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Abstract: This review aims to provide a comprehensive overview of the current literature on the drug design, development, and
therapy of lurasidone for the treatment of schizophrenia. Lurasidone has antagonistic effects on the dopamine D,, 5-hydroxytryptamine
(5-HT),4, and 5-HT; receptors and a partial agonistic effect on the 5-HT; 4 receptor with low affinities for muscarinic M;, histamine
Hj, and a, adrenergic receptors. The receptor-binding profile of lurasidone is thought to be associated with fewer side effects such as
anticholinergic effects, lipid abnormalities, hyperglycemia, and weight gain. Behavioral pharmacological studies have demonstrated
that lurasidone exerts anxiolytic and antidepressive effects and improves cognitive function, which are associated with the modulation
of 5-HT; and 5-HT, A receptors. Literature search using PubMed was performed to find published studies of randomized controlled
trials and recent meta-analyses regarding efficacy and safety, particularly metabolic side effects of lurasidone in schizophrenia. In
short-term studies, the results of randomized placebo-controlled trials and meta-analyses have suggested that lurasidone was superior
to placebo in improving total psychopathology, positive symptoms, negative symptoms, and general psychopathology in patients with
acute schizophrenia. Regarding safety, lurasidone had minimal metabolic side effects, and was identified as one of the drugs with the
most benign profiles for metabolic side effects. Long-term trials revealed that lurasidone had the preventive effects on relapse, with
minimal effects on weight gain and other metabolic side effects. Furthermore, lurasidone improves cognitive and functional
performance of patients with schizophrenia, especially in long-term treatment. Patients with schizophrenia require long-term treatment
with antipsychotics for relapse prevention; thus, minimizing weight gain and other side effects is crucial. Lurasidone is suitable as one
of the first-line antipsychotic drugs in the acute phase, and a switching strategy should be considered during the maintenance phase, to
balance efficacy and adverse effects and achieve favorable outcomes in the long-term course of schizophrenia.
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Introduction

Schizophrenia is a complex and severe psychiatric disease that causes various burdens, including cognitive impairment,
depression, social isolation, and poor physical health.! Schizophrenia is associated not only with poor occupational
functioning and economic burdens but also with a higher mortality rate and a 10- to 25-year shorter life expectancy.” This
mortality gap is only partially due to a higher risk of suicide,>* and cardiovascular disease is a strong contributor to the
high mortality rate in patients with schizophrenia.’

After the onset and first episode of acute psychosis, patients with schizophrenia need long-term treatment with
antipsychotics for relapse prevention; however, many patients (up to 50%) are not adherent to antipsychotic medication.’
Non-adherence to antipsychotics is the strongest predictor for relapse,” and various adverse effects of antipsychotics are
important factors for adherence to the treatment of schizophrenia. In particular, weight gain and metabolic side effects,
such as hyperlipidemia and diabetes, are common adverse effects of second-generation antipsychotics (SGAs),® which
can lead to cardiovascular diseases. Patients with schizophrenia require long-term treatment with antipsychotics for
relapse prevention; thus, minimizing weight gain and other side effects is crucial.” Although long-acting injectable
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antipsychotics are theoretically strong treatment tools for relapse prevention, balancing the efficacy and adverse effects of
antipsychotic medications also contributes to improved adherence, leading to favorable outcomes in schizophrenia
treatment.

Lurasidone, a serotonin—dopamine antagonist, has been widely used to treat schizophrenia and bipolar depression in
many countries for >10 years.® SDAs improve positive symptoms of schizophrenia through the inhibition of dopamine
D2 receptors in mesolimbic dopaminergic neural pathway, and the 5-HT2A antagonism contributes to decrease extra-
pyramidal symptoms (EPS). Although SDAs have common side effects such as weight gain, hyperlipidemia and
diabetes, akathisia, and hyperprolactinemia, lurasidone has a relatively favorable tolerability profile, with minimal effects
on metabolic parameters and prolactin levels.® In this review, we provide an overview of drug development and
summarize the results of clinical trials of lurasidone in patients with schizophrenia. Literature search using PubMed
was performed to find published studies of randomized controlled trials and recent meta-analyses regarding efficacy and
safety, particularly metabolic side effects of lurasidone in schizophrenia. Furthermore, we discussed the current clinical

position of lurasidone considering mid- to long-term treatment.

