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Paulina Misztak b, Krzysztof Styczeń a, Wojciech Datka a
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Introduction

According to the Diagnostic and Statistical Manual of Mental

Disorders, 5th Edition (DSM-5) criteria, psychotic disorders can be
defined as a heterogeneous group of severe mental health issues,
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A B S T R A C T

The aim of this paper was to review the up-to-date evidence base on pharmacology and clinical

properties of lurasidone.

Lurasidone is an atypical antipsychotic, approved by the US Food and Drug Administration (FDA) for

the treatment of schizophrenia and bipolar depression. Lurasidone exhibits both an antipsychotic and

antidepressant action. Based on its pharmacodynamics profile, it is believed that the drug’s clinical

action is mediated mainly through the D2, 5-HT2A and 5-HT7 receptors inhibition.

In patients with schizophrenia the recommended dose range is 40–80 mg/day. In bipolar depression

broader dosage ranges (20–120 mg/day) were found to be effective. In terms of side effects, higher rates

of akathisia, parkinsonism and hyperprolactinemiawere observed in individuals receiving lurasidone (as

compared to patients treated with other atypical antipsychotics). On the other hand, treatment with

lurasidone yields relatively lower risk for developing sedation or overweight/obesity.
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reserved.
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characterized by delusions, hallucinations, disorganized thinking,
grossly disorganized or abnormal motor behavior, and negative
symptoms. The diagnostic class ‘Schizophrenia spectrum and other
psychotic disorders’ encompasses a broad range of categories:
schizophrenia, schizoaffective disorder, delusional disorder, brief
psychotic disorder, schizophreniform disorder, substance/medica-
tion-induced psychotic disorder, psychotic disorder due to another
medical condition, and schizotypal (personality) disorder [1]. Psy-
chotic episodes may also highlight severe exacerbations of bipolar
disorder (BD) and major depressive disorder (MDD).

Psychotic disorders pose a significant public health challenge
worldwide. According to the World Health Organization (WHO),
over 26million individuals suffer from schizophrenia [2], and in the
recent Global Burden of Disease 2010 study schizophrenia was
found to be at the forefront of the most debilitating health issues
[3,4]. Nowadays, atypical antipsychotic drugs form the mainstay of
treatment for schizophrenia and BD [5,6]. Yet, given both the small
between-agentdifferences in efficacy and the significant tolerability
limitations [7,8], there is an ongoing need for new pharmacother-
apeutic options.Also, awider choiceof antipsychoticswouldmake it
easier for a clinician to tailor the treatment to individual patient’s
values and preferences [2,9]. Consequently, in recent years the US
Food and Drug Administration (FDA) granted license to six novel
antipsychotics/antipsychotic formulations: iloperidone, lurasidone,
asenapine, oral paliperidone, paliperidone palmitate long-acting
injection (LAI), andolanzapine LAI [10,11]. Several trials on the latest
developed antipsychotic agents (pomaglumetad methionil and
bitopertin) were recently completed [12–16].

The aim of this paper was to summarize the state-of-the-art
knowledge on lurasidone, regarding both pharmacological prop-
erties of the drug and its clinical utility. Following the principles of
the Evidence-BasedMedicine (EBM), the efficacy and safety profile
of lurasidone was outlined on the basis of randomized controlled
trials (RCTs) [17,18] and systematic reviews of RCTs [19]. The
eligible studies were identified by searching web-based databases
(PubMed/MEDLINE and Cochrane Library), using the following
search terms: lurasidone; antipsychotic*; bipolar*; schizophr*; and
depress*. The reference lists from retrieved articles were also
reviewed. The experimental pharmacology studies were found in
the PubMed/MEDLINE database.

Pharmacology

Lurasidone hydrochloride (HCl) belongs to the class of ben-
zothiazol derivatives and is chemically identified as (3aR,4S,7R,7aS)-
2-{(1R,2R)-2-{4-(1,2-benzisothiazol-3-yl)piperazin-1-ylmethyl}cy-
clohexylmethyl}hexahydro-4,7-methano-2H-isoindole-1,3-dione
hydrochloride (Fig. 1).

The mechanism of action of lurasidone (just like other
antipsychotics) is not fully understood [20]. However, based on

its receptor profile, it is believed that the efficacy of lurasidone is
mediated mainly through antagonist activity at the dopamine D2,
and the 5-hydroxytryptamine (5-HT, serotonin) receptors: 5-HT2A
and 5-HT7 [21].

Pharmacodynamics. Receptor binding profile

Lurasidone is a full antagonist at thedopamineD2 (Ki = 0.994 nM)
and 5-hydroxytryptamine (5-HT, serotonin) 5-HT2A receptors
(Ki = 0.47 nM) [22]. The in vitro binding studies revealed that
lurasidoneexhibits similarlyhighaffinity for these tworeceptorsand
is higher than conventional (haloperidol) or other atypical (risperi-
done, olanzapine, clozapine) antipsychotics. In contrast to the other
neuroleptics, lurasidone also possesses high binding affinity for
5-HT7 (Ki = 0.495 nM), 5-HT1A (Ki = 6.38 nM), a2C-adrenergic
(Ki = 10.8 nM), and D3 (Ki = 15.7 nM) receptors. Simultaneously,
the compound shows reduced affinity for the human D4

(Ki = 29.7 nM),a1 (Ki = 35.7 nM), anda2A-adrenergic (Ki = 40.7 nM)
receptors [23]. Moreover, lurasidone have only weak affinity for the
D1 (Ki = 262 nM) and 5-HT2c (Ki = 415 nM) receptors, and no or
negligible affinity for the histamine H1, muscarinic M1, and other
receptors (e.g. 5-HT3, 5-HT4, adenosine A1, A2, AMPA, and NMDA)
[22]. Ishibashi et al. [22], based on the relative potency ratio of the Ki
values to dopamine D2 receptor (main target of antipsychotic
effects), suggested that lurasidone acts primarily at the 5-HT7,
5-HT2A, and 5-HT1A receptors in addition to the dopamine D2

receptor. Also, the in vitro functional study demonstrated that
lurasidone is a D2, 5-HT2A and 5-HT7 antagonist, as well as a 5-HT1A
receptorpartial agonist (Emax = 33%). The receptor occupancystudies
using positron emission tomography imaging confirmed that the D2

receptor occupancy ratio following the intake of lurasidone at the
dose of 40 mg/day is equal to 60–80%. This D2 receptor blockade is
the likely precondition for the antipsychotic efficacy [24].

