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Compared with oral antipsychotics (OAPs), long-acting
injectable antipsychotics (LAlIs) should improve medication
adherence and reduce relapses in schizophrenia. However,
meta-analyses of randomized trials and mirror-image stud-
ies yielded inconsistent results. Nonrandomized cohort
studies with parallel comparisons of LAIs and OAPs offer
a third design to examine this issue. We meta-analyzed
cohort studies with >24 weeks duration and hospitaliza-
tion data. Primary outcome was hospitalization rate, ie,
number of hospitalizations per person-year. Secondary
outcomes included hospitalization risk, ie, proportion of
patients experiencing 1 hospitalizations, all-cause discon-
tinuation, and total hospitalization days. Patient severity
and/or chronicity at baseline was also meta-analyzed and
explored as a potential effect size moderator. Altogether,
42 studies (n = 101 624; follow-up = 18.6 * 10.0 mo) were
meta-analyzed. LAIs were superior to OAPs regarding hos-
pitalization rate (studies = 15, person-years = 68 009, rate
ratio = 0.85, 95% CI = 0.78-0.93, P < .001) and all-cause
discontinuations (studies = 10, n = 37 293, risk ratio = 0.78,
95% CI = 0.67-0.91, P = .001), but not regarding hospital-
ization risk (studies = 33, n = 51 733, risk ratio = 0.92, 95%
CI = 0.84-1.00, P = .06), and hospitalization days (stud-
ies =11, n =21 328, Hedges’ g = —0.05, 95% CI = —0.16 to
0.06, P = .39). Illness severity/chronicity was significantly
greater in patients prescribed LAIs vs OAPs when all avail-
able information was pooled together (studies = 23, n = 61
806, Hedges’ g = 0.15, 95% CI = 0.03-0.26, P = .01), but
not when examined separately. In summary, this meta-
analysis of cohort studies, which included patients that are

broadly representative of clinical practice, indicates that
LAIs are superior to OAPs. The lack of significant supe-
riority of LAIs for hospitalization risk and hospital days
needs to be interpreted in the context of naturalistic treat-
ment selection with subsequently greater illness severity/
chronicity in LAI-treated patients.
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psychosis/treatment discontinuation/moderators

Introduction

Because psychopathology and social functioning can
worsen with repeated psychotic episodes in patients with
schizophrenia,'? relapse prevention is a critical goal.
There is strong evidence of antipsychotic efficacy for
relapse prevention in chronic and first-episode patients.>*
Relapse risk is 2—-6 times higher without antipsychotics.? ¢
However, because non-adherence, which occurs in up to
50% of patients, limits the clinical efficacy of pharma-
cotherapy,’® long-acting injectable antipsychotics (LAIs)
are an important option.” LAIs are often recommended
for individuals with known or expected non-adherence to
oral antipsychotics (OAPs).

There are inconsistencies in the literature comparing
the effectiveness of LAIs and OAPs for schizophrenia.
Several large randomized controlled trials (RCTs) have
not shown significant superiority of LAIs over OAPs.!%
3 However, significant advantages were identified in a
few studies that targeted populations with early stage
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illness'*!> or a special population that required not only
relapse prevention, but also reduction in risk of crimi-
nal justice involvement.'® A recent meta-analysis of RCTs
did not find a significant difference between LAIs and
OAPs in preventing relapse or hospitalization or in sec-
ondary outcomes related to relapse.”” However, RCTs
might enroll a disproportionate number of patients
with better treatment adherence and lower illness sever-
ity.!® In addition, participation in clinical trials can alter
the ecology of treatment delivery and experience. For
example, patients may receive appointment reminders,
reimbursements, free medication, and adherence assess-
ments.'® Therefore, the standard RCT might not be the
best strategy to examine the effectiveness of LAIs com-
pared to OAPs."” Conversely, a subsequent meta-analysis
of mirror-image studies, in which hospitalization risk/
rate during a period of OAP treatment was compared
with a subsequent period of LAI treatment in the same
patients, demonstrated significant superiority of LAIs
over OAPs.” Effect sizes were large for preventing hospi-
talization (risk ratio = 0.43) and decreasing the number
of hospitalizations (rate ratio = 0.38). However, mirror
image studies are vulnerable to critical methodological
limitations including expectation bias and regression to
the mean.'

Given inconsistent results and different biases inherent
in RCTs and mirror image studies, nonrandomized, but
parallel comparison cohort studies of LAIs and OAPs
are a third design to explore the comparative effective-
ness of LAIs and OAPs. We, therefore, conducted a meta-
analysis of cohort studies that provided information
about hospitalization or relapse-related data.

