.

2.1. Inclusion criteria

We included all relevant randomized controlled trials (RCTs)
regardless of the degree of blinding. We excluded quasi-randomized
designs like those using alternate day allocation and studies with a high
risk of bias in randomization determined by the Risk of Bias tool 1
version (ROB 1)(Higgins et al., 2011). We excluded studies from main-
land China, given documented quality problems (Leucht et al., 2022;
Parry, 2017; Tong et al., 2018).

2.1.1. Participants

We focused on adults diagnosed with schizophrenia or related dis-
orders (in particular schizoaffective disorder), using any diagnostic
method. We only considered studies with at least 80 % of participants
with such a diagnosis. We included acutely ill patients and excluded
studies in stable patients (relapse prevention studies) and dose reduction
studies. No restrictions were applied to the age, sex, ethnicity, or setting
of the participants.

2.1.2. Types of interventions

We included studies that compared any two of the following in-
terventions: risperidone LAIs (risperdal Consta, RBP-7000, and ISM
risperidone); paliperidone LAIs (PP1M and PP3M); aripiprazole LAIs
(Aripiprazole Maintena and Aripiprazole Lauroxil); olanzapine LAI
(olanzapine pamoate); risperidone oral; paliperidone oral; aripiprazole
oral; olanzapine oral; and placebo, either oral or injection.

2.1.3. Types of outcome measures

2.1.3.1. Primary outcomes. The main result was change of overall
symptoms evaluated by the Positive and Negative Syndrome Scale
(PANSS, (Kay et al., 1987)) or Brief Psychiatric Rating Scale (BPRS,
(Overall and Gorham, 1988)).

2.1.3.2. Secondary outcomes. We examined positive, negative, and
depressive symptoms, quality of life, and functioning, which were
measured with published rating scales. The number of dropouts for any
reason, side-effects and inefficacy were analyses as measures of overall
acceptability, tolerability, and inefficacy, respectively. Side-effect out-
comes encompassed weight gain (mean weight gain change/ kg, number
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of patients with weight gain, preferably defined as at least 7 %), extra-
pyramidal symptoms (number of patients using antiparkinsonian drugs),
and akathisia (number of patients with akathisia), sedation, anticho-
linergic effects, increase in prolactin levels and increase of the QTc
interval.

2.2. Search strategy

We reviewed previous meta-analyses(Huhn et al., 2019; Leucht et al., 2023;
Wang et al., 2023), and we conducted update searches of the Cochrane
Schizophrenia Group specialized register on June 14, 2021, September
21,2021, March 6, 2022, and 25 June 2023 (eAppendix 3).

2.3. Study selection and data extraction

The search results were screened by at least two reviewers (among
DW, MQ, HW, and YZ) who retrieved full-text articles and checked the
inclusion criteria. In case of uncertainty, a third reviewer was consulted.
Two reviewers (DW and MQ) extracted the data and entered them in a
Microsoft Access database, which uses an algorithm to check for dis-
crepancies. Any incoherence was discussed, and a third reviewer (JS, SL) was
consulted if no consensus was reached. In cases where important
information was missing or unclear, study authors were contacted.

We preferred using mixed models with repeated measures or multi-
ple imputations instead of last-observation-forward or completer-only
analyses. We estimated missing standard deviations from test statistics
or used the mean standard deviation of the included studies. Addition-
ally, we extracted mean age, sex, baseline severity (PANSS total score),
publication year, study duration, pharmaceutical sponsor, and whether
completer-only analyses were performed. Two reviewers(DW, MQ)
independently assessed risk of bias with the Cochrane Collaboration’s
Risk of Bias Tool, version 1. Overall risk of bias across domains was
classified according to Furukawa et al. (Furukawa et al., 2016)

2.4. Data analysis

We conducted random-effects network meta-analyses in a frequentist
framework with netmeta R(Riicker et al., 2016). The standardized mean
difference (SMD) served as the effect size for mean values of rating
scales. Mean differences (MDs) were used for prolactin levels, weight
gain, and QTc prolongation. We analyzed dichotomous outcomes with
odds ratios (ORs).