Design and Development

Despite advancements in research and treatment, antipsychotic treatment for schizophrenia still has unmet needs,
including limited efficacy, residual symptoms such as negative, cognitive, and mood symptoms, and side effects.’ First-
generation antipsychotics (FGAs) and SGAs have some differences in efficacy.'® SGAs outperform FGAs regarding
treatment discontinuation and improvements in negative, cognitive, and depressive symptoms, and they have fewer
extrapyramidal symptoms (EPS).'""'? However, patients treated with SGAs often experience side effects such as weight
gain, metabolic disturbance, and sedation. These side effects can be particularly problematic in patients who require long-
term antipsychotic treatment. The dopamine D, receptor remains the primary target for antipsychotic drugs; 5-hydro-
xytryptamine (serotonin) 5-HT, and 5-HT 4, and off-target receptors such as 5-HT,., histamine H;, and muscarinic M;
receptors should also be considered in the design process of novel multitarget antipsychotic drugs."?

Lurasidone was synthesized in the early 1990s by Dainippon Sumitomo Pharma Co., Ltd. and approved by the United
States Food and Drug Administration for the treatment of schizophrenia in 2010 and bipolar depression in 2013. Prior to
the creation of lurasidone, tandospirone, a 5-HT;, partial agonist, was synthesized from buspirone, an anxiolytic
azapirone derivative. Lurasidone was synthesized using tandospirone as the lead compound, and the imide moiety was
common to tandospirone. The aryl moiety is benzisothiazole, common to perospirone, and a cyclic structure was newly
introduced in the linker region (Figure 1).'* These successfully enhanced D, and 5-HT,, receptor-binding affinities, as
well as reduced other receptors associated with side effects, such as H; receptor, M; receptor, and adrenaline a; receptor,
while maintaining 5-HT; 5 receptor binding affinity.
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Figure | Chemical structure of lurasidone.
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Pharmacodynamics of Lurasidone

The receptor-binding affinities of lurasidone and other antipsychotics are presented in Table 1.'°> Lurasidone has
antagonistic effects on the D,, 5-HT,,, and 5-HT, receptors and a partial agonistic effect on the 5-HT; receptor.
Lurasidone has a predominant affinity for 5-HT; receptors and a high affinity for 5-HT 4 receptors. Although the role of
5-HT; receptor antagonism in clinical efficacy remains unclear, behavioral pharmacological studies in animals have
demonstrated that lurasidone exerts anxiolytic and antidepressant effects and improves cognitive function, which are
associated with the modulation of 5-HT; and 5-HT 5 receptors. Lurasidone dose-dependently and significantly increased
the number of shocks received, anxiolytic-like activities, in the Vogel’s conflict test in rats.'” In the tail suspension and
forced swim tests, lurasidone decreased immobility, an antidepressant-like response, and these effects required functional
5-HT; receptors.'®!” In cognitive function tests in rats, lurasidone improved the N-methyl-D-aspartate receptor antago-
nist phencyclidine (PCP)- and MK-801-induced learning and memory impairment, and these effects were reduced by the
5-HT o receptor antagonist WAY-100635 and 5-HT7 receptor agonist AS19.'*2! Moreover, lurasidone ameliorated the
cognitive deficits produced by PCP, altering the efflux of neurotransmitters and metabolites in the cortex and nucleus
accumbens, and increased the cortical efflux of dopamine, acetylcholine, and glutamate.”*** Overall, 5-HT; o receptor
partial agonistic and 5-HT; receptor antagonistic properties of lurasidone may be involved in these effects, and increased
neurotransmitters efflux in the frontal cortex may contribute to the improvement of cognitive disorder and antidepressant
effects.

