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Abstract

Background: While clinical trial evidence has firmly established the efficacy of several atypical antipsychotics (AAPs)
for treating bipolar depression, no randomized controlled trials (RCT’s) comparing AAPs have been conducted. This
Bayesian network meta-analysis (NMA) compared the relative efficacy and tolerability of AAP monotherapy in adults
with bipolar depression.

Methods: Efficacy measures included change in Montgomery Asberg Depression Rating Scale (MADRS), Clinical
Global Improvement — Bipolar Disorder (CGI-BP), response, and remission. Multiple tolerability outcomes were
examined. Results from random effects models were reported as difference in change from baseline for continuous
variables or odds ratios for dichotomous variables. Treatments were ranked using the surface under the curve
cumulative ranking probabilities. Number needed to treat (NNT) and harm (NNH) were calculated.

Results: Eighteen RCT's met inclusion criteria of the systematic literature review. On change in MADRS, lurasidone (—4.71
[95% Crl — 698, — 241]), quetiapine (— 4.80 [— 593, — 3.72]), olanzapine (= 4.57 [ 592, — 3.20]), and cariprazine (— 2.29 [- 347,
— 1.09]) were more efficacious than placebo. Lurasidone was associated with a significantly greater odds of response (=50%
improvement in MADRS) compared to cariprazine (1.78 [95% Crl 1.08, 2.77]), aripiprazole (2.38 [1.38, 3.85]), and Ziprasidone
(247 [141, 3.98]), but was similar to olanzapine (1.68 [0.99,2.65]) and quetiapine (1.25 [0.78, 1.90]). For change in CGI-BP-S-
overall score, lurasidone was significantly better than cariprazine (—0.38 [95% Crl — 0.66,-0.10]) and ziprasidone (— 0.58
[—091,-0.26])), but similar to quetiapine (—0.08 [— 036, 0.19])and olanzapine (— 0.04 [- 141, 146]). Lurasidone (0.34 kg [95% Crl
—022,089)) and aripiprazole (0.20 kg [—0.59, 1.00]) had a similar weight change compared to placebo, but olanzapine (2.88
kg [240, 3.36)), quetiapine (1.17 kg [0.84, 1.49]), and cariprazine (0.65 kg [0.34, 0.96]) were associated with greater weight gain.
The NNT for response was the lowest for lurasidone (NNT = 5) followed by quetiapine (NNT = 6), olanzapine (NNT = 10) and
cariprazine (NNT = 12).

Conclusions: In this NMA in adults with bipolar depression, which evaluated change in depressive symptoms (assessed by
MADRS) across short-term trials, the largest improvement versus placebo was observed for lurasidone, olanzapine and
quetiapine with cariprazine, showing a smaller treatment effect. Aripiprazole and ziprasidone were ineffective for the
treatment of bipolar depression. Improvement in CG-BP-S score for lurasidone was larger than cariprazine and ziprasidone
but similar to quetiapine and olanzapine. Based on short term studies lurasidone and aripiprazole had similar weight gain
compared to placebo.
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Background

Bipolar disorder is a chronic mood disorder character-
ized by episodes of mania (or hypomania), depression,
and periods with normal mood (euthymia) [1]. Two
forms of bipolar disorder are bipolar I disorder, which
requires a history of at least one manic episode, and bi-
polar II disorder, which requires a history of at least 1
hypomanic episode and one major depressive episode
[1]. The estimated yearly and lifetime prevalence for bi-
polar I- IT disorders is 2.8 and 4.4% respectively [2, 3]. In
2015, the cost of bipolar I disorder in the United States
was estimated at $81,559 per patient, made up predom-
inately of unemployment (36%), caregiving (25%), and
direct healthcare (23%) costs [4].

In bipolar I disorder, depression is the predominant
abnormal mood state [5], with depressive symptoms be-
ing 3 times more common than manic symptoms [6]. Bi-
polar depression, but not bipolar mania, is associated
with increased rates of unemployment [7] and among
those who are employed, bipolar depression is associated
with more absenteeism, presenteeism, and total lost
workdays than bipolar mania [7, 8]. In addition suicide
risk is substantially higher during depressive episodes
than manic episodes [9].

The recommended pharmacological treatments for bi-
polar disorder vary depending on the phase of the dis-
order (acute depression, acute mania, or maintenance).
Pharmacological treatments used for acute bipolar de-
pression come from multiple different classes including
atypical antipsychotics, anticonvulsants, lithium, and
antidepressants.

The US Food and Drug Administration (FDA) has ap-
proved four medications, all atypical antipsychotics, for
the treatment of bipolar depression: quetiapine, lurasi-
done, cariprazine, and the combination of olanzapine with
fluoxetine. Lurasidone is the only available atypical anti-
psychotic indicated for treatment of bipolar depression in
combination with lithium or valproate. Lurasidone, as
monotherapy and in combination with lithium or valpro-
ate, and quetiapine are recommended as first-line treat-
ments for the management of acute bipolar depression in
the 2018 Canadian Network for Mood and Anxiety Treat-
ment (CANMAT) and International Society for Bipolar
Disorders (ISBD) guidelines. The CANMAT/ISBD guide-
lines recommend cariprazine and olanzapine-fluoxetine
for second-line treatment. The use of antidepressants to
treat bipolar depression remains controversial due to lim-
ited evidence for efficacy and the potential risk of switch-
ing into mania or inducing rapid cycling [10, 11].

Several meta-analyses [12-14] and network meta-
analyses (NMAs) of atypical antipsychotics in bipolar de-
pression have been conducted [15, 16]. NMAs allow for
comparisons to be made between drugs that have a
common comparator, such as placebo, even though no
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head-to-head trials have been conducted. While the
methods and study inclusion criteria have varied, the
meta-analyses have consistently reported that quetiapine,
olanzapine, and lurasidone are more efficacious than pla-
cebo. Other atypical antipsychotics monotherapies have
not consistently shown superior efficacy compared to
placebo [12-16]. Only one prior NMA evaluated toler-
ability outcomes and found differences among the atyp-
ical antipsychotics [15]. Lurasidone was associated with
significantly less weight gain than quetiapine and olanza-
pine and significantly less somnolence than quetiapine
and ziprasidone. There were no significant differences
observed in the rates of all-cause discontinuation be-
tween lurasidone and other atypical antipsychotics [15].

Since these NMAs were conducted, additional clinical
trials of atypical antipsychotic monotherapies have been
completed. The objective of this study was to update a
recent NMA [15] to better understand the relative effi-
cacy, safety and tolerability of currently available atypical
antipsychotics approved for the treatment of bipolar
depression.

Methods

Systematic literature review

A systematic literature review was conducted to identify
randomized controlled trials of atypical antipsychotic
monotherapy in bipolar depression. A protocol was de-
veloped for this review and NMA and can be found in
Additional file 1, however it was not registered. The
amendments to the protocol are listed in Additional file
1 section of protocol. The PRISMA 2020 expanded
statement for reporting of systematic reviews incorporat-
ing network meta-analyses can be found in the Add-
itional file 1: Table 1 [17]. The most recent bipolar
depression NMA identified trials that were completed
prior to May 2015 [15]. This update included searches
in Embase, MEDLINE, Cochrane Library, and PsycINFO
for studies published between May 2015 and 04 May
2020. Eligibility criteria for trial inclusion remained con-
sistent with the previous NMA [15], which was devel-
oped using the Patient, Intervention, Comparator,
Outcome, and Study type (PICOS) paradigm to
minimize bias and identify as many relevant studies as
possible [18]. To be included in this NMA, studies must
have been double-blinded randomized controlled trials
(RCTs) of adults (=18 years old), with either bipolar I
disorder or bipolar II disorder (at least 50% with bipolar
I disorder), treated with an atypical antipsychotic as
monotherapy, and reported at least one outcome of
interest at study endpoint of week 8 or less (Table 1).
The exact search terms and resulting number of records
returned are reported in Additional file 1: Table 2a. In
addition, conference abstracts were reviewed for the
2019-2020 meetings of 11 psychiatry professional
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Table 1 Study Inclusion and Exclusion Criteria
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Criterion Inclusion Exclusion

Patient Adults (> 18 years old) with bipolar depression where at least 50% of the +<50% bipolar | disorder

population  population were diagnosed with bipolar | disorder < 18 years old

Interventions Atypical antipsychotic monotherapy: -Any treatments other than those listed in the
-Cariprazine' inclusion criteria
-Lurasidone +Any treatments listed in inclusion criteria if
‘Quetiapine administered as adjunctive therapy
«Olanzapine
-Aripiprazole
-Asenapine

-Risperidone
«Ziprasidone
-Brexpiprazole'
-Lumateperone'

-All other atypical antipsychotic monotherapies assessed for the treatment of

bipolar | depression

Comparators Any of the above listed interventions or placebo

Outcomes
-Change from baseline in MADRS
«Change from baseline in CGI-BP-S
Response (defined as 250% improvement inMADRS)

Studies reporting at least one of the following outcomes:

Comparators other than those listed in the inclusion
Criteria

Studies not reporting least one of the outcomes
included in the inclusion criteria.

-Remission (defined as MADRS score < 12 and < 10at endpoint)

2 7% weight gain

‘Change from baseline in weight
Change from baseline in glucose level
«Change from baseline in low-density lipoprotein (LDL)
Change from baseline in total cholesterol
«Change from baseline in triglycerides
«Change from baseline in prolactin
+Akathisia

-Extrapyramidal symptoms

-Somnolence

+All-cause discontinuation
«Discontinuation due to lack of efficacy
-Discontinuation due to adverse events
“Switch to mania®

Study design Randomized controlled trials

‘Non-randomized controlled trials
«Observational studies

-Case studies

-Pharmacology studies

Abbreviations: CGI-BP-S Clinical Global Impressions — Bipolar Disorder — Severity, MADRS Montgomery-Asberg Depression Rating Scale. 'treatments were added to
the update since they were approved after the original search in 2015. 2Other atypical antipsychotic monotherapies were allowed in the update to ensure any

new treatments were not excluded. 3Switch to mania was added post-hoc

organizations to identify secondary publications to sup-
plement already included studies that were published in
peer reviewed journals (Additional file 1: Table 2b). A
clinical trial registry (https://www.clinicaltrials.gov/) was
searched for additional studies on 04 May 2020 and dur-
ing the data extraction process. The registry was
searched using keywords related to the interventions
listed in the PICOS and disease terms related to bipolar
I disorder. Study investigators, authors and companies
were not contacted for additional data and only the pub-
lished data was used for this review.

Study selection

All references/publications were screened based on title
and abstract against the inclusion and exclusion criteria
by two independent reviewers and discrepancies were

resolved by a third reviewer. The full text of publications
retained during abstract review were again reviewed by
two independent reviewers and similarly discrepancies
resolved by a third reviewer. Following best practices,
data extraction from selected studies was conducted by
two independent researchers with results cross-checked
to ensure accuracy.