We assessed the transitivity assumption by comparing the distribu-
tion of potential effect modifiers across comparisons (baseline severity,
mean age, and placebo response), based on all studies which provided
data for the primary outcome of ‘overall symptom change’.

We used a common heterogeneity parameter for all treatment com-
parisons and reported the between-study variance (t2) for each outcome.
We assessed statistical inconsistency by performing the SIDE- test for
each comparison, where p < 0.1 was the threshold for a signif- icant
difference between direct and indirect evidence. We also applied
the design-by-treatment interaction test, again considering p-values less
than 0.1 as important(Veroniki et al., 2021).

We applied the CINeMA web application, which facilitates the
grading of confidence in the results as high, moderate, low, and very low
(Nikolakopoulou et al., 2020) for primary outcomes. We set the mini-
mum relevant SMD to +£0.1 for this purpose. All data are presented with
95 % confidence intervals (CIs).

Finally, we excluded the following studies in sensitivity analyses of
the primary outcome: no use of operationalized diagnostic criteria, open
RCTs, completer analyses, studies with over 50 % missing data, and high risk
of bias studies according to RoB 1. We undertook a sensitivity analysis
focusing solely on maximum-effective-doses according to Leucht et
al.(Leucht et al., 2020). Finally, we conducted a sensitivity analysis in
which only results at six-to-eight-weeks were included, because acute-
phase LAI studies typically last 12 weeks, and OAP studies
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usually 6 to 8 weeks.
3. Results

We identified 115 studies on the four second-generation antipsy-
chotics which are available in oral and LAI formulations (PRISMA dia-
gram of the search in eAppendix 4): aripiprazole LAI 4, aripiprazole oral
16; olanzapine LAI 1, olanzapine oral 44; paliperidone LAI 9, paliper-
idone oral 11; risperidone LAI 7, risperidone oral 36; placebo 62. Out of
115 studies, three eligible studies did not provide any usable data. 91
were double-blind trials, 4 were single-blind trials, and 17 were open-
label trials. There were 25,550 participants with an average age of
38.46. The median (interquartile range) study duration was 6 weeks (6
to 12). The overall risk of bias, according to Furukawa et al.(Furukawa
etal., 2016), was high in 17.4 % of the studies, unclear 41.4 %, and low
in 40.9 % of the studies. Further study characteristics and the risk of bias
are presented in eAppendix 5.

3.1. Primary outcome: change in overall symptoms

91 studies, involving 24,765 participants, were available for the
primary outcome (Fig. 1). All drugs were significantly more efficacious
than placebo with the ranked sequence of olanzapine LAI [SMD=-0.66;
95 %CI: —1.00 to —0.33], risperidone LAI[SMD= —0.59; 95 %CI: —0.73
to —0.46], olanzapine oral [SMD=-0.55; 95 %CI:—0.62 to —0.48],
aripiprazole LAI [SMD=—0.54; 95 %CI: —0.71 to —0.37], risperidone
oral [SMD=-0.48; 95 %CI:—0.55 to —0.41], paliperidone oral
[SMD=-0.47; 95 %CI: —0.58 to —0.37], paliperidone LAI
[SMD=-0.45; 95 %CIL: —0.57;—0.33], aripiprazole oral [SMD=-0.40;
95 %CI: —0.50; —0.31] (Fig. 2a and eAppendix 6).

In terms of comparisons between antipsychotics, olanzapine oral
[SMD= -0.15; 95 %CI = —0.25 to —0.05] and risperidone LAI [SMD=
—0.19; 95 %CI = —0.35 to —0.03] were more efficacious than aripi-
prazole oral. Risperidone LAI was superior to paliperidone LAI [SMD=
—0.14; 95 %CI = —0.27 to —0.01] (Table 1). The confidence in the
evidence according to CINeMA was high for five comparisons, moderate
for 6, low for 4 and very low for 2 comparisons (see Fig. 1, Fig. 2a and
Table 1, details are presented in eAppendix6 1.3 Assessment of confi-
dence in estimates). The results of the sensitivity analyses were overall
consistent with these findings, including a post-hoc subgroup analysis
pooled LAIs vs placebo versus pooled orals versus placebo (p = 0.42, see
eAppendix 6, 1.2). There was no relevant inconsistency (eAppendix 6).
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3.1.1. Secondary efficacy outcomes

