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Abstract: The aim of our study was to evaluate the effectiveness of lurasidone augmentation of
clozapine in treatment-resistant schizophrenia (5Z) in a retrospective chart review. From the medical
records of 916 SZ patients, we identified 16 individuals treated with a combination of clozapine and
lurasidone. The detailed clinical data are described separately for each patient. We compared the
Clinical Global Impression—Severity (CGI-S) scores between three points of observation: before
the treatment and one month and two months after its initiation. CGI Improvement (CGI-I) scores
were used to evaluate the treatment response between the first and last points of observation. The
vast majority of patients (14/16, 87.5%) responded to lurasidone augmentation of clozapine (CGI-I
scores 1 or 2). Therapeutic effects were observable after 3-12 weeks of treatment (median 6 (4-6)).
A reduction in CGI-S scores was observed after the first month of observation. There was an
observable reduction in positive, depressive and anxiety symptoms, as well as an improvement
in psychosocial functioning. Two patients discontinued treatment due to side effects. Our study
suggests that lurasidone augmentation of clozapine may lead to improvements in a broad range of
SZ symptom dimensions.

Keywords: clozapine resistance; treatment resistance; augmentation; schizophrenia

1. Introduction

Schizophrenia (SZ) is a chronic mental disorder presenting with a variety of symptoms
(positive, negative and cognitive) that can lead to the significant deterioration of psychoso-
cial functioning [1]. About 30-50% of SZ patients present treatment resistance, defined
as the occurrence of difficult-to-treat psychotic symptoms after at least two subsequential
trials of typical or atypical antipsychotics in monotherapy, with the use of a sufficient
dose, duration and adherence [2,3]. The only antipsychotic drug recommended by the
FDA for treatment-resistant SZ is clozapine, which consequently has been shown to be
superior to all other neuroleptics for this condition [4-6]. However, the efficacy of clozapine
monotherapy is far from optimal, as 40% to 70% of patients fail to respond or present only a
partial response to an adequate treatment with the use of this drug [7-10]. While combining
clozapine with other antipsychotics is commonly used in practice in order to overcome
the suboptimal effects of clozapine monotherapy, supporting data on the efficacy of such
combinations are based on low-quality studies (open-label studies or using observed case
data) [11]. In the latest meta-analysis of RCTs (randomized controlled trials) examining
treatment options for clozapine-resistant SZ, none of the assessed antipsychotics (quetiap-
ine, pimozide, risperidone, sertindole, ziprasidone, aripiprazole, sulpiride, amisulpride)
was observed to be superior to placebo [12]. Moreover, data evaluating the use of the
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new antipsychotics for this purpose, such as cariprazine and lurasidone, are limited to
case reports [13-16].

Lurasidone is a new-generation antipsychotic drug characterized by a high affinity
for dopamine (D) and serotonin 5-HT and 5-HT; receptors and a moderate affinity
for 5-HT1a and oy receptors [17]. Contrary to many second-generation antipsychotics,
this drug presents either no or minimal affinity for H;, M; and 5-HTyc receptors, which
are associated with sedation, increased weight and metabolic syndrome [18]. Multiple
RCTs proved the efficacy of this drug in SZ patients [19-22]. A pooled analysis of clinical
studies demonstrated that lurasidone treatment improves the full spectrum of SZ symp-
toms representing all five factors of the Positive and Negative Syndrome Scale (PANSS):
positive and negative symptoms, disorganization of thought, hostility /excitement and
depression/anxiety [23]. Moreover, it has been shown that this drug reveals promising
beneficial effects on cognitive impairments in SZ patients [24].

While there are many studies on the efficacy of the combination of clozapine with
other antipsychotic medications [25], to our best knowledge, there is only one report
evaluating the results of treatment with lurasidone and clozapine in treatment-resistant
SZ [16]. Arienti et al. (2021) presented two cases of SZ patients in whom this combination
was used to treat a relapse of psychosis. The patients presented a meaningful decrease in
the severity of positive and negative symptoms. Lurasidone augmentation of clozapine
showed a good tolerability profile. No major alterations were detected in blood tests or QTc,
and no extrapyramidal symptoms were observed during psychiatric hospitalization [16].

Due to the premises of the beneficial effect of the combination of these drugs, the pur-
pose of our study was to assess the effectiveness of lurasidone augmentation of clozapine
in treatment-resistant SZ by performing a retrospective chart review.

2. Materials and Methods

A retrospective chart review was performed to evaluate the effects of lurasidone aug-
mentation of clozapine in patients with difficult-to-treat SZ, according to the methodology
of our previous study [26]. A convenience sample strategy was applied as the sampling
method. All authors performed the data analysis. The dataset covered the medical records
(electronic and paper) of all patients diagnosed with SZ (in accordance with the ICD-10
criteria) treated in the Department of Adult Psychiatry of University Hospital in Cracow
between 2018 and 2022. Patients” data were chosen for the analysis if they met the inclusion
criteria: (1) diagnosis of schizophrenia; (2) age > 18 years old; (3) both sexes; (4) treatment
with a combination of clozapine and lurasidone. The exclusion criteria were (1) no follow-
up observations documented; (2) missing data relevant to the analysis. Figure 1 shows
a flow chart of the retrospective chart review. At the beginning of data abstraction, the
researchers were trained in order to establish a common procedure for the data analysis.
Regular meetings between the researchers were organized in order to discuss potential
doubts occurring during the abstraction process. In the case of missing or incomplete data,
we contacted the clinician who was taking care of the particular patient. Data-collecting
forms have been attached to this article (Annex 1). The medical records of 916 patients
diagnosed with SZ were analyzed. In this group, 112 patients were treated with clozapine,
of whom 91 were additionally receiving a second antipsychotic drug. In this group, we
identified 16 SZ patients receiving treatment with a clozapine and lurasidone combina-
tion. The inter-rater reliability was high: there were only several features on which the
researchers performing data abstraction disagreed, which gives Cohen’s kappa > 0.8 for
all variables. The disagreements were resolved by discussion with other researchers. The
intra-rater reliability was very high too and was assessed on a sample of 10 patients, for
which Cohen’s kappa was also excellent, with values > 0.8.
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n = 916: patients with the diagnosis of
schizophrenia

