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ABSTRACT

Objective: Recent, large, randomized controlled trials (RCTs)
showed no benefit of long-acting injectable (LAI) antipsychotics
over oral antipsychotics in preventing relapse in schizophrenia, nor
did a recent meta-analysis incorporating these studies. However,
RCTs might enroll a disproportionate number of patients with
better treatment adherence and lower illness severity. Mirror-
image studies, which compare periods of oral antipsychotic versus
LAl treatment in the same patients, might therefore better reflect
the real-world impact of LAls.

Data Sources: A systematic literature search without language
restriction was conducted using MEDLINE/PubMed, Cochrane
Library, Web of Science, PsycINFO, and CINAHL until May 31, 2012.
Search terms included synonyms of (1) antipsychotic(s) AND (2)
schizophrenia and related disorders AND (3) depot, (long-acting)
injection(s), microsphere, decanoate, palmitate, enanthate.

Study Selection: Of 5,483 identified citations, 607 articles were fully

inspected, and 582 were ineligible. Finally, 25 mirror-image studies
from 28 countries that followed 5,940 patients with schizophrenia
for =12 months (=6 months each on oral antipsychotic and LAl
treatment) met the inclusion criteria and were analyzed.

Data Extraction: Coprimary outcomes were hospitalization risk
and number of hospitalizations. Secondary outcomes included
hospitalization days and length of stay.

Data Synthesis: LAls showed strong superiority over oral
antipsychotics in preventing hospitalization (16 studies, N=4,066;
risk ratio=0.43; 95% Cl, 0.35-0.53; P<.001) and in decreasing the
number of hospitalizations (15 studies, 6,342 person-years; rate
ratio=0.38; 95% Cl, 0.28-0.51; P<.001). This strong advantage
was also observed for secondary outcomes and in multiple
clinically relevant subpopulations and treatment groups.

Conclusions: Results from mirror-image studies in patients
eligible for clinical use of LAls showed strong superiority of LAls
compared to oral antipsychotics in preventing hospitalization. The
results were in contrast to the recent meta-analysis of RCTs, which
showed no superiority of LAls. Given the possible biases in mirror-
image studies, such as expectation bias, natural illness course, and
time effect, a cautious interpretation is required. Nevertheless, the
population in mirror-image studies better reflects the population
receiving LAls in clinical practice.
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As psychopathology and social functioning can
worsen with repeated psychotic episodes in patients

with schizophrenia,'? relapse prevention is critical.
High nonadherence rates in schizophrenia can limit
the efficacy of pharmacotherapy®*; therefore, the use of
long-acting injectable (LAI) antipsychotics is considered
to be an important treatment option.> However, new,
large randomized controlled trials (RCTs) did not show
significant superiority of LAls over oral antipsychotics.®’
Moreover, this failure to find superiority of LAIs over oral
antipsychotics was confirmed in our latest meta-analysis®
of RCTs, which incorporated these new studies. We did
not find a significant difference between LAIs and oral
antipsychotics in preventing relapse (21 studies, N =4,950;
risk ratio [RR]=0.93; 95% CI, 0.80-1.08; P=.35), in
preventing hospitalization (10 studies; RR=0.89; 95% CI,
0.78-1.02; P=.09), or in secondary outcomes, which were
also related to relapse.

However, RCTs might enroll a disproportionate number
of patients with better treatment adherence and lower
illness severity. In addition, it is important to consider
that participation in a clinical trial can alter the ecology
of treatment delivery and experience; for example, patients
receive reminders, reimbursement, free medication, and
assessments. Therefore, the standard RCT might not be the
best strategy to examine the effectiveness of LAIs.

Mirror-image studies, which compare a period of
oral antipsychotic treatment with a subsequent period of
LAI treatment for the same patients, might better reflect
the relative impact of LAIs versus oral antipsychotics in
the targeted population and in naturalistic settings and
circumstances. There are reviews of mirror-image studies
of either first-generation antipsychotic (FGA) or second-
generation antipsychotic (SGA) LAIs.”!! However, as far
as we know, no meta-analysis incorporating both FGA and
SGA LAITs without language restriction has been performed.
We therefore conducted a meta-analysis of mirror-image
studies of all LAIs that compared the period of oral
antipsychotic treatment with the subsequent period of LAI
treatment.

METHOD

The meta-analysis was performed following Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines,'? which is an evidence-based
minimum set of items for reporting in systematic reviews
and meta-analyses.
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® Recent randomized controlled trials showed no benefit of
long-acting injectables (LAls) over oral antipsychotics in
preventing relapse in schizophrenia.

= The reported meta-analysis based on 25 mirror-image
studies that compared periods of treatment with oral
antipsychotics versus LAls in the same patients showed
strong superiority of LAls over oral antipsychotics in
preventing hospitalization.

= Mirror-image studies might better reflect the real-world
impact of LAls; however, one should consider the biases of
different study designs when evaluating the comparative
effectiveness of LAls.

Search

Two independent investigators (T.K., M.N.) conducted
the literature search. We conducted a search without
language restrictions using MEDLINE/PubMed, Cochrane
library, Web of Science, PsycINFO, and CINAHL (last
search: May 31, 2012) for the studies meeting the inclusion
criteria mentioned below. To avoid publication bias, we also
included unpublished studies, such as those contained in
conference proceedings and clinical trial registries (http://
clinicaltrials.gov/). Search terms included synonyms of
(1) antipsychotic(s) AND (2) schizophrenia and related
disorders AND (3) depot, (long acting) injection(s),
microsphere, decanoate, palmitate, enanthate. The electronic
search was supplemented by hand search of reference lists
of relevant publications. There were multiple reports that
were derived from the same study or that seemed to involve
overlapping patient populations with other reports (eg,
nationwide cohort studies with different publication years
but overlapping study year[s]). In such cases, we selected
the newer and/or larger report. However, whenever specific
outcomes were reported in separate reports, we used each
of the reports for each separate outcome.