The activity on the 5-HT7, 5-HT1A anda2C-adrenergic receptors
is hypothesized to enhance cognition, and the 5-HT7 is being
studied for its potential role in mood regulation and sensory
processing [25–27]. Lurasidone’s low activity on the a1-adrener-
gic, histaminergic H1, andmuscarinic receptors suggest lower risk
of orthostatic hypotension, H1-mediated sedation and weight
gain, and H1- and M1-mediated cognitive blunting [22,28]. The
lack of affinity for other receptors, as well as transporter proteins
(e.g. dopamine or serotonin transporter), significantly reduces
the likelihood of further side effects. As discussed in section
‘‘Human (clinical) studies’’, clinical trials provided validation
to some of those hypotheses (with the notable exception of
sedation) [8].

Pharmacokinetics

The pharmacokinetic profile of lurasidone

Lurasidone is rapidly absorbed from the gastrointestinal tract,
reaching peak concentrations in blood within 1–3 h (Tmax),
following either single or repeated oral intake. The steady-state
concentration is reached after 7 days administration, and the
course of absorption depends on the dose of drug. For the
lurasidone doses at the range of 20–160 mg/day, the area under the
curve (AUC) and maximum concentration (Cmax) show a linear
increase in direct proportion to the dose [29]. Food is another
important factor affecting the absorption of lurasidone. As
recommended by the FDA, lurasidone should be taken with a
meal with the caloric value of at least 350 kcal [24]. In the study
comparing the pharmacokinetics of lurasidone (steady-state
concentration of 120 mg/kg) it was shown that in the group of
patients receiving lurasidonewith food, the parameters of AUC and
Cmax increased 2–3 times, respectively, in comparisonwith a group
of patients who took the drug in the fasted state [30].
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Fig. 1. The structural and molecular formula of lurasidone HCl (molecular weight:

529.14).
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Concurrently, it was determined that the dietary fat content
does not affect the pharmacokinetics of lurasidone [29]. Moreover,
on the analysis of absolute volume of distribution parameter (VD)
for the lurasidone dose of 40 mg is estimated at 6173 l
[31]. Research also determined the biological half-life of lurasi-
done. In the group of healthy subjects it was found that the mean
half-life of lurasidone was 12.2–18.3 h following administration of
a single dose of 100 mg/day, and the corresponding value in
patients with schizophrenia was equal to 28.8–37.4 h after single
doses of 120–160 mg/day [25].

Lurasidone is strongly bound to plasma proteins (99.8%),
notably to albumin anda1-glycoprotein [28]. The drug is primarily
metabolized in the liver by the cytochrome P450 (CYP) isoenzyme
CYP3A4. The major biotransformation pathways are oxidative
N-dealkylation, hydroxylation of norbornane ring, and S-oxidation.
Lurasidone is broken down into three active metabolites (ID-
14283, ID-14326, and ID-14614; Fig. 2) and two inactive
metabolites (ID-20219 and ID-20220), present systemically at
levels >10% [31,32]. The main active metabolite, ID-14283, is
rapidly detected in the serum, with a Cmax value equal to 26% of the
starting material. It has a comparable pharmacological profile, but
a shorter life (7.48–10 h) than lurasidone. In turn, the two other
metabolites (ID-14326 and ID-14614) are detected at extremely
low levels (3% and 1%, respectively) [31,32].

Lurasidone crosses the placental barrier, and in 89% this drug is
excreted from the body with urine and feces. Increased values of
Cmax and AUC were found in patients with mild to severe renal or
hepatic impairment [23].

Pharmacokinetic interactions and toxicity

Lurasidone is a substrate for the cytochrome P450 enzyme
CYP3A4 [33].

In general, lurasidone should not be co-administered with
potent inducers or inhibitors of CYP3A4 [28]. Chiu et al. [34]
showed that concomitant ketoconazole administration condi-
tioned a 6.8-fold increase in lurasidone’s Cmax, and a 9.3-fold
increase in lurasidone’s AUC. On the contrary, the administration of
rifampicin led to a decrease in the drug’s Cmax and AUC. Application
of lurasidone with haloperidol and diazepam did not induce
changes in the level of plasma protein binding [23]. Similarly,
administration of oral contraceptives containing ethinyl estradiol
and norelgestromin with lurasidone (40 mg/day) did not induce
significant changes in Cmax and AUC of this drug [29]. In patients
with schizophrenia or schizoaffective disorder research did not
show significant interactions between lurasidone (120 mg) and

lithium (600 mg, twice daily) [29]. Notably, in patients receiving a
moderate inhibitor of CYP3A4 (e.g. erythromycin or fluconazole)
the 80 mg/day is deemed the maximum daily dose of lurasidone
[34].

In clinical terms, however, no significant pharmacokinetic
interactions have been observed thus far. The recent evidence-
based review by Madhusoodanan et al. found no severe (i.e. acute
life threatening), moderate (implying efficacy issues) or mild
(leading to non-serious adverse events) interactions involving
lurasidone. Nevertheless, it was confirmed that the co-adminis-
tration of lurasidone and either ketoconazole or ritonavir may
induce an increase in plasma concentration of the antipsychotic
drug. The authors provided no data indicative for interactions
between lurasidone and commonly co-prescribed serotonergic
medications [33].

While apparently no cases of lurasidone overdose have been
reported [35], it is suggested that the toxic effects may involve
orthostatic hypotension, CNS depression, tachycardia and (per-
haps) QTc prolongation [36].

Animal (preclinical) studies

A growing body of evidence suggests that lurasidone exhibits an
antipsychotic, antidepressant, and also anxiolytic efficacy in
preclinical studies.