Moreover, other mechanisms may be involved in the cognitive improvement and antidepressant effects of lurasidone.
Calabrese et al** investigated the ability of lurasidone to modulate the involvement of genomic and non-genomic
glucocorticoid receptor signaling in behavioral alterations in rats following chronic stress exposure, and lurasidone
normalized anhedonia, cognitive impairment induced by chronic stress, and abnormalities in glucocorticoid receptor
signaling. Fumagalli et al*> investigated the expression of brain-derived neurotrophic factor (BDNF), a neurotrophin that
plays a crucial role in brain plasticity, following chronic lurasidone treatment in response to acute stress in rats. Chronic
lurasidone treatment increased total BDNF mRNA levels in the prefrontal cortex, and the modulation of BDNF mRNA
levels in response to acute swim stress in lurasidone-treated rats was markedly potentiated in the hippocampus.
Moreover, the same research group investigated the ability of lurasidone to modulate behavioral and neuroplastic
alterations in a chronic mild stress model of depression and revealed that chronic lurasidone treatment improved
anhedonia in rats with chronic mild stress and restored BDNF mRNA levels in the prefrontal cortex.”® These results
suggested that lurasidone regulates BDNF expression through modulation of its transcripts, thereby contributing to the
amelioration of cognitive impairment and depression associated with neuronal plasticity.

Table | Comparison of Receptor Binding Profiles Between Lurasidone and Other Psychotic agents'®

Receptor Binding Affinity, K; ®

Lurasidone Risperidone Olanzapine Clozapine Haloperidol

nM

Dopamine D, 1.68 + 0.09 291 £0.16 144 + 32 108 + 27 3.28 £ 0.42
5-HT | 6.75 £ 0.97 (4.0) 262 21 (90) >1000° (>69) 123 £ 5 (1.1) >1000° (>300)
5-HTza 2.03 £ 0.46 (1.2) 0.205 * 0.066 (0.070) 5.78 % 0.89 (0.40) 9.17 £ 1.46 (0.085) 84.7 = 13.1 (26)
5-HT; 0.495 * 0.090 (0.29) 2.72 £ 0.42 (0.93) n.t. 42.2 + 12.0 (0.39) >1000° (>300)
Noeadorenaline o, 479 + 7.8 (29) 1.42 + 0.09 (0.49) 22.1 £ 7.7 (1.5) 17.5 £ 5.0 (0.16) 179 £ 1.5 (5.5)
Noeadorenaline 0,4 40.7 £ 7.7 (24) 13.7 £ 1.1 (4.7) n.t 147 + 14 (1.4) >1000° (>300)
Noeadorenaline o,c 10.8 + 0.64 (6.4) 11.0+ 1.4 (3.8) n.t. 15.6 + 2.0 (0.14) >1000° (>300)
Histamine H, >1000° (>590) 346 £0.17 (1.2) 3.83 £0.52 (0.27) 2.02 £ 0.20 (0.019) 330 + 22 (100)
Muscarinic >1000° (>590) >1000° (>340) 7.6 £ 1.3 (0.53) 4.9 2.0 (0.045) >1000° (>300)

Notes: Values are means + S.E.M. of three or more separate experiments. *Each number in parentheses is indicated as relative potency ratio of K; value of receptor to that
of dopamine D2 receptor. °ICs value. Data from Ishibashi et al.'®
Abbreviations: n.t, not tested.
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Lurasidone has low affinities for M;, H;, and a; receptors, which is associated with fewer side effects such as
anticholinergic effects, lipid abnormalities, hyperglycemia, orthostatic hypotension, sedation, and weight gain.

Pharmacokinetics and Drug Interaction of Lurasidone

Lurasidone is rapidly absorbed after oral administration, with peak plasma concentrations typically occurring within 1-3
h.?” It has a bioavailability of approximately 9%—19% owing to its poor absorption after oral ingestion and first-pass
metabolism, and its pharmacokinetics are linear and dose-proportional over a dose range of 20-160 mg/day.”® The
absorption of lurasidone is increased when taken with food, resulting in higher peak plasma concentrations and greater
bioavailability. Therefore, lurasidone should be administered as food. Lurasidone is extensively metabolized in the liver
via cytochrome P450 (CYP) 3A4-mediated oxidation and subsequent glucuronidation. Its primary active metabolites, ID-
14283 and ID-14326, also exhibit activity against D, and 5-HT;4 receptors.zg’29 Lurasidone is metabolized by CYP3A4,
and the concomitant use of strong CYP3A4 inhibitors such as itraconazole, ritonavir, and clarithromycin can increase
lurasidone exposure and should be avoided. Similarly, strong inducers of CYP3A4, such as rifampicin or phenytoin, can

decrease lurasidone exposure.?®%°

Results of Clinical Trials
Short-Term Studies
Double-blind randomized controlled trials (RCTs) have demonstrated the efficacy and safety of lurasidone in short-term