Outcome variables

The primary efficacy outcome was change from baseline
in the MADRS total score reported week 8 or before. In
addition, change in CGI-BP-S-overall and CGI-BP-S-de-
pression scores, response rate (> 50% improvement from
baseline in MADRS), and remission rate (MADRS <12
and < 10 at endpoint) were also examined. Discontinu-
ation outcomes included all-cause discontinuation,
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discontinuation due to adverse events, and discontinua-
tions due to lack of efficacy. Metabolic outcomes in-
cluded change in weight, rate of >7% weight gain,
changes in triglycerides, total cholesterol, low-density
lipoprotein (LDL) cholesterol, glucose, and prolactin.
Additional tolerability outcomes included rates of inves-
tigator reported somnolence, extrapyramidal symptoms
(EPS), akathisia, and switch to mania.

Missing standard errors (SEs) for continuous out-
comes were estimated from reported standard devia-
tions, 95% confidence intervals, p values or standard
errors (reported for baseline and endpoint values) [18].

Network meta-analysis methods

The NMA was conducted according to guidance pub-
lished by National Institute for Health and Care Excel-
lence’s Decision Support Unit [19] and the International
Society of Pharmacoeconomics and Outcomes Research
Task Force on Indirect Treatment Comparisons [20].
When available, results from mixed models for repeated
measures (MMRM) were favored over those using the
last observational carried forward method to handle
missing data. For trials with multiple fixed dose arms,
the results were pooled across dose, which is consistent
with methods used in several past meta-analyses [15,
16]. Network diagrams were drawn for each outcome
and can be found in Additional file 1: Figure 1a-d.

The NMA was conducted with a Bayesian framework
using OpenBUGS v3.2.3 (OpenBUGS Foundation) and R
3.6.1 (R Foundation for Statistical Computing, Vienna,
Austria), following codes provided in the NICE Decision
Support Unit (DSU) Technical Support Document 2
(TSD2) [21]. The methodology also followed guidance
from the ISPOR Task Force on Indirect Treatment
Comparisons [20, 22]. In addition, correlations induced
by multi-arm trials were taken into account using the
methods and codes recommended in the DSU TSD2
[21]. Continuous variables were modeled assuming an
identity link and a normal distribution. Dichotomous
variables were modeled using a logit link and binomial
distribution. Results for continuous variables were re-
ported as the difference in change from baseline and di-
chotomous variables were reported as odds ratios (OR).
All results were reported along with the 95% credible in-
tervals, the Bayesian analogue to confidence intervals.
Treatments were ranked using the surface under the
curve cumulative ranking (SUCRA) probabilities [23].
This ranking hierarchy was obtained by ordering the ef-
fects from the most to least effective (or tolerable) treat-
ment in comparison to placebo. The base case models
were fit with random effects models, which estimate
additional variance parameters associated with study
heterogeneity and generally have larger credible intervals
than fixed effects models.
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Number needed to treat or harm

The number needed to treat, and number needed to
harm were computed using risk differences derived from
the network meta-analysis results following methods de-
scribed in the Cochrane Handbook for Systematic Re-
views of Interventions Version 6.1.0 [18, 24]. NNT and
NNH values were calculated by taking the reciprocal of
the absolute values of the risk difference [25, 26]. NNT
and NNH were rounded up to the next whole number.
NNT is a measure of effect size that indicates how many
patients would need to be treated with the medication of
interest instead of a comparator (i.e., placebo in the case
of all trials included in the present study) for a single pa-
tient to benefit. Lower NNT values represent superior
performance of the treatment of interest on a given out-
come. NNH is similar to NNT but measures the number
of patients who would likely need to be administered a
treatment in order for a single patient to encounter the
adverse event. Higher values for NNH represent better
performance (i.e., a greater number of patients are likely
to be treated before a single patient experiences an ad-
verse event).

Sensitivity analyses

We examined the impact of pooled vs. stratified doses of
each atypical antipsychotics as well as restricted the data
at the 6-week timepoint (i.e., data reported at other
timepoints was removed.

Quality of evidence and heterogeneity

The Grading of Recommendation, Assessment, Develop-
ment and Evaluation (GRADE) approach for NMA was
used to evaluate the confidence of evidence [27, 28]. The
evidence was evaluated for each direct comparison
within each network separately, and since there were no
closed loops, an evaluation of indirect comparison was
not applicable. Ratings were based on the following do-
mains: study design, risk of bias, inconsistency, indirect-
ness, imprecision, and publication bias [28]. Risk of bias
was assessed using the Cochrane Risk of Bias version 2
(RoB2) [24, 29]. Publication bias was assessed by
comparison-adjusted funnel plots, with tests for asym-
metry applied to cases with > =10 studies [30].

The transitivity assumption of NMA was evaluated by
comparing the distribution of potential effect modifies
across clinical trials that were included in the NMA, to
ensure that their populations were suitably comparable.
The following baseline patient characteristics were
examined: age, gender, body weight, BMI, percent with
bipolar I disorder, baseline MADRS, baseline CGI-BP-S
depression score, and age of bipolar onset. In the NMA
random effects models, a common heterogeneity param-
eter across the various treatment comparisons was as-
sumed, and heterogeneity was assessed by the between-
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study variance 1* (tau squared) for each outcome, and
further characterized by comparing with its predictive
distribution [31]. Since there were no closed loops in the
NMA, assessment of incoherence was not applicable to
this analysis.

Results

Literature review update

The update to the systematic literature review identified
1791 records in EMBASE, MEDLINE, the Cochrane Li-
brary, and PsycINFO for screening (Fig. 1). A total of
111 full-text articles and secondary conference abstracts
were reviewed with 17 records meeting all the inclusion
criteria. In addition, 6 more records were identified from
searches of the conference abstracts. These 17 records
reflected 10 unique RCTs, 4 of which [32-35] had not
been included in the earlier NMA [15]. Additionally, the
results from one RCT that had been included in the
earlier NMA based on a conference presentation has
since been published [36]. Study results which were pub-
lished only in conference abstracts and not in a peer-
reviewed manuscript were excluded. A total of 18 trials
from 25 references were included in the NMA [32-47].
Figure 1 gives the PRISMA flow diagram showing the
reasons for record exclusion.

Study characteristics

All studies were multi-site, randomized, double-blind,
and placebo-controlled clinical trials. There were no
head-to-head trials of atypical antipsychotics. Most trials
were multi-national, but eight recruited only from sites
in the United States (US) [35, 37, 39, 41-43] and two
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recruited only from sites in the People’s Republic of
China [36, 46]. Most trials lasted 8 weeks in duration,
but six studies [33, 34, 38, 39, 44] lasted only 6 weeks in
duration.

Table 2 gives the baseline characteristics used in the
assessment of heterogeneity for each of the included
RCTs. The study populations were similar in terms of
mean age (29.2-43.6years), gender (34.3-48.1% male)
distribution, mean baseline MADRS score (26.9-32.0),
and mean baseline CGI-BP-S-overall (4.2—4.5) and de-
pression (4.3—4.9) scores. In the quetiapine trials [36, 37,
40, 41, 43, 47], as few as 50.9% of patients were diag-
nosed with bipolar I disorder (the remainder were diag-
nosed with bipolar II disorder), whereas in the other
trials 100% of patients were diagnosed with bipolar I dis-
order. Mean baseline body weight was not reported
across all studies, but in 11 studies [32-34, 36, 38, 40—
42, 46, 47] where it was reported, baseline body weight
ranged from 63.9 to 88.8 kg. Mean age of onset was only
reported in three trials [32, 38, 44], and ranged from
25.4 to 28.4 years.

Efficacy measures

Lurasidone, olanzapine, quetiapine, and cariprazine (but
not aripiprazole or ziprasidone) were all significantly
more efficacious than placebo in change from baseline
in MADRS but there was a larger magnitude of change
for lurasidone, quetiapine and olanzapine versus placebo
(Table 3). According to SUCRA rankings, lurasidone,
olanzapine and quetiapine ranked first for change in
MADRS score versus placebo followed by cariprazine,
ziprasidone and aripiprazole (Table 14). In pairwise

Additional records identified through grey literature search
—1 (clinical trial registries, press releases)

12 records (14 trials) retained from original NMA —

Records excluded (n=1680)

« Population (n=285)
+ Intervention (n=264)
« Comparator (n=19)

[

2 (n=08)

©

2

g

)

= Records identified through database searching
(n=1791)

(=)

[

=

= Records screened

5’ (n=1791)

+ Outcomes (n=111)
+ Study design (n=855)
* Publication type (n=18)

+ Duplicate (n=128)

Full-text articles assessed for eligibility (n=111)

2
|
=)
w

Full-text articles excluded (n=100)
* Population (n=38)
— « Intervention (n=19)
—» + Comparator (n=7)
* Outcomes (n=17)

}

+ Study design (n=18)

17 records (10 trials) met eligibility (SLR)
* 4 new trials (10 records) were feasible for NMA
| - 3trials (3 records)were in the previous NMA
+ 3trials (4 records) excluded in ibili
manuscript)

1t (no peer reviewed

Included

* Duplicate (n=1)

25 records (18 trials) feasible for NMA je—

Fig. 1 PRISMA flow diagram
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Table 2 Study Design and Patient Baseline Characteristics

Baseline Characteristics

Study n  Duration Treatments Age Male Weight® Bipolar| MADRS CG-BP-S-Overall CGI-BP-S- Depression
Calabrese etal. 511 8weeks  Quetiapine IR 300 mg 374 419% NR 66.9% 304 44 NR

Quetiapine IR 600 mg

Placebo
Durgametal. 571 8weeks  Cariprazine 0.75mg 419 37.7% 809 100.0% 306 44 NR

