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Abstract

Background/Objectives: Lurasidone ((3aR 4S,7R,7aS)-2-{(1R,2R)-2-[4-(1,2-benzisothiazol-3-
yl)piperazin-1-ylmethyl]cyclohexylmethylthexahydro-4,7-methano-2H-isoindole-1,3-dione)
is a second-generation antipsychotic approved for schizophrenia and mood disorders. Ado-
lescents and children with bipolar disorder receive treatments that expose them to weight
gain and metabolic syndrome. Lurasidone is relatively free from such side effects, so it
may constitute a useful alternative for the treatment of these patients. We focused on the
use of lurasidone in children and adolescents with bipolar disorder. Methods: On 11 June
2025, we used the following strategy on PubMed: lurasidone AND (“bipolar disorder” OR
“bipolar depression” OR mania OR manic). We filtered for humans and ages 0-18 years and
included case reports and clinical studies. Similar strategies adapted to each database were
used to carry out our systematic review on CINAHL, PsycINFO/PsycARTICLES, Scopus,
and the ClinicalTrials.gov register on the same date. We excluded reports without chil-
dren/adolescent participants, those grouping adult participants with children/adolescents
without providing data separately, reviews, and opinions/editorials with no data. Eligibil-
ity was determined through Delphi rounds; it was required that consensus was reached
among all authors. We followed the PRISMA-2020 Statement. Results: Our search pro-
duced 38 results on PubMed on 11 June 2025. We included four case reports/series and
five studies. One additional eligible study emerged from our Scopus inquiry, raising the
number of eligible studies to six. One case series was moderately positive; one case re-
port was neutral, another was positive, and one reported the induction of mania. The
six longitudinal studies involved 16,735 participants and showed generally good efficacy.
Conclusions: The use of lurasidone in adolescents/children with bipolar disorder obtains
favorable results regarding the excitatory and depressive symptoms of bipolar disorder
with no significant side effects.

Keywords: second-generation antipsychotics; lurasidone; bipolar disorder; mixed state;
children; adolescents
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1. Introduction

Bipolar disorder (BD) is a psychiatric disorder characterized by extreme mood fluctua-
tions, including episodes of mania or hypomania and/or depression. Mood episodes tend
to alternate in BD, but sometimes, they occur together; in these cases, we speak about mixed
episodes, a specifier in the DSM-5-TR [1]. When a manic episode develops, the disorder is
labeled type 1 (BD-I), but if there is alternation between major depressive episodes (MDEs)
and hypomanic episodes with no occurrence of manic episodes in the patient’s history, this
is considered to be the presence of bipolar disorder type 2 (BD-II). The lifetime prevalence
of a definite BD diagnosis is about 2.2% in the general population [2], but BD-I tends to
have a lower age at onset than BD-II, typically from 12 to 24 years [3]; hence, it is often of
pediatric interest, as at least 25% of cases have their onset before age 20 [4].

In pediatric populations, BD tends to follow a more chronic and severe course com-
pared to adult-onset forms, often leading to severe impairments in functioning, academic
performance, and social relationships [5]. It is associated with alterations in emotional
face recognition [6], emotional dysregulation [7], and a higher prevalence of childhood
trauma [8,9], which also has distinctive brain correlates [10,11]. All this leads to an im-
pellent need to treat pediatric BD, as this still constitutes an unmet need due to its high
comorbidity rates in this patient population [12].

The management of pediatric bipolar disorder is challenging, especially when it comes
to selecting medications that are both effective and have favorable side-effect and risk-to-
benefit profiles, due to the potential for long-term impacts on a child’s development and
overall health. In fact, BD is a life-long disorder, and its drug treatment is also likely to be
life-long, but all the major pharmacological agents used in BD are likely to be associated
with adverse events that limit the clinical effectiveness of these drugs. This is particularly
important in a child/adolescent, whose brain is still maturing. Traditionally, bipolar
disorder has been treated with mood stabilizers and first-generation antipsychotics, which
are often associated with significant adverse effects, including weight gain, metabolic
syndrome, and extrapyramidal symptoms [13].

Lurasidone ((3aR,45,7R,7aS)-2-{(1R,2R)-2-[4-(1,2-benzisothiazol-3-yl)piperazin-1-ylme-
thyl]cyclohexylmethyl}hexahydro-4,7-methano-2H-isoindole-1,3-dione) (Figure 1) is a
second-generation antipsychotic with high-affinity antagonism at D;, 5-HT,4, and 5-HT7
receptors and partial agonism at 5-HTj o, which, differently from other atypical antipsy-
chotics, is more potent at the D, /D3 group of dopamine receptors than at serotonin 5-HT,a
receptors [14,15], which has demonstrated antidepressant efficacy in adult bipolar I depres-
sion, both as a monotherapy [16] and as an adjunct to lithium or valproate [17], without
the pronounced metabolic side effects which are typical of many atypical antipsychotic
drugs [18]. This second-generation antipsychotic also appears to be associated with a rela-
tively low risk of weight gain, making it a potential candidate for the treatment of children
and adolescents with BD [19]. Many neuroleptics and antipsychotics display a piperazine
structure, but not all of them are alike in their neurochemical profiles [20]. The favorable
cardiometabolic profile of lurasidone [18,19] makes this second-generation antipsychotic
drug a serious candidate for use in pediatric BD. The drug received approval from the
US Food and Drug Administration (FDA) in 2020 for schizophrenia and bipolar disorder
and in Europe from the European Medicines Agency (EMA) in 2020, to treat children aged
13 years or more. Lurasidone is not recommended for children less than 10 years of age;
according to the EMA, the starting dose should be 18.5 mg/day with a recommended
maximum dose of 148 mg/day. It should be prescribed by an expert in pediatric psychiatry
and must be taken with at least 350 kcal food.
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Figure 1. The chemical structure of lurasidone.