studies of patients with acute schizophrenia. Meltzer et al*

performed a 6-week RCT comparing lurasidone 40 mg,
lurasidone 120 mg, olanzapine 15 mg, and placebo in patients with schizophrenia and acute exacerbation of psychotic
symptoms, demonstrating that lurasidone 40 mg and 120 mg and olanzapine 15 mg were superior to placebo in terms of
efficacy (Positive and Negative Syndrome Scale [PANSS] total, positive and negative scores, and Clinical Global
Impression — Severity [CGI-S] score). No significant differences in the improvement of the mean PANSS total or
CGI-S scores were observed between the lurasidone and olanzapine groups. The incidence of akathisia was higher in the
lurasidone 120 mg group (22.9%) than that in the lurasidone 40 mg (11.8%), olanzapine 15 mg (7.4%), or placebo (0.9%)
groups, whereas the incidence of >7% weight gain was 5.9% in the lurasidone group, 34.4% in the olanzapine 34.4%,
and 7.0% in the placebo group. A meta-analysis®' including eight RCTs with total of 2373 patients compared lurasidone
(n=1570, 20-160 mg) and placebo (n=803) in terms of efficacy and safety, which revealed that lurasidone was superior to
placebo in terms of the improvement of total psychopathology [standardized mean difference (SMD): —0.34, (95%
confidence interval [CI]: —0.48, —0.20)], positive symptoms [SMD: —0.47, (95% CI: —0.57, —0.36)], negative symptoms
[SMD: —0.34, (95% CI: —0.45, —0.22)], and general psychopathology symptoms [SMD: —0.36, (95% CI: —0.48, —0.24)].
In the subgroup analysis by dosages, although lurasidone 20 mg/day (n=96) [SMD: 0.27, (95% CI: —0.19, 0.72)] did not
indicate a significant difference from placebo, lurasidone 40 mg (n=667) [SMD: —0.26, (95% CI: —0.51, —0.01)], 80 mg
(n=777) [SMD: —0.42, (95% CI: —0.57, —0.26)], 120 mg (n=410) [SMD: —0.32, (95% CI: —0.53, —0.11)], and 160 mg/
day (n=181) [SMD: —0.82, (95% CI: —1.14, —0.49)] were significantly superior to placebo in improving total psycho-
pathology. Additionally, a recent 6-week double-blind RCT** has demonstrated that lurasidone was non-inferior to
risperidone in terms of the change in the PANSS total score from baseline to week 6, with minimal effects on weight,
metabolic parameters, and prolactin levels. Importantly, a dose—response meta-analysis>> revealed that the efficacy of
lurasidone in acute schizophrenia is dose dependent, suggesting that higher doses are more efficacious. In addition to the
positive, negative, and total symptoms, lurasidone is efficacious for depressive symptoms,’' and a recent meta-analysis'?
has revealed that lurasidone significantly decreased depressive symptoms compared to placebo (SMD: —0.19, (95% CI:
—0.38, —0.04)). Regarding safety, a meta-analysis by Zheng et al*' demonstrated that lurasidone was well-tolerated in the
treatment of acute schizophrenia. Compared with placebo, although vomiting (number needed to harm [NNH] = 50, 95%
CI: 33-0), akathisia (NNH = 11, 95% CI:8-17), dystonia (NNH = 33, 95% CI: 20-100), parkinsonism (NNH = 14, 95%
CI: 11-20), somnolence (NNH = 20, 95% CI: 17-33), dizziness (NNH = 33, 95% CI:17-100), sedation (NNH = 25, 95%
CI: 17-50), nausea (NNH = 17, 95% CI: 17-33), and >7% weight gain (NNH = 50, 95% CI: 25-0) were more frequent
in the lurasidone group, lurasidone had minimal metabolic side effects including increase in weight and glucose and lipid
levels. Another study also showed similar significant differences between lurasidone and placebo in terms of akathisia
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(NNH = 11) and sedation or somnolence (NNH = 20), suggesting that lurasidone is categorized as a predominantly
activating antipsychotic.*® Higher rates of akathisia are also observed in a recent meta-analysis,”> with odds ratio = 3.74
(95% CI: 2.32-6.02) compared with placebo. A network meta-analysis (NMA)® which focused on metabolic side effects
identified lurasidone as one of the drugs with the most benign profiles for metabolic side effects. In that study, the effect
of lurasidone on changes in body weight [mean difference [MD] 0.48, (95% CI: —0.01, 0.97)], total cholesterol [MD
—0.03, (95% CI: —0.15, 0.09)], low-density lipoprotein cholesterol [MD —0.05, (95% CI: —0.14, 0.04)], and triglycerides
[MD 0.00, (95% CI: —0.14, 0.13)] was not significantly different from placebo. Moreover, lurasidone had a significantly
lower effect than placebo on blood glucose (MD: —0.29, [95% CI: —0.55, —0.03]).