3.1.1.1. Positive symptoms and negative symptoms. 73 studies involving
20,566 patients reported usable data in terms of positive symptoms. All
antipsychotics were clearly better than placebo, with SMDs (95 %CI)
ranging from —0.68 (—1.00 to —0.37) for olanzapine LAI to —0.37
(—0.48 to —0.27) for aripiprazole oral. In terms of between-drug dif-
ferences, olanzapine oral [SMD=—0.15; 95 %CI=-0.27 to —0.03] and
risperidone LAI [SMD=—0.20; 95 %CI: —0.36 to —0.04] outperformed
aripiprazole oral. Moreover, risperidone LAI was significantly better
than paliperidone LAI [SMD=-0.14; 95 %CIL: —0.26 to —0.02] (Fig. 2b
and eAppendix 7).

75 studies with 20,739 patients provided usable results for negative
symptoms. All drugs were associated with significant improvement in
negative symptoms compared to placebo, and SMDs (95 %CI) ranged
from —0.54(—0.82 to —0.26) for olanzapine LAI to —0.32(—0.42 to
—0.22) for paliperidone LAI (Fig. 2)c). Olanzapine oral showed a small
advantage over paliperidone LAI [SMD = —0.12; 95 % CI: —0.24 to
—0.0008] (eAppendix 8).

3.1.1.2. Depressive symptoms. The NMA based on 35 studies with
13,138 participants showed that all drugs were significantly superior to
placebo, with SMDs (95 %CI) ranging from —0.43 (—0.69 to —0.17) for
aripiprazole LAI to —0.21(—0.36 to —0.07) for risperidone oral (Fig. 2d).

There were no usable data for olanzapine LAI. There were no clear
between-drug differences (eAppendix 9).

3.1.1.3. Dropouts due to any reason, inefficacy, and side-effect. In the
NMA 0of 92 RCTs with 27,102 participants all drugs, except olanzapine LAI
which had a wide 95 %CI, were superior to placebo in terms of total dropout
rates, ranging from [OR =0.50; 95 % CI: 0.43 to 0.58] for
olanzapine oral to [OR= 0.65; 95 %CI: 0.52 to 0.80] for aripiprazole oral
(Fig. 2e). Olanzapine oral was associated with a significantly lower risk
than aripiprazole oral [OR = 0.77;95 % CI: 0.61 to 0.97] and risperidone
oral [OR =0.83; 95 % CI: 0.69 to 0.99] (Fig. 2e and eAppendix 10).

The NMA of 81 RCTs and 25,149 participants on dropout for inefti-
cacy showed low-to-moderate heterogeneity (T2 0.11) and some
incoherence (20 % inconsistent comparisons, design-by-treatment
interaction test: p = 0.167) (eAppendix 23). Therefore, we only pre-
sent the pairwise meta-analyses comparing antipsychotics with placebo.
All drugs showed a significantly lower risk of dropouts for inefficacy
than placebo, with OR (95 %CI) ranging from 0.32(0.25 to 0.41) for
risperidone oral to 0.50(0.36 to 0.68) for paliperidone LAI (Fig. 2f and
eAppendix 11).