Methods

The meta-analysis followed MOOSE guidelines for
reporting meta-analyses of observational studies.”!

Study Selection

We selected cohort studies with hospitalization of LAIs
and OAPs in adults with schizophrenia and related disor-
ders. Cohort studies, by definition involve a design where
samples are followed prospectively (though some cohort
studies examine data retrospectively) and subsequent
status/outcome evaluations are conducted to determine
differences between a priori defined groupings. In our
case, we collected studies that followed patients who ini-
tiated LAIs or OAPs and provided hospitalization data.
We included both prospective and retrospective cohort
studies. The former refers to studies in which 2 groups
were started and followed prospectively, while the latter
refers to studies in which the investigator collected data
from past records, but the 2 cohorts were assessed longi-
tudinally in a parallel manner from the point of cohort
inception.
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Data Sources

We conducted a search without language restric-
tions, using MEDLINE/PubMed, Cochrane library,
PsycINFO, and CINAHL from database inception (last
search: December 3, 2016), for cohort studies of patients
with schizophrenia and related disorders with a prospec-
tive observation period of >24 weeks. We also searched for
unpublished studies, such as 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, palmi-
tate, enanthate, monohydrate. Hand searches of reference
lists of relevant publications were also conducted. When
multiple reports referred to the same study or overlap-
ping patient populations (eg, nationwide cohort studies
with different publication years, but overlapping study
year[s]), we included the newer or more extensive report.

Data Extraction

Data were extracted independently by >2 reviewers (T.K.,
K.H., M.N,, C.U.C.) experienced in conducting litera-
ture searches and data extraction. Authors and compa-
nies were contacted to provide missing information and
unpublished data. Disagreements were resolved by con-
sensus. Foreign language papers were translated by bilin-
gual speakers, and data extraction was double checked by
at least 2 investigator (T.K., K.H., M.N.) using Google
Translate (http://translate.google.com/).

Primary outcome was set as hospitalization rate.
Secondary outcomes included hospitalization risk,
all-cause discontinuation and total hospitalization
days. We also compared severity and/or chronicity of
the patients on LAIs vs OAPs, as in cohort studies, it
was expected that as compared to patients on OAPs,
patients on LAIs are likely to be have more severe or
persistent conditions.

Data Synthesis

All data were double-entered into and meta-analyzed with
Comprehensive Meta-Analysis Version 3 (BioStat) using a
random effects model, as heterogeneity among studies was
expected.”? For categorical variables, we computed rate
ratio and/or risk ratio, with their 95% Cls, as the effect size,
with values <1 indicating superiority of LAIs and values
>1 indicating superiority of OAPs. Hospitalization rate
was computed as the number of hospitalizations divided
by person-years at risk. The rate ratios were calculated as
the ratio of rates for LAIs vs OAPs. Hospitalization risk
was computed as the number of patients who had >1 hos-
pitalization divided by the number of patients at risk. The
risk ratio was then calculated as the ratio of risk for LAIs
vs OAPs. Numbers-needed-to-treat (NNTs) with 95% ClIs
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were calculated for categorical outcomes by dividing 1 by
the risk difference.

Reporting of hospitalization-related outcomes differed
widely and rate ratio was calculated as described below.
Some studies reported the mean number of hospitaliza-
tion during the study period. In such cases, we calculated
the number of hospitalizations by multiplying the mean
number of hospitalizations and the number of patients.
Similarly, we calculated patient-year by multiplying the
duration of the study and the patients’ number. Some stud-
ies stopped the follow-up when patients had their first hos-
pitalization with information of the length of time from
baseline to hospitalization. In such cases, we counted the
number of hospitalization and added up the follow-up
length. Regarding risk ratio, there was no standardization
of the observation time. For example, when a study reported
only the proportion of patients who had >1 hospitalization
during the study period, without reporting when the relapse
occurred, we were only able to calculate risk ratio. In cases
where we could extract both rate and risk, we used the data
for rate ratio and risk ratio outcomes. To derive the effect
size of patients’ illness severity/chronicity, we meta-analyt-
ically compared relevant clinical characteristics of patients
on LAIs and OAPs. These included prior number of hos-
pitalizations, prior hospitalization days, illness duration,
and proportion of hospitalized patients in the last year.
These parameters were examined separately and pooled.
When reporting the pooled comparative severity/chronicity
parameters, we used the variable reported by the most stud-
ies following the hierarchical order of frequency described
above to avoid study overlaps and to reduce heterogeneity.
For continuous variables related to prior hospitalization
and illness duration at study entry, we computed Hedges’
g with 95% ClIs as the effect size, with values <0 indicating
superiority of LAls or indicating that LAI patients were
less severely/chronically ill, and with values >0 indicating
inferiority of LAIs or that LAI patients were more severely/
chronically ill. Heterogeneity was only inspected when there
were >2 studies in an analysis. With regard to the heteroge-
neity, v, I, O, and P values are reported.?