Inclusion Criteria

We included mirror-image studies comparing the
period before and after initiation of LAI antipsychotic
treatment in adults with schizophrenia or schizoaffective
disorder. We included studies that followed patients >12
months (=6 months each with oral antipsychotic and
LAI) and that provided information about hospitalization
or relapse-related data. We excluded case reports and case
series with <30 patients. There were studies that compared
2 or more LAIs in a mirror-image design, such as switching
from FGA LAIs to risperidone LAI Because the purpose
of our study was to examine the comparative effectiveness
of LAIs to oral antipsychotics, we extracted only the data
for patients who switched from oral antipsychotic to LAI
or vice versa. If this was not possible, we excluded the study
from the analysis. We excluded penfluridol, a once-weekly
oral antipsychotic, considering it neither an LAI nor an
oral antipsychotic.
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Data Extraction and Outcomes

Data were extracted independently by > 2 reviewers (T.K,,
M.N., C.U.C.). Authors and companies were contacted to
provide missing information and unpublished data. Any
disagreements were resolved by discussion. Foreign papers
were translated by bilingual speakers, and data extraction
was double-checked by at least 1 investigator (T.K., M.N.)
using Google Translate (http://translate.google.com/).

Coprimary outcomes were (1) hospitalization risk,
defined as a proportion of patients experiencing 1 or more
hospitalizations, and (2) the total number of hospitalizations
during the study period, expressed as the hospitalization
rate, ie, the number of hospitalizations per person-year.
Secondary outcomes included total hospitalization days and
length of stay (ie, mean duration of 1 hospitalization).

Data Analysis

Because mirror-image studies compare outcomes for
each patient under 2 conditions, they sometimes allow us
to reduce the error term in the analysis by taking account of
the correlation between outcomes under the 2 conditions.
The nature of the data (the fact that many patients had zero
events) made that option impossible here, and we therefore
treated the correlation as zero. This is a conservative
approach, in that it exaggerates the magnitude of the
standard error.

Risk of hospitalization was computed as the number of
patients hospitalized divided by the number of patients at
risk. The risk ratio was then given by the ratio of risks for
LAI versus oral antipsychotic. Rate of hospitalizations was
computed as the number of hospitalizations divided by the
person-years at risk. The rate ratio was then given by the
ratio of rates for LAI versus oral antipsychotic.

Reporting of relapse-related outcomes differed widely.
Some studies reported the number of hospitalizations before
and after introduction of the LAI for each patient. In such
cases, we used the data for both the risk ratio calculation and
the rate ratio calculation. Some of the studies reported only
the proportion of patients who had at least 1 hospitalization
and stopped the follow-up when patients had their first
relapse. In such cases, we used these data only for the risk
ratio calculation. Other studies reported only the total
number of hospitalizations during the period before and
after the introduction of the LAI The follow-up length was
fixed among patients in some studies, but varied among
patients in others. Notably, however, the length of the
observation period was always the same before and after
initiation of the LAI in each individual patient across all
studies. Due to these differences in follow-up duration, we
calculated the rate (the number of hospitalizations per year)
in order to standardize the unit of observation time.

For days hospitalized, we computed the standardized
mean difference between groups (Hedges' g). Similarly,
for mean length of hospitalization, we computed the
standardized mean difference between groups (Hedges’ g).

The meta-analyses were performed using a random-
effects model.!* The summary effect and 95% confidence
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Figure 1. Flowchart of Literature Search

5,483 Records identified
through database search

Identification

158 Studies identified
through additional hand

search

3,751 Records after
duplicates removed

}

3,751 Records screened

Screening

by title and abstract

)

607 Full-text articles

> 3,144 records excluded

582 articles excluded for:
No usable data (177)
No data for the oral antipsychotic treatment period (173)

assessed for eligibility

)

25 Studies included in
qualitative/quantitative
analysis (meta-analysis)

Eligibility

Included

No original data (review/editorial) (66)
Randomized study (not naturalistic design) (37)
Non-long-acting injectable (35)

Patient data overlap with other reports (31)
Cohort study (non-mirror image) (29)

Short treatment duration (12)

Case reports/series (n < 20) (12)
Cross-sectional studies (8)

Not related to schizophrenia (1)

Not a clinical study (1)

intervals (Cls) were reported for each outcome. With regard
to the heterogeneity, 12, I%, Q, and P values are reported.

While the primary analysis was based on the full set
of studies, we also conducted analyses on subgroups of
studies in order to identify potential methodological biases
or subpopulations in which outcomes differed. These
included subgroups based on (1) medication group (FGA
LAI vs risperidone LAI [only risperidone LAI data were
available among SGA LAIs]), (2) publication year (older
RCTs [published before 2000] vs newer RCTs [published in
2000 or later]), (3) study sample size (N>100, N<100), (4)
region (North America, western Europe), (5) pharmaceutical
sponsorship, and (6) data acquisition method in LAI phase
(including LAI dropouts in the analysis vs excluding LAI
dropouts in the analysis).

Data were entered into a funnel graph (trial effect against
trial size) to investigate the possible presence of publication
bias.!* If there was a significant risk of publication bias,
we employed the “trim-and-fill” method!® to assess the
possible impact of the bias. Data were double-entered into
and analyzed with Comprehensive Meta-Analysis Version 2
(BioStat; Englewood, New Jersey).