Long-Term Studies
A double-blind, placebo-controlled withdrawal RCT of lurasidone for maintenance therapy for schizophrenia revealed
that lurasidone (40 mg or 80 mg) significantly delayed the time to relapse compared to placebo, with a 33.7% reduction
in relapse risk (Cox hazard: 0.663 (95% CI: 0.447-0.983); p=0.041).*® Effects of lurasidone on weight gain and levels of
glucose, lipid, and prolactin were minimal during the study period. A double-blind RCT*” evaluating the long-term safety
and tolerability of lurasidone (40-120 mg) for 12 months, with risperidone (2—6 mg) as an active control, demonstrated
that the three most frequent adverse events of lurasidone were nausea (16.7%), insomnia (15.8%), and sedation (14.6%)
(10.9%, 13.4%, and 13.9% in the risperidone group, respectively). The frequency of >7% weight gain was higher in the
risperidone group than in the lurasidone group (14% and 7%, respectively). Changes in prolactin levels were significantly
higher in the risperidone group than in the lurasidone group, and minimal changes were observed in the lurasidone group.
In terms of efficacy measures, both groups demonstrated comparable improvement and similar relapse rates.

Cognitive impairment affects social function and quality of life in patients with schizophrenia, thus making it one of
the most important treatment targets. However, although SGAs are superior to FGAs in improving cognitive function, the

effect size is small."!

Harvey et al have reported that lurasidone improves cognitive and functional performance of
patients, and the effects can be expected in long-term treatment rather than short-term.’®*° High doses (=120 mg) of
lurasidone are effective for overall cognitive function, whereas even low doses (=80 mg) may be effective in improving
specific cognitive functions.>® *° Moreover, a long-term improvement of cognitive function was observed in a trial of
lurasidone in patients with treatment-resistant schizophrenia,*' which demonstrated that 24-week treatment with lurasi-

done improved the PANSS total score and 2 of 7 cognitive domains (speed of processing and executive function).

Lurasidone for Adolescents with Schizophrenia
Arango et al performed a systematic review and NMA to compare lurasidone and other SGAs in adolescent patients with
schizophrenia.** The NMA revealed that lurasidone outperformed the placebo in terms of the PANSS total score ([MD
—7.95, (95% CI: —11.76, —4.16)]) and did not significantly differ from other SGAs (ziprasidone, asenapine, paliperidone,
aripiprazole, quetiapine, risperidone, and olanzapine) in terms of efficacy. Regarding safety, lurasidone did not differ
from the placebo, ziprasidone, or aripiprazole in increasing weight gain and was associated with significantly less weight
gain than olanzapine, quetiapine, risperidone, asenapine, and paliperidone. In contrast, lurasidone was associated with
significantly higher rates of EPS and akathisia, similar to other SGAs.

Furthermore, a recent two-year open-label study has demonstrated the long-term safety and efficacy of lurasidone for
treatment-naive youth with schizophrenia.*?
Place in Therapy of Lurasidone
Overall, lurasidone is efficacious and well-tolerated in the acute and long-term treatment of schizophrenia, as described
above. The favorable profile of lurasidone for metabolic side effects, including weight gain and changes in lipid and
glucose levels, is advantageous in patients with schizophrenia. These are consistent with a recent review, which suggests
that lurasidone is among the best-tolerated antipsychotics.** In the acute phase of schizophrenia, although the improve-
ment of positive and/or excitement/agitation symptoms is important, minimizing side effects is needed to improve
adherence to treatment, which leads to relapse prevention. Furthermore, the efficacy of lurasidone is dose-dependent, and
a higher dose should be considered if a sufficient response is not obtained from a lower dose of lurasidone, with caution
regarding the increase in EPS and/or akathisia. According to a recent Italian expert opinion,** akathisia is the most
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reported adverse event of lurasidone, but it may be controlled by dose reduction. Based on its efficacy and safety,
lurasidone is suitable as a first-line antipsychotic drug together with a dopamine D2 partial agonist in the acute phase,
particularly during the early course of schizophrenia. However, because the effect of lurasidone on sedation is not strong,
a reasonable combination with benzodiazepines, other antipsychotics, or mood stabilizers may be needed for the
management of acute symptoms of schizophrenia, such as agitation, excitement, or other aggressive behaviors during
the acute phase.