We also conducted subgroup analyses in order to iden-
tify potential methodological biases or subpopulations in
which primary outcome differed. Subgroup analyses were
based on (1) country, (2) region (North-America, Western
Europe, Asia or others), (3) publication year (published
before 2000, from 2000 to 2009, 2010 or later), (4) phar-
maceutical sponsorship, (5) data source (single institu-
tion, multiple institutions, large database studies, including
nationwide registration and insurance databases), (6) LAI
medication group (FGA, SGA, mix), (7) OAP medica-
tion group (FGA, SGA, mixed), (8) informed consent
(Obtained/Not obtained), (9) study design (prospective vs
retrospective), (10) statistical adjustment of differences in
baseline patient characteristics (Yes/No), (11) study sample
size (N = <100, 100-499, 500-999, >1000), (12) clozapine
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patients (Included/Not included), (13) analysis method
(intention to treat (ITT) vs observed cases (OC)), (14) study
quality score; Newcastle-Ottawa scale* (high [score >8] vs
low [score <8]), (15) same medication allocation (FGA-LAI
vs FGA-OAP, SGA-LAI vs SGA-OAP, and (16) follow-up
duration (median split, ie, >12 mo vs <12 mo).

The Newcastle-Ottawa quality scale captures represen-
tativeness of the exposed cohort; selection of the unex-
posed cohort; ascertainment of exposure; outcome of
interest not present at start of study; control for impor-
tant factor/additional factor; assessment of outcome;
follow-up long enough for outcomes to occur; and ade-
quacy of follow-up.

Egger’s regression test followed by Duval and
Tweedie’s trim and fill method?® were used to assess pub-
lication bias. In this large, exploratory set of analyses, no
adjustments were made to the P-values for the multiple
comparisons; therefore, the P values should be inter-
preted with caution.

Results

Search and Study Characteristics

The literature search yielded 9498 citations. We identified
42 cohort studies with 101 624 participants diagnosed
with schizophrenia followed for >6 months (supplemen-
tary figure 1). Study, patient, illness and treatment charac-
teristics are summarized in table 1 (for additional details,
see supplementary table 1).27-%® Altogether, 27 studies had
a retrospective database design (n = 70 165) and 15 stud-
ies were prospective (n = 31 459). The number of patients
per study ranged from 50 to 14 610 (median = 522), and
the mean study duration was 18.6 £ 10.0 (range = 648,
median = 12) months (duration: <1 y = 23 studies, > 2
y = 15 studies). There were 14 studies with FGA LAIs
(33.3%); 9 with mixed FGA and SGA LAIs (21.4%); 10
with risperidone LAI (23.8%); 6 with paliperidone LAI
(14.3%); 1 with haloperidol LAI (2.4%); and 1 with ris-
peridone and paliperidone LAls (2.4%). There were 29
studies with FGA and SGA OAPs, (70.7%); 6 with any
SGA OAP (12.2%); 3 with risperidone OAP (7.3%); 1
with any FGA OAP (2.4%); 1 with clozapine (2.4%); and
1 with haloperidol OAP (2.4%). The search yielded 15
studies that reported number of hospitalizations and 33
reported hospitalization risk. Six studies reported both
outcomes (supplementary figure 1).