The safety and efficacy of lurasidone in younger populations, particularly in those
aged up to 18 years, remain of interest, but the existing literature is still limited. Early
studies on lurasidone’s pharmacokinetics and tolerability in children and adolescents with
psychiatric disorders have shown promising results [21,22], indicating that the medication
may be well tolerated with a relatively favorable side-effect profile [21]. Furthermore,
studies specifically investigating lurasidone in pediatric bipolar depression have suggested
potential therapeutic benefits as a monotherapy [20]. Additionally, as demonstrated in
adult studies, the use of lurasidone with mood stabilizers, like lithium or valproate [16],
suggests potential utility in pediatric populations. These findings indicate that lurasidone
may help to improve depressive symptoms in pediatric patients with BD, providing an
effective alternative to traditional therapies that are linked to a higher risk of metabolic
side effects.

A recent systematic review [23] compared the efficacy and safety of second-generation
antipsychotics, including lurasidone, with other treatment options for pediatric bipolar
disorder. The review found that lurasidone may be comparable to, or even superior to,
other antipsychotics in terms of safety, particularly due to its significantly lower risks of
metabolic side effects and extrapyramidal symptoms.

Bipolar disorder in children and adolescents represents a significant challenge for
clinicians, as it requires a more careful balance between effective symptom management
and minimizing the potential side effects.

According to the guidelines set forth by Yatham et al. [24], traditional treatments,
which include mood stabilizers like lithium and anticonvulsants like valproate, as well as
first-generation antipsychotics, are effective in managing symptoms but frequently come
with side effects, including weight gain, sedation, and metabolic issues. These side effects
are particularly concerning in the pediatric population, where they may impact growth,
academic performance, and overall well-being. As a result, there is a growing interest in
exploring alternative pharmacological treatments that are both effective and have a more
favorable side-effect profile.

For children and adolescents, the use of lurasidone has been studied primarily in the
context of bipolar I depression, with results suggesting that it is well tolerated and can
significantly reduce depressive symptoms.

As children and adolescents are still in developmental stages, the long-term impact
of medications like lurasidone on growth, cognitive function, and overall quality of life is
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not fully understood. Furthermore, while some studies have highlighted its safety profile,
others have reported instances of manic switch or insufficient efficacy in certain patients,
necessitating continued vigilance and research to optimize treatment protocols [25,26].

Despite these promising findings, the use of lurasidone in pediatric populations is
not without concerns. There have been occasional reports of adverse effects, including
manic switch, sedation, and gastrointestinal disturbances [27]. These side effects, while
generally mild and transitory, highlight the need for more large-scale studies to establish
clear guidelines for the optimal use of lurasidone in treating pediatric bipolar disorder.

Given the limited evidence on the use of lurasidone in pediatric bipolar disorder,
the objective of this systematic review is to comprehensively assess the current evidence
on the efficacy and safety of lurasidone in the treatment of pediatric bipolar disorder.
Specifically, this review aims to evaluate lurasidone’s therapeutic potential, side-effect
profile, and tolerability in children and adolescents. Case reports, clinical trials, and
longitudinal studies are examined to assess both the therapeutic potential and safety profile
of lurasidone in managing bipolar disorder in pediatric patients.

2. Methods

Search strategy and information sources: To investigate the use of lurasidone in pediatric
BD, we searched the PubMed database on 9 May 2025, using the following search strategy:
lurasidone AND (“bipolar disorder” OR “bipolar depression” OR mania OR manic). The
search produced 268 results, but limiting to ages 0-18 we obtained 38 records, shown in
Supplementary Table S1. We further searched the CINAHL, PsycINFO/PsycARTICLES,
and Scopus databases and the ClinicalTrials.gov register using appropriate search methods
for each database. Eligibility was determined by all participating authors, who discussed it
through Delphi rounds. No more than two were required to obtain consensus on eligibility.
We applied the PRISMA 2020 Statement in conducting our review [28].

Criteria for eligibility and selection of studies: Studies or case reports dealing with the
administration of lurasidone to patients of pediatric age (0-18 years old, i.e., children and
adolescents) with BD were eligible.