The antipsychotic activity of lurasidone was investigated in a
large behavioral study in rodents performed by Ishibashi et al.
[22]. Like other neuroleptics (e.g. olanzapine, risperidone),
lurasidone inhibited dose-dependently dopamine D2 receptor-
mediated behaviors such as apomorphine (APO)-induced stereo-
typed behavior and methamphetamine (MAP)-induced hyperac-
tivity in rats or APO-induced climbing behavior in mice. Moreover,
in a dose-dependent manner, lurasidone (1–10 mg/kg) inhibited
conditioned avoidance response, tryptamine (TRY)-induced fore-
paw clonic seizure and p-chloroamphetamine (p-CAMP)-induced
hyperthermia in rats [22].

The schizophrenia-related cognitive impairment (e.g. learning
and memory deficits) is likely caused by hypofunction of the N-
methyl-D-aspartate receptor (NMDAR). This hypothesis is strongly
supported by numerous studies showing that NMDAR antagonists
(e.g. phencyclidine, ketamine or MK-801/dizocilpine) produce
prolonged deficits in cognitive functioning. Therefore the above-
mentioned compounds are now widely used to model the
symptoms of schizophrenia in animals [37]. Preclinical studies
showed that lurasidone potently reversed learning deficits (as well

[(Fig._2)TD$FIG]

Fig. 2. Chemical structure of the main metabolites of lurasidone; BITP = 1-(1,2-benzisothiazol-3-yl)-piperazine.

Adapted from Caccia et al. [29].
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as memory impairment) induced by MK-801 in the most common
tasks used to assess spatial learning andmemory ability in rodents
[38,39]. Ishiyama et al. [38] indicated that administration of
lurasidone 1 h before the training session significantly and dose-
dependently (only at the dose of 3 mg/kg, but not at the dose of
1 mg/kg, po) reversed the MK-801-induced impairment of the
passive-avoidance response in rats, such as reduction of the step-
through latency or the percent of animals avoiding in the test
session. A similar effect was also observed, when lurasidone
(0.3 mg/kg, not 0.1 mg/kg, iv) was given 10 min after the training
session. These findings suggest that lurasidone acted, at least
partially, by restoring thememory consolidation process disrupted
by MK-801 [38].

Significant effectiveness of lurasidone in reversing theMK-801-
induced behavior was also confirmed by Enomoto et al. [39] in the
Morris water maze (MWM) and the radial-arm maze (RAM) tests.
In the MWM test, lurasidone (1 and 3 mg/kg, po) potently
decreased the escape latency, swimming distance (but not
swimming speed) and frequency of diving behavior in the MK-
801 treated rats. While in the RAM test lurasidone (in either
investigated dosage level), potently reversed MK-801-induced
reference memory impairment and moderately but not signifi-
cantly attenuated MK-801-induced working memory impairment
[39]. The above-mentioned data also suggest that lurasidone may
bemore effective than other antipsychotics (risperidone, clozapine
and aripiprazole) in reversing the MK-801-induced behavior
[38,39]. Lurasidone also improves cognition associated with
executive function (evaluated by the object retrieval with detours
[ORD] task) in naive marmosets (non-human primates). Unlike
other antipsychotics (olanzapine, haloperidol, clozapine, olanza-
pine, quetiapine), the drug of interest increased (in a dose-
dependent manner) marmosets’ success rates in the difficult trial
with significant effect at 10 mg/kg [40]. Apart from that lurasidone
reversed novel object recognition (NOR) deficit induced by
subchronic administration of phencyclidine (PCP; a noncompeti-
tive antagonist of NMDAR) [41]. It was shown that 7-days
lurasidone (1 mg/kg) administration, following the washout
period of subchronic PCP, produces a prolonged (up to 3 weeks)
reversal of the deficit in NOR induced by subchronic PCP.
Moreover, lurasidone at the dose of 1 mg/kg (but not at the dose
of 0.1 mg/kg) used as a co-treatment with PCP during the initial
PCP treatment period, prevented the subchronic PCP-induced NOR
deficit when tested at the day 22 [41].

Other studies demonstrated that efficacy of lurasidone to
reverse MK-801 or PCP-induced cognitive dysfunction may be
related to its effect on 5-HT7 and 5-HT1A or some nicotinic
acetylcholine receptors subtypes [41–45].

Treatment with lurasidone was also associated with significant
improvement in the Vogel’s conflict and social interaction tests,
which are widely used for early behavioral screening of anxiolytic
or antidepressant (respectively) drugs activity [22]. Apart from the
screening tests, in order to study the potential antidepressant
activity of new compounds, animal models of depression are most

frequently used. Olfactory bulbectomy (OB) is a widely accepted
model of agitated depression, which causes an increase in
locomotor activity in animals. As shown by Ishibashi et al. [22],
chronic lurasidone (3 mg/kg for 2 weeks) administration signifi-
cantly suppressed OB-induced hyperactivity behavior and this
effect was similar to that observed after imipramine treatment
(10 mg/kg, 1 week). Lurasidone can also modulate behavioral and
molecular changes in the chronic mild stress (CMS) in rats. Luoni
and colleagues [46] demonstrated that 5-weeks lurasidone (3 mg/
kg) treatment during CMS exposure improved anhedonia in
stressed rats and restored brain-derived neurotrophic factor
(BDNF) mRNA level in the prefrontal cortex. Furthermore, chronic
lurasidone treatment normalized CMS-induced defects of Psd95
and Gfap and some modulators of protein translation (e.g. mTOR
and eEF2) [46]. Another study has also shown that lurasidone was
able to normalize the CMS-induced changes of clock gene
expression (and related proteins) in the nuclear compartment of
the prefrontal cortex and hippocampus [47]. Antidepressant
activity (reduced immobility time) of lurasidone was also
demonstrated in both the tail suspension (only at the dose of
0.3 mg/kg; not in lower or higher doses) and forced swim (dose
range of 0.3–1 mg/kg) tests in wild-type 5-HT7