Primary Outcome: Hospitalization Rate

Pooled together, the hospitalization rate was significantly
lower with LAIs compared to with OAPs (studies = 15,
person-years = 68 009, rate ratio = 0.85, 95% CI = 0.78—
0.93, P<.001; NNT =6,95%CI=4-17,based on 11 stud-
ies with raw rate information). Significant heterogeneity
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Study name Outcome Statistics for each study Rate ratio and 95% CI
Rate Lower Upper
ratio limit limit Z-Value p-Value
Conlen, 2002 # of Hospitalization 0207 0.071 0609 -2.360 0.004 =
Pinto, 2000 # of Hospitalization 0320 0224 0458 -6228  0.000 —a—
Voss, 2015 # of Hospitalization 0415 0247 069 -3334 0.001 — .
Ibach & Schreiner, 2008 # of Hospitalization 0435 0327 0632 4687 0.000 ——
Baser, 2015 # of Hospitalization  0.622 0.534 0723 -6.147  0.000 ]
Tithenen, 2011 # of Hospitalization  0.654 0464 0922 2425  0.015 T
Grimaldi-Bensouda, 2012 # of Hospitalization  0.660 0436 1000 -1960 0.050 T
Lafeuille, 2013 # of Hospitalization  0.776 0.747 0.807 -12.671  0.000 |
Young-Xu, 2016 # of Hospitalization ~ 0.890 0.870 0910 -10.162  0.000
Xiao, 2016 # of Hospitalization  0.960 0935 0985 -3.072 0.002
Kiao, 2015 # of Hospitalization 0980 0950 1010 -1293  0.19%6
Offord, 2013 # of Hospitalization  1.037 0.897 1199 0488 0626
Remington & Khramov, 2001  # of Hospitalization  1.301 0.762 2220 0964 0335
Olivares, 2009 # of Hospitalization  1.500 1.072 2098 2368 0.018 —
Haro (SOHO), 2007 # of Hospitalization  1.722 1461 2030 6478  0.000 .‘
Overall 0348 0775 0927 3.636  0.000 4
0.1 02 0.5 1 2 5 10
Favours LAT Favours OAP

Fig. 1. Hospitalization Rate. Note: LAI long-acting injectable antipsychotic; OAP, oral antipsychotic.

was observed across studies (t> = 0.02, > = 94.9%,
0 =272.6,df =14, P <.001; figure 1).

Secondary Outcomes: Hospitalization Risk, All-Cause
Discontinuation, and Hospitalization Days

The hospitalization risk with LAIs was not superior to
OAPs (studies = 33, n = 51 733, risk ratio = 0.92, 95%
CI = 0.84-1.00, P = .06). The risk ratio varied signifi-
cantly across studies (1> = 0.03, I = 84.6%, Q = 207.4,
df =32, P <.001; figure 2).

LAIs were associated with significantly lower risk of
all-cause discontinuation than OAPs (studies = 10, n = 37
293, risk ratio = 0.78, 95% CI = 0.67-0.91, P = .001; het-
erogeneity, T> = 0.04, > = 93.0%, Q = 128.6, df =9, P <
.001, NNT = 10, 95% CI = 6-25) (figure 3). LAIs did
not separate from OAPs regarding number of hospital-
ization days (studies = 11, n = 21 328, Hedges’ g = —0.05,
95% CI = —0.16 to 0.06, P = .39; heterogeneity, t> = 0.02,
P =84.8%, Q = 65.9, df = 10, P < .001; supplementary
figure 2).

Subgroup Analyses

Superiority of LAIs over OAPs regarding hospitalization
rate was confirmed in approximately half (24/50) of the
subpopulations and treatment groups (supplementary
table 2). Subgroups in which LAIs demonstrated signifi-
cantly lower hospitalization rates than OAPs included
study publication year >2010 (P < .001), academic spon-
sorship (P = .021), large database studies (P < .001), and

612

no need for informed consent (P <.001). Significant supe-
riority of LAIs was also demonstrated in studies using ret-
rospective databases (P < .001), statistical adjustment for
differences in baseline patient characteristics (P < .001),
intent-to-treat analyses (P < .001), higher study quality
score (P < .001), and follow-up duration of 6-12 months
(P <.001). Regarding the LAI class, SGA-LAIs were sta-
tistically superior to OAPs (studies = 9, n = 47 114, rate
ratio = 0.83, 95% CI = 0.76-0.90, P < .001; heterogene-
ity, T = 0.01, P = 95.2%, Q = 166.5, df = 8, P < .001),
although this was not observed for FGA-LAIs (P = .43)
and mixed LAI subgroups (P = .47).