.Aripiprazole oral

Olanzapine LAI

Olanzapine oral

Paliperidone LAI

)

Paliperidone oral

Aripiprazole LAI

Confidence in the evidence
— High
Moderate
. . L
Risperidone oral o

Very Low

4
ﬂlzzm

\///Risperidone LAI

lacebo

Fig. 1. Network plot for change in overall symptoms (primary outcome). The numbers on the lines represent the number of randomized controlled trials. Colors
indicate the confidence in the evidence(CINeMA website): green=high, yellow=moderate, orange=1ow, red=very low.
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192

92



D. Wang et al.

Table 1
League table for the change in overall symptoms (primary outcome).
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Olanzapine LA

-0.07 [-0.43; 0.29]
0.1 [-0.45; 0.22]
-0.12 [-0.50; 0.25]
-0.18 [-0.52; 0.15]
-0.19 [-0.54; 0.15]
021 [-0.55; 0.14]
-0.25 [-0.51; 0.08]

Risperidone LA

-0.04 [-0.19; 0.10]
-0.05 [-0.25; 0.13]
-0.11 [-0.28; 0.04]
-0.12 [-0.29; 0.04]
-0.14 [-0.27; -0.01]
-0.19 [-0.35; -0.03]

-0.12 [-0.45; 0.22]
Olanzapine oral

-0.01 [0.19; 0.17]

-0.08 [-0.18; 0.02]
<010 [-0.23; 0.04]
-0.15 [-0.25; -0.05]

-0.55 [-0.62; -0.48]

Aripiprazole LAI
-0.06 [-0.24; 0.12]

007 [-0.27; 0.13]
-0.09 [-0.29; 0.11]

-0.15 [-0.25; -0.03]
Risperidone oral

-0.01 [-0.13; 0.11]
-0.03[-0.17; 0.11]

-0.08 [-0.19; 0.03]
-0.48 [-0.55; -0.41]

-0.09 [-0.21; 0.04]

0.37[-0.28: 1.02]
Paliperidone oral

-0.02 [-0.18; 0.14]
-0.07 [-0.20; 0.07]

-0.10 [-0.27; 0.05]

-0.09 [0.55; 0.38]

Paliperidone LA
-0.05 [-0.20; 0.10]

0.1 [-0.31; -0.01]
0.00[-0.24: 0.41]

0.14[-0.39; 0.11]

Aripiprazole oral

-0.40 [-0.50; -0.31]

0,56 [-1.00;
0.2 [-0.81;
0.52[-0.51;
-0.54 [-0.85;
0.52[-0.61;
0.50 [-0.53;
042 [-0.57;
038 [-0.51; -0

Placebo

0.33]
0.43]
0.43]
0.43]
0.43]
0.37]
0.28]

25]

Pairwise (upper right portion) and network (lower left portion) meta-analytic results are shown for the secondary outcome. The left lower field presents the results of the

network meta-analysis; the right upper field presents the results of pairwise meta-analyses. Treatments are in order of their point estimate compared to placebo. Each

cell provides the standardized mean difference and the corresponding 95 % confidence interval (CI) of a comparison. Significantly different results are marked in bold.

Colors indicate the confidence in the evidence(CINeMA website): green=high, yellow=moderate, orange=low, red=very low.

Based on 19 studies with 5490 participants aripiprazole oral and
olanzapine oral showed a significantly higher risk of dropout from side
effects compared to placebo, with [OR = 3.49; 95 % CI: 1.13 to 10.79]
and [OR = 3.56; 95 % CI: 1.42 to 8.95], respectively (Fig. 2g). Moreover,
olanzapine oral had a higher risk than risperidone oral [OR =0.58; 95 %
CI: 0.39 to 0.87]. There were no usable data for olanzapine LAI. (Fig. 2g
and eAppendix 12).

3.1.2. Secondary outcomes: side-effects

3.1.2.1. Patients with weight gain (= 7 % if available) and mean
weight increase in kg. In 72 studies with 22,382 participants = 7 %
weight gain was clearly more frequent under all antipsychotics
compared to placebo, with OR (95 %CI) ranging from 1.97(1.39 to 2.79)
for aripiprazole LAI to 6.31(5.15 to 7.75) for olanzapine oral (Fig. 2h).
Olanzapine oral had a significantly higher risk than all other drugs,
including its LAI formulation. Aripiprazole LAI [OR= 0.59; 95 %CI 0.38

to 0.92] and oral [OR= 0.59; 95 %CI 0.41 to 0.86] had a lower risk than

paliperidone oral (eAppendix 13).