+/+ mice but not in
5-HT7

�/� knockout mice. Likewise, in the repeated open-space
swim test (an animal model of chronic depression) lurasidone was
able to reverse the despair induced by a repeated swimming
session. All these results strongly suggest that the antidepressant
effect of lurasidone requires functional 5-HT7 receptors and that
lurasidone can act as a 5-HT7 antagonist [48]. Similar observations
were also made in the serotonin transporter knockout (SERT KO)
rats. 3-weeks treatment with lurasidone (10 mg/kg) increased fear
extinction in the SERT�/� knockout rats, as opposed to the wild-
type (SERT+/+) controls. These changes were associated with
normalization of the reduced expression of Gadd45b (GABAergic
marker), as well as up-regulation of BDNF transcription in
the prefrontal cortex [49]. In adult male C57Bl/6 J mice, oral
administration of 3 and 10-mg/kg lurasidone as well as of
20-mg/kg fluoxetine during 21 days, reduced the latency to feed
in the novelty-induced hypophagia test. Furthermore, lurasidone
significantly reduced locomotor activity (average of velocity and
total track length) in open field test, but only at a dose of 10 mg/kg.
These behavioral changes were associated with a decrease in the
NMDA receptor subunits (especially NR2A, NR1) and PSD-95
protein levels in the hippocampus and prefrontal cortex [50]. As
described earlier, lurasidone exerted a modulating effect on BDNF.
In the prefrontal cortex BDNF (exon IV) as well as Arc mRNA levels
was elevated after 21-days administration of lurasidone (10 mg/
kg) and exposure to acute swim stress [51]. The modulatory effect
of lurasidone on BDNF level was also demonstrated in the Sprague-
Dawley rat exposed to prenatal stress [52]. Likewise, co-treatment
with lurasidone (3 mg/kg) and the mood stabilizer valproic acid
(300 mg/kg) for 21 days increased BDNF expression and further
modulated histone deacetylases (HDAC2 and HDAC5) in the
hippocampus. These findings suggest that some of transcriptional

Table 1
Dose equivalents for lurasidone. Adapted from Leucht et al. [58].a,b

Olanzapine 1mg/day Risperidone 1mg/day Haloperidol 1mg/day Chlorpromazine 100mg/day

Lurasidone equivalents
Primary analysis 5.33mg/day 20mg/day 10mg/day 16mg/day

Sensitivity analysisc 4mg/day 10mg/day 8.9mg/day 14.2mg/day

a A systematic review of randomized controlled trials on second-generation antipsychotics or haloperidol in adults with schizophrenia or schizoaffective disorder.
b The following populations were excluded from the analysis: adolescents, elderly, first-episode patients, stable patients, patients with predominant negative symptoms,

patients diagnosed with treatment-resistant schizophrenia.
c Sensitivity analysis answers the question if the result changes according tominor variations in the data andmethodology of the study. The authors followed the FDA rules,

requiring data from �2 positive trials to run the sensitivity analysis.

R.R. Jaeschke et al. / Pharmacological Reports 68 (2016) 748–755 751



changes caused by lurasidone may be sustained by epigenetic
mechanisms [53].

Human (clinical) studies

Schizophrenia

Lurasidone gained the FDA approval for the treatment of
schizophrenia in 2010, with the recommended starting dose of
40 mg/day. The top recommended dose was set at 80 mg/day
[23]. Yet, in some short-term, industry-sponsored trials lurasidone
was also found to be effective at higher portions (120–160 mg/day)
[54–57]. Overall, the current evidence base suggests that 40 mg/
day is the minimum effective dose of lurasidone [58]. Its dose
equivalents to olanzapine, risperidone, haloperidol and chlor-
promazine are provided in Table 1.

The most comprehensive to date review of lurasidone’s efficacy
and safety in acute treatment of schizophrenia was provided in the
network meta-analysis by Leucht et al. [8]. Accordingly, while
lurasidone is more effective than placebo (standardized mean
difference [SMD] = �0.33 [95% confidence interval (CI): �0.45 to
�0.21], denoting moderate effect size), it lags behind clozapine,
amisulpride, olanzapine, risperidone, and paliperidone – both in
terms of efficacy and acceptability (as reflected by the risk of
withdrawing from treatment). At the same time, lurasidone yields
similar efficacy and acceptability to zotepine, haloperidol, quetia-
pine, aripiprazole, sertindole, ziprasidone, chlorpromazine, ase-
napine, and iloperidone (see Table 2).

In comparison with placebo, lurasidone is more likely to cause
extrapyramidal side-effects (odds ratio [OR] = 2.46; 95% CI: 1.55–
3.72), hyperprolactinemia (SMD = 0.34; 95% CI: 0.11–0.57), and
sedation (OR = 2.45; 95% CI: 1.31–4.24). On the other hand,
patients receiving lurasidone were less likely to cease the
treatment (OR = 0.77; 95% CI: 0.61–0.96), and – notably – the
drug did not differ from placebo in terms of the risk for QTc
prolongation (SMD = �0.10; 95% CI:�0.21 to 0.01) andweight gain
(SMD = 0.10; 95% CI: �0.02 to 0.21) [8].

The evidence base regarding the longer-term efficacy of
lurasidone remains sparse. However, there are some early data
to suggest that patients receiving prolonged treatment with
lurasidone may enjoy sustained improvement with relatively few
side effects (mainly akathisia and somnolence, occurring in about
10% of the subjects) [59]. Having compared lurasidone to
quetiapine extended release [60] in a sample of 292 patients with
schizophrenia enrolled in a non-inferiority RCT, Loebel et al. [61]
found similar rates of relapse over a one-year period. In two
extension trials the six-month therapy with lurasidone appeared
to be safe and effective [62,63], yet the results were highly
susceptible to performance- and detection bias (due to the open-
label design of the studies) [64].

Bipolar disorder

Lurasidone is also approved for the treatment of bipolar
depression [23], both in monotherapy and as adjunctive therapy
with lithium or valproate [65–67].