RESULTS

Search and Study Characteristics

The literature search using the aforementioned electronic
databases yielded a total of 5,483 citations. Of 5,483 identified
citations, 607 articles were fully inspected, and 582 were
removed from analysis due to following reasons: no usable
data (177 articles), no data for the oral antipsychotic
treatment period prior to LAI treatment (173 articles), no
original data (66 articles), randomized study (37 articles),
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non-LAI (35 articles), patient data overlap with other reports
(31 articles), cohort study (non-mirror-image) (29 articles),
short treatment duration (12 articles), case report/series (12
articles), and other reasons (10 articles) (Figure 1).

Finally, 25 mirror-image studies from 28 countries that
followed 5,940 patients with schizophrenia for >12 months
(26 months each on oral antipsychotics and LAIs) met
the inclusion criteria and were analyzed. The mean (SD)
study duration was 20.9 (15.9) months. As reports were all
naturalistic observational studies that compared the period
of time that patients were on oral antipsychotic treatment
versus on LAI treatment, the medication choice, especially
for the oral antipsychotic phase, was arbitrary. Reflecting this,
in all studies but 1 (96.0%), any medications were allowed or
medications were not reported during the oral antipsychotic
phase. In 1 study (4.0%), olanzapine was used during the
oral antipsychotic phase. On the other hand, the numbers
of studies with each LAI were as follows: risperidone, 10
(40%); fluphenazine, 8 (32%); mixed, or any FGA, 2 (8%);
clopenthixol, perphenazine, and flupenthixol (each), 1 (4%);
risperidone or FGA, 1 (4%). Thus, risperidone LAI was the
only SGA LAI with mirror-image study data.

In all studies, patients were switched only from oral
antipsychotic to LAIL not the other way around. Moreover,
data during the oral antipsychotic phase were collected
retrospectively in all studies. However, in the LAI phase, 5
studies (20.0%) followed up patients prospectively. Altogether,
15 studies (60.0%) collected the data during the LAI phase when
patients were on treatment with the LAI by selecting patients
who continued LAI for a specific duration or collected data
until the patients stopped the LAI; that is, LAI dropouts were
excluded from (or not included in) the analysis. However, 9
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Figure 2. Hospitalization Risk
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Figure 3. Number of Hospitalizations
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studies (36%) collected data even after patients discontinued
the LAI; that is, LAI dropouts were included in the analysis.
Nevertheless, this distinction was ambiguous and was not
clearly mentioned in some studies. Study characteristics
are summarized in Table 1 (see Supplementary eTable 1 at
PSYCHIATRIST.COM for more detailed information).

Primary Outcomes: Hospitalization Risk,
Total Number of Hospitalizations

LAIs showed strong superiority over oral antipsychotics
in preventing hospitalization (16 studies, N =4,066; risk
ratio=0.43; 95% CI, 0.35-0.53; P<.001; heterogeneity:
=0.117,1*>=87.6%, Q=121, df=15, P<.001). In fact, 14 of
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the 16 studies showed statistically significant superiority of
LAISs over oral antipsychotics (Figure 2).

LAIsalso showed strong superiority over oral antipsychotics
in decreasing the number of hospitalizations (15 studies,
6,342 person-years; rate ratio=0.38; 95% CI, 0.28-0.51;
P<.001; heterogeneity: t2=0.301, I* = 95.0%, Q=280, df =14,
P<.001). All studies except 1 showed significant superiority
of LAIs over oral antipsychotics (Figure 3).

Secondary Outcomes:
Hospitalization Days, Length of Stay

LAITs showed significant superiority in decreasing the days
patients were hospitalized (7 studies; Hedges’ g=0.77; 95%

PSYCHIATRIST.COM =961



Kishimoto et al

Table 2. Subgroup Analyses

No. of Heterogeneity

Outcome Studies  Effect Size  95% CI pa T2 I? Q df pP?
Hospitalization risk Risk Ratio

FGA LAI=old studies (1999 or earlier) 8 0.40 0.30-0.54 <.001 0.13 761 293 7 <.001
Risperidone LAI 7 0.46 0.33-0.64 <.001 036 924 789 6 <.001
New studies (2000 or later) 8 0.46 0.34-0.62 <.001 0.12 912 80.0 7 <.001
Sample size >100 7 0.49 0.39-0.63 <.001 0.093 923 779 6 <.001
Sample size <100 8 0.35 0.23-0.51 <.001 020 706 272 8 <.001
North American studies 5 0.43 0.30-0.62 <.001 0.13 868 303 4 <.001
Western European studies 6 0.42 0.31-0.56 <.001 0.081 68.1 157 5 .008
Industrial sponsorship 4 0.43 0.27-0.66 <.001 0.17 948 57.7 3 <.001
No industrial sponsorship 10 0.38 0.23-0.62 <.001 059 958 2133 9 <.001
Including LAI dropouts 6 0.44 0.28-0.67 <.001 0.18 940 832 5 <.001
Excluding LAI dropouts 10 0.42 0.34-0.53 <.001 0.076 718 319 9 <.001
No. of hospitalizations Rate Ratio

FGA LAI=old studies (1999 or earlier) 10 0.36 0.22-0.61 <.001 066 968 2161 9 <.001
Risperidone LAI 4 0.42 0.27-0.65 <.001 0.17 95.1 61.3 3 <.001
New studies (2000 or later) 5 0.43 0.29-0.63 <.001 0.15 937 638 4 <.001
Sample size > 100 6 0.50 0.36-0.68 <.001 0.37 93.8 80.8 5 <.001
Sample size <100 9 0.30 0.16-0.58 <.001 096 96.0 1993 8 <.001
North American studies 4 0.38 0.21-0.68 .001 031 921 379 3 <.001
Western European studies 6 0.38 0.17-0.82 014 092 9.9 1594 5 <.001
Industrial sponsorship 6 0.46 0.32-0.64 <.001 0.14 934 752 5 <.001
No industrial sponsorship 9 0.42 0.31-0.56 <.001 0.13 77.7 359 8 <.001
Including LAI dropouts 5 0.42 0.29-0.63 <.001 0.16 935 613 4 <.001
Excluding LAI dropouts 10 0.36 0.22-0.60 <.001 0.62 959 2179 9 <.001

*Boldface indicates statistical significance.