As the NMA based on 61 studies with 18,645 participants on mean
weight increase (kg) showed low to moderate heterogeneity (T2 = 0.44),
and some incoherence (28.6 % inconsistent comparisons, design-by-
treatment interaction test: p = 0.036) (eAppendix 23), we only pre-
sented pairwise meta-analyses comparing antipsychotics with placebo.
All drugs produced more weight gain than placebo, with MDs ranging
from 0.55 kg (0.06 to 1.05) for aripiprazole LAIto 3.21 kg (1.50 to 4.91)
for olanzapine LAI (Fig. 2i and eAppendix 14).

3.1.2.2. Prolactin. In 41 studies with 12,783 participants aripiprazole
oral was significantly better than placebo [MD=—5.92; 95 %CI: —11.65
to —0.19]. The superiority of aripiprazole LAI compared to placebo was
even larger, but the confidence interval overlapped with zero (MD=
—12.12; 95 %CI: —28.20 to 3.96). All other drugs had more prolactin
increase compared to placebo, with MDs ranging from 4.58 ng/mL (0.76;
8.41) for olanzapine oral to 49.16(43.09; 55.22) for paliperidone oral.
There were no usable data for olanzapine LAI. Both formulations of
aripiprazole were superior to all other medications with 95 %ClIs
excluding no effect. Moreover, olanzapine oral produce less prolactin
increase than both formulations of paliperidone and risperidone. Finally,
paliperidone LAI was associated with lower prolactin than its

oral form (MD=-26.10; 95 %CI —39.00 to —13.20), and paliperidone
oral increased prolactin levels less than risperidone LAI (MD= —21.76;
95 %CI —32.67 to —10.84) and oral (MD=—14.15; 95 %CI —21.43 to

—6.87) (Fig. 2j and eAppendix 15).

3.1.2.3. Extrapyramidal side-effects (EPS): use of antiparkinsonian medi-
cation at least once and akathisia. In 45 studies with 14,800 participants

only paliperidone oral [OR =1.76; 95 % CI: 1.26 to 2.46] and risperi-
done oral [OR =2.13; 95 % CI: 1.56 to 2.90] were associated with more
antiparkinsonian mediation use than placebo (Fig. 2k). Moreover, ris-
peridone oral had a significantly higher risk than aripiprazole oral [OR
=0.52; 95 % CI: 0.33 to 0.81], olanzapine oral [OR =0.57; 95 % CI: 0.43
to 0.76] and paliperidone LAI [OR =0.61; 95 % CI: 0.39 to 0.95]. There
were no usable data for olanzapine LAI and aripiprazole LAI (eAppendix
16).

The NMA based on 59 studies with 18,590 participants on akathisia
showed moderate-to-high heterogeneity (T2 = 0.08) and a number of
incoherence (28.6 % inconsistent comparisons, design-by-treatment
interaction test: p = 0.02) (eAppendix 23). Therefore, we present only
pairwise meta-analyses compared to placebo. Both formulations of ari-
piprazole and risperidone had a higher risk of akathisia than placebo (Fig.
21 and eAppendix 17).

3.1.2.4. At least one anticholinergic adverse event. 57 studies with
18,554 participants provided data on at least one anticholinergic

adverse event. Olanzapine oral [OR = 1.59; 95 % CI: 1.13 to 2.23] and
risperidone oral [OR = 1.47; 95 % CI: 1.09 to 1.98] had a higher risk
than placebo (Fig. 2m). In terms of differences between drugs, olanza-
pine LAI had a lower risk of anticholinergic adverse events than its oral
formulation [OR = 0.30; 95 % CI: 0.10 to 0.86], and risperidone oral

[OR = 0.32; 95 % CI: 0.11 to 0.92] (eAppendix 18).