Patient Illness Severityl Chronicity

When comparing reported clinical characteristics
between LAIs and OAPs regarding each severity/chro-
nicity information, illness duration was longer in LAI-
treated patients (studies = 11, n = 12 146, Hedge’s
g = 0.10, 95% CI = 0.00-0.20, P = .046; heterogene-
ity, T = 0.010, P = 48.2%, Q = 19.3, df = 10, P = .036),
whereas LAIs groups had no significant difference
in proportions of patients who had past hospitaliza-
tion, in baseline hospitalization days and in prior num-
ber of hospitalization (studies = 3, n = 15 129, Hedge’s
£=0.37,95% CI = —0.15 to 0.90, P = .164; heterogeneity,
> =0.202, > =98.7%, Q = 148.5, df = 2, P < .001, stud-
ies = 7, n = 13 045, Hedge’s g = 0.20, 95% CI = —0.17
to 0.57, P = .282; heterogeneity, 1> = 0.235, > = 98.2%,
0 = 3297, df = 6, P < .001, and studies = 13, n = 28
529, Hedge’s g = 0.11, 95% CI = —0.05 to 0.28, P = .18;
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Soudv mame Owmrcome Sratuvtics for each soedy Ril rado asd #3500 CT
Rl Lower Upper
rage Bmit  Bmic  I-Valee p-Valee
Clroa, 2005 Hoapitatizasion Riask 0085 0028 0I5 334 Q00D
Kim, 2008 Hospitatizasion Risk 0303 0136 0674 -1926 000G L
Comlon, 2002 Heapitalization Risk 0305 0056 1410 -13530 0122 i
KCTOIE4554 Hospitalizasion Riask 0313 Q08T LTIT -133%8 0131 i
Pénto, 2000 Howpitatizasion Risk 0434 0285 0661 -3586 QLOOD ——
Bellido, 2008 Hospitalization Risk 0440 0215 0900 -I248 QU028 —
Barrio, 1013 Hoapitatizasion Risk 0455 0084 1LI12% -1T4 QuDEE L)
Baser, 1013 Houpitatization Risk 0642 03536 07T el o] E
Schreiner, 1014 Howpitalizasion Risk 0654 0477 0897 ] T
Marcos, 2015 Hospitatization Risk 0755 0802 0T ols ——
Tavcar, 1000 Hospitalizasion Risk 07T 0362 1080 ol —&T
Woms, 2015 Howpitatizasion Risk 0813 03511 1267 1360 ——
Gatwimisl, 2007 Heapitalization Rk 082% OT1S 09s] et . 5
Ta, 2014 Hospitalization Rk 0857 0743 0989 0G4 i
Pesz, 1015 Houpitalization Risk 0862 079 0542 il |
Hodbarg & Nishen, 2006 Howpitatizasion Risk 0934 0680 1283 0L6TS
Young-Xu, 1016 Houpitatizasion Risk 0935 0511 0950 o]
Calabreni & Marchess, 1983 Hospitalization Risk 0963 0416 1131 0830
Vanner, 2001 Honpitativasion Rk 1000 07T 1191 1000
Huang, 2013 Hospitatizasion Risk 1000 08 LI 0eeT
Chan, 2015 Hospitatization Risk 145 054 1898 k]
Babdoeer, 1957 Hospitalizasion Risk L8 0542 1188 350
San, 1013 Howpitatizasion Risk 1055 0913 1119 0458
Lis, 1013 Hospitatizasion Risk 1077 0631 1839 0TS
Cindad, 2012 Hospitalization Rk 1058 0581 154 - oTe
Moors, 1995 Howpitalizasion Risk 1140 074 1543 1533 554 —i—
Kafin, 2011 Hoapitalization Risk 1106 03583 1483 506 0613 L
Mlarchizro, 2005 Hospitalization Risk 1217 0534 1714 545 0588 L
Ctivares, 2009 Hospitalizasion Risk 353 0829 1971 15T Q1% T
Bamer, 2013 Houpitalization Risk 1362 1I%% 1474 760 Q00D |
Valewald, 2012 Hospitatization Risk 1371 0983 1913 1861 Q063 ——
Wernsck, 1011 Hospitatization Risk 1386 OTT0 36T 1130 02l L]
Conleny, 2003 Hospitalization Risk 1341 13531 3580 3914 Q00D —ri—
Overall 0515 0340 L2 150 Q45T *
ol [ s 1 2 = 1]
Favours LAI Favours QAP

Fig. 2. Hospitalization Risk. Note: LAI, long-acting injectable antipsychotic; OAP, oral antipsychotic.

heterogeneity, ©> = 0.072, > = 96.1%, Q = 306.0, df = 12,
P < .001, respectively). When synthesizing these illness
severity/chronicity information, patients receiving LAIs
were more severely/chronically ill than patients receiv-
ing OAPs (studies = 23, n = 61 806, Hedges’ g = 0.15,
95% CI = 0.03-0.26, P = .01; heterogeneity, t> = 0.062,
P =95.8%, Q=524.5, df = 22, P < .001; figure 4).

Publication Bias

The funnel-plot to assess publication bias was asymmetri-
cal (supplementary figure 3). Subsequently, we conducted
the trim-and-fill method to adjust for potential publica-
tion biases. Imputing missing studies did not change the
result (original rate ratio = 0.85, 95% CI = 0.78-0.93 vs
adjusted rate ratio = 0.91, 95% CI = 0.83-0.99).