Exclusion criteria: We excluded reviews (labeled Review; however, we retrieved them
and hand-searched for eligible papers possibly missed by our research strategy), editorials
or letters to the editor expressing the author’s opinions but not providing data, labeled
Opinion, studies that were included in the search but dealt with adult patients, termed
Adult, studies which, despite including children/adolescents, grouped their results with
those of adults (termed Lumping), studies not using lurasidone (No lurasidone), studies
not including BD patients (No BD), studies without data (No data), and abstracts presented
at congresses and meetings (Congress Abstract). Articles not specifically targeting the
efficacy or safety of lurasidone in pediatric BD were labeled as Off-target, which comprised
the unfocused and unrelated to the subject matter categories. We also would have excluded
retired or retracted papers and those that present data on the same samples, termed as
Overlapping, keeping only those of the best quality, or studies presenting the same data or
corrections to an existing article, termed Duplicates; however, no such categories emerged
for PubMed. Duplicates among the investigated databases/registers were eliminated
(Supplementary Table S1). We did not restrict our searches to a particular time frame
(all databases were searched since their inception) and imposed no language restrictions.
We show the selection process in Figure 2, where we present the PRISMA flowchart of
our search.
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
lurasidone AND ("bipolar disorder” OR "bipolar depression” OR mania OR manic) filtered by age 0-18 years; spedies, humans, PubMead; CINAHL, PsycINFO,/PsycARTICLES, Scopus no fitter; 11-June-2025

( Identification of studies via databases and registers
S
Records identified from: Records removed before
g Databases (n = 4) N =107 screening:
= PubMed N = 38 Duplicate records removed
5 CINAHL N =22 N (n=59)
= PaycINFO/PsycARTICLES N = 23 Records marked as ineligible
E Scopus N =24 by automation tools (n = 0)
B2 Reqgisters (n=1)N=8 Records removed for other
ClinicalTrials.gov reasons (n=0)
o/
—" y
Records screened Records excluded™™
(n=586) n=0)
h 4
ReEuorls sought for retrieval Reports not retrieved
@ (n = 56) (n=0)
:
a ¥
Reports assessed for eligibility Reports excluded: n = 46
(n=56) : Reviews 15
Adult 7
Off-target 6
Opinion 5
Mo data 4
Congress Abstracts 3
— No BD 3
4 Lumping 2
Mo lurasidone 1
'3 Studies included in review
3 (n=10)
© Reports of included studies
=
= (n=10)
____ Studiesn=6
Casesn=4

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the
total number across all databases/registers).

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by
automation tools.

No automation tools used

Figure 2. Flowchart of our search strategy according to the PRISMA Statement [28]. Source: Page MJ,
et al. BM] 2021;372:n71. doi: 10.1136/bmj.n71. This work is licensed under CC BY 4.0. To view a copy
of this license, visit https://creativecommons.org/licenses /by /4.0/ (accessed on 11 June 2025).

Review registration on a platform: We registered our review on the Open Science Frame-
work (OSF) platform, with the following registration identifier: DOI: 10.17605/OSF.IO/84CT6
(accessed on 11 June 2025).

Quality and risk-of-bias assessment: We examined the quality of the case reports with
the JBI Critical Appraisal Checklist for Case Reports [29,30] and the risk of bias of the
included studies with the Cochrane risk-of-bias (RoB-2) tool [31]. The results are shown in
Supplementary Table S3.
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3. Results

The literature search and screening and data extraction: Our above PubMed search on
9 May 2025 produced thirty-eight results, of which nine were eligible, four case reports
and five clinical studies, while with the addition of other databases, one more study was
found to be eligible, bringing the grand total to six. Twenty-nine articles were excluded,
specifically the following: thirteen Reviews, five Off-target, five Opinions, five Adult, and
two Lumping. The CINAHL search yielded 22 articles, and the search on the American
Psychological Association databases PsycINFO and PsycARTICLES produced 23 articles,
using the “lurasidone AND bipolar disorder AND (pediatric or child or children or infant or
adolescent)” strategy for both CINAHL and PsycINFO/PsycARTICLES, while on Scopus,
the “lurasidone [title] AND bipolar disorder [title, abstract, keywords] AND (children
OR adolescents) [title, abstract, keywords]” search produced 24 articles. Only the last
search produced one more eligible article, for a grand total of ten studies, four cases and six
controlled trials. The results of our search are shown in Figure 2.

Case reports/series: Regarding the four case reports [27,32-34], the first three referred
to one patient each, and the fourth one referred to six patients (Table 1). Of the nine
patients described here, one was from Singapore and of Chinese ethnicity [27], while
the others were presumably white, but this was not specified in the articles. One of
these reports was conducted in the US [32], another presumably in the UK [33], one in
Singapore [27], and the multi-case one in Australia [34]. Five of the patients were female,
while three were male, and one was a transgender male [34]. The Chinese BD-I patient
received lurasidone to treat a depressive relapse after receiving stabilizers with risperidone,
olanzapine, and electroconvulsive therapy (ECT), but he developed a manic episode and
discontinued. The other cases were more favorable to lurasidone regarding both manic and
depressive symptoms.

Table 1. Summary of clinical case reports/series of patients of pediatric age (childhood and adoles-
cence) receiving lurasidone in chronological order.

Author(s)/Year

Patient(s)

Treatment

Outcomes

Channing et al.,
2018 [32]

14 y.o. female; early-onset
psychosis (schizophrenia
criteria), past anorexia
nervosa, persistent
delusions, multimodal
hallucinations (auditory,
visual, tactile, olfactory),
paranoia, social withdrawal,
and low mood.