3.1.2.5. Sedation. In 67 studies with 21,397 participants all drugs were
more sedating than placebo and this finding was significant for olan-
zapine oral [OR = 2.97; 95 % CI: 2.34 to 3.77], risperidone oral [OR =

2.58; 95 % CI: 2.00 to 3.33], paliperidone LAI[OR = 2.16; 95 % CIL: 1.22

to 3.84], risperidone LAI [OR = 1.99; 95 % CI: 1.18 to 3.34] and ari-

piprazole oral[OR = 1.68; 95 % CI: 1.13 to 2.52] (Fig. 2n). Olanzapine
oral had a higher risk than oral formulations of aripiprazole [OR = 0.57;
95 % CI: 0.38 to 0.85] and paliperidone [OR = 0.43; 95 % CI: 0.31 to
0.61]. Risperidone oral had a higher risk than paliperidone oral [OR =
0.50; 95 % CI: 0.34 to 0.74] (eAppendix 19).

3.1.2.6. QTc prolongation. In 19 studies with 6372 participants, ris-
peridone oral [MD =3.54; 95 % CI: 1.49 to 5.59], risperidone LAI [MD

=3.53; 95 % CIL: 0.41 to 6.64], and olanzapine oral [MD =3.22; 95 % CL
1.01 to 5.43] produced more QTc prolongation than placebo (Fig. 20).
Data for aripiprazole LAI and olanzapine LAI were not available.
Moreover, risperidone oral was significantly worse than aripiprazole

oral [MD =-4.08; 95 % CI: —7.68 to —0.48] (eAppendix 20).
3.1.2.7. Quality of life and social functioning. Only 12 studies with 2885

participants provided data on quality of life. Therefore, no NMA was
conducted. In pairwise meta-analyses, aripiprazole oral [SMD = —0.49;
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95 %CI —0.72 to —0.26], olanzapine oral [SMD = —0.24; 95 %CI —0.46
to —0.03], and paliperidone oral [SMD = —0.18; 95 %CI —0.34 to
—0.03] were significantly better than placebo. Risperidone LAI [SMD =
—0.13;95 %CI —0.30 to 0.03] was not significantly better than placebo.
No data were available for aripiprazole LAI and olanzapine LAI (eAp-
pendix 21).

In 20 studies and 7931 participants all drugs, except for olanzapine
LAI which did not have usable data, outperformed placebo in func-
tioning, with SMDs ranging from —0.52(—0.68 to —0.36) for olanzapine
oral to —0.23(—0.34 to —0.13) for paliperidone LAI. In terms of differ-
ences between drugs, aripiprazole LAI was superior to risperidone LAI
[SMD = —-0.20; 95 %CI —0.38 to —0.03] and paliperidone LAI [SMD =
—0.27; 95 %CI —0.44 to —0.11]. Olanzapine oral was better than pal-
iperidone LAI [SMD = —0.29; 95 %CI —0.48 to —0.09] and risperidone
LAI[SMD = —0.22;95 %CI —0.42 to —0.01]. Paliperidone oral was better
than its LAI formulation [SMD =-0.28; 95 %CI —0.44 to —0.12], and
risperidone LAI [SMD =-0.21; 95 %CI —0.39 to —0.03] (Fig. 2p and
eAppendix 22).

4. Discussion

To our knowledge, this is the first NMA to comprehensively compare
SGAs in both oral and LAI forms of administration for acute schizo-
phrenia. In contrast to a previous pairwise meta-analysis which included
66 RCTs and 16.457 participants(Wang et al., 2023) the evidence-base
could be extended to 115 RCTs with 25.550 participants. All drugs were
more efficacious than placebo. LAIs were generally on par with their
oral counterparts in terms of efficacy. Furthermore, certain adverse
effects were less common with some LAIs than with oral antipsychotics,
though this trend was not uniformly observed.