Abbreviations: FGA =first-generation antipsychotics, LAI =long-acting injectable.

CIL, 0.22-1.33; P=.0063; heterogeneity: > =0.527, > =97.9%,
Q=289, df=6, P<.0001) (Supplementary eFigure 1). The
length of the hospitalization was rarely reported. However,
on the basis of only 2 studies, LAIs showed significant
superiority in decreasing the duration of the hospitalization
(Hedges’ g=0.26; 95% CI, 0.07-0.46; P=.009; heterogeneity:
=0.014, 1> =65.5%, Q=2.9, df=1, P=.089) (Supplementary
eFigure 2).

Subgroup Analyses

The superiority of LAIs over oral antipsychotics remained
in all clinically relevant subpopulations and treatment
groups: (1) medication group (FGA LAI vs risperidone
LAI); (2) publication year (published before 2000 vs after
2000); (3) study sample size; (4) region (North America,
western Europe); (5) pharmaceutical sponsorship; and (6)
data acquisition design in LAI phase (Table 2).

Publication Bias

There was an indication that the effect size is larger in the
smaller studies. For risk of hospitalization (Supplementary
eFigure 3), Egger’s regression test yielded a P value of .073.
Similarly, for total number of hospitalizations (Supplementary
eFigure 4), Egger’s regression test yielded a P value of .0055.
To address the possibility that the observed findings could
be partly due to publication bias, we employed Duval and
Tweedie’s trim-and-fill method'® to estimate the true effect
based on observed studies plus (imputed) “missing” studies.
When we employed this procedure, the overall conclusion
remained the same. LAIs remained superior, even when
we adjusted for the possibility that studies with smaller
effects were not published (adjusted hospitalization risk:
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risk ratio=0.52; 95% CI, 0.49-0.55; adjusted number of
hospitalizations: rate ratio=0.41; 95% CI, 0.30-0.54).

DISCUSSION

To the best of our knowledge, this is the first meta-
analysis comparing LAIs versus oral antipsychotics based on
mirror-image studies incorporating both FGA and SGA LAIs
without language restriction. In our analysis, LAIs showed
strong superiority over oral antipsychotics. Effect sizes for
preventing hospitalization (risk ratio=0.43) or decreasing
the number of hospitalizations (rate ratio=0.38) were very
large. These results are in strong contrast with those from
our recent meta-analysis® on RCTs, which did not find
significant differences between LAIs and oral antipsychotics
in preventing relapse, hospitalization, and other relapse-
related outcomes.

Although pharmacokinetics can be different between LAIs
and oral antipsychotics, pharmacologic characteristics of LAIs
and oral antipsychotics are considered to be fundamentally
the same. Therefore, it is fair to say that the superiority of
LAIs is primarily conferred by assured medication delivery.
It is well established that nonadherence is highly prevalent
in the schizophrenia population.>**! Because of this, one
would hope that LAIs prevent relapse better than oral
antipsychotics. The likely reason why we did not see the
benefit of using LAIs compared to oral antipsychotics in RCTs
is that patients enrolled in RCTs tend to differ systematically
from patients in naturalistic settings.'” In RCTs, patients who
are willing to listen to a lengthy explanation of the trial and
give consent and who show up for appointments are likely to
be recruited. Conversely, those who miss appointments and
are less cooperative are likely to be excluded from the study
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recruitment procedure. Thus, systematic differences include
less severe impairments in adherence and cognitive function
and less severe comorbidity patterns, as well as greater
motivation for treatment, familial support, educational
background, and clinical stability in samples enrolled into
RCTs.? In short, patients in RCTs may not be representative
of the patient group for whom clinicians would choose
LAIs.

Moreover, itis very important to consider that participation
itself in RCTs can alter the ecology of treatment delivery
and experience. Such study participation effects include
reminders, reimbursement, provision of transportation,
and assessment of efficacy, safety, and even adherence.
Patients are monitored much more frequently and closely
in RCTs than in usual care settings, where the duration and
frequency of visits can be as low as 15-30 minutes every
1-3 months with multiple medication refills being written
in 1 brief medication management visit. Thus, patients in
RCTs are likely to receive much more and different types of
attention than patients in routine clinical practice, and all of
these differences may work to the disadvantage of LAIs. By
contrast, for a generalizable assessment of the comparative
effectiveness of LAIs compared to oral antipsychotics, RCTs
should be conducted in real-world settings employing real-
world procedures and including patients with a recent history
or a pattern of nonadherence and sufficient response to
antipsychotic treatment. This is why in this meta-analysis we
focused on mirror-image studies, which include populations
that are more comparable to those receiving LAls in usual
clinical practice.!® It is important to recognize that, in
mirror-image studies, LAIs showed such strong superiority,
given the lack of superiority in RCTs.