Olanzapine (sedation, weight gain),
risperidone (extrapyramidal
symptoms, elevated prolactin,
nosebleeds), and aripiprazole
(partial response, sedation,
restlessness, weight gain).
Lurasidone was started at

18.5 mg/day, titrated by 18.5 mg
every 3—4 days up to 148 mg/day
over 6 weeks, with procyclidine
co-administered initially.

Symptom improvement after one week
at 148 mg/day, reduced voices,
diminished paranoia, and improved
function. Maintained gains at discharge.
Minimal sedation, no akathisia, and no
extrapyramidal symptoms. Weight
stable (0.5 kg increase over 8 weeks),
with weight initially dropping during
illness-related poor intake.

Prieto et al.,
2019 [33]

16 y.o. male; bipolar I
disorder. Persistent
insomnia despite mood
stabilization (3—4 h/night),
irritability, low frustration
tolerance, and aggression at
home/school.

Valproate 1250 mg/day
(therapeutic), lurasidone

140 mg/day (stable mood), and
prior failed trials of melatonin

10 mg, trazodone 50 mg, quetiapine
800 mg, and clonazepam 0.5-1 mg.
Suvorexant 10 mg nightly, off-label
use with informed consent.

Sleep improved to 6-7 h/night, better
sleep quality, less daytime irritability
and aggression, and improved school
performance. Benefits sustained over
7 months without tolerance or dosage
increase. Well tolerated, no daytime
sedation, and no adverse effects
reported over 7 months.
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Table 1. Cont.

Author(s)/Year Patient(s) Treatment Outcomes
Developed severe manic episode with
. . . . psychotic features within 5 days of
17 y.o. male (Chinese); Fluoxetine (20 mg, induced mania), . . .
. . . - starting lurasidone, despite concurrent
bipolar I disorder, prior sodium valproate (up to 1000 mg), . .
c . . o valproate and olanzapine. Lurasidone
misdiagnoses of adjustment  olanzapine (up to 15 mg, limited . . i .
. . . . . discontinued; 12 further ECT sessions
. disorder and MDD. History  effect), haloperidol, risperidone .. .
Nair et al,, . L . . . administered. Stabilized subsequently
of psychotic mania with (ineffective), and 5 ECT sessions n s S
2021 [27] . . . o on lithium (1000 mg) + quetiapine
grandiose delusions, (initial remission), followed by
.. . . (800 mg). Probable treatment-emergent
hallucinations, depressive relapse. Lurasidone L9 )
A - mania linked to lurasidone. No
hypersexuality, irritability, started at 10 mg, increased to .
and poor sleep 20 mg /day over 3 days documented extrapyramidal symptoms
' ' or metabolic adverse effects during
brief exposure.
Ca.se L Rlspe.rldone (.10 kg weight Case 1: Marked improvement in
gain), fluoxetine, topiramate, . d irritabilitv. B dail
melatonin, group therapy, and aggression and irritability. Better daily
Case 1: 16 y.o. male; . 9 functioning and school engagement.
. . s behavioral support. Lurasidone . . .
epilepsy, learning disability, started at 20 me. increased to Rebound insomnia, managed with
ADHD, anxiety, autism, 60 me /da & sleep hygiene and short-term
irritability, and anger &/cay: promethazine. There were no other
dyscontrol. Case 2: Sertraline, quetiapine side effects.
Case 2: 16 y.o. female; L ' d pe, Case 2: Adherence good. Equivocal
. . melatonin, and psychological o L
depression, emerging EUPD . clinical response. No significant change
- therapy. Lurasidone 40 mg/day
traits, poor sleep, recurrent L. noted at 4 weeks. No adverse
. added to existing drugs.
overdoses, and chronic effects reported.
self-harm.
Case 3: 14 y.o. tr.ans male; Case 3: Fluoxetine, sertraline, e
gender dysphoria, . X Case 3: Reduction in irritability but no
- - desvenlafaxine, and olanzapine A
depression, anxiety, . . . effect on hallucinations or self-harm.
. (10 kg weight gain, no benefit). . . .
substance use history, . . Discontinued by patient after 4 months.
. Switched to lurasidone (dose not .
emerging EUPD, and specified) No adverse effects. Stable weight.
Mole et al., self-harm. p ’
2022 [34] Case 4: 17 y.o. female; Case 4: Marked improvement in mood,

EUPD, moderate depression,
chronic suicidality, anger
outbursts, and prior
hospitalizations.

Case 5: 17 y.o. female; PTSD,
EUPD, anxiety, emotional
dysregulation, obesity,
chronic suicidality, and
self-harm.

Case 6: 17 y.o. female;
CHARGE syndrome,
cerebral palsy, sleep apnea,
learning difficulties,
depressive symptoms,
aggression, and self-harm.

Case 4: Lamotrigine, risperidone
(galactorrhea), paliperidone
(galactorrhea), and quetiapine
(weight gain). Lurasidone

40 mg/day, monotherapy after
6 months.

Case 5: Sertraline, quetiapine
(appetite/weight gain), and
psychotherapy. Switched to
lurasidone 40 mg/day.