All antipsychotic drugs in both formulations reduced overall symp-
toms more than placebo, with mean SMDs between -0-66 for olanzapine
LAT and -0-40 for aripiprazole oral at the bottom of the hierarchy, and
all were associated with fewer drop-outs due to inefficacy than placebo.
However, only olanzapine oral and risperidone LAI were significantly
more efficacious than aripiprazole oral, all other 95 % Cls for compar-
isons between antipsychotics overlapped. It is noteworthy that olanza-
pine was also the most efficacious drug in a NMA examining the effects
of antipsychotics in long-term studies of initially acutely ill patients
(Leucht et al., 2023), and that it came close to clozapine in a NMA in
treatment-resistant patients(Dong et al., 2023). Similar hierarchies were
also observed in terms of positive symptoms, and negative symptoms; and
all drugs were superior to placebo in depressive symptoms. This finding
may be explained by the fact that second-generation antipsychotics do
not only affect dopamine but also the serotonin (Kuroki et al., 2008),
norepinephrine (NE), and glutamate systems (Abi-Dargham and Lar-
uelle, 2005). These neurotransmitters play a key role in mood regulation
(Ressler and Nemeroff, 1999), cognition(Hoshino, 2005) and perception
(Mather et al., 2016). In particular, the effects of serotonin receptors
have been linked to antidepressant effects(Yohn et al., 2017).

Premature study discontinuation (“dropout”) is an important
outcome, because it reflects broader effectiveness rather than efficacy or
single side-effects. All-cause discontinuation combines dropout for
inefficacy and side-effects and can thus be considered to be a proxy for
acceptability. Except for olanzapine LAI, all drugs were superior to
placebo. In comparisons of drugs, olanzapine oral was associated with a
lower risk of all-cause discontinuation than aripiprazole oral and ris-
peridone oral.

In terms of overall tolerability, except for aripiprazole LAI all anti-
psychotics were associated with more dropouts due to side-effects than
placebo, and this difference was significant for aripiprazole oral (OR =
3.49; 95 % CI: 1.13 to 10.79) and olanzapine oral (OR = 3.56; 95 % CI:
1.42 to 8.95). Few studies presented data on quality of life and social
function, which are critical patient-centered outcomes. However, where
such data were available, most antipsychotics had superior effects in
comparison to placebo. Quality of life and social functioning should be
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consistently analyzed in the future.

Regarding specific side-effects, all drugs were associated with more
patients experiencing significant weight gain than placebo. Olanzapine
oral had the highest risk (OR 6.31 (95 % CI = 5.15 to 7.75). This finding
aligned with previous studies (Huhn et al., 2019; Leucht et al., 2023).
Interestingly, olanzapine LAI showed a lower risk of weight gain than its oral
counterpart. One explanation may be that LAI formulations lead to
smaller fluctuations in plasma levels (Sheehan et al., 2012). The higher
plasma level peaks of oral medication may trigger appetite, leading to
increased food intake (He et al., 2013). The main limitation is that only
one olanzapine LAI study was available. We could not corroborate the
difference between oral and LAI in terms of continuous weight increase
in kg. The results were very inconsistent, so that we restricted to pair-
wise meta-analyses compared to placebo.

Hyperprolactinemia is associated with various adverse effects,
ranging from menstrual disorders in women and sexual dysfunction in
both sexes to serious, but unfortunately not recorded, long-term com-
plications such as osteoporosis (Koch et al., 2023). As observed in prior
studies (Huhn et al., 2019; Lu et al., 2022; Zhu et al., 2021), both ari-
piprazole LAI and oral formulations were associated with a reduction in
prolactin levels when compared to placebo. Aripiprazole acts as a partial
agonist at D2 receptors, rather than as an antagonist like many other
antipsychotics, reducing the risk of hyperprolactinemia. Unlike other
atypical antipsychotics, aripiprazole favors D2 receptors over 5-HT2A
receptors, and it also possesses stronger 5-HT1A partial agonist prop-
erties than its 5S-HT2A antagonism, contributing to its relatively good
tolerability (Stahl and Djokic, 2023). Aripiprazole LAI had a higher
mean effect size (MD= —12.12, 95 %CI —28.20 to 3.96) than oral
(MD=-5.92; 95 %CI: —11.65 to —0.19] in this regard, but the difference was
not significant due to a wide confidence interval. Olanzapine oral
was associated with a small, but statistically significant prolactin
elevation compared to placebo (MD=4.58; 95 %CI: 0.76 to 8.41], un-
fortunately, no data on olanzapine LAI were available. Paliperidone and
risperidone were associated with most prolactin increase, but possibly
again, due to more stable plasma levels under LAIs, this increase was
more pronounced in their oral formulations.