In the recent network meta-analysis of short- to medium-term
RCTs (4–16 weeks) regarding pharmacotherapies for bipolar
depression in adults, Taylor et al. [68] concluded that lurasidone
monotherapy yields similar efficacy to olanzapine, valproate,
quetiapine, selective serotonin reuptake inhibitors (SSRI), lithium,
and tricyclic antidepressants (TCA). Also, the ostensibly different
dosing regimens for lurasidone (20–120 mg/day and 80–120 mg/
day) were comparatively effective. However, due to acceptability
issues, the authors supported the combined use of olanzapine and

Table 2
Summary of data comparing the relative efficacy and tolerability of lurasidone

versus other antipsychotics in the acute treatment of schizophrenia.

Outcome #1: Mean overall change in symptoms

Lower efficacy Similar efficacy Higher efficacy

– � Zotepine

� Haloperidol

� Quetiapine

� Aripiprazole

� Sertindole

� Ziprasidone

� Chlorpromazine

� Asenapine

� Iloperidone

� Clozapine

� Amisulpride

� Olanzapine

� Risperidone

� Paliperidone

Outcome #2: Acceptability (all-cause discontinuation)

Worse acceptability Similar acceptability Better acceptability

– � Zotepine

� Haloperidol

� Quetiapine

� Aripiprazole

� Sertindole

� Ziprasidone

� Chlorpromazine

� Asenapine

� Iloperidone

� Clozapine

� Amisulpride

� Olanzapine

� Risperidone

� Paliperidone

Higher risk Similar risk Lower risk

Outcome #3: Weight gain
� Paliperidone

� Risperidone

� Quetiapine

� Sertindole

� Chlorpromazine

� Iloperidone

� Clozapine

� Zotepine

� Olanzapine

� Aripiprazole

� Amisulpride

� Asenapine

–

Outcome #4: Extrapyramidal side-effects
– � Ziprasidone

� Amisulpride

� Asenapine

� Paliperidone

� Risperidone

� Chlorpromazine

� Iloperidone

� Zotepine

� Haloperidol

� Aripiprazole

� Quetiapine

� Sertindole

� Clozapine

� Olanzapine

Outcome #5: Hyperprolactinemia
� Haloperidol

� Risperidone

� Paliperidone

� Asenapine

� Olanzapine

� Chlorpromazine

� Iloperidone

� Ziprasidone

� Aripiprazole

� Quetiapine

Outcome #6: QTc prolongation
� Sertindole

� Haloperidol

� Risperidone

� Amisulpride

� Quetiapine

� Asenapine

� Olanzapine

� Iloperidone

� Ziprasidone

� Aripiprazole

� Paliperidone

–

Outcome #7: Sedation
– � Amisulpride

� Risperidone

� Paliperidone

� Sertindole

� Iloperidone

� Aripiprazole

� Haloperidol

� Asenapine

� Olanzapine

� Quetiapine

� Ziprasidone

� Clozapine

� Chlorpromazine

� Zotepine

Adapted from Leucht et al. [8].
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fluoxetine as the optimal treatment for bipolar depression (for
details, see Table 3).

In the recent update of the Canadian Network for Mood and
Anxiety Treatments (CANMAT) guidelines for the management of
patients with bipolar disorder: ‘lurasidone monotherapy and the
combination of lurasidone or lamotrigine plus lithium or divalproex
have been added as second-line options’ for the treatment of bipolar
depression (from: Yatham et al. [6], cited verbatim).

As suggested in the placebo-controlled, double-blind RCT
encompassing depressed patients with BD type I, lurasidone

exhibits significant anxiolytic properties. Noticeable improvement
in quality of life was also observed in the lurasidone sample. The
authors set the starting dose of the drug at 20 mg/day. In general,
the treatment was well tolerated. The most common adverse
effects reported by the patients were: nausea, sedation, vomiting,
and extrapyramidal symptoms. The majority of adverse effects
were reported as mild or moderate. Less than 10% of adverse
symptoms were described as severe [66].

In another placebo-controlled RCT Loebel et al. [69] examined
the effects of lurasidone adjunctive therapy with either lithium or
valproate in patients with BD type I. As compared to the placebo
group, patients receiving lurasidone at the mean daily dose of
31.8 mg (range: 20–60 mg) or 82.0 mg (range: 80–120 mg) had
greater improvements in depressive symptoms starting fromweek
3 throughweek 6. Additionally, therewas a significant reduction in
anxiety symptoms, and improvement of patient-rated functional
impairment and quality of life. Moreover, the adjunctive lurasi-
done therapy was well tolerated and the discontinuation rate due
to adverse effects was comparable to placebo. Also, the risk of
treatment-emergent hypomania or mania was comparable to the
placebo group and was lower than the switch risk of standard
antidepressant BD treatment.

So far, there are no established data on safety and tolerability in
neither pediatric nor geriatric patients diagnosed with BD [65].

Conclusions

In this paper we reviewed the current evidence base on
pharmacology and clinical utility of lurasidone in patients with
schizophrenia and bipolar depression.

In clinical terms, lurasidone has been found beneficial in
treating patients with bipolar depression [6,68]. In subjects with
schizophrenia, however, lurasidone seems to belong to a relatively
broad range of drugs of moderate efficacy [8]. Nonetheless, it shall
be emphasized that lurasidone was found to be effective in
patients with schizophrenia suffering from depressive symptoms
[56]. The relevance of these finding stems from the fact that
depressed mood is an established risk factor for suicide in
schizophrenia [70]. Therefore, further studies on the potential
antisuicidal effects of lurasidone are warranted.

While the data on the antipsychotic efficacy leave lurasidone
behind clozapine, risperidone, paliperidone, olanzapine and
amisulpride [8], the side effects profile suggests that the drug
may be useful in some specific populations of individuals with
schizophrenia. Of note, the risk of sedation and bodymass increase
is relatively low in patients receiving lurasidone [8,71]. On the
other hand, in comparison with numerous other atypical
antipsychotics there seem to be higher rates of akathisia,
parkinsonism and hyperprolactinemia in subjects treated with
the drug of interest [8]. As expected (given lurasidone’s low affinity
to thea1-adrenergic receptors), no significant prolongations of QTc
interval were observed in subjects receiving lurasidone [72]. Yet,
bearing inmind that the risk of sudden cardiac death in individuals
receiving atypical antipsychotics is dose-dependent [73], lurasi-
done needs to be prescribed with caution. It should also be
emphasized that the lack of data on lurasidone’s safety and
effectiveness in special populations (e.g. in the elderly or in the
pregnant/postpartum women) leaves a number of significant
clinical questions unanswered.