Case 6: Risperidone
(hyperprolactinemia, galactorrhea)
and clonidine. Switched to
lurasidone, started at 40 mg/day,
increased to 60 mg/day.

emotional lability, and anger. Stable for
18 months on monotherapy. No
galactorrhea, sedation, or weight gain.
Well tolerated.

Case 5: Subjective mood stabilization
and anxiety reduction. Facilitated
engagement in intensive day program.
No weight gain, metabolic
abnormalities, or side effects. Rebound
insomnia is managed with mirtazapine
7.5 mg.

Case 6: Improved mood instability and
depressive symptoms, but agitation
persisted despite dose increase. No side
effects reported up to 2 months on
higher dose.

Abbreviations: BD, bipolar disorder; BID, bis in die, twice a day; FU, follow-up; ECT, electroconvulsive therapy;
EUPD, Emotionally Unstable Personality Disorder; GAD, generalized anxiety disorder; ICU, intensive care unit;
LC, liquid chromatography; pt(s), patient(s); SCZ, schizophrenia; SCZF, schizophreniform disorder; PL(s), plasma
level(s); wk(s), week(s); y.0., years old; yr(s), year(s); X, for, per; —, then, followed, after, subsequently; 1, increased,
augmented, rise, potentiated, stronger; |, reduced, reduction, diminished, lower, weaker; <+, unchanged, no

significant variation; ¢, female, girl, woman; &', male, boy, man.

Clinical studies: The six clinical studies involved 16,735 patients overall (Table 2).

One, the most numerous, was a pharmacoeconomic study conducted on a US database,

which compared hospitalizations after atypical antipsychotic prescriptions [35], while two
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were conducted by the same group [19,26] and were international and coordinated by the
Cincinnati group; they were conducted in the US, Europe, Mexico, Colombia, South Korea,
and the Philippines. The first was a 6-week study; the second a 104-week extension. The
other two US studies [25,36] were post hoc analyses of the DelBello et al. study [19]. Despite
being centered on the same patient population, we used these studies because they focused
on different outcomes. A further Chinese study involved a comparison of lurasidone vs.
quetiapine and focused primarily on cognitive outcomes but also measured depression and
found the two drugs to perform similarly across all outcomes [37].

Table 2. Summary of clinical studies on lurasidone during childhood and adolescence in chronological

order.
Au;c{l;::(s)/ Population Design Treatment Outcomes Conclusions
Lurasidone has shown
Significant significant efflc.acy in|
imorovement in symptoms of bipolar

347 BD patients Lurasidone de pressive depression in children and

(lurasidone: 175;  RCT, (10-20 mg/day for P adolescents compared to
DelBello . symptoms on the )

placebo: 172), double-blind, 10-14-year-olds; placebo. Safety profile
etal., . CDRS-R and ) .
2017[19] 288 10-17, with  placebo- 20-40 mg/day for CGL-BP-S. acceptable; common side

bipolar controlled RCT 15-17-yr-olds) x eSPONSe ;‘ates on effects of nausea and
depression 6 wks. P somnolence. Akathisia less
CDRS-R for .
. than with placebo. No
lurasidone. . .
cognitive or metabolic
concerns.
Lurasidone
monotherapy,
Post foc of an flexibly dosed . Lurasidone was effective in
. RCT, Change in CDRS-R . .
. 347 patients . 20-80 mg/day vs. 1 depressive symptoms in
Singh . double-blind, .. total score at wk 6.

(ages 10-17) with placebo. Initial dose . adolescents, regardless of
etal, DSM-5 bipolar I placebo- 20 mg/die. No Change in CGI-BP-S, the presence of mixed
2020 [25] ot controlled study mg : YMRS, PARS, CGAS, P :

depression adjunct mood features. Safety profile

(DelBello et al., . and PQ-LES-Q.
stabiliz- comparable to placebo.
2017 [19]) .
ers/antidepressants
allowed.
Flexible-dose Long-term safety
lurasidone and tolerability Lurasidone was safe, well
20-80 mg/day x (adverse events, tolerated, and effective over
N Double-blind 104 wks, starting at metabolic 2.years in youth with
306 participants 40 mg/day for 1 wk, parameters, bipolar depression. Low
RCT, placebo- . . . . . ..
DelBello (aged 10-17 controlled adjusted weekly for  extrapyramidal discontinuation, minimal
etal., years) with lurasidone trial efficacy /tolerability. ~ symptoms). metabolic or prolactin
2021 [26]  bipolarI extension trial t,o Mean dose: Effectiveness on effects, low akathisia and
depression 52.1 mg/day. depressive extrapyramidal symptom
104 wks
Concomitant symptoms (CDRS-R) rates, and sustained
benzodiazepines and global improvement in depressive
(16.7%) and functioning over symptoms and functioning.
stimulants (15.4%). 104 weeks.
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Table 2. Cont.