Cariprazine 1.5mg
Cariprazine 3.0 mg

Placebo
Earley et al. 480 6weeks  Cariprazine 1.5mg 428 408% 865 1000% 306 4.5 NR
Study 1) Cariprazine 3.0 mg
Placebo
Earley et al. 490 6weeks  Cariprazine 1.5 mg 436 373% 8478 1000% 314 4.5 NR
Study 2) Cariprazine 3.0 mg
Placebo
Lietal 279 8weeks  Quetiapine XR 300 mg 331 481% 645 50.9% 287 NR 4.5
Placebo
Loebel et al.” 485 6weeks  Lurasidone 20-60 mg 415 414% 772 1000% 305 4.5 4.5
Lurasidone 80-120 mg
Placebo
Lombardo et al. 504 6weeks  Ziprasidone 40-80 mg 399 436% NR 100.0% 282 NR NR
Study 1) Ziprasidone 120-160 mg
Placebo
Lombardo et al. 381 6weeks  Ziprasidone 20-80 mg 402 42.5% NR 1000% 284 NR NR
Study 2) Placebo
McElroy et al. 582 8weeks  Quetiapine IR 300 mg 385 369% 808 64.0% 269 4.2 NR
Quetiapine IR 600 mg
Placebo
Suppes et al. 270 8weeks  Quetiapine XR 300 mg 395 355% 888 80.4% 300 45 NR
Placebo
Thase et al. 467 8weeks  Quetiapine IR 300 mg 377 431% NR 67.4% 30.2 4.5 NR
Quetiapine IR 600 mg
Placebo
Thase et al. 374 8weeks  Aripiprazole 5-30 mg 390 375% 872 100.0% 288 NR 43
(Study 1) Placebo
Thase et al. 375 8weeks  Aripiprazole 5-30 mg 40.5 40.0% 86.8 1000% 290 NR 44
(Study 2) Placebo
Tohen et al. 747 8weeks  Olanzapine >5 mg® 420 41.5% NR 1000% 320 NR 49
Placebo
Tohen et al. 514 6weeks  Olanzapine 10-20 mg 355 443% NR 100.0%  29.0 NR 4.5
Placebo
Wang et al. 68 8weeks  Olanzapine 10-20 mg 292 412% 639 1000% 286 44 NR
Placebo
Young et al. 647 8weeks  Quetiapine IR 300 mg 422 416% 755 61.6% 283 43 NR
Quetiapine IR 600 mg
Placebo
Yatham et al. 224 8weeks  Cariprazine 0.25-0.75mg 389 343% NR 72.7% 304 44 NR
Cariprazine 1.5-3.0mg
Placebo

Abbreviations: NR Not reported, IR Immediate release, XR Extended release

@ Weight is reported in kilograms (kg)

b Data not reported in the publication by Loebel et al., 2014 was supplemented by data from the Clinical Study Report for lurasidone (Sunovion Pharmaceuticals,
data on file)

€ Mean daily dose: 9.7 mg

9 All dosing is reported in mg/day
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Table 4 Change from Baseline in CGI-BP-S-depression and CGI-BP-S-overall

PLO NA —-0.25 [-0.38,-0.11] —0.59 [-2.06, 0.76] -0.55 -0.05 -0.63
[-0.68-0.41] [-0.26,0.17] [-0.87,-0.39]
-0.21 ARI NA NA NA NA NA
[-0.63,0.20]
NA NA CAR -0.34 -0.30 0.20 -0.38
[-1.82,1.01] [-0.49,-0.11] [-0.05, 0.46] [-0.66,-0.10]
-0.32 -0.11 NA OLA 0.04 0.54 -0.04
[-0.72, 0.08] [-0.68, 0.47] [-1.31,151] [-0.83, 2.03] [ 141, 1.46]
NA NA NA NA QUE 0.50 -0.08
[0.24, 0.76] [-0.36,0.19]
NA NA NA NA NA ZIP -0.58
[-0.91,-0.26]
-0.63 -042 NA -031 NA NA LUR
[-1.12,-0.14] [-1.06,0.23] [-0.95, 0.33]

Note: CGI-BP-S-overall are on the top-right and CGI-BP-S-depression results are on the bottom-left. Numbers represent the mean change [95% credible interval]. In
the top-right comparisons, the row treatment is the reference category. In the bottom-left, the column treatment is the reference category
Abbreviations: CGI-BP-S Clinical Global Impressions-Bipolar-Severity Scale, PLO Placebo, ARI Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE

Quetiapine, ZIP Ziprasidone

comparison for change from baseline in MADRS, lurasi-
done was similar to cariprazine, olanzapine, and quetia-
pine, and was significantly better than aripiprazole and
ziprasidone (Table 3).

For response (250% improvement in MADRS score),
lurasidone, quetiapine, olanzapine and cariprazine (but
not aripiprazole and ziprasidone) were associated with
significantly greater odds of response compared to pla-
cebo (Table 3). According to SUCRA rankings lurasi-
done ranked the first in terms of response followed by
quetiapine, olanzapine, cariprazine, aripiprazole and
ziprasidone as compared to placebo (Table 14). In pair-
wise comparison for response lurasidone had
significantly greater odds of response than cariprazine,
aripiprazole, and ziprasidone (Table 3).

For change in CGI-BP-S-overall score, lurasidone, cari-
prazine and quetiapine were significantly better than pla-
cebo, but olanzapine and ziprasidone were not. According
to SUCRA rankings lurasidone ranked first in improving
the overall CGI-BP-S score followed by quetiapine, olan-
zapine, cariprazine and ziprasidone (Table 14). In pairwise

comparison for change in CGI-BP-S-overall score, lurasi-
done was associated with a significantly larger improve-
ment than cariprazine and ziprasidone but showed similar
improvements to quetiapine and olanzapine. Quetiapine
was significantly better than cariprazine and ziprasidone
in improving the overall severity assessed by CGI-BP-S
(Table 4).

For studies reporting on the change in CGI-BP-S-de-
pression score, lurasidone was significantly better than
placebo, but olanzapine and aripiprazole were not (Table
4). No studies reporting on CGI-BP-S-depression score
were identified for cariprazine, quetiapine, and ziprasi-
done. Lurasidone ranked first in improving the CGI-BP-S-
depression score followed by olanzapine and aripiprazole
(Table 14).

The odds of remission (MADRS <12) were significantly
greater for lurasidone, quetiapine, and olanzapine com-
pared to placebo, but not ziprasidone (Table 5). The most
effective treatment in improving remission rates as per the
SUCRA rankings was lurasidone, followed by quetiapine,
olanzapine ad ziprasidone (Table 14). In pairwise

Table 5 Odds Ratios for Remission as MADRS <12 and Remission as MADRS <10

PLO 1.61 [1.12,2.23] NA

NA CAR NA

1.44 [1.10, 1.88] NA OLA

2.04 [1.70, 2.44] NA 1.45 [1.02, 1.99]
1.03 [0.75, 1.39] NA 0.73 [0.47, 1.06]
2.20 [1.35, 3.40] NA 1.56 [0.86, 2.53]

NA NA 2.16 [1.14, 3.76]
NA NA 1.39 [0.66, 2.60]
NA NA NA

QUE NA NA

0.51[0.35, 0.72] ZIP NA

1.09 [0.64, 1.73] 2.19 [1.21, 3.64] LUR

Note: Remission defined as MADRS <10 results are on the top-right and Remission defined as MADRS <12 results are on the bottom-left. Numbers represent the
odds ratio [95% credible intervall. In the top-right comparisons, the row treatment is the reference category. In the bottom-left, the column treatment is the
reference category. Studies that used alternative definitions were not included: the aripiprazole studies and one quetiapine study defined remission as MADRS <8

at endpoint

Abbreviations: PLO Placebo, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine, ZIP Ziprasidone
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PLO

2.47 [1.10, 4.90]
1.50 [0.82, 2.64]
1.43 [0.68, 2.58]
2.46 [1.57, 3.75]
1.54 [0.76, 2.80]
1.12 [0.36, 2.76]

1.68 [1.09, 2.48]
ARI

0.70 [0.25, 1.64]
0.67 [0.21, 1.57]
1.15 [0.44, 2.49]
0.72 [0.23, 1.70]
0.52[0.12, 1.50]

1.05 [0.77, 1.41]
0.66 [0.38, 1.06]
CAR

1.04 [0.37, 2.23]
1.79 [0.80, 3.42]
1.12 [041, 2.37]
0.81[0.21, 2.23]

0.70 [0.48, 1.00]
0.44 [0.24, 0.73]
0.68 [0.42, 1.06]
OLA

1.93 [0.82, 4.09]
1.21 (043, 2.82]
0.88 [0.22, 2.50]

0.99 [0.78, 1.24]
0.62 [0.37, 0.96]
0.96 [0.64, 1.37]
1.46 [0.93, 2.18]

QUE
066 [0.27, 1.32]
048 [0.14, 1.24]

138092, 1.98]
0.86 [0.47, 1.45]
134 [0.79, 2.11]
2.03 [1.15, 3.30]
14110388, 2.15]
ZIP

0.81[0.20, 2.27]

1.10 [0.61, 1.83]
0.68 [0.32, 1.28]
1.07 [0.54, 1.90]
1.62 [0.79, 2.95]
1.12 [0.59, 1.95]
0.83 [0.40, 1.54]
LUR

Note: All-Cause Discontinuation results are on the top-right and Discontinuation Due to Adverse Events are in the bottom left. Results give the odds ratio [95%
credible interval]. In the top-right comparisons, the row treatment is the reference category. In the bottom-left, the column treatment is the reference category

Abbreviations: PLO Placebo, ARl Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine, ZIP Ziprasidone

comparison for remission, lurasidone had greater odds of
remission compared to ziprasidone and quetiapine had
greater odds of remission compared to olanzapine as well
as ziprasidone. Clinical trials for cariprazine defined re-
mission as MADRS <10 at endpoint, and data for this def-
inition was available only for lurasidone. Both lurasidone
and cariprazine had significantly greater odds of remission
compared to placebo (Table 5); and lurasidone ranked
higher than cariprazine according to SUCRA rankings
(Table 14).

Discontinuation rates

All-cause discontinuation for lurasidone, olanzapine,
cariprazine and, ziprasidone, were comparable to pla-
cebo. However, the odds of all-cause discontinuation for
aripiprazole were significantly higher than placebo
(Table 6). Based on SUCRA ranking, olanzapine and
quetiapine ranked the best tolerated treatments in terms
of all-cause discontinuation followed by cariprazine, lur-
asidone, ziprasidone and aripiprazole (Table 14). For
discontinuations due to adverse events, lurasidone, cari-
prazine, olanzapine and ziprasidone had similar odds
compared to placebo. Aripiprazole and quetiapine had
significantly higher odds of discontinuation due to ad-
verse events compared to placebo. According to SUCRA
ranking lurasidone and olanzapine ranked first in terms
of discontinuation due to adverse events followed by car-
iprazine, ziprasidone, aripiprazole and quetiapine. In

Table 7 Odds Ratios for Discontinuation Due to Lack of Efficacy

pairwise comparison, for discontinuations due to adverse
events there were no significant differences between the
atypical antipsychotics (Table 6). For discontinuation
due to lack of efficacy, quetiapine and olanzapine had a
significantly lower odds of discontinuation than placebo
(Table 7). Based on SUCRA values, quetiapine ranked
first in terms of discontinuation due to a lack of efficacy
followed by olanzapine, cariprazine, lurasidone, aripipra-
zole and ziprasidone (Table 14). No significant differ-
ences were found for discontinuation due to lack of
efficacy between placebo, and lurasidone, cariprazine,
aripiprazole, and ziprasidone (Table 7).