To conclude, more high-quality RCTs on lurasidone need to be
conducted. The fact that the majority of data available have been
gathered in the course of industry-sponsored trials raises the issue
of bias [74]. Furthermore, as pointed out by Patel et al. [10], phase II
and III RCTs on new antipsychotics (including lurasidone) are often
hampered by poor reporting quality, thus limiting both clinicians’

Table 3
Summary of data comparing the relative efficacy and tolerability of lurasidone

versus other drug regimens in the treatment of bipolar depression.

Outcome #1: Primary efficacy (change in scores on the MADRS or HAM-D)

Lower efficacy Similar efficacy Higher efficacy

– � Aripiprazole

� Lamotrigine

� Lithium

� MAOI

� Olanzapine

� Quetiapine

� Risperidone

� SSRI

� TCA

� Valproate

� Ziprasidone

� Olanzapine+fluoxetine

� placebo

–

Outcome #2: Primary tolerability (switch to mania)

Lower risk Similar risk Higher risk

placebo � Aripiprazole

� Lamotrigine

� Lithium

� MAOI

� Olanzapine

� Quetiapine

� Risperidone

� SSRI

� TCA

� Valproate

� Ziprasidone

� Olanzapine+fluoxetine

–

Outcome #3: Secondary efficacy (response)

Lower efficacy Similar efficacy Higher efficacy

� Aripiprazole

� Ziprasidone

� Olanzapine

� Lamotrigine

� Lithium

� SSRI

� TCA

� MAOI

� placebo

� Quetiapine

� Risperidone

� Valproate

� Olanzapine+fluoxetine

–

Outcome #4: Tolerability (withdrawal)

Lower risk Similar risk Higher risk

– � Aripiprazole

� Lamotrigine

� Lithium

� MAOI

� Olanzapine

� Quetiapine

� Risperidone

� SSRI

� TCA

� Valproate

� Ziprasidone

� placebo

� Olanzapine+fluoxetine

Adapted from Taylor et al. [68].

MAOI, monoamine oxidase inhibitors; SSRI, selective serotonin reuptake inhibitors;

TCA, tricyclic antidepressants.
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and policymakers’ abilities to make informed decisions pertaining
to licensing and prescribing of the drugs.

Conflict of interest

All authors declare no conflict of interest.

Funding

This research was partially supported by the funds for statutory
activity of the Institute of Pharmacology, Polish Academy of
Sciences and Jagiellonian University Medical College, Kraków,
Poland.

Acknowledgment

The authors wish to thank Magdalena Kobus for proofreading
the manuscript.

References

[1] American Psychiatric Association. Desk reference to the diagnostic criteria
from DSM-5. Arlington, VA: American Psychiatric Association; 2013.

[2] Liperoti R, Bernabei R, Onder G. Managing antipsychotic medications in
schizophrenia: comprehensive assessment and personalized care to improve
clinical outcomes and reduce costs. J Clin Psychiatry 2015;76(9):e1159–60.

[3] Salomon JA, Vos T, Hogan DR, GagnonM, Naghavi M, Mokdad A, et al. Common
values in assessing health outcomes from disease and injury: disability
weights measurement study for the Global Burden of Disease Study 2010.
Lancet 2012;380(9859):2129–43.

[4] Whiteford HA, Degenhardt L, Rehm J, Baxter AJ, Ferrari AJ, Erskine HE, et al.
Global burden of disease attributable to mental and substance use disorders:
findings from the Global Burden of Disease Study 2010. Lancet
2013;382(9904):1575–86.

[5] Stahl SM,Morrissette DA, Citrome L, Saklad SR, CummingsMA,Meyer JM, et al.
‘‘Meta-guidelines’’ for the management of patients with schizophrenia. CNS
Spectr 2013;18(3):150–62.

[6] Yatham LN, Kennedy SH, Parikh SV, Schaffer A, Beaulieu S, Alda M, et al.
Canadian Network for Mood and Anxiety Treatments (CANMAT) and Interna-
tional Society for Bipolar Disorders (ISBD) collaborative update of CANMAT
guidelines for themanagement of patients with bipolar disorder: update 2013.
Bipolar Disord 2013;15(1):1–44.

[7] De Hert M, Yu W, Detraux J, Sweers K, van Winkel R, Correll CU. Body weight
and metabolic adverse effects of asenapine, iloperidone, lurasidone and pali-
peridone in the treatment of schizophrenia and bipolar disorder: a systematic
review and exploratory meta-analysis. CNS Drugs 2012;26(9):733–59.

[8] Leucht S, Cipriani A, Spineli L, Mavridis D, Orey D, Richter F, et al. Comparative
efficacy and tolerability of 15 antipsychotic drugs in schizophrenia: a multi-
ple-treatments meta-analysis. Lancet 2013;382(9896):951–62.

[9] Awad AG, Voruganti LN. The impact of newer atypical antipsychotics on
patient-reported outcomes in schizophrenia. CNS Drugs 2013;27(8):625–36.

[10] Patel MX, Collins S, Hellier J, Bhatia G, Murray RM. The quality of reporting of
phase II and III trials for new antipsychotics: a systematic review. PsycholMed
2015;45(3):467–79.

[11] Jarema M, Wichniak A, Dudek D, Samochowiec J, Bienkowski P, Rybakowski J.
Guidelines for the use of second-generation long-acting antipsychotics. Psy-
chiatr Pol 2015;49(2):225–41.

[12] Downing AM, Kinon BJ,Millen BA, Zhang L, Liu L,MorozovaMA, et al. A double-
blind, placebo-controlled comparator study of LY2140023 monohydrate in
patients with schizophrenia. BMC Psychiatry 2014;14:351.

[13] ZhangW, Mitchell MI, Knadler MP, Long A,Witcher J, Walling D, et al. Effect of
pomaglumetad methionil on the QT interval in subjects with schizophrenia.
Int J Clin Pharmacol Ther 2015;53(6):462–70.