An interesting finding from the previous meta-analysis®
of RCTs was that when older studies (exclusively consisting of
FGA LAIs) and newer studies (predominantly consisting of
SGA LAIs) were analyzed separately, LAIs were significantly
superior to oral antipsychotics in older studies (or FGA
LAI studies), whereas the difference was not significant in
newer studies (or SGA LAI studies).® The possible reasons
for this disparity include different comparators (old studies
used FGA oral antipsychotics, whereas new studies used
SGA oral antipsychotics, which may be better tolerated
and prevent relapse better*?), publication bias (old negative
studies might not have been published), more stringent
procedures in newer studies to participate in clinical trials
(selecting more adherent patients), and change of relapse
definition (new studies may be using lower thresholds for
relapse, which can increase false-positive rates).® However,
such differences were not found in this analysis based on
mirror-image studies; LAI superiority was so strong that
LATs showed significant superiority over oral antipsychotics
not only in the full population, but also in every subgroup.
This included both FGA LAI and risperidone LAI the only
SGA LAI formulation with analyzable data, which were
each superior to oral antipsychotics and with similar effect
sizes. On the basis of these findings, one might ask why
SGA LAIs are not being used more widely. The answer is
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beyond the scope of this article, but it might include relatively
short injection intervals (for risperidone LAI), the risk of the
postinjection delirium sedation syndrome (olanzapine LAI),
higher cost, and a general bias against LAIs, including use as
a last resort after many relapses and rehospitalizations instead
of use for preventing relapses early in the illness course.

Although 23 (92.0%) of the 25 analyzed studies showed
significant superiority of LAIs over oral antipsychotics, in 2
studies,?”?® results were in the opposite direction. In 1 (6.7%)
of 15 studies, the number of hospitalizations was significantly
lower with oral antipsychotics (P=.0009).>” In 1 (6.3%) of
16 studies, hospitalization risk was nonsignificantly lower
with oral antipsychotics (P=.57).22 However, both of these
studies were very small (N =48 and N = 34), raising questions
about the representativeness of the sample and precision of
the results. Moreover, while most studies included patients
who were nonadherent, chronically unstable, or recently
discharged, 1 of these 2 outlier studies?® included only patients
who were in remission, decreasing the chance of showing LAI
superiority. Finally, the other study?’ actually reported that
hospitalizations due to noncompliance decreased significantly
with LATs (79% to 33%, P<.001). However, hospitalizations
due to life events (16.5% to 52%, P<.001) and therapeutic
escape (4.1% to 13.5%, P<.001) increased even more with
LAIs, resulting in an overall advantage of oral antipsychotics.
This discrepancy shows that hospitalizations are multifactorial
and that findings can be influenced by life events that may
have no relationship to the prescribed medications, especially
in small samples.

Notwithstanding these findings, it is also very important
to understand the limitations of mirror-image studies.’ First,
because these mirror-image studies utilize the timing when
the oral medication is switched to an LAI, expectation bias can
have an impact on the main outcome, that is, hospitalization,
for it is reasonable to believe that patients’ poor response to
oral antipsychotics led to the initiation of LAIs. Another
specific expectation bias with the use of LAIs is that, because it
is an LAI, the clinician and family know that the patient is still
on medication. They might decline the opportunity to admit
patients, even if there is symptom exacerbation, considering
that they would not see a full-blown relapse. Conversely, it
is also possible that clinicians would be more likely to admit
a patient on LAI treatment who shows some worsening,
since the worsening occurred despite known medication
delivery. Moreover, it is important to consider the natural
course of the illness, that is, regression to the mean. Patients
are likely to return to their usual status after a while even if
the medication remains unchanged. Using a control group
continuing to receive the same oral medication could help
resolve this problem. However, without randomization, such
studies would contain biases regarding patient characteristics
related to the decision of starting an LAI or continuing oral
antipsychotic treatment. In addition, all of the studies that met
inclusion criteria involved the switch from oral antipsychotics
to LAIs. Very few studies reported the data when patients
switched from LAI to oral antipsychotic, and none of those
reports met inclusion criteria. To eliminate expectation bias,
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it would have been ideal to have studies with data going in
both directions.

Second, most of the studies extracted data only when
patients were on the LAIL in other words, studies either
included only patients who stayed on LAIs for a specified
amount of time, or followed up patients until they stopped
medication (or until study termination) and compared the
results to the data when patients were on oral antipsychotics
for the equivalent duration. This selection bias could
have worked in favor of LAIs. However, at the same time,
patients were able to change oral medication during the oral
antipsychotic phase, whereas patients had no choice other
than 1 LAI during the LAI phase in all studies. Moreover,
when we analyzed only studies including LAI dropouts in a
subgroup analysis, LATs still showed significant superiority
over oral antipsychotics.

Third, mirror-image studies can be biased by independent
events, such as health policy change and reduction in bed
numbers or insurance coverage. Nevertheless, there is
no ideal approach to examine the efficacy of LAlIs, and a
mirror-image design most likely includes patients who are
more reflective of populations who receive LAIs in clinical
practice than RCTs.

Besides the biases of the mirror-image study design
mentioned above, several other limitations should be
taken into consideration. As our aim was to compare the
effectiveness of LAIs with that of oral antipsychotics in
preventing relapse, we used hospitalization as the proxy
of relapse. This is an inherent difficulty in mirror-image
studies, since they usually explore the data retrospectively,
using large databases. Some studies used patients” charts,
but even using such sources, which may contain more
detailed information, hospitalization was the only outcome
commonly found across studies. Furthermore, the threshold
for hospitalization can vary, largely reflecting the medical
system in specific countries or during the time of the study.
However, no universal objective relapse definition has been
established, and clinical trials have been applying their own
definitions according to their aims or settings.*’ At the
same time, most of the studies used hospitalization as one
domain of relapse, and therefore we consider it to have been
practical and reasonable to use hospitalization as a proxy for
relapse. Another limitation is that patients’ disease severity
was not reported in many studies. As the inclusion criteria
for the studies show, the patient populations included in
the analyzed studies were chronically ill. However, it was
impossible to know their level of stability, insight, severity of
negative symptoms, and cognitive deficits, which of course
might influence the effectiveness of LAIs. Furthermore,
information on adverse effects that also impact on real-world
effectiveness of LAIs and oral antipsychotics was missing.
Thus, all of the above can limit the interpretation of the
results in mirror-image studies. Nevertheless, the major
limiting factor of RCTs is overcome, in that patients eligible
for LAIs in clinical care are actually studied.