Metabolic parameters measures

All atypical antipsychotics except lurasidone and aripi-
prazole were associated with significantly more weight
gain than placebo. During the short-term trials, olanza-
pine had the largest mean weight gain relative to placebo
(2.88 kg), followed by quetiapine (1.17 kg), cariprazine
(0.65 kg), lurasidone (0.34 kg), and aripiprazole (0.20 kg).
Olanzapine had significantly greater weight gain than all
other antipsychotics and quetiapine had significantly
greater weight gain than lurasidone and aripiprazole
(Table 8). The SUCRA rankings further confirm that ari-
piprazole and lurasidone were most likely to be associ-
ated with smaller changes in weight from baseline
followed by cariprazine, quetiapine and olanzapine
(Table 14). All atypical antipsychotics except lurasidone

PLO 0.65 [0.19, 1.60] 0.50 [0.20, 1.04] 0.42 [0.14, 0.93]
ARI 1.02 [0.21, 3.06] 0.86 [0.16, 2.68]
CAR 1.01 [0.23, 2.83]

OLA

0.23 [0.12, 0.40] 1.84 [0.54, 4.88] 0.77 [0.18, 2.17]
047 [0.11, 1.30] 379 (062, 13.01] 1.58 [0.21, 5.73]
0.54 [0.17, 1.33] 441 [0.89, 14.22] 1.84 [0.31, 6.17]
068 [0.19, 1.84] 5.55[1.03, 19.22] 232[0.35,831]
QUE 8.91 [2.12, 26.64] 3720071, 11.61]
ZIP 0.57 [0.07, 2.06]
LUR

Note: All-Cause Discontinuation results are on the top-right and Discontinuation Due to Adverse Events results are on the bottom-left. Numbers represent the
odds ratio [95% credible interval]. In the top-right comparisons, the row treatment is the reference treatment. In the bottom-left, the column treatment is the

reference category

Abbreviations: PLO Placebo, ARI Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine, ZIP Ziprasidone
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Table 8 Change from Baseline in Weight (kg) and Odds Ratios of 27% Weight Gain

PLO 0.20 [-0.59, 1.00] 0.65 [0.34, 0.96]
1.67 [0.56, 3.92] ARI 044 [~ 042, 1.30]
3.50 [1.26, 8.65] 267 [0.56, 841] CAR

68.46 [15.56, 231.00] 52.56 [7.42, 205.90] 24.93 [3.35, 95.57]
3.46 [1.91, 5.92] 2.64 [0.74, 6.90] 1.26 [0.34, 3.13]
19.08 [0.66, 108.10] 14.68 [0.35, 83.24] 6.85 [0.16, 39.89]

2.88 [2.40, 3.36]
2.68 [1.76, 3.61]
2.24 [1.66, 2.80]

1.17 [0.84, 1.49]
0.96 [0.10, 1.83]
0.52 [0.07, 0.96]

0.34 [-0.22, 0.89]
0.14 [-0.85, 1.11]
—0.31 [~ 0.95, 0.33]

OLA -1.71 [-2.29, -1.13] —2.54 [-3.28, — 1.81]
0.08 [0.01, 0.25] QUE —0.83 [-1.48, - 0.18]
043 [0.01, 2.56] 5.98 [0.18, 33.08] LUR

Note: Weight Change results are on the top-right and numbers represent the mean change [95% credible intervall. >7% Weight Gain results are on the bottom-
left and results give the odds ratio [95% credible intervall. In the top-right comparisons, the row treatment is the reference category. In the bottom-left, the

column treatment is the reference category

Abbreviations: PLO Placebo, ARl Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine

and aripiprazole were associated with significantly
greater odds of 7% weight gain versus placebo. In pair-
wise comparison for clinically significant weight gain
(=7%) olanzapine had significantly greater odds of weight
gain compared to quetiapine, cariprazine and aripipra-
zole (Table 8). Descriptively, the rates of clinically sig-
nificant weight gain were the lowest for lurasidone
(2.4%) followed by cariprazine (3.2%), aripiprazole
(4.7%)), quetiapine (6.9%)), and olanzapine (20.3%).
There were no significant differences for change in total
cholesterol among the atypical antipsychotics, but olanza-
pine was associated with greater increases in total choles-
terol than placebo (Table 9). There were no significant
differences from placebo or between atypical antipsy-
chotics for change in triglycerides (Table 9), LDL
(Table 10) or glucose (Table 10), during these acute trials.

Other tolerability measures

Lurasidone was associated with higher changes in pro-
lactin than placebo, aripiprazole, and quetiapine; and
cariprazine was also associated with higher changes in
prolactin than placebo (Table 11). According to SUCRA
ranking for changes in prolactin aripiprazole ranked first
followed by quetiapine, cariprazine and lurasidone
(Table 14). All antipsychotics except lurasidone, caripra-
zine, and aripiprazole had greater somnolence than pla-
cebo, with quetiapine having greater somnolence than
all antipsychotics except ziprasidone (Table 12). On
SUCRA analysis, lurasidone ranked the best tolerated
option in terms of somnolence followed by cariprazine,

Table 9 Change from Baseline in Triglycerides and Total Cholesterol

aripiprazole, olanzapine, quetiapine and ziprasidone
(Table 14). Switch to mania for all antipsychotics was
comparable to placebo, except for quetiapine which had
a significantly lower odds of switching. Quetiapine also
had lower odds of switch to mania compared with aripi-
prazole (Table 12) and ranked the best according to
SUCRA values (Table 14). Rates of EPS were higher than
placebo for lurasidone, quetiapine, and cariprazine, but
there were no significant differences among the atypical
antipsychotics (Table 13). Aripiprazole and cariprazine
ranked the best tolerated options in terms of EPS
followed by quetiapine and ziprasidone (Table 14).
Among the atypical antipsychotics where data on akathi-
sia was reported (aripiprazole, quetiapine, and lurasi-
done), odds were higher than placebo (Table 13).
According to SUCRA rankings, cariprazine and lurasi-
done ranked the best tolerated options with fewer
akathisia rates followed by aripiprazole (Table 14).

NNT/NNH

Descriptive estimates of the number needed to treat
(NNT) to achieve one additional responder relative to
placebo and the number needed to harm (NNH) based
on one additional all-cause discontinuation and discon-
tinuation due to adverse events relative to placebo were
calculated for each treatment arm. Lurasidone (5) had
the lowest NNT value for response (highest responder
rates) followed by quetiapine (6), olanzapine (10), cari-
prazine (11), aripiprazole (50) and ziprasidone (100). For
remission defined as MADRS <12 lurasidone (6) and

PLO 0.98 [~ 1048, 12.47]
0.50 [-5.64, 6.60] ARI

—2.05 [-5.90, 1.67] —2.55 [-9.87, 4.56]
7.06 [2.47, 12.00] 6.55 [~ 1.05, 14.47]
0.50 [-4.86, 5.88] 0.00 [-8.13, 8.18]
1.72 [-6.56, 9.94] 122 [-9.02, 11.51]

1.35 [-1.27, 6.50]
037 [-11.45,12.83]
CAR

9.11 [3.22, 15.46]
2.55 [-3.96, 9.20]
377 [-5.24,12.88]

1.85 [~ 1.88, 8.64]
0.87 [-11.26, 13.80]
0.50 [~ 5.46, 6.84]
OLA

—6.55 [~ 13.85, 0.46]
=534 [-14.99, 403]

11.10 [- 2.75, 24.86]
10.12 [-7.63, 2842]
9.75 [-4.84, 24.02]
9.25 [~ 5.75, 23.54]
QUE

1.21 [~ 864, 10.98]

—3.05 [~ 1537,9.55]
=403 [-21.02,12.83]
— 440 [-17.54, 847]
—4.89 [-18.60, 8.37]
—14.15 [- 3240, 4.08]
LUR

Note: Triglycerides results are on the top-right and Total Cholesterol results are on the bottom-left. Numbers represent the mean change [95% credible interval].
In the top-right comparisons, the row treatment is the reference category. In the bottom-left, the column treatment is the reference category
Abbreviations: PLO Placebo, ARI Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine
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Table 10 Change from Baseline in Low-Density Lipoprotein Cholesterol and Glucose

PLO —0.50 [-4.09, 3.14] —0.67 [-3.23,042]
090 [-2.17,4.12] ARI —0.17 [~ 461, 3.60]
007 [-1.31,1.70] —083 [-4.29, 2.59] CAR

—0.34 [-3.18, 2.17] —1.25[-562, 2.71] —042 [-3.78, 2.39]
1.15[-082,3.12] 0.25 [-3.56, 3.91] 1.08 [~ 146, 3.44]

=145 [-5.50, 2.64] —235[-761,273] —1.52 [-5.85, 2.77]

042 [-1.23, 2.16]
0.92 [-3.03, 4.83]
1.09 [~ 048, 443]

—0.59 [-4.23, 3.00]
—0.09 [-5.29, 4.95]
0.08 [-3.80, 4.44]

1.18 [-3.86, 6.23]
167 [-4.52,781]
1.84 [-3.28, 7.39]

OLA —-1.01 [-5.01, 2.96] 0.75 [-4.51, 6.04]
1.50 [-1.72, 494] QUE 1.76 [ 442, 7.84]
=111 [-5.85, 3.94] =260 [-7.12,1.92] LUR

Note: Low-Density Lipoprotein results are on the top-right and Glucose results are on the bottom-left. Numbers represent the mean change [95% credible
intervall. In the top-right comparisons, the row treatment is the reference category. In the bottom-left, the column treatment is the reference category
Abbreviations: PLO Placebo, ARI Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine

quetiapine (6) had lowest NNT followed by olanzapine
(13) and ziprasidone (250). For remission defined as
MADRS <10 lurasidone (8) had lower NNT than cari-
prazine (13). The NNH values for all-cause discontinua-
tions were the highest for quetiapine (500) (lowest
discontinuation rate) followed by lurasidone (100), cari-
prazine (100), olanzapine (15), ziprasidone (15) and ari-
piprazole (10). The NNH for discontinuation due to
adverse events was the highest for lurasidone (250)
followed by cariprazine (50), olanzapine (50), ziprasidone
(50), aripiprazole (17) and quetiapine (15).

Sensitivity analyses

Dose stratified sensitivity analysis results were largely
similar to the base case findings. For cariprazine, only
the 1.5 mg and 3.0 mg cariprazine treatment arms used
once daily were significantly greater than placebo,
whereas all the stratified doses for lurasidone, olanza-
pine, and quetiapine were significantly more efficacious
than placebo.

Quality of evidence and heterogeneity

Overall, the quality of evidence for the primary outcome
was high for direct evidence with quality reduced for
NMA evidence, primarily because of indirectness of re-
sults and imprecisions. For all other outcomes, in gen-
eral, lurasidone vs placebo and cariprazine vs placebo
comparisons had higher quality, whereas ziprasidone vs
placebo, and aripiprazole vs placebo comparisons had
lower quality owing to limitations in the risk of bias.
GRADE results are presented in Additional file 1: Table
7a-b.

Table 11 Change from Baseline in Prolactin

Opverall, the risk of bias was low, with 6 studies show-
ing some concerns related to the randomization process
(e.g., incomplete description of allocation concealment).
Results of the risk of bias assessment is presented in
Additional file 1: Figure 2.