[14] Stauffer VL, Millen BA, Andersen S, Kinon BJ, Lagrandeur L, Lindenmayer JP,
et al. Pomaglumetad methionil: no significant difference as an adjunctive
treatment for patients with prominent negative symptoms of schizophrenia
compared to placebo. Schizophr Res 2013;150(2–3):434–41.

[15] Umbricht D, Alberati D, Martin-Facklam M, Borroni E, Youssef EA, Ostland M,
et al. Effect of bitopertin, a glycine reuptake inhibitor, on negative symptoms
of schizophrenia: a randomized, double-blind, proof-of-concept study. JAMA
Psychiatry 2014;71(6):637–46.

[16] Bugarski-Kirola D, Wang A, Abi-Saab D, Blattler T. A phase II/III trial of
bitopertin monotherapy compared with placebo in patients with an acute
exacerbation of schizophrenia – results from the CandleLyte study. Eur
Neuropsychopharmacol 2014;24(7):1024–36.

[17] Guyatt G, Haynes B, Jaeschke R, Meade MO, Wilson M, Montori V, et al. The
philosophy of evidence-based medicine. In: Guyatt G, Rennie D, Meade MO,
Cook DJ, editors. Users’ guides to the medical literature: a manual for evi-
dence-based clinical practice. McGraw-Hill; 2008. p. 9–16.

[18] Jaeschke R, Siwek M, Brożek J, Brudkiewicz P. Randomized controlled trials in
psychiatry. Psychiatr Pol 2012;46(1):109–21.

[19] MuradMH, Montori VM, Ioannidis JP, Jaeschke R, Devereaux PJ, Prasad K, et al.
How to read a systematic review and meta-analysis and apply the results to
patient care: users’ guides to themedical literature. JAMA 2014;312(2):171–9.

[20] Lochmann van Bennekom MW, Gijsman HJ, Zitman FG. Antipsychotic poly-
pharmacy in psychotic disorders: a critical review of neurobiology, efficacy,
tolerability and cost effectiveness. J Psychopharmacol 2013;27(4):327–36.

[21] Meltzer HY, Massey BW. The role of serotonin receptors in the action of
atypical antipsychotic drugs. Curr Opin Pharmacol 2011;11(1):59–67.

[22] Ishibashi T, Horisawa T, Tokuda K, Ishiyama T, Ogasa M, Tagashira R, et al.
Pharmacological profile of lurasidone, a novel antipsychotic agent with potent
5-hydroxytryptamine 7 (5-HT7) and 5-HT1A receptor activity. J Pharmacol
Exp Ther 2010;334(1):171–81.

[23] FDA. LATUDA1 (lurasidone HCl) Tablets. FDA; 2010.
[24] Citrome L. Lurasidone in schizophrenia: new information about dosage and

place in therapy. Adv Ther 2012;29(10):815–25.
[25] Meyer JM, Loebel AD, Schweizer E. Lurasidone: a new drug in development for

schizophrenia. Expert Opin Investig Drugs 2009;18(11):1715–26.
[26] Terry Jr AV, Buccafusco JJ, Wilson C. Cognitive dysfunction in neuropsychiatric

disorders: selected serotonin receptor subtypes as therapeutic targets. Behav
Brain Res 2008;195(1):30–8.

[27] Bienkowski P, Dudek D, Samochowiec J. Towards better non-selectivity: the
role of 5-HT7 receptors in therapeutic efficacy of a second-generation anti-
psychotic – lurasidone. Psychiatr Pol 2015;49(2):243–53.

[28] Citrome L. Lurasidone for schizophrenia: a brief review of a new second-
generation antipsychotic. Clin Schizophr Relat Psychoses 2011;4(4):251–7.

[29] Caccia S, Pasina L, Nobili A. Critical appraisal of lurasidone in the management
of schizophrenia. Neuropsychiatr Dis Treat 2012;8:155–68.

[30] Preskorn S, Ereshefsky L, Chiu YY, Poola N, Loebel A. Effect of food on the
pharmacokinetics of lurasidone: results of two randomized, open-label, cross-
over studies. Hum Psychopharmacol 2013;28(5):495–505.

[31] Samalin L, Garnier M, Llorca PM. Clinical potential of lurasidone in the
management of schizophrenia. Ther Clin Risk Manag 2011;7:239–50.

[32] Franklin R, Zorowitz S, Corse AK, Widge AS, Deckersbach T. Lurasidone for the
treatment of bipolar depression: an evidence-based review. Neuropsychiatr
Dis Treat 2015;11:2143–52.

[33] Madhusoodanan S, Velama U, Parmar J, Goia D, Brenner R. A current review of
cytochrome P450 interactions of psychotropic drugs. Ann Clin Psychiatry
2014;26(2):120–38.

[34] Chiu YY, Ereshefsky L, Preskorn SH, Poola N, Loebel A. Lurasidone drug–drug
interaction studies: a comprehensive review. Drug Metabol Drug Interact
2014;29(3):191–202.

[35] U.S. National Library of Medicine Toxicology Data Network.
[36] Levine M, Ruha AM. Overdose of atypical antipsychotics: clinical presentation,

mechanisms of toxicity and management. CNS Drugs 2012;26(7):601–11.
[37] Meltzer HY, Rajagopal L, Huang M, Oyamada Y, Kwon S, Horiguchi M. Trans-

lating the N-methyl-D-aspartate receptor antagonist model of schizophrenia
to treatments for cognitive impairment in schizophrenia. Int J Neuropsycho-
pharmacol 2013;16:2181–94.

[38] Ishiyama T, Tokuda K, Ishibashi T, Ito A, Toma S, Ohno Y. Lurasidone (SM-
13496), a novel atypical antipsychotic drug, reverses MK-801-induced im-
pairment of learning and memory in the rat passive-avoidance test. Eur J
Pharmacol 2007;572(2–3):160–70.