Au;l;(a):(s)/ Population Design Treatment Outcomes Conclusions
All-cause
hospitalization (any
inpatient stay). Lurasidone associated with
Psychiatric a significantly | risk of
Oral atypical hospitalization (any  all-cause and psychiatric
16,201 pediatric Retrospective antipsychotics: hospitalization with  hospitalizations compared
Kadakia  patients harmzcoeco— lurasidone, a psychiatric to aripiprazole and
etal, (£17 years) with Eomic cohort aripiprazole, diagnosis, including  olanzapine, but not
2021[35]  DSM-5 bipolar stud olanzapine, bipolar disorder, quetiapine or risperidone,
disorder y quetiapine, and depression, anxiety, suggesting a favorable
risperidone. ADHD, adjustment ~ real-world hospitalization
disorder, disruptive  profile for pediatric bipolar
behavior, and other care.
mental health
conditions).
Primary outcome:
Lurasidone cognitive
(20 mg/day performance
61 10-17-yr-olds
(lurasidone, gradually (THINC Integrated At the 8-wk FU, the two
. titrated to Tool); secondary . e
Diao n=29[6d,239,  Prospective 60 mg/dayin1wk) outcomes: drugs did not differ in any
mean age, 14]; longitudinal & . y. ; .. of the measures assessed.
etal, .S . vs. quetiapine response/remission . .
quetiapine, double-blind . : There was a high attrition
2022 [36] (100 mg/day rates in depressive .
n=32[104,22 RCT rate, with only 31
9, mean age, 15]) gradually symptoms (HAM-D completers
a, op <0 g?)é ! titrated to 300 > 50%J/. score from P '
gep =t mg/day in 1 wk) x BL and <final score
8 wks. < 7, respectively),
metabolic measures.
Changes in
depressive and
manic symptom
clusters (CDRS-R,
Lurasidone YMRS) and global
monotherapy, doses  functioning (CGAS).
Post hoc of an of between 20 and Changes in rates of . .
347 patients RCT, 80 mg/day, or symptomatic Lurasidone improved sleep
Singh P . double-blind, g/day, . ympte disturbance and irritability
(ages 10-17) with placebo, once daily remission (CDRS-R .
etal,, . placebo- . and overall depression,
DSM-5 bipolar I for 6 weeks. All < 28) and functional . . . .
2023 [37] - controlled study L particularly in patients with
depression completers entered a  remission (CGAS > .
(DelBello et al., . sleep disturbance.
2017 [18]) 2-year open-label 71) over time.
lurasidone Focus on “bridge”
extension. symptoms

(decreased need for
sleep, irritability)
influencing
outcomes.

Abbreviations: BD, bipolar disorder; BID, bis in die, twice a day; CDRS-R, Children’s Depression Rating Scale—
Revised; CGAS, Children’s Global Assessment Scale; CGI-BP-S, Clinical Global Impressions—Bipolar-Specific; FU,
follow-up; GAD, generalized anxiety disorder; HAM-D, 17-item Hamilton Depression Rating Scale; ICU, intensive
care unit; LC, liquid chromatography; pt(s), patient(s); SCZ, schizophrenia; SCZF, schizophreniform disorder;
PARS, Pediatric Anxiety Rating Scale; PL(s), plasma level(s); PQ-LES-Q, Pediatric Quality of Life Enjoyment
and Satisfaction Questionnaire; RCT, randomized controlled trial; wk(s), week(s); YMRS, Young Mania Rating
Scale; yr(s), year(s); x, for, per; —, then, followed, after, subsequently; 1, increased, augmented, rise, potentiated,
stronger; |, reduced, reducing, reduction, diminished, lower, weaker; <+, unchanged, no significant variation;
9, female, girl, woman; &', male, boy, man.

Examining the quality of the eligible case reports, we found them all to be high-quality
studies according to the measures we used [29,30], while the studies included were mostly
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free of bias according to the Cochrane RoB-2 tool [31] (Supplementary Table S3). Overall,
the quality of the eligible studies and case reports was high, and they were bias-free, despite
many of the former being industry-sponsored.

While the clinical and pharmacoeconomic studies obtained a favorable profile for the
use of lurasidone in pediatric BD, the case reports suggest more caution, as one of them was
unenthusiastic and another even reported the induction of mania in a patient of Chinese
origin when trying to counter bipolar depression.

4. Discussion

In this review of lurasidone in pediatric BD, we obtained favorable results in random-
ized controlled trials (RCTs) and a pharmacoeconomic study focusing on hospitalization
in comparison with other atypical antipsychotics. The results stemming from case reports
also favor the use of lurasidone, although with some inconsistencies. One study found
manic excitement in a Chinese patient after an attempt to counter bipolar depression after
five ECT sessions and various unsuccessful antipsychotic trials involving olanzapine and
risperidone [25]. This previously unreported effect related to lurasidone use should be
further investigated as to its ethnic/racial implications.

As mentioned, bipolar disorder in children and adolescents comes with a significant
burden, including early onset, mixed or rapid cycling patterns, and common co-occurring
conditions such as anxiety, ADHD, and neurodevelopmental disorders [3], all of which
lead to severe functional impairments and an increased risk of suicide [38,39]. The main
challenge in treating this age group is achieving remission from depressive symptoms
while avoiding a manic switch or side effects [22]. Lurasidone, with its potent antagonism
at D, and 5-HT,A receptors, along with 5-HT; antagonism and minimal affinity for H; and
M; receptors, offers both strong antidepressant efficacy and a more favorable metabolic
profile compared to many second-generation antipsychotics [40—43].