For the primary outcome change from baseline in
MADRS, comparison-adjusted funnel plots of the net-
work meta-analysis did not suggest that small studies
gave different results from larger studies. This was true
for all other outcomes evaluated in this network meta-
analysis, except for continuous outcomes change from
baseline in CGI-BP-S overall, and triglycerides, and di-
chotomous outcomes of response, 27% weight gain, and
EPS. Potential asymmetry was detected in the funnel
plots for these 5 outcomes, suggesting a possibility of
reporting bias. Funnel plots can be found in the Add-
itional file 1: Figure 3a-d. Assessment of transitivity
showed most of the studies and comparisons had min-
imal variation in mean age, sex, MADRS and CGI-BP-S
depression score at baseline results. Other effect modi-
fiers such as age at onset, weight, and BMI at baseline
were reported in few studies only. Most of the studies
included only BPD-I patients, whereas 7 (39%) studies
included both BPD-I and BPD-II patients. Detailed re-
sults are presented in Additional file 1: Figure 4a, b. Het-
erogeneity was assessed by the median between-study
variance (Tau?) and ranged from 0 to 12.57, with some
considered moderate to high (Additional file 1: Table 8).

Discussion
In this NMA involving short term trials of atypical anti-
psychotic monotherapy treatment for patients with

PLO

037 [-1.72,242] ARI

2.22 [0.89, 3.57] 1.85 [~ 0.60, 4.35]
1.04 [-1.42, 3.55] 067 [-2.57,391]
7.20 [2.06, 12.33] 6.83 [1.25, 12.37]

CAR
—-1.18 [~ 4.02, 1.70] QUE
4.98 [-0.36, 10.34] 6.16 [0.41, 11.79] LUR

Note: Prolactin results are on the bottom-left. Numbers represent the mean change from baseline [95% credible interval]. In the top-right comparisons, the row
treatment is the reference category. In the bottom-left, the column treatment is the reference category
Abbreviations: PLO Placebo, ARI Aripiprazole, CAR Cariprazine, LUR Lurasidone, QUE Quetiapine



Kadakia et al. BMC Psychiatry (2021) 21:249

Table 12 Odds Ratios for Somnolence and Switch to Mania
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PLO 2.04 (098, 3.79] 1.90 [0.81, 4.05] 2.89 [1.96, 4.20] 4.90 [3.59, 6.56] 5.05 [2.61, 9.25] 1.53 [0.57, 3.66]
2.25[0.81,5.19] ARI 1.04 [0.32, 2.61] 1.59 [0.68, 3.16] 2.70[1.21, 5.31] 279 [0.98, 6.44] 0.84 [0.24, 2.28]
091 [041, 1.71] 0.50[0.13, 1.33] CAR 1.79 [0.64, 3.85] 3.03 [1.13, 6.47] 3.12[0.99, 7.67] 093 1[0.23, 2.52]
0.79 [0.28, 1.67] 044 [0.09, 1.22] 0.99 [0.26, 2.58] OLA 1.76 [1.06, 2.75] 1.81 [0.81, 3.57] 0.55 [0.18, 1.40]
0.61 [0.35, 0.99] 0.34 [0.10, 0.83] 0.77 [0.29, 1.69] 0.95 [0.30, 2.46] QUE 1.05 [0.50, 2.00] 0.32[0.11, 0.80]
NA NA NA NA NA ZIP 0.33 [0.09, 0.87]
236 [0.39, 8.83] 1.31 [0.14, 5.39] 296 [0.39, 11.82] 3.74 043, 15.93] 4.17 [061, 16.11] NA LUR

Note: Somnolence results are on the top-right and Switch to Mania results are on the bottom-left. Numbers represent the odds ratio [95% credible intervall. In the

top-right comparisons, the row treatment is the reference category

Abbreviations: PLO Placebo, ARl Aripiprazole, CAR Cariprazine, LUR Lurasidone, OLA Olanzapine, QUE Quetiapine, ZIP Ziprasidone

bipolar depression, lurasidone, quetiapine, olanzapine,
and cariprazine were found to be significantly more effi-
cacious than placebo as assessed by change in MADRS.
In pairwise comparisons for change in MADRS, lurasi-
done, cariprazine, olanzapine, and quetiapine were found
to be similar. According to SUCRA analyses lurasidone,
olanzapine and quetiapine ranked first for improvement
in MADRS compared to placebo followed by cariprazine,
ziprasidone and aripiprazole.

While mean change from baseline on MADRS is often
a primary endpoint in clinical trials, clinicians in practice
are often also interested in understanding the magnitude
of treatment response. Lurasidone had significantly
greater odds of response (defined as >50% improvement
in MADRS), than cariprazine, aripiprazole, and ziprasi-
done. In addition, the NNT for response was the lowest
for lurasidone when compared to other atypical antipsy-
chotics. With lurasidone, 5 patients needed to be treated
for one patient to respond, while other atypical antipsy-
chotics required treating 6 (quetiapine) to 12 (caripra-
zine) patients for one patient to respond.

For improving overall severity assessed by CGI-BP-S,
lurasidone, quetiapine and cariprazine were significantly
more efficacious than placebo; and in pairwise compari-
sons for overall CGI-BP-S, lurasidone was associated
with significantly more improvement than cariprazine
and ziprasidone. Lurasidone was significantly better than
placebo for improvement in CGI-BP-S depression score,
but olanzapine and aripiprazole were not. CGI-S scores
represent a global assessment of patient severity by the

Table 13 Odds Ratios for Extrapyramidal Symptoms and Akathisia

investigator and therefore provide a clinically relevant
measure of real-world effectiveness.

Lurasidone and aripiprazole had similar weight gain
compared to placebo while cariprazine, olanzapine and
quetiapine had significantly greater weight gain than pla-
cebo. Additionally, lurasidone also had significantly less
weight gain than olanzapine and quetiapine. Lurasidone
had highest NNH values (lowest rates) for discontinu-
ation due to adverse events. The current NMA extends
earlier meta-analyses by including cariprazine, conduct-
ing pairwise comparisons between all atypical antipsy-
chotics, examining additional outcome variables such as
triglycerides, LDL, glucose, prolactin, and assessing dis-
continuation due to efficacy and adverse events.

The efficacy findings for lurasidone, quetiapine, and
olanzapine are consistent with previous meta-analyses of
atypical antipsychotic monotherapy in bipolar depression
[12-14, 16, 48-52]. While prior meta-analyses have
largely focused on efficacy instead of tolerability, esti-
mated differences in all-cause discontinuation in prior
analyses have also been consistent with the current ana-
lyses [14, 15].

Antidepressant monotherapy appears to be the most com-
mon treatment in bipolar depression in usual clinical care,
despite treatment guidelines highlighting the lack of evidence
supporting their use and recognizing concern about switch-
ing patients into mania [49-53]. Given the limited evidence
for efficacy and the potential to switch to mania or cause
rapid cycling [11, 54] this practice appears to be a potential
target for further evidence based investigation. Consistent

PLO 1.98 [0.96, 3.64]

12.15 [2.07,39.95] ARI

3.79 [1.19,9.27] 0.57 [0.06,2.23] CAR
N/A N/A N/A

9.50 [0.67,36.33] 1.45 [0.04,6.36]

2.26 [1.26, 3.83]
1.28 {049, 2.77]

6.61 [0.15,13.84]

2.76 [1.61, 4.58]
1.57 [0.62, 3.38]

4.12 [1.05, 12.76]
2.33 [0.47,7.85]

1.33 [0.58, 2.66] 1.98 [043, 6.51]
QUE 1.60 [0.35, 5.27]
N/A LUR

Note: Extrapyramidal Symptom results are on the top-right and Akathisia results are on the bottom-left. Results give the odds ratio [95% credible intervall. In the
top-right comparisons, the row treatment is the reference treatment. In the bottom-left, the column treatment is the reference category
Abbreviations: PLO Placebo, ARl Aripiprazole, CAR Cariprazine, LUR Lurasidone, QUE Quetiapine
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Table 14 Surface Under the Cumulative Ranking Curve (SUCRA)
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Lurasidone
SUCRA (Rank)

Cariprazine

Outcome SUCRA (Rank)

Olanzapine
SUCRA (Rank)

Placebo
SUCRA (Rank)

Quetiapine
SUCRA (Rank)

Aripiprazole
SUCRA (Rank)

Ziprasidone
SUCRA (Rank)

Efficacy Outcomes

MADRS 0.82 (2) 049 (4) 081 (2)
CGI-BP-S overall 0.85 (1) 045 (4) 063 (3)
CGI-BP-S depression 0.95 (1) N/A 0.58 (2)
Response 0.96 (1) 0.54 (4) 0.6 (3)
Remission (MADRS <12) 087 (1) N/A 050 (3)
Remission (MADRS <10) 0.88 (1) 0.60 (2) N/A
Discontinuation Outcomes
All-Cause 051 (4) 053 (4) 0.96 (1)
Due to Efficacy 045 (4) 061 (3) 0.70 3)
Due to Adverse Events 0.77 (2) 0.52 (4) 0.56 (4)
Metabolic Outcomes
Change in Body Weight  0.66 (3) 045 (4) 0.0 (6)
2> 7% Weight Gain 037 (5) 047 (4) 0.01 (6)
Change in glucose 0.78 (1) 053 (3) 061 (2)
Change in Triglycerides  0.76 (1) 049 (4) 0.40 (4)
Change in Cholesterol 044 (4) 0.84 (1) 0.04 (6)
Change in LDL 030 (6) 0.70 (2) 0.29 (5)
Other Outcomes
Prolactin 0.01 (5) 0.30 (4) N/A
Somnolence 0.76 (2) 064 (3) 038 (5)
EPS 0.22 (5) 045 (3) N/A
Akathisia 0.13 (4) 038 (3) N/A
Switch to Mania 0.74 (5) 041 (3) 0.29 (2

0.86 (2) 0.28 (6) 0.27 (5) 0.04 (7)
075 () N/A 0.19 (5) 0.10 (6)
N/A 041 (3) N/A 0.06 (4)
0.86 (2) 0.23 (5 0.2 (6) 0.1 (6)

084 (2) N/A 0.14 (4) 0.11 (5
N/A N/A N/A 0.00 (3)
062 (3) 0.07 (7) 0.21 (6) 06 (3)

094 (1) 0.50 (4) 0.07 (7) 0.19 (6)
0.13 (6) 0.18 (6) 05 (4) 084 (2)
0.20 (5) 075 (2) N/A 091 (1)
042 (4) 0.77 (2) N/A 0.94 (1)
0.20 (5) 031 (5) N/A 0.54 (3)
0.09 (6) 053 (3) N/A 0.70 (2)
0.54 (3) 0.54 (3) N/A 0.58 (3)
0.60 (2) 0.59 (2) N/A 049 (4)
0.58 (3) 0.73 (2) N/A 0.85 (1)
0.09 (7) 059 3) 0.11 (6) 094 (1)
0.28 (4) 057 (2) N/A 0.99 (1)
N/A 051 (2) N/A 097 (1)
013 (M 0.88 (6) NA 055 (4)

with accumulating evidence of the efficacy of some atypical
antipsychotics in bipolar depression, the use of atypical anti-
psychotics has been increasing in bipolar disorder [55, 56].