> n = 804: patients not treated with clozapine

n =112: patients treated with clozapine

n = 21: patients treated with clozapine, without

the use of other antipsychotic drugs

v

n = 91: patients treated with combination of
clozapine and the second antipsychotic drug

n = 75: patients treated with combination of

\4

clozapine and the second antipsychotic drug, other
than lurasidone.

v

n = 16: schizophrenia treated with the combination
of clozapine and lurasidone

Figure 1. Flow chart of retrospective chart review.

In the next step, data were extracted from the SZ patients” medical records through
the use of chart files in the form of an electronic table with the following data: age, sex,
duration of SZ treatment, number of previous ineffective pharmacotherapy trials before
introducing lurasidone augmentation of clozapine, antipsychotic drug used in combination
with clozapine before lurasidone, clozapine dose, somatic comorbidities, substance abuse,
psychiatric and nonpsychiatric drugs (and their doses) concomitantly used by the patients,
initial and final lurasidone doses, duration of lurasidone augmentation of clozapine treat-
ment, and observable effects of the use of this combination. We evaluated the data for the
presence of the following symptoms and conditions: residual positive symptoms, exacer-
bation of positive symptoms, negative symptoms, anxiety symptoms, suicidal ideations,
cognitive impairment, sexual dysfunctions, hyperprolactinemia, increased appetite and
weight/obesity, and glucose intolerance (features such as metabolic disorders, hyperpro-
lactinemia, and cognitive dysfunctions were selected due to the reported favorable profile
of the lurasidone effect on metabolic parameters and cognitive functions and a possible risk
of hyperprolactinemia [27,28]). Moreover, we retrospectively assessed the Clinical Global
Impression—Severity (CGI-S) scores before treatment initiation, at months 1, 2, and 3 and
then every three months. We evaluated the difference in CGI-S scores within the shortest
follow-up period common to all patients (2 months). Thus, mean CGI-S scores represent-
ing three observation points (before treatment initiation and one month and two months
after treatment initiation) were compared with the use of the repeated-measures ANOVA
test. We also analyzed differences in CGI-S scores across the first 6 months of observation.
Additionally, we calculated Clinical Global Impression—Improvement (CGI-I) scores in
order to assess the treatment response between the first and last points of observation. We
classified the patients as responding to lurasidone augmentation of clozapine if they were
given 1 or 2 points on the CGI-I scale (“Very much improved” or “Much improved”) at any
point of the follow-up. For each of the patients fulfilling the abovementioned criteria, we
present the number of weeks of treatment after which therapeutic effects were observable.
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3. Results

Detailed data extracted from the medical records of 16 patients are presented in
Table 1 and summarized in Table 2. Patients” ages ranged from 27 to 45 years (median 37.5
(28.25-41.5)). There were seven women and nine men. The median duration of the overall
SZ treatment was 12.5 years (7-16). All patients presented resistance to antipsychotic
treatment. The median number of previous ineffective pharmacotherapy trials prior to the
use of the clozapine and lurasidone combination was 5 (3.6-6.75). The characteristics of the
psychopathological symptoms and somatic conditions presented by the patients before the
initiation of lurasidone augmentation of clozapine are presented in Table 3.

Prior to the switch to lurasidone, 12 patients had had a trial of clozapine augmenta-
tion with another antipsychotic: amisulpride (five patients), aripiprazole (four patients),
cariprazine (one patient), haloperidol (one patient), and risperidone (one patient). Some
patients had had several trials of augmentation of clozapine with other antipsychotics
prior to introducing lurasidone: two patients had two previous trials, three had three trials,
three had four trials, one had five trials, two had six trials and one had seven trials. In
two cases, lurasidone was initially used in combination with olanzapine, with a subsequent
switch from olanzapine to clozapine. In one case, the patient used aripiprazole alongside
olanzapine prior to the switch to the lurasidone and clozapine combination. The mean daily
dose of clozapine combined with lurasidone was 326.6 & 147.3 mg (dose range 50-500 mg).
In every case, the initial lurasidone dose was 37 mg. The final dose ranged from 37 to
148 mg (mean 104.1 & 41 mg). The duration of the combined treatment lasted between 2
and 38 months (median 8.5 (4-14)).

We evaluated the difference in CGI-S scores within the shortest follow-up period
common to all patients (2 months). We compared the global severity of patients” symp-
toms between the three points of observation: before the treatment and one month and
two months after its initiation. The data met the assumption of the repeated-measures
ANOVA test, as the