In summary, our large meta-analysis based on mirror-
image studies comparing oral antipsychotics and LAI
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treatment phases showed strong superiority of LAIs over
oral antipsychotics in preventing hospitalization. The results
are in contrast with the recent meta-analysis of RCTs, which
showed no superiority of LAIs. However, given the possible
biases in mirror-image studies, such as expectation bias,
natural course of the illness, and time effect, a cautious
interpretation of these results is required. Nevertheless,
the population in mirror-image studies better reflects the
population receiving LATs in clinical practice. In the future,
large, simple RCTs may benefit from more closely replicating
routine clinical circumstances. Two-way mirror-image
studies (oral to LAI, LAI to oral) might be another option
to examine the comparative effectiveness of LAls to oral
antipsychotics.

Drug names: aripiprazole (Abilify), clozapine (Clozaril, FazaClo, and others),
haloperidol (Haldol and others), olanzapine (Zyprexa), quetiapine (Seroquel),
risperidone (Risperdal and others), ziprasidone (Geodon).
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Supplementary eTable 1. Detailed Study Characteristics

Follow up + M edication
Study/ n? |Data Source| LAl phase Duration Inclusion Criteria Reported Outcome Mezn;SD % Mal¢ Chronicity LAI (n)®
Country P OAPILAI P ( egrs) 0 Information (n) 5 Mean+SD
(months) y OAP (n) Dose (mg)
# Hp
SCZ (ICD-9), started # Outpatient visits RLAI(184) | total 177/3M
Medical |Retrospective, RLALI followed >1Y # ER visit . CLO (7
>
Z%Ig/‘,%;tvj‘;n 184 | claims data, | dropouts 12/12 | before and after RLAI % Hp 36-559 | 50.5 DO717—26;{ RIS (§0;
nationwide | excluded initiation, treated Hp days e Other SGA NR
regularly with RLAI # relapse (50)
Cost Oral FGA (91)
sczscap psw. |, Foriedn
Rosa et al. IV), non-acute, P od Up cu RLAI (79)" |32.6+7.12W
2012/France, Prospective, previously treated with " giygzzgge(gsr?:ese 402+14.0 Mean DOI:
Kuwait, 98 [Multinational| dropouts 6/6 | OLA (stable dose) and P p 57710 o
. o . Hp days 13.5Y
Portugal, Saudi excluded willing to switch to Psvchopatholo
Arabia RLAI not known as yehopathology OLA (79)” 16.2+5.6
Social functioning
RIS non-responder
Safety measures
. Prospective, SCZ(DSM-IV), #Hp MeantSD | REALE3S, | o5 oywm
Crivera et al. . o ) # psychiatric Hp : 343%)
435 | Multicenter | dropouts 12/12 appropriate for RLAI .. 41.9+12.6 | 66.7 |DOI: 17.6+
2011708 included initiation #ER visit 121y | NREA3S, NR
% psychiatric Hp ' 343%)
# psychiatric Hp
Retrospectiv SCZ (ICD-9), started % psychiatric Hp RLAI(924) 38.9+13.0/2W
Renetal. | gyp | VA 1 gropouts | 12712 | REALandhad=3 o ) yehiaic Hp | 51+11 | 94 NR
2011/US multicenter| & 'OPOY RLAI 0 == DSy p
included C Hp days NR (924) NR
njections
Length of stay
SCZ (ICD-9), started Oi P RLAI (38)
il . any depot, but without o (;1 P HAL (69) NR
Peng et al Commerma Retrospectiv depot injection in the o psychiatric Hp FPZ (40)
’ 147 | claims data, | e, dropouts 6/6 . % Hp for SCZ 42.6£14.7 | 53.7 NR
2011/US . . 6M before baseline, >2
multicenter | included outpatient visits or >1 Hp days
Htp within 180 da _s Psychiatric Hp days NR (147) NR
P Y Hp days for SCZ
iﬁfeﬁljn%'gg},“(";' #Hp RLAI (427%) | 41.52W)
Carswell et al. Multicenter |Retrospectiv referred RLAI) Hp days Mean+SD
2010/New 443 | (5 centers) | e, dropouts 12/12 _ bref iy Days of compulsory 359+12.4 | 643 |DOI: 11.7+
. intensive treatment in ,
Zealand included . treatment order 9.9Y NR (427") NR
the year prior to Cost
switching to RLAI