Limitations

There were several limitations to this NMA. The quetia-
pine trials included bipolar II patients which may
confound the results. While the baseline patient charac-
teristics that were examined from the different trials ap-
peared largely similar, unmeasured confounders could
exist. Another limitation was inconsistent reporting of
outcome variables. Some outcome variables such as EPS
symptoms were not reported for all trials or not re-
ported consistently [35, 36, 39, 44—46]. In addition, the
metabolic laboratory values from the different studies
were not all specified as fasting measurements. To in-
crease consistency in study design and reported out-
comes, this NMA was limited to atypical antipsychotics
used as monotherapy to treat patients with bipolar de-
pression. Inclusion of other treatments such as lithium,
lamotrigine, and divalproex as well as combination

treatments was beyond the scope of the current analysis.
Although the included studies were deemed comparable
in transitivity assessment, moderate to high heterogen-
eity was observed for some outcomes in the NMA, com-
pared with the predictive distribution of heterogeneity
[31]. Similar to the original NMA, meta-regression,
which can potentially adjust for effect modifiers, was not
performed because of the absence of a sufficiently large
number of trials per comparison that is required to ren-
der meta-regression feasible at the aggregate level [15].
Random effects models were applied to account for
between-study variance for the NMA, but the presence
of heterogeneity should be acknowledged when inter-
preting the findings. For the included evidence, despite
the statistical tests showing no small-study effects for
most outcomes, we found some potential asymmetry of
comparison-adjusted funnel plots in this network meta-
analysis. All the identified trials were placebo controlled
RCTs leading to star shaped networks, and therefore in-
direct evidence and hierarches should be interpreted
with caution.
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Conclusions

In this NMA in adults with bipolar depression, which
evaluated change in depressive symptoms (assessed by
MADRS) across short-term trials, the largest improve-
ment versus placebo was observed for lurasidone, olanza-
pine and quetiapine with cariprazine, showing smaller
treatment effect. Aripiprazole and ziprasidone were inef-
fective for the treatment of bipolar depression.. Improve-
ment in CGI-BP-S score for lurasidone was larger than
cariprazine and ziprasidone but similar to quetiapine and
olanzapine. Based on short term studies lurasidone and
aripiprazole had similar weight gain compared to placebo.

Abbreviations

CGI-BP-S: Clinical Global Impression Scale Bipolar Version — Severity; CANM
AT: Canadian Network for Mood and Anxiety Treatment; EPS: Extrapyramidal
Symptoms; FDA: US Food and Drug Administration; GRADE: The Grading of
Recommendation, Assessment, Development and Evaluation;

ISBD: International Society for Bipolar Disorders guidelines; LDL: Low-Density
Lipoprotein; MADRS: Montgomery Asberg Depression Rating Scale;

MMRM: Mixed Models for Repeated Measures; NMA/NMAs: Network Meta-
Analysis/Network Meta-Analyses; NNH: Number Needed to Harm;

NNT: Number Needed to Treat; OR: Odds Ratios; PICOS: Patient, Intervention,
Comparator, Outcome, and Study; PRISMA: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses; RCT: Randomized Controlled Trials;
SUCRA: Surface under the cumulative ranking curve; US: United States;

XR: Extended Release

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512888-021-03220-3.

Additional file 1: Table 1. The PRISMA 2020 Statement. Table 2a.
Search Strings. Table 2b. Conference Proceedings Reviewed. Table 3a.
Fixed effect model for Change from Baseline in MADRS and Odds Ratio
for Response. Table 3b. Fixed effect model for Change from Baseline in
CGI-BP-S-depression and CGIl-BP-S-overall. Table 3c. Fixed effect model
for Odds Ratios for Remission (MADRS < 12) and Remission (MADRS < 10).
Table 4a. Fixed effect model for Odds Ratios for All-Cause Discontinu-
ation and Discontinuation Due to Adverse Events. Table 4b. Fixed effect
model for Odds Ratios for Discontinuation Due Lack of Efficacy. Table
5a. Fixed effect model for Change from Baseline in Weight and Odds Ra-
tios of 2 7% Weight Gain. Table 5b. Fixed effect model for Change from
Baseline in Triglycerides and Total Cholesterol. Table 5c. Fixed effect
model for Change from Baseline in Low-Density Lipoprotein Cholesterol
and Glucose. Table 5d. Fixed effect model for Change from Baseline in
Prolactin. Table 6a. Fixed effect model for Odds Ratios for Somnolence
and Switch to Mania. Table 6b. Fixed effect model for Odds Ratios for
Extrapyramidal Symptoms and Akathisia. Table 7a. GRADE assessment of
Continuous Outcomes. Table 7b. GRADE assessment of Dichotomous
Outcomes. Table 8. Heterogeneity Assessment through Tau? of the net-
works. Figure 1a. Network Diagrams for Change from Baseline in MADR
S, CGI-BP-S Overall, CGI-BP-S-Depression, Weight and Blood Glucose. Fig-
ure 1b. Network Diagrams for Change from Baseline in Triglycerides,
Total Cholesterol, Low-Density Lipoprotein Cholesterol and Prolactin. Fig-
ure 1c. Network Diagrams for Response, Remission (MADRS <12 and <
10), All Cause Discontinuation, Discontinuation due to Lack of Efficacy
and Discontinuation due to Adverse Events. Figure 1d. Network Dia-
grams for = 7% weight gain, Akathisia, Switch to Mania, Extrapyramidal
Symptoms and Somnolence. Figure 2. Risk of Bias Assessment of In-
cluded Studies. Figure 3a. Assessment of Publication Bias Through Fun-
nel Plots for Change from Baseline in MADRS, CGI-BP-S Overall, CGI-BP-S-
Depression, Weight and Blood Glucose. Figure 3b. Assessment of Publi-
cation Bias Through Funnel Plots for Triglycerides, Total Cholesterol, Low-
Density Lipoprotein Cholesterol and Prolactin. Figure 3c. Assessment of
Publication Bias Through Funnel Plots for Response, Remission (MADRS <

Page 14 of 16

12 and £ 10), All Cause Discontinuation, Discontinuation due to Lack of
Efficacy and Discontinuation due to Adverse Events. Figure 3d. Assess-
ment of Publication Bias Through Funnel Plots for 2 7% weight gain,
Akathisia, Switch to Mania, Extrapyramidal Symptoms and Somnolence.
Figure 4a. Heterogeneity Assessment of Included RCTs Through Effect
Modifier Comparison. Figure 4b. Heterogeneity Assessment of Included
RCTs Through Effect Modifier Comparison (Contd.).

Acknowledgements

We thank Michael Stensland and Adam Hirsch of Agile Outcomes Research
Inc. who provided technical writing services on behalf of Sunovion
Pharmaceuticals Inc.

Authors’ contributions

Aditi Kadakia, Carole Dembek, Antony Loebel, Katsuhiko Hagi, and Tadashi Nosaka
made substantial contributions to the design of the study, the interpretation of the
data, and have substantially revised the work. Vincent Heller and Rajpal Singh made
substantial contributions to the design of the study, the data analysis, the
interpretation of the data, and have substantially revised the work. Jennifer Uyei
made substantial contributions to the interpretation of the data, drafting of the work,
and have substantially revised the work. All authors have approved the final
submitted version of the manuscripts and agree to be both personally accountable
for their contributions and ensure that questions related to the accuracy or integrity
of any part of the work will be appropriately investigated, resolved, and documented
in the literature.

Funding

This research was funded by Sunovion Pharmaceuticals Inc, a wholly owned
subsidiary of Sumitomo Dainippon Pharma Co. Aditi Kadakia, Carole Dembek, and
Antony Loebel are full time employees of Sunovion Pharmaceuticals and Katsuhiko
Hagi and Tadashi Nosaka are full time employees of Sumitomo Dainippon Pharma
Co. All were involved in the design of the study, interpretation of data, and writing
of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study available from
the corresponding author on reasonable request.

Declarations

Competing interests

Aditi Kadakia, Carole Dembek, and Antony Loebel are all full-time employees
of Sunovion Pharmaceuticals Inc. the sponsor of the study and manufacturer
of lurasidone (brand name Latuda). Sunovion Pharmaceuticals Inc. is a wholly
owned subsidiary of Sumitomo Dainippon Pharma Co. Katsuhiko Hagi and
Tadashi Nosaka are full time employees of Sumitomo Dainippon Pharma Co.
Remaining Authors have no competing interest.

Author details

'Sunovion Pharmaceuticals Inc, Marlborough, MA, USA. 2IQVIA, Stockholm,
Sweden. 3IQVIA, Mumbai, India. IQVIA, San Francisco, CA, USA. °Sumitomo
Dainippon Pharma Co., Ltd.,, Tokyo, Japan.

Received: 3 October 2020 Accepted: 14 April 2021
Published online: 11 May 2021

References

1. American Psychiatric Association. Diagnostic and statistical manual of
mental disorders: DSM-5. 5th ed. Washington, D.C: American Psychiatric
Association; 2013.

2. Merikangas KR, Akiskal HS, Angst J, Greenberg PE, Hirschfeld RM, Petukhova
M, et al. Lifetime and 12-month prevalence of bipolar spectrum disorder in
the National Comorbidity Survey replication. Arch Gen Psychiatry. 2007;
64(5):543-52. https://doi.org/10.1001/archpsyc.64.5.543.

3. Merikangas KR, Jin R, He JP, Kessler RC, Lee S, Sampson NA, et al. Prevalence
and correlates of bipolar spectrum disorder in the world mental health
survey initiative. Arch Gen Psychiatry. 2011,68(3):241-51. https;//doi.org/10.1
001/archgenpsychiatry.2011.12.


https://doi.org/10.1186/s12888-021-03220-3
https://doi.org/10.1186/s12888-021-03220-3
https://doi.org/10.1001/archpsyc.64.5.543
https://doi.org/10.1001/archgenpsychiatry.2011.12
https://doi.org/10.1001/archgenpsychiatry.2011.12

Kadakia et al. BMC Psychiatry

20.

21.

(2021) 21:249

Cloutier M, Greene M, Guerin A, Touya M, Wu E. The economic burden of
bipolar | disorder in the United States in 2015. J Affect Disord. 2018,226:45—-
51. https://doi.org/10.1016/jjad.2017.09.011.