The results of the randomized controlled trials [19,26] demonstrate that lurasidone is
efficacious in reducing depressive symptoms in children and adolescents with BD, even in
those with mixed features. The pharmacoeconomic study [35] is witness to the effectiveness
of the drug in a real-world setting. The six-week RCT by DelBello et al. [19], involving
347 youths (aged 10-17 years), showed that flexible doses of lurasidone (20-80 mg/day)
resulted in a significant reduction in depressive symptoms compared to the placebo, with
benefits evident by the second week of treatment. Lurasidone could already separate
from the placebo groups by week 2 and maintained the advantage throughout the study.
Additionally, a subsequent network analysis by Singh et al. [37] identified sleep disturbance
and irritability as symptoms linking depressive and manic symptom clusters. Targeting
these symptoms with lurasidone led to superior outcomes, particularly in patients with
sleep disturbance. These authors also observed that lurasidone improved both depressive
and manic symptom clusters, as assessed through the Children’s Depression Rating Scale—
Revised (CDRS-R) and the Young Mania Rating Scale, respectively, and global functioning
assessed through the Children’s Global Assessment Scale (CGAS). Furthermore, they
noted changes in the symptomatic remission (CDRS-R < 28) and functional remission
(CGAS > 71) rates over time, highlighting the medication’s effectiveness in addressing both
depressive symptoms and functional impairments. Similar response/remission rates were
found for Chinese patients who took lurasidone vs. quetiapine for 8 weeks; both drugs
were similarly efficacious [36].

Additionally, the 104-week open-label extension of this study [26] found that 55% of
participants stayed on lurasidone for two years, indicating that patients were relatively
treatment-adherent/compliant. It must be stressed that patients with BD show the least
medication compliance among psychiatric patients, with no more than half of patients
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adhering to their prescription [44]. These patients have maintained improvements in both
depressive symptoms (CDRS-R) and global functioning (CGAS) with minimal weight
gain. The participants also showed stable metabolic measures, including lipids, glycemic
levels, and prolactin, suggesting that lurasidone has a favorable metabolic profile. This
stability contrasts with the metabolic side effects often associated with the long-term use of
other antipsychotics, like olanzapine or risperidone [45], underlining lurasidone’s value,
particularly for those who are at high cardiometabolic risk [26].

Kadakia et al. [35] analyzed 16,201 pediatric patients with bipolar disorder and found
that lurasidone was associated with a significantly lower risk of psychiatric hospitalization
compared to aripiprazole and olanzapine, although it did not outperform quetiapine or
risperidone. The pharmacoeconomic advantage found for lurasidone in terms of reduced
hospitalization savings is paralleled by the favorable data of other pharmacoeconomic
studies on lurasidone in adult patients [46,47].

In Singh et al.’s [25] post hoc analysis, DelBello et al.’s [19] double-blind, placebo-
controlled RCT was reanalyzed, involving 347 adolescents aged 10-17 years with DSM-5
bipolar I depression. Lurasidone flexibly dosed at between 20 and 80 mg/day significantly
improved depressive symptoms, as measured by the CDRS-R at week 6. Improvements
were evident regardless of the presence of mixed features, and additionally, global func-
tioning measured by the CGAS improved, reinforcing the role of lurasidone not only in
symptom reduction but in increasing day functioning. The safety profile was comparable
to that of the placebo, with no significant metabolic or prolactin-related adverse effects,
lining up with previous pediatric trials. These improvements resemble those obtained by
Kato et al. [48], who conducted a large, multicenter RCT with 525 adult patients (aged
18-74 years) with bipolar I depression. They also confirmed lurasidone’s antidepressant
efficacy and favorable metabolic profile in adult bipolar depression, with no added benefits
at higher doses. These findings support the potential application of lurasidone in younger
populations.

Case reports and case series can help show how lurasidone may hold particular value
in complex, treatment-resistant adolescent psychiatric cases, where polypharmacy risks
and adverse events limit conventional antipsychotic use. In one of these [32], a 14-year-
old girl with early-onset psychosis and a complex psychiatric history, which included
anorexia nervosa, experienced significant improvement in psychotic symptoms, mostly
auditory hallucinations, paranoia, and functional impairment, after lurasidone was titrated
up to 148 mg/day. Importantly, lurasidone was well tolerated, with minimal sedation, no
extrapyramidal symptoms, and stable weight over 8 weeks, in contrast to prior adverse
effects encountered with olanzapine, risperidone, and aripiprazole. This case emphasizes
lurasidone’s potential utility in youth with psychosis who are sensitive to weight gain,
sedation, and prolactin-related adverse effects. Similarly, another case report [33] brought
to attention a case of a 16-year-old boy with bipolar I disorder, where persistent sleep
disturbance and associated irritability persisted despite mood stabilization on valproate and
lurasidone. The addition of suvorexant, a dual orexin receptor antagonist, improved sleep
duration and quality, with further benefits regarding irritability, aggression, and academic
performance which were sustained for 7 months without adverse events. While lurasidone
alone did not resolve the insomnia, its ability to maintain mood stability without significant
side effects allowed for supplementary off-label interventions like suvorexant, an option
typically limited by tolerability concerns in polypharmacy in adolescent bipolar disorder.