Follow up M edication
Study/ n |Data Source| LAl phase| 2Yr80N | o uusion Criteria Reported Outcome Me/in?D % Male CITONICItY | Al (n)” +
Country u P OAP/LAI usion Criteri ep u ( %) 0 Information - '\D/'ea”—SD
(month) y-0. OAP (n)» | Dose(mg)
Mean+SD | RLAI(88) @47.4+10.1/2W|
. SCZ/SCZAD (DSM- 0 DOL: OLA (29)
Girardi et al Ir)li)ocsilsscgl‘;fs’ IV), with clinically Res /((;n}slg rate 18£3.0Y CLO (26)
2010/Ital ' 88 | Multicenter durinp the 6/6 (24)° | inadequate response to Ps clfo atholo 41.2£10.6 | 64.8 QUE (21) NR
Y oM iase >2 oral APs within 3M, Y Sa?fe ) 24 Mean+SD #| HAL (13)
P BPRS-T>65 Y of Hp: ARI (9)
8.26+2.79 | RIS (2)
RLAI (108) 175.4;:/[54.5/3
SCZ (ICD-9), regularly RIS (17)
Medical Retrospectiv treated with RLAI for # Hp Other SGA
Su et al. claims data, >1Y, >1Y data in pre- # ER visit 41)
2009"Taiwan | %% | nationwide e;fi?fiﬁf 12121 " RLAT periods, had HP days 42.0£104 50 NR FGA (27) R
<90D hospital stay # relapse FGA+RIS (10)
FGA+other
SGA (5)
None (8)
Lam et al. Prospective, . . % Hp . |RLAI (1748° NR
2009™/15 | 2300 [Multinational| dropouts 12/12 SCI%L\XI}OCEES;III?;SE " All cause discontinuation | 38.4° NR Mfg‘gggl' ( )
countries " included Psychopathology ) OAP (1748”) NR
# psychiatric Hp P 35 5/2W
. . ) .
SCZ/SCZAD (ICD-9) af ./ PSychiatric Hp”® RLAI (106) (end)
. % >2 psychiatric Hp
VA (Ohio) . any time of the study Psychiatric Hp days
) > |Retrospectiv 10.2+  |period (1/2003-1/2006), .
Fuller et al. multicenter . ; Psychiatric Hp ARI(7) 26.3+4.9
2009/US 106 (5 centers) e,dI‘Opout 6.4/10.2+6.4 with continuous days/month 51.9+10.2 93 NR OLA (19) 15.1+£7.1
i + o P
o FRLAL outpatient visits RIS (57) 3.8€1.9
Injections o Compliance ZIP (8) 107.7+45.1
Cost
# Hp
% Hp RLAI (63) NR
» Retrospectiv . ; % experienced >2 Hp
Beauclair et al. . SCZ who participate Hp days
2005/Canada 63 | Multicenter E;’rirl?l %Zl(lit 39.4/403 in RLAI clinical trials | All cause discontinuation NR NR NR
Concomitant NR (63) NR
anticholinergic/anxiolytic/
sedative
: Q)
Bourinetal. | ¢ |gi1o1e center lzetcrlfjsgittlsv 62'2238'3/69 SCZ #Hp NR 50 NR TR -
1998/France excluded | (mean+SD) (ICD-10), hospitalized Hp days OAP (48) NR




Follow up

antiparkinson medication

Study/ Duration Mean+SD Chronicity Medication
a) . . . 0
Country n® |Data Source| LAl phase OAPILAI Inclusion Criteria Reported Outcome (,Zgres) % MaleI nformationl  LAI (n)” Mean+SD
(months) y OAP (n)” | Dose(mg)
, . Mea91n2 ?{OI: clopenthixol 169.5/3.7W
Svestka ot al. . rospective, . o 2Y decanoate (34)
1984/Czech 34 |Single center| dropouts 10.3/10.3 SCZ, in remission % Hp 37.4 23.5 # Hps in
included lifetime NR NR
(range): 1-12
. SCZ/SCZAD, . FPZ (65 | 17.7/3W
Waldmann et al Retrospectiv outpatients and patients Duration of
1984/German | 65 |Single center| e, dropouts | 31.2/31.2 in day hospital who # Hp NR 27.7 |treatment: 1-
Y excluded were receiving FPZ 9Y NR (65) NR
decanoate
. Retrospectiv FPZ NR
I\g(éhilciif;' 112 |Single center| e, dropouts 123;{1317 Sstcf’ Ozgir;ﬁtlwgzz Hp days 25447 | 679 NR
excluded & uayw u NR NR
Multicenter |Retrospectiv SCZ, duration of illness # Hp FPZ (127) 25/M”
Tan et al. <8Y, >24M treatment 9
. 127 (6 centers) | e, dropouts 24/24 Hp days 32.548.8 | 61.4 6-8
1981/Singapore before and after the )
excluded institution of FPZ depot Compliance
stitution o po NR (127) NR
FPZ (12.5-25
. #Hp | s mg/4W)",
Arato 51 |Single center Retrospectiv 44/26 SCZ/SCZAD.’ 1Y on Number of patients who 34 100 Mean DOL: | Mixed FGA flupenthixol
1979/Hungary e,dropouts depot, >2 Hp in the past . 7.2Y )
excluded experienced Hp 20mg/3W)
NR NR
SCZ spectrum FPZ (61Y) |37.5mg/3-4W
Retrospectiv disorders, treated in the # Hp
Devito et al. 122" |Sinele center e, 12/12 same inpatient program % Hp 18-39™ 508 NR
1978/USA & dropouts and referred for Length of stay ’ NR (61Y) NR
excluded outpatient treatment in # Hp per patient
the FPZ program
Polonowita and Retrospectiv FPZ decanoate NR
1 9J7a6n/1132w 43 |Single center| e, dropouts 13/13 SC¢Z IEIIE?ZD&E),Osttarted H# zlf s NR 67.4 NR (43)
included pot. b aay NR (43) NR
Zealand
perphenazine
# Hp enanthate (24) 107 mg
. - o
Lindholm Multicenter Retrospectiv SCZ, ad.m inistered /6 Hp Mean DOI:
24 e, dropouts | 26.9/26.9 |perphenazine enanthate Hp days 44.9 25.0
1975/Sweden (2 centers) excluded for>1Y Concomitant 6.8Y
NR (24) NR