Judd LL, Akiskal HS, Schettler PJ, Endicott J, Maser J, Solomon DA, et al. The
long-term natural history of the weekly symptomatic status of bipolar |
disorder. Arch Gen Psychiatry. 2002;59(6):530-7. https.//doi.org/10.1001/a
rchpsyc.59.6.530.

Kupka RW, Altshuler LL, Nolen WA, Suppes T, Luckenbaugh DA, Leverich GS,
et al. Three times more days depressed than manic or hypomanic in both
bipolar | and bipolar Il disorder. Bipolar Disord. 2007,9(5):531-5. https://doi.
0rg/10.1111/].1399-5618.2007.00467 x.

Simon GE, Ludman EJ, Unttzer J, Operskalski BH, Bauer MS. Severity of
mood symptoms and work productivity in people treated for bipolar
disorder. Bipolar Disord. 2008;10(6):718-25. https://doi.org/10.1111/j.1399-
5618.2008.00581 x.

Kessler RC, Akiskal HS, Ames M, Birnbaum H, Greenberg P, Hirschfeld RMA,
et al. Prevalence and effects of mood disorders on work performance in a
nationally representative sample of U.S. workers. Am J Psychiatry. 2006;
163(9):1561-8. https.//doi.org/10.1176/ajp.2006.163.9.1561.

Dilsaver SC, Chen YW, Swann AC, Shoaib AM, Tsai-Dilsaver Y, Krajewski KJ.
Suicidality, panic disorder and psychosis in bipolar depression, depressive-
mania and pure-mania. Psychiatry Res. 1997;73(1-2):47-56. https://doi.org/1
0.1016/S0165-1781(97)00109-1.

McGirr A, Vohringer PA, Ghaemi SN, Lam RW, Yatham LN. Safety and
efficacy of adjunctive second-generation antidepressant therapy with a
mood stabiliser or an atypical antipsychotic in acute bipolar depression: a
systematic review and meta-analysis of randomised placebo-controlled
trials. Lancet Psychiatry. 2016;3(12):1138-46. https://doi.org/10.1016/52215-
0366(16)30264-4.

Pacchiarotti |, Bond DJ, Baldessarini RJ, Nolen WA, Grunze H, Licht RW, et al.
The International Society for Bipolar Disorders (ISBD) task force report on
antidepressant use in bipolar disorders. Am J Psychiatry. 2013;170(11):1249-
62. https://doi.org/10.1176/appi.ajp.2013.13020185.

Cruz N, Sanchez-Moreno J, Torres F, Goikolea JM, Valenti M, Vieta E. Efficacy
of modern antipsychotics in placebo-controlled trials in bipolar depression:
a meta-analysis. Int J Neuropsychopharmacol. 2010;13(1):5-14. https://doi.
0rg/10.1017/51461145709990344.

Selle V, Schalkwijk S, Véazquez GH, Baldessarini RJ. Treatments for acute
bipolar depression: meta-analyses of placebo-controlled, monotherapy trials
of anticonvulsants, lithium and antipsychotics. Pharmacopsychiatry. 2014;
47(2):43-52. https://doi.org/10.1055/5-0033-1363258.

Vieta E, Locklear J, Glnther O, Ekman M, Miltenburger C, Chatterton ML,

et al. Treatment options for bipolar depression: a systematic review of
randomized, controlled trials. J Clin Psychopharmacol. 2010;30(5):579-90.
https://doi.org/10.1097/JCP.0b013e3181f15849.

Ostacher M, Ng-Mak D, Patel P, Ntais D, Schlueter M, Loebel A. Lurasidone
compared to other atypical antipsychotic monotherapies for bipolar
depression: a systematic review and network meta-analysis. World J Biol
Psychiatry. 2018;19(8):586-601. https://doi.org/10.1080/15622975.2017.12
85050.

Taylor DM, Cornelius V, Smith L, Young AH. Comparative efficacy and
acceptability of drug treatments for bipolar depression: a multiple-
treatments meta-analysis. Acta Psychiatr Scand. 2014;130(6):452-69. https.//
doi.org/10.1111/acps.12343.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffmann TC, Mulrow CD,

et al. The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021;372:n71.

Higgins JPT TJ, Chandler J, Cumpston M, Li T, Page MJ, Welch VA. Cochrane
Handbook for Systematic Reviews of Interventions version 6.1.0. [Available
from: https://www.training.cochrane.org/handbook]

Dias S, Welton NJ, Sutton AJ, Ades AE. Evidence synthesis for decision
making 1: introduction. Med Decis Mak. 2013;33(5):597-606. https://doi.
0rg/10.1177/0272989X13487604.

Hoaglin DC, Hawkins N, Jansen JP, Scott DA, Itzler R, Cappelleri JC, et al.
Conducting indirect-treatment-comparison and network-meta-analysis
studies: report of the ISPOR task force on indirect treatment comparisons
good research practices: part 2. Value Health. 2011;14(4):429-37. https://doi.
0rg/10.1016/jval.2011.01.011.

Dias S, Welton NJ, Sutton AJ, Ades A. NICE DSU technical support
document 2: a generalised linear modelling framework for pairwise and
network meta-analysis of randomised controlled trials; 2011.

22.

23.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34,

35.

36.

37.

38.

39.

Page 15 of 16

Jansen JP, Fleurence R, Devine B, Itzler R, Barrett A, Hawkins N, et al.
Interpreting indirect treatment comparisons and network meta-analysis for
health-care decision making: report of the ISPOR task force on indirect
treatment comparisons good research practices: part 1. Value Health. 2011;
14(4):417-28. https://doi.org/10.1016/jjval.2011.04.002.

Salanti G, Ades AE, loannidis JP. Graphical methods and numerical
summaries for presenting results from multiple-treatment meta-analysis: an
overview and tutorial. J Clin Epidemiol. 2011;64(2):163-71. https//doi.org/1
0.1016/}jclinepi.2010.03.016.

Higgins JPT, Savovi¢ J, Page MJ, Elbers RG, Sterne JAC. Chapter 8: Assessing
risk of bias in a randomized trial. In: Cochrane handbook for systematic
reviews of interventions version 61 (updated September 20202020).
Cochrane; 2020. Available from: www.training.cochrane.org/handbook.
Mendes D, Alves C, Batel-Marques F. Number needed to treat (NNT) in
clinical literature: an appraisal. BMC Med. 2017;15(1):112.

Schinemann HIVG, JPT H, Santesso N, Deeks JJ, Glasziou P, Akl EA, et al.
Chapter 15: interpreting results and drawing conclusions. In: JPT H, Thomas
J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA, editors. Cochrane
handbook for systematic reviews of interventions version 60 (updated July
2019) Cochrane; 2019.

Brignardello-Petersen R, Bonner A, Alexander PE, Siemieniuk RA, Furukawa
TA, Rochwerg B, et al. Advances in the GRADE approach to rate the
certainty in estimates from a network meta-analysis. J Clin Epidemiol. 2018;
93:36-44. https;//doi.org/10.1016/jjclinepi.2017.10.005.

Puhan MA, Schunemann HJ, Murad MH, Li T, Brignardello-Petersen R, Singh
JA, et al. A GRADE working group approach for rating the quality of
treatment effect estimates from network meta-analysis. BMJ. 2014;349(sep24
5):g5630. https.//doi.org/10.1136/bmj.g5630.

Sterne JA, Savovic¢ J, Page MJ, Elbers RG, Blencowe NS, Boutron |, et al. RoB
2:a revised tool for assessing risk of bias in randomised trials. Bmj. 2019;366:
14898.

Chaimani A, Caldwell DM, Li T, Higgins JPT, Salanti G. Chapter 11:
Undertaking network meta-analyses. In: Cochrane handbook for systematic
reviews of interventions version 61 (updated September 2020). Cochrane;
2020. Available from: www.training.cochrane.org/handbook.

Rhodes KM, Turner RM, Higgins JPT. Predictive distributions were developed
for the extent of heterogeneity in meta-analyses of continuous outcome
data. J Clin Epidemiol. 2015,68(1):52-60. https://doi.org/10.1016/j jclinepi.2
014.08.012.

Durgam S, Earley W, Lipschitz A, Guo H, Laszlovszky |, Németh G, et al. An 8-
week randomized, double-blind, placebo-controlled evaluation of the safety
and efficacy of Cariprazine in patients with bipolar | depression. Am J
Psychiatry. 2016;173(3):271-81. https//doi.org/10.1176/appi.ajp.2015.15020164.
Earley W, Burgess MV, Rekeda L, Dickinson R, Szatmari B, Németh G, et al.
Cariprazine treatment of bipolar depression: a randomized double-blind
placebo-controlled phase 3 study. Am J Psychiatry. 2019;176(6):439-48.
https://doi.org/10.1176/appi.ajp.2018.18070824.

Earley WR, Burgess MV, Khan B, Rekeda L, Suppes T, Tohen M, et al. Efficacy
and safety of cariprazine in bipolar | depression: a double-blind, placebo-
controlled phase 3 study. Bipolar Disord. 2020;22(4):372-84. https://doi.org/1
0.1111/bdi.12852.

Yatham LN, Vieta E, Earley W. Evaluation of cariprazine in the treatment of
bipolar I and Il depression: a randomized, double-blind, placebo-controlled,
phase 2 trial. Int Clin Psychopharmacol. 2020;35(3):147-56. https://doi.org/1
0.1097/Y1C.0000000000000307.

Li H, Gu N, Zhang H, Wang G, Tan Q, Yang F, et al. Efficacy and safety of
quetiapine extended release monotherapy in bipolar depression: a multi-
center, randomized, double-blind, placebo-controlled trial.
Psychopharmacology. 2016;233(7):1289-97. https//doi.org/10.1007/500213-
016-4215-z.

Calabrese JR, Keck PE Jr, Macfadden W, Minkwitz M, Ketter TA, Weisler RH,
et al. A randomized, double-blind, placebo-controlled trial of quetiapine in
the treatment of bipolar | or Il depression. Am J Psychiatry. 2005;162(7):
1351-60. https://doi.org/10.1176/appi.ajp.162.7.1351.

Loebel A, Cucchiaro J, Silva R, Kroger H, Hsu J, Sarma K, et al. Lurasidone
monotherapy in the treatment of bipolar | depression: a randomized,
double-blind, placebo-controlled study. Am J Psychiatry. 2014;171(2):160-8.
https://doi.org/10.1176/appi.ajp.2013.13070984.