In the maintenance phase of schizophrenia, the treatment goals are to prevent relapse, reduce mortality risk, improve
cognitive function and dysfunction, and achieve personal recovery. In addition to the preventive effects on relapse, the
minimal effects of lurasidone on weight gain and other metabolic side effects advance the clinical position of lurasidone
as a preferential and significant treatment choice during the maintenance phase. A recent study investigating the
comparative safety signal assessment of hospitalization associated with the use of atypical antipsychotics revealed that
no hospitalization-related safety signals were observed with the use of lurasidone, along with other atypical
antipsychotics.*’ Moreover, lurasidone was associated with the lowest lifetime costs when initiated as acute or main-
tenance treatments, which is primarily due to the avoidance of diabetes and cardiovascular adverse events.*® When
switching to antipsychotics is necessary because of side effects, lurasidone is recommended as the first-line antipsychotic
for the management of dyslipidemia, impaired glucose tolerance, hyperprolactinemia, QT prolongation, sexual dysfunc-
tion, and weight gain.*’ A recent NMA revealed that excessive dose reduction of antipsychotics is associated with
a higher risk of relapse,*® and switching antipsychotics to other drugs is a useful and important treatment strategy when
patients experience various side effects. In fact, switching from risperidone or olanzapine to lurasidone results in

a decrease in weight and other improvements in side effects,**°

although caution is needed for an increase in the
incidence of akathisia when switching from olanzapine.’® Moreover, lurasidone can improve cognitive function via 5-
HT, 4 receptor partial agonistic and 5-HT; receptor antagonistic properties, which have beneficial effects on social and
occupational function and quality of life in the long-term course of schizophrenia. Altogether, lurasidone can prevent
relapse with minimal effects on weight and metabolic parameters and contribute to patient recovery during the long-term
maintenance phase of schizophrenia.

In addition to the beneficial effects on cognitive function in patients with treatment-resistant schizophrenia,*' recent
studies have reported the effectiveness of lurasidone augmentation of clozapine in treatment-resistant schizophrenia.>'*>
In these studies, therapeutic effects of lurasidone were observed in a broad range of symptom dimensions, although there
were some patients who discontinued treatment due to side effects.’® These suggest the possibility of lurasidone
augmentation in patients with treatment-resistant schizophrenia, although RCTs with larger sample size are needed to
confirm these results.

Although efficacy and safety of lurasidone are observed in many RCTs and meta-analyses, further studies should
report more findings for its effects on cognitive function, particularly in patients with treatment-resistant schizophrenia.
Moreover, further research is needed to investigate the role of 5-HT receptor antagonistic properties of lurasidone in the

treatment of schizophrenia.

Conclusion

Lurasidone is an antipsychotic drug with a benign profile of metabolic side effects and non-inferior efficacy to olanzapine
or risperidone during the acute phase of schizophrenia. Given these attributes, lurasidone can potentially shape clinical
practices by providing a treatment option that not only addresses the acute symptoms of schizophrenia but also mitigates
side effects, thereby enhancing patient adherence. These findings open avenues for future research into developing
similar therapeutics with minimal side effects. Patients with schizophrenia require long-term treatment with antipsycho-
tics for relapse prevention; thus, minimizing weight gain and metabolic side effects is crucial to prevent the development
of cardiovascular disease, which is a strong contributor to the high mortality rate among patients with schizophrenia.
Furthermore, lurasidone also exhibits beneficial impacts on cognitive function, anxiolytic, and antidepressive effects,
adding to its advantages as a treatment option for schizophrenia. Lurasidone is suitable as a first-line antipsychotic drug
in the acute phase, and a switching strategy should be considered during the maintenance phase, to balance efficacy and
adverse effects and achieve favorable outcomes in the long-term course of schizophrenia.
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