Discussion

We report a comprehensive meta-analysis of parallel
group nonrandomized cohort studies comparing LAIs
and OAPs for the treatment of schizophrenia. Previously

Kirson et al’® conducted a similar meta-analysis of 13
studies examining the effects of study design on compara-
tive effectiveness of LAIs only based on RCTs and cohort
studies published after 2000. Because that prior analysis
treated hospitalization, all-cause discontinuation, and
relapse as one outcome and allowed data overlap, we
believe that our analysis of 42 studies is both more inclu-
sive and methodologically rigorous. Based on our results,
LAIs were superior to OAPs in decreasing the hospital-
ization rate, in other words, number of hospitalizations
per unit time. Moreover, patients on LAIs were less likely
to discontinue treatment. Superiority of LAIs over OAPs
was not observed in some of the secondary outcomes
including risk of hospitalization risk (although trend-
level significance was observed) and number of hospital
days. However, it was noteworthy that as compared with
patients on OAPs those on LAIs had clinical characteris-
tics consistent with greater severity and chronicity.

We selected hospitalization rate as the primary out-
come because unlike hospitalization risk, the rate
adjusts for duration of follow-up. Because patients on
LAIs were less likely to discontinue treatment than their
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Studv name Outcome Statistics for each study Risk ratio and 95% CI
Risk Lower Upper
ratio  limit it Z-Value p-Value
Conlon, 2002 All Cause Discontinuation 0.183 0070 0481 -3449 0001 (_i—
Olivares, 2009 All Cause Discomntinuation 0.497 0410 0603 -7.132 0000
Marcus, 2015 All Cause Disconfinuation 0.604 0497 0734 35075  0.000
Kelin, 2011 All Cause Disconfinuation 0.742 0387 1422 0899 0369 —
Bitter, 2013 All Cause Disconfinuation 0.790 0752 0830 9456 0.000
Chue, 20035 All Cause Discontinuation 0.800 03581 1102 -1366 0.172
Kiao, 2013 All Cause Disconfinuation  0.819 0761 0.882 -3297 0.000
Ibach & Schreiner, 2008 All Cause Disconfinuation 0.883 0715 1090 -1.157 0247
Haro (SOHO), 2007 All Cause Disconfinuation  1.085 1003 1175 2036 0.042
NCT01894984 All Cause Disconfinuation 1.106 1007 1214 2104 0035
Overall 0781 0671 0909 3199 0.001 ¢
0.1 02 0.5 1 2 5 10
Favours LAT Favours OAP
Fig. 3. All-cause discontinuation. Note: LAI, long-acting injectable antipsychotic; OAP, oral antipsychotic.
Group by Study name Statistics for each studv Hedzes's = and 9506 CT
Outcome edges’
H z : L]‘:;xﬁ{ Um Z-Value p-Value
Baseline Hp days Lauitle, 2013 0014 0057 0382 0702 -
Bassline Hp days Marcus, 2015 0411 0299 7206  0.000 ——-
Baseline Hp davs subtotal 0210 0170 1058 0290 e ———
Bazsline pts = of Hospitzlization inths last vear DPesz 2015 20135 0214 -3364 0001 -
Baseline pts # of Hospitzlization inthe last year Bitter, 2013 0502 0431 13521 0000 -
Bazzline pts % of Hospitalization inthe last year Chan, 2015 0812 0432 4267 0000 bl B
Baseline pts £ of Hospitalization in the last vear subtotal 0371 0152 1301 0164 e ——
Duration ofillness Kim, 2008 2273 085 0987 0333
Duration ofillness Conlon, 2002 0000  -0.467 0000 1000 ——
Duration ofillness Schrsiner, 2014 0040 0071 0798 0425 T
Duration o illness Haro (SOHO), 2007 0158 0050 2873 0004 —a—
Duration ofillness Ofivarss, 2009 0178 0040 2600 0.007 ——
Duration of illness subtotal 0116  0.038 2909 0.004 et
Prior = of Hospitalizztion Liu, 2015 0225 0631 1084 0279
Drior = of Hospitalization Conley, 2003 0168 0381 1538 0124 e
Prior # of Hospitalization Tavear, 2000 0153 03359 1462 0144 —_—
Prior = of Hospitalization Baser, 2015 0028 0180 0388 0713 —
Prior # of Hospitalization Young-Xu, 2016 0000  -0.039 0000 1000 T
Drior = of Hospitalization Kelin. 2011 0000 0316 0000 1000 —
Prior = of Hospitalization Marchizro et 2l 2005 0028 0472 0108 0914
Prior # of Hospitalization Xiao, 2016 0030  -0.006 1640 0101 ™
Drior # of Hospitalization Valevski, 2012 0050 0205 0384 0701 e
Prior # of Hospitalization Varner, 2001 0324  0.003 1943 0052
Prior # of Hospitalization Wearneck, 2011 0373 0095 1561 0119
Prior = of Hospitalization Remington & Khramov, 2001 0451  -0.080 1635 0102
Prior = of Hospitalization Offord, 2013 0852 0759 17897  0.000 —
Prior # of Hospitaliration subtotal 0112 0053 1327 0184 e
Overall 0145 0029 2462  0.014 R
-1.00 050 0.00 050 1.00