Lombardo |, Sachs G, Kolluri S, Kremer C, Yang R. Two 6-week, randomized,
double-blind, placebo-controlled studies of ziprasidone in outpatients with
bipolar | depression: did baseline characteristics impact trial outcome? J Clin


https://doi.org/10.1016/j.jad.2017.09.011
https://doi.org/10.1001/archpsyc.59.6.530
https://doi.org/10.1001/archpsyc.59.6.530
https://doi.org/10.1111/j.1399-5618.2007.00467.x
https://doi.org/10.1111/j.1399-5618.2007.00467.x
https://doi.org/10.1111/j.1399-5618.2008.00581.x
https://doi.org/10.1111/j.1399-5618.2008.00581.x
https://doi.org/10.1176/ajp.2006.163.9.1561
https://doi.org/10.1016/S0165-1781(97)00109-1
https://doi.org/10.1016/S0165-1781(97)00109-1
https://doi.org/10.1016/S2215-0366(16)30264-4
https://doi.org/10.1016/S2215-0366(16)30264-4
https://doi.org/10.1176/appi.ajp.2013.13020185
https://doi.org/10.1017/S1461145709990344
https://doi.org/10.1017/S1461145709990344
https://doi.org/10.1055/s-0033-1363258
https://doi.org/10.1097/JCP.0b013e3181f15849
https://doi.org/10.1080/15622975.2017.1285050
https://doi.org/10.1080/15622975.2017.1285050
https://doi.org/10.1111/acps.12343
https://doi.org/10.1111/acps.12343
https://www.training.cochrane.org/handbook
https://doi.org/10.1177/0272989X13487604
https://doi.org/10.1177/0272989X13487604
https://doi.org/10.1016/j.jval.2011.01.011
https://doi.org/10.1016/j.jval.2011.01.011
https://doi.org/10.1016/j.jval.2011.04.002
https://doi.org/10.1016/j.jclinepi.2010.03.016
https://doi.org/10.1016/j.jclinepi.2010.03.016
http://www.training.cochrane.org/handbook
https://doi.org/10.1016/j.jclinepi.2017.10.005
https://doi.org/10.1136/bmj.g5630
http://www.training.cochrane.org/handbook
https://doi.org/10.1016/j.jclinepi.2014.08.012
https://doi.org/10.1016/j.jclinepi.2014.08.012
https://doi.org/10.1176/appi.ajp.2015.15020164
https://doi.org/10.1176/appi.ajp.2018.18070824
https://doi.org/10.1111/bdi.12852
https://doi.org/10.1111/bdi.12852
https://doi.org/10.1097/YIC.0000000000000307
https://doi.org/10.1097/YIC.0000000000000307
https://doi.org/10.1007/s00213-016-4215-z
https://doi.org/10.1007/s00213-016-4215-z
https://doi.org/10.1176/appi.ajp.162.7.1351
https://doi.org/10.1176/appi.ajp.2013.13070984

Kadakia et al. BMC Psychiatry

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

(2021) 21:249

Psychopharmacol. 2012,32(4):470-8. https://doi.org/10.1097/JCP.0b013e3182
5cedeb.

McElroy SL, Weisler RH, Chang W, Olausson B, Paulsson B, Brecher M, et al. A
double-blind, placebo-controlled study of quetiapine and paroxetine as
monotherapy in adults with bipolar depression (EMBOLDEN ). J Clin
Psychiatry. 2010;71(2):163-74. https;//doi.org/10.4088/JCP.08m04942gre.
Suppes T, Datto C, Minkwitz M, Nordenhem A, Walker C, Darko D.
Effectiveness of the extended release formulation of quetiapine as
monotherapy for the treatment of acute bipolar depression. J Affect Disord.
2014;168:485-93. https://doi.org/10.1016/jjad.2014.07.007.

Thase ME, Jonas A, Khan A, Bowden CL, Wu X, McQuade RD, et al.
Aripiprazole monotherapy in nonpsychotic bipolar | depression: results of 2
randomized, placebo-controlled studies. J Clin Psychopharmacol. 2008;28(1):
13-20. https://doi.org/10.1097/jcp.0b013e3181618eb4.

Thase ME, Macfadden W, Weisler RH, Chang W, Paulsson B, Khan A, et al.
Efficacy of quetiapine monotherapy in bipolar | and Il depression: a double-
blind, placebo-controlled study (the BOLDER Il study). J Clin
Psychopharmacol. 2006;26(6):600-9. https://doi.org/10.1097/01.jcp.000024
8603.76231.b7.

Tohen M, McDonnell DP, Case M, Kanba S, Ha K, Fang YR, et al.
Randomised, double-blind, placebo-controlled study of olanzapine in
patients with bipolar | depression. Br J Psychiatry. 2012;201(5):376-82.
https://doi.org/10.1192/bjp.bp.112.108357.

Tohen M, Vieta E, Calabrese J, Ketter TA, Sachs G, Bowden C, et al. Efficacy
of olanzapine and olanzapine-fluoxetine combination in the treatment of
bipolar | depression. Arch Gen Psychiatry. 2003;60(11):1079-88. https://doi.
0org/10.1001/archpsyc.60.11.1079.

Wang M, Tong JH, Huang DS, Zhu G, Liang GM, Du H. Efficacy of olanzapine
monotherapy for treatment of bipolar | depression: a randomized, double-
blind, placebo controlled study. Psychopharmacology. 2014;231(14):2811-8.
https://doi.org/10.1007/500213-014-3453-1.

Young AH, McElroy SL, Bauer M, Philips N, Chang W, Olausson B, et al. A
double-blind, placebo-controlled study of quetiapine and lithium
monotherapy in adults in the acute phase of bipolar depression
(EMBOLDEN 1). J Clin Psychiatry. 2010;71(2):150-62. https://doi.org/10.4088/
JCP.08m04995gre.

National Institute for Health and Care Excellence. Bipolar disorder:
assessment and management. 2019 Available from: https://www.ncbi.nim.
nih.gov/books/NBK547001/.

The University of South Florida, Florida Medicaid Drug Therapy
Management Program sponsored by the Florida Agency for Health Care
Administration. 2019-2020 Florida best practice psychotherapeutic
medication guidelines for adults 2020 Available from: https.//medica
idmentalhealth.fmhi.usf.edu/_assets/file/Guidelines/Bipolar%20Disorders_A
dult9%20Guidelines%202019-2020.pdf.

Fountoulakis KN, Yatham L, Grunze H, Vieta E, Young A, Blier P, et al. The
International College of Neuro-Psychopharmacology (CINP) treatment
guidelines for bipolar disorder in adults (CINP-BD-2017), part 2: review,
grading of the evidence, and a precise algorithm. Int J
Neuropsychopharmacol. 2017;20(2):121-79. https://doi.org/10.1093/ijnp/
pyw100.

Goodwin GM, Haddad PM, Ferrier IN, Aronson JK, Barnes T, Cipriani A, et al.
Evidence-based guidelines for treating bipolar disorder: revised third edition
recommendations from the British Association for Psychopharmacology. J
Psychopharmacol. 2016;30(6):495-553. https;//doi.org/10.1177/026988111
6636545.

Yatham LN, Kennedy SH, Parikh SV, Schaffer A, Bond DJ, Frey BN, et al.
Canadian network for mood and anxiety treatments (CANMAT) and
International Society for Bipolar Disorders (ISBD) 2018 guidelines for the
management of patients with bipolar disorder. Bipolar Disord. 2018;20(2):
97-170. https://doi.org/10.1111/bdi.12609.

National Collaborating Centre for Mental H. National Institute for Health and
Care Excellence: Clinical Guidelines. Bipolar Disorder: The NICE Guideline on
the Assessment and Management of Bipolar Disorder in Adults, Children
and Young People in Primary and Secondary Care. London: The British
Psychological Society and The Royal College of Psychiatrists © The British
Psychological Society & The Royal College of Psychiatrists, 2014; 2014.
Viktorin A, Lichtenstein P, Thase ME, Larsson H, Lundholm C, Magnusson PK,
et al. The risk of switch to mania in patients with bipolar disorder during
treatment with an antidepressant alone and in combination with a mood

56.

Page 16 of 16

stabilizer. Am J Psychiatry. 2014;171(10):1067-73. https;//doi.org/10.1176/a
Ppiajp.2014.13111501.

Luca M, Prossimo G, Messina V, Luca A, Romeo S, Calandra C. Epidemiology
and treatment of mood disorders in a day hospital setting from 1996 to
2007: an Italian study. Neuropsychiatr Dis Treat. 2013,9:169-76. https.//doi.
0rg/10.2147/NDT.539227.

Lyall LM, Penades N, Smith DJ. Changes in prescribing for bipolar disorder
between 2009 and 2016: national-level data linkage study in Scotland. Br J
Psychiatry. 2019215(1):415-21. https/doi.org/10.1192/bjp.2019.16.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions


https://doi.org/10.1097/JCP.0b013e31825ccde5
https://doi.org/10.1097/JCP.0b013e31825ccde5
https://doi.org/10.4088/JCP.08m04942gre
https://doi.org/10.1016/j.jad.2014.07.007
https://doi.org/10.1097/jcp.0b013e3181618eb4
https://doi.org/10.1097/01.jcp.0000248603.76231.b7
https://doi.org/10.1097/01.jcp.0000248603.76231.b7
https://doi.org/10.1192/bjp.bp.112.108357
https://doi.org/10.1001/archpsyc.60.11.1079
https://doi.org/10.1001/archpsyc.60.11.1079
https://doi.org/10.1007/s00213-014-3453-1
https://doi.org/10.4088/JCP.08m04995gre
https://doi.org/10.4088/JCP.08m04995gre
https://www.ncbi.nlm.nih.gov/books/NBK547001/
https://www.ncbi.nlm.nih.gov/books/NBK547001/
https://medicaidmentalhealth.fmhi.usf.edu/_assets/file/Guidelines/Bipolar%20Disorders_Adult%20Guidelines%202019-2020.pdf
https://medicaidmentalhealth.fmhi.usf.edu/_assets/file/Guidelines/Bipolar%20Disorders_Adult%20Guidelines%202019-2020.pdf
https://medicaidmentalhealth.fmhi.usf.edu/_assets/file/Guidelines/Bipolar%20Disorders_Adult%20Guidelines%202019-2020.pdf
https://doi.org/10.1093/ijnp/pyw100
https://doi.org/10.1093/ijnp/pyw100
https://doi.org/10.1177/0269881116636545
https://doi.org/10.1177/0269881116636545
https://doi.org/10.1111/bdi.12609
https://doi.org/10.1176/appi.ajp.2014.13111501
https://doi.org/10.1176/appi.ajp.2014.13111501
https://doi.org/10.2147/NDT.S39227
https://doi.org/10.2147/NDT.S39227
https://doi.org/10.1192/bjp.2019.16

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Systematic literature review
	Study selection
	Outcome variables
	Network meta-analysis methods
	Number needed to treat or harm
	Sensitivity analyses
	Quality of evidence and heterogeneity

	Results
	Literature review update
	Study characteristics
	Efficacy measures
	Discontinuation rates
	Metabolic parameters measures
	Other tolerability measures
	NNT/NNH
	Sensitivity analyses
	Quality of evidence and heterogeneity

	Discussion
	Limitations

	Conclusions
	Abbreviations
	Supplementary Information
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Competing interests
	Author details
	References
	Publisher’s Note