In a case series involving six patients between the ages of 14 and 17 years from the
Community Child and Adolescent Mental Health Services (CAMHS), who presented a
wide range of complex psychiatric conditions, including autism-related irritability, per-
sonality disorder traits, post-traumatic stress disorder (PTSD), and genetic syndromes,
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three patients showed significant clinical improvement, two showed marginal progress,
and none experienced weight gain, metabolic abnormalities, or prolactin elevation [34]. In
particular, three patients with severe mood dysregulation, despite prior use of risperidone,
quetiapine, and mood stabilizers, experienced improvements in school attendance and
social interaction after switching to lurasidone. In particular, the low weight gain potential
of lurasidone compared to other second-generation antipsychotic agents could be due to
its lower 5-HT,c blocking activity compared to its 5-HT,a serotonin receptor antagonist
activity [49,50]. In fact, drugs endowed with agonist 5-HT2C activity counteract weight
gain [51]. These positive outcomes were obtained without sedation or cardiometabolic side
effects, underlining the potential of lurasidone in effectively managing treatment-resistant,
complex psychiatric conditions within CAMHS settings.

One important finding of our review is the low akathisia rate seen in pediatric BD pop-
ulations [19,26,32]. Akathisia is a frequent occurrence in adult patients with schizophrenia
treated with lurasidone (about 15%) [52] and, generally, does not differ in occurrence with
other drugs between schizophrenia and BD samples [53]. It is difficult to say whether its
occurrence rates differ between adults and adolescents, as agitation and hyperactivity may
be confounders for akathisia in pediatric populations [54].

It is important to monitor the treatment of emergent mania when using lurasidone. A
case reported by Nair et al. [27] described a 17-year-old Chinese boy in Singapore who, just
five days after starting lurasidone 20 mg in combination with valproate and olanzapine,
developed a severe manic episode with psychotic symptoms. Despite treatment with anti-
manic medications, his symptoms persisted and required ECT with stabilization occurring
only after lurasidone was discontinued [27]. Although clinical trials in pediatric popula-
tions have shown similar rates of mania switch between lurasidone and the placebo [55],
certain pharmacodynamic factors beyond liver CYP2D6 metabolism, which is not affected
by lurasidone [56], such as individual baseline dopaminergic tone or single-nucleotide
polymorphisms, and the use of concurrent antidepressants may increase vulnerability to
this side effect [57], particularly when doses are escalated quickly or in cases of comorbidity
or rapid cycling illness [58].

Overall, lurasidone demonstrates significant antidepressant efficacy in pediatric bipo-
lar depression, with a good metabolic and tolerability profile. Its long-term safety, coupled
with real-world evidence supporting its use in complex clinical cases, reinforces its position
as a valuable option in this population.

Limitations: The major limitation of this review is the dearth of studies focusing
on lurasidone in pediatric BD. The limited sample sizes of the clinical trials, despite the
inclusion of a large sampled database, further add to the limitations. Two of the included
studies were post hoc and conducted on the same sample. We avoided counting these cases
among the total figures of patients involved in our eligible studies. These facts rendered a
meta-analysis unfeasible. Another limitation could be our restriction to only four databases,
but it is unlikely that other databases could add eligible studies. Despite these limitations,
this is the first systematic review of the subject and should help clinicians seeking to find
safe and effective means to treat their child and adolescent patients with BD. The strengths
of this study include the investigation of four databases and one register, the eligible studies’
high quality and low risk of bias, and its registration on a platform.

Future research perspectives: Summarizing our research data, we may state that future
research should focus on identifying the body weight reduction potential of lurasidone
and its neurochemical underpinnings, on the real-world effectiveness of this molecule in
pediatric populations with depression and/or BD, and on verifying the real occurrence of
extrapyramidal symptoms and akathisia in these populations. In particular, the latter poses
differential diagnosis problems that will have to be resolved through clinical testing. The
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issue of whether akathisia is observed less in children/adolescents vs. adults or in BD vs.
schizophrenia requires further attention and experimentation.

5. Conclusions

In conclusion, lurasidone has emerged as a promising pharmacological treatment
for pediatric bipolar depression, offering both rapid and sustained antidepressant effects
across randomized, placebo-controlled trials, as well as in real-world settings. However,
even though the overall risk of adverse events is low, it is still important to monitor and
report any side effects, especially manic switches. The current evidence supports lurasi-
done as a promising option for pediatric bipolar depression, combining efficacy with a
favorable safety profile, but whether it can be considered among first-line interventions
will be determined by further studies. This confirms its value as a key component in appro-
priate treatment plans. When integrated into an approach that combines evidence-based
psychotherapy, family-focused interventions, and targeted sleep management, lurasidone
provides a subtle yet effective solution to the challenge of managing bipolar disorder in
children and adolescents.
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/ /www.mdpi.com/article/10.3390/ph18070979/s1: Supplementary Table S1. Records obtained in
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decisions for eligibility or exclusion, with reasons for exclusion (3rd column). Supplementary Table
52. PRISMA 2020 Checklist. Supplementary Table S3. Quality assessment of included studies.
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