Patients in LAI arm
more severe

Patients in OAP arm
more severe

Fig. 4. Patient severity/chronicity—oral antipsychotic groups vs long-acting injectable groups. Note: LAI, long-acting injectable

antipsychotic; OAP, oral antipsychotic.

counterparts on OAPs they were likely to be observed for
a longer time. Failing to control for follow-up time could
therefore have biased results in favor of OAPs. Moreover,
unlike risk ratios, rate ratios do not have ceiling effects.
As compared to risk ratios, therefore, rate ratios more
precisely represent the differential treatment effects.
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Given the advantage of LAIs over OAPs regarding hos-
pitalization rate, it appears that LAls are comparatively
more effective in patients at risk for multiple hospitaliza-
tions.® However, we did not find a significant difference
between LAIs and OAPs regarding the number of inpa-
tient days. This finding is noteworthy, because the number



of inpatient days made an important contribution to
overall treatment costs days. However, as discussed fur-
ther below, since patients on LAIs seemed more severely
ill, having similar numbers of inpatient days as the OAP
patients may represent a positive outcome for LAIs.

Cohort studies and mirror image studies include
patients whose medication choice is determined in real-
world clinical settings without study-related alterations in
treatment ecology. In contrast with mirror image studies,
cohort studies have no predetermined order effect and
time effects occur concurrently, as both LAI and OAP
groups are followed in parallel. Nevertheless, like mirror
image studies, cohort studies are prone to expectation
biases, as there is no blinding. This might introduce bias
if treatment decisions (eg, whether to hospitalize or not)
are influenced by knowledge of route of antipsychotic
administration. Furthermore, a particular disadvantage
of cohort studies, as observed in the meta-analysis, is a
systematic channeling bias in that patients who are more
severely ill or prone to poor illness insight and non-adher-
ence are more likely to be selected by clinicians to receive
LAIs, whereas patients who are perceived to be at lower
risk for relapse and hospitalization are more likely treated
with OAPs.

SGA-LAIs, but not FGA-LAISs, were superior to OAPs
with respect to hospitalization rate. This finding might be
due to better tolerability of SGA-LAIs than FGA-LAIs.
However, a recent Danish study reported that FGA-LAIs
and risperidone-LAI do not differ with regard to time to
hospitalization, all-cause discontinuation, and duration of
hospitalization.” A head-to-head RCT comparing halo-
peridol and paliperidone once monthly also found no dif-
ferences regarding all-cause treatment failure and other
relapse and hospitalization related outcomes.”! Moreover,
superiority of SGA-LAIs over OAPs is the opposite of the
subgroup analyses in our meta-analysis of RCTs!” where
FGA-LAIs, but not SGA-LAIs separated significantly
from OAPs. Thus, based on these inconsistencies, more
high-quality head-to-head trials in representative patients
are needed that compare FGA-LAIs and SGA-LAITs with
OAPs, such as the currently ongoing European Long-
acting Antipsychotics in Schizophrenia Trial (EULAST).”

Results of the present meta-analysis were highly hetero-
geneous. We conducted multiple sensitivity/meta-regres-
sion analyses in order to identify potential treatment
effect moderators. In addition to the superiority of
SGA-LAISs, several significant moderators of superior-
ity of LAIs but not of OAPs were identified. For vari-
ables associated with significantly lower hospitalization
rates, the identified moderators strengthened the finding
of superiority of LAls, as they each related to either a
more generalizable patient sample or more naturalistic
data ascertainment and a lower likelihood of bias includ-
ing academic sponsorship, statistical adjustment for dif-
ferences in baseline patient characteristics, intent-to-treat
analyses, and higher Newcastle-Ottawa scale score.