Follow up

Study/ Duration Mean+SD Chronicity Medication
a) . . . 0
Country n® |Data Source| LAl phase OAP/LAI Inclusion Criteria Reported Outcome ( ,Zgres) % MaleI nformation| LAI ()P Mean+SD
(months) y OAP (n)” | Dose(mg)
Patients 40/2W as a
. .. started LAI | flupenthixol | general rule,
SCZ, discharged, # relapse requiring Hp during Hp decegloa te (58) r%mge (20mg-
Gottfries and Retrospectiv treated with % Hp and later 60mg)
Green 58 [Single center | e, dropouts NRY flupenthixol decanoate Hp days NR NR wer £
1974/Sweden excluded during observational Length of stay tran. ? ;CT d
period All cause discontinuation to anslbeulzn ¢ NR (58) NR
treatment.
Morit Retrospectiv decamonte andwith] # Hp A
33 [Single center | e, dropouts 12/12 % Hp NR 424 NR (33)
1974/UK luded year record pre/post Hp d
exclude FPZ depot pdays NR (33) NR
Johnson and Retrospectiv SCZ, administered FPZ 9% L F()P;Zdzgzg(t)lit:e 12.5/5W —
Freeman 126" |Single center| e, dropouts | 12/12” | depot and withfollow- ° =P NR NR NR v) 25/10D
v) Hp Days (126"
1972/UK excluded up record of 1 or 2Y' NR (126”) NR
FPZ
SCZ, receiving FPZ (i I;IIp enanthate
. depot, >12M follow-up o b (6.25-50
Denham and Retrospectiv 24.8/24.8 | record after injection. Hp days FPZ (103) mg/2W) or
Adamson 103 |Single center| e, dropouts ) . . ) ’ # Hp due to specific 38.5 553 Chronic &
(mean) with completely decanoate
1971/UK excluded ; reasons
documented previous . (12.5-37.5
. Hp days due to specific
history LeasonsS mg/2W)
NR (103) NR
Retrospectiv SCZ, chronic, kn"v."‘ to FGA mix (44) NR
Malm 44 |Sinel 4 / have difficulty with # Hp | hroni
1971/Denmark Single center| ¢, dropouts 36/36 adherence to AP oral Hp days NR 00 Chronic
excluded medication NR (44) NR

a) Original study sample size

b) Number of patients analyzed
c) Obtained directly from author
d) Majority (60.3%) were between 36-55 years old
e) Based on patients who received at least 4 doses of RLAI (n=96)
f) Patients who received efficacy assessments and completed 6M of treatment were included in analysis.
2) Analysis for hospitalization risk was conducted on subpopulation who received >2 RLAI injections with 12M observation.
h) Majority (73.8%) started with a dose of 25mg/2W
i) Patients who were transferred to other health services, died, or spent more than 12 months as an inpatient were excluded from the analysis.

j) Dose at 12M

k) Analyzed pre- vs. post-LAI phase (6M each), but study had 18M extension follow up phase.
1) Only hospital days was used for the analysis due to the patient overlap with Chang et al.

m) Unpublished data
n) Australia, Belgium, Brazil, Canada, Czech, Denmark, Greece, Korea, Mexico, Netherland, Norway, Russia, Slovakia, Spain and Sweden




0) Analyzed 1748 patients who were taking oral atypical antipsychotics before RLAI
p) Not analyzed due to potential overlap with Ren et al.

q) 44 patients were analyzed in LAI phase.

r) Majority (65.2%) were between 25-44 years old.

s) Illness durations was 6-8Y for the majority (65.3%) of patients

t) Dose for majority of the patients (96.1%)

u) Doses for majority of the patients

v) Majority (57.4%) were between 18-39 years old.

w) Half of the participants were assessed in a mirror-image setting.

x) Mean+SD observation period for 36 patients who had relapse(s) was 43.2(10.8) months.
y) Patients with 1 year of follow up period were analyzed in this meta-analysis.

Abbreviations: AP=antipsychotic, ARI=aripiprazole, BPRS-T=brief psychiatric rating scale, CLO=clozapine, D=days, DOI=duration of illness, DSM-IV=Diagnostic and Statistical
Manual of Mental Disorders - fourth edition, ER=emergency room, FGA=first generation antipsychotic, FPZ=fluphenazine, HAL=haloperidol, Hp=hospital, hospitalization,
ICD=International Classification of Diseases, LAI=long acting injectable, M=months, NR=not reported, OAP=oral antipsychotic, OLA=planzapine, QUE=quetiapine,
RIS=risperidone, RLAI=risperidone long acting injection, SCZ=schizophrenia, SCZAD=schizoaffective disorder, SGA=second generation antipsychotic, VA=Veterans Affairs,
\W=week, Y=year, ZIP=ziprasidone




Supplementary eFigure 1. Hospitalization Days

Hospitalization Days

Studyname

Michel etal. 1981
Lindham 1975
Morritt 1974
Suetal. 2009
Peng eta. 2011
Renetal. 2011
Carswell eta. 2010

Hedges's
¢}
-3275
-1070
-0.861
-0.275
-0.205
-0.178
0.269
-0.771

Statistics for each study
Standard Lower  Upper
error Variance  limit limit
0204 0042 -36/5 -2875
034 00983 -1666 -0474
0.255 0065 -1360 -0.362
0136 0019 -0542 -0.008
0.117 0014 -0433 0024
0.047 0002 -0270 -0.087
0.069 0.005 0135 0404
0.283 0080 -13% -0217

Z-Vaue

-16.043
-3517
-3.381
-2021
-175%5
-3824

3919
-2.729

p-Value

0.0000
0.0004
0.0007
0.0433
0.0792
0.0001
0.0001
0.0063

Hedges's g and 95% ClI
—H
-
[ |
B
-1.00 0.00 1.00

Favours LA

Favours OAP

200




Suppelmentary eFigure 2. Length of Stay
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Supplementary eFigure 3. Funnel Plot for Hospitalization Risk

Funnel Plot of Standard Error by Log risk ratio
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Supplementary eFigure 4. Funnel Plot for Number of Hospitalization

Funnel Plot of Standard Error by Log rate ratio
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