The oral formulations of risperidone and paliperidone are well
known to produce more extrapyramidal side-effects than placebo(Huhn
et al., 2019) and our NMA confirmed this finding. Olanzapine oral and
aripiprazole oral were neutral in this regard. Interestingly, however, the
LATI formulations of paliperidone and risperidone were not associated
with more antiparkinsonian medication use than placebo, and with less
use than their oral counterparts. Both formulations of risperidone and
aripiprazole produced akathisia, but not olanzapine oral, paliperidone
LAL and oral. Akathisia is considered the most problematic side-effect of
aripiprazole.

Olanzapine LAI was also associated with a significantly lower risk of
anticholinergic side-effects, a dangerous problem when it is severe, than
its oral counterpart and risperidone oral. All antipsychotics were more
sedating than placebo. This side-effect was most pronounced for olan-
zapine oral and LAI, probably due to their strong binding to histamine
receptors(Bymaster et al., 1999). For paliperidone oral, aripiprazole LAI, and
olanzapine LAI the increase did not reach the conventional 5 %
significance level. Finally, some drugs increased the QTc interval, but
the mean differences to placebo were only 3-3.55 msec for risperidone
oral, risperidone LAI, and olanzapine, thus all small.

There are several limitations to our study. First, most differences
between LAIs and orals were derived from indirect evidence. Olanzapine LAI
came out as the most efficacious antipsychotic in several outcomes, but it
must be noted that only one trial was available (Lauriello et al., 2008)
and that therefore its confidence intervals were usually large. Second,
we only included RCTs which minimize the possibility of showing
efficacy superiorities compared to oral drugs. The main ques- tion about
LATIs has so far been whether they reduce relapse rates compared to oral
drugs in maintenance trials. The most up-to-date sys- tematic review
found a large LAI superiority in pre-post (“mirror
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image”) studies but only a small difference in RCTs (Kishimoto et al.,
2021). One reason for only small differences in RCTs is that patients who
consent to double-blind, randomized-controlled trials are relatively
adherent per se. Third, LAI studies were usually longer. We addressed
this problem by a sensitivity analysis including only data between 6 and
8 weeks which confirmed the results on the primary outcome (e-Ap-
pendix 6, 1-15). We could perform this sensitivity analysis on side-
effects because they are rarely reported at different time points.
Nevertheless, most side-effect occur early after initiation of treatment,
so a longer study duration may not be a major problem. Overall, olan-
zapine LAI was associated with less weight gain and less anticholinergic
side-effects than olanzapine oral, but this evidence was based on a single
olanzapine LALI trial. Paliperidone LAI produced less prolactin increase
and fewer EPS than its oral counterpart, and strong trends in favour of
risperidone LAI compared to risperidone oral was apparent for the same
outcomes. Fourth, although we examined a relatively broad range of
side-effects, antipsychotic drugs can also produce other ones. Fifth, we
excluded studies from mainland China because of frequently raised
quality concerns (Leucht et al., 2022; Parry, 2017; Tong et al., 2018).
Nevertheless, this criterion could reduce the applicability to Chinese
patients who, for example, are usually smaller and lighter. Finally, the
confidence in the evidence for the primary outcome ranged between
high and very low, but it was moderate for most comparisons according
to CINeMA (Fig. 1, Fig. 2a, eAppendix 6.1.3 Assessment of confidence in
estimates).

Traditionally, LAIs had been reserved for the most challenging cases
of schizophrenia. However, current trends advocate for their early use,
already at the first episode, to prevent disease progression and avoid
complications related to non-adherence (Stahl and Djokic, 2023). Our
study supports this shift, showing that LAIs are as efficacious as oral
agents in the acute-phase of schizophrenia, and some may have ad-
vantages in terms of lower occurrence of some side-effects .
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