Effectiveness of Long-Acting Injectable vs Oral Antipsychotics

These considerations above highlight the complexities
and difficulties of evaluating the comparative effective-
ness of a treatment that consists of the same molecular
entity in different formulations where non-adherence is
the targeted mediating factor of favorable outcomes. As
argued before,'® since RCTs, mirror-image studies and
cohort studies have different strengths and weaknesses,
the best design may actually be a large pragmatic trial
that retains random assignment but minimizes barri-
ers for participation and alters clinical care as little as
possible. Such considerations are supported by a recent
analysis of explanatory vs pragmatic features of RCTs
comparing LAlIs and OAPs which found that studies
with more pragmatic features were more likely to iden-
tify advantages of LAIs over OAPs.” Unlike other recent
RCTs, 3 recent studies, which focused on patients in early
stages of their illness as well as at particularly high risk
for non-adherence, found LAIs to be superior to OAPs
regarding relapse, treatment failure or rehospitaliza-
tion.!'*1® Along with 2 ongoing pragmatic trials in first-
episode and early-phase schizophrenia patients,”>’ these
new studies advance our understanding of this complex
comparative effectiveness issue.

Limitations

A key shortcoming of this meta-analysis is that the
cohort studies were nonrandomized and therefore
prone to a selection bias regarding the clinician’s choice
treatment with either LAIs or OAPs. Although some
studies adjusted for such baseline differences, only 6
out of 42 studies did so, and some other studies did
so for hazard ratio or odds ratio, which we could not
use for the meta-analytic synthesis in this study due to
insufficient data.

Second, for all outcomes that we examined, results
were significantly heterogeneous, meaning that effects
varied significantly across the meta-analyzed stud-
ies which suggests that the studies differed regarding
design, population, and treatment variables. By con-
ducting sensitivity analyses, we identified several mod-
erators that strengthened or weakened group differences
between LAIs and OAPs. Although based on the data it
is not possible to determine the most important mod-
erator, as most of the significant moderators drove the
effect in favor of LAIs and related to greater generaliz-
ability and higher quality of the results. As a side note,
patient characteristics that may have led to LAI supe-
riority in recent RCTs, ie, recent onset schizophrenia
and/or incarcerated patients, were not reported in the
selected studies. Therefore, we were unable to examine
their effects in subgroup analyses. Third, the indicators
that we used as proxies for illness severity/chronicity,
such as number of past hospitalizations, inpatient days
in the past year, and proportion of patients admitted
in the last year, may not necessarily capture the true

615



T. Kishimoto et al

severity/chronicity of the patients, although there were
limited options in the reported data. We also note
that illness severity and chronicity are not necessarily
directly related to each other, as in some cases longer
illness duration and chronicity may reduce the risk of
hospitalization. Fourth, the secondary outcome, hos-
pitalization days may not be a meaningful outcome to
assess the comparative effectiveness of LAIs vs OAPs
because it can be influenced by variables, such as patient
insurance, legal, or housing status. Moreover, despite
their clinical importance, quality of life and functional
status were not included in our meta-analysis because
none of the studies reported these outcomes. Fifth, the
number of studies for rate ratio calculation (N = 15)
was relatively small compared to risk ratio (N = 33).
Nevertheless, as discussed previously, we believe that
rate ratio is superior to risk ratio in terms of account-
ing for follow-up length and avoiding the ceiling effect
of limiting the outcome to one possible hospitalization
per patient, although reducing the risk of multiple hos-
pitalizations is even more relevant. Future cohort stud-
ies should include hospitalization rate as an outcome.
Finally, data on treatment adherence, psychopathology
and adverse effects were too sparse to allow for mean-
ingful meta-analysis. Such outcomes should be reported
in future cohort studies. Given these limitations, future
cohort studies should include detailed assessments of
pre-baseline illness severity, chronicity and insight, as
well as medication attitude and adherence and adjust
for any between-group imbalances.

In summary, in a meta-analysis of cohort studies,
LAIs were superior to OAPs regarding reducing hospi-
talization rate and treatment discontinuation, whereas
LAIs were not superior to OAPs regarding hospital-
ization risk and hospitalization days. These results
occurred even though patients on LAIs were more
severely and/or chronically ill than were patients on
OAPs. Whether or not advantages over OAPs are larger
with SGA-LAIs requires further investigation, but will
be relevant given the cost differences between SGA-
LAIs and FGA-LAIs.

Supplementary Material

Supplementary material is available at Schizophrenia
Bulletin online.
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