[39] Enomoto T, Ishibashi T, Tokuda K, Ishiyama T, Toma S, Ito A. Lurasidone
reverses MK-801-induced impairment of learning and memory in the Morris
water maze and radial-arm maze tests in rats. Behav Brain Res
2008;186(2):197–207.

[40] Murai T, Nakako T, IkejiriM, Ishiyama T, TaijiM, Ikeda K. Effects of lurasidone on
executive function in common marmosets. Behav Brain Res 2013;246:125–31.

[41] Horiguchi M, Hannaway KE, Adelekun AE, Jayathilake K, Meltzer HY. Preven-
tion of the phencyclidine-induced impairment in novel object recognition in
female rats by co-administration of lurasidone or tandospirone, a 5-HT(1A)
partial agonist. Neuropsychopharmacology 2012;37(10):2175–83.

[42] Yuen EY, Li X, Wei J, Horiguchi M, Meltzer HY, Yan Z. The novel antipsychotic
drug lurasidone enhances N-methyl-D-aspartate receptor-mediated synaptic
responses. Mol Pharmacol 2012;81(2):113–9.

[43] Horisawa T, Ishibashi T, NishikawaH, Enomoto T, Toma S, Ishiyama T, et al. The
effects of selective antagonists of serotonin 5-HT7 and 5-HT1A receptors on
MK-801-induced impairment of learning and memory in the passive avoid-
ance and Morris water maze tests in rats: mechanistic implications for the
beneficial effects of the novel atypical antipsychotic lurasidone. Behav Brain
Res 2011;220:83–90.

[44] Horiguchi M, Huang M, Meltzer HY. The role of 5-hydroxytryptamine 7 recep-
tors in the phencyclidine-induced novel object recognition deficit in rats. J
Pharmacol Exp Ther 2011;338(2):605–14.

[45] MiyauchiM, Neugebauer NM, Oyamada Y,Meltzer HY. Nicotinic receptors and
lurasidone-mediated reversal of phencyclidine-induced deficit in novel object
recognition. Behav Brain Res 2016;301:204–12.

[46] Luoni A, Macchi F, Papp M, Molteni R, Riva MA. Lurasidone exerts antidepres-
sant properties in the chronic mild stress model through the regulation of
synaptic and neuroplastic mechanisms in the rat prefrontal cortex. Int J
Neuropsychopharmacol 2015;18(4):pyu061.

[47] Calabrese F, Savino E, PappM,Molteni R, RivaMA. Chronicmild stress-induced
alterations of clock gene expression in rat prefrontal cortex: modulatory
effects of prolonged lurasidone treatment. Pharmacol Res 2015;104:140–50.

R.R. Jaeschke et al. / Pharmacological Reports 68 (2016) 748–755754



[48] Cates LN, Roberts AJ, Huitron-Resendiz S, Hedlund PB. Effects of lurasidone in
behavioral models of depression role of the 5-HT(7) receptor subtype. Neuro-
pharmacology 2013;70:211–7.

[49] Luoni A, Hulsken S, Cazzaniga G, Racagni G, Homberg JR, Riva MA. Behavioural
and neuroplastic properties of chronic lurasidone treatment in serotonin trans-
porter knockout rats. Int J Neuropsychopharmacol 2013;16(16):1319–30.

[50] Stan TL, Sousa VC, Zhang X, Ono M, Svenningsson P. Lurasidone and fluoxetine
reduce novelty-induced hypophagia and NMDA receptor subunit and PSD-95
expression in mouse brain. Eur Neuropsychopharmacol 2015;25(10):1714–22.

[51] Fumagalli F, Calabrese F, Luoni A, Bolis F, Racagni G, Riva MA. Modulation of
BDNF expression by repeated treatment with the novel antipsychotic lurasi-
done under basal condition and in response to acute stress. Int J Neuropsy-
chopharmacol 2012;15(2):235–46.

[52] Luoni A, Berry A, Calabrese F, Capoccia S, Bellisario V, Gass P, et al. alterations in
the prefrontal cortex of rats exposed to prenatal stress: preventive effect of
lurasidone treatment during adolescence. Eur Neuropsychopharmacol
2014;24(6):986–95.

[53] Calabrese F, Luoni A, Guidotti G, Racagni G, Fumagalli F, Riva MA. Modulation
of neuronal plasticity following chronic concomitant administration of the
novel antipsychotic lurasidone with themood stabilizer valproic acid. Psycho-
pharmacology 2013;226(1):101–12.

[54] McEvoy JP, Citrome L, Hernandez D, Cucchiaro J, Hsu J, Pikalov A, et al.
Effectiveness of lurasidone in patients with schizophrenia or schizoaffective
disorder switched from other antipsychotics: a randomized, 6-week, open-
label study. J Clin Psychiatry 2013;74(2):170–9.

[55] Loebel A, Cucchiaro J, Sarma K, Xu L, Hsu C, Kalali AH, et al. Efficacy and safety
of lurasidone 80 mg/day and 160 mg/day in the treatment of schizophrenia: a
randomized, double-blind, placebo- and active-controlled trial. Schizophr Res
2013;145(1–3):101–9.

[56] Loebel A, Cucchiaro J, Silva R, Mao Y, Xu J, Pikalov A, et al. Efficacy of lurasidone
across five symptom dimensions of schizophrenia: pooled analysis of short-
term, placebo-controlled studies. Eur Psychiatry 2015;30(1):26–31.

[57] Nasrallah HA, Cucchiaro JB, Mao Y, Pikalov AA, Loebel AD. Lurasidone for the
treatment of depressive symptoms in schizophrenia: analysis of 4 pooled, 6-
week, placebo-controlled studies. CNS Spectr 2015;20(2):140–7.

[58] Leucht S, Samara M, Heres S, Patel MX, Woods SW, Davis JM. Dose equivalents
for second-generation antipsychotics: the minimum effective dose method.
Schizophr Bull 2014;40(2):314–26.

[59] Correll C, Cucchiaro J, Silva R, Hsu J, Pikalov A, Loebel A. Long-term safety and
effectiveness of lurasidone in schizophrenia: results of a 22month, open-label
extension study. Eur Psychiatry 2014;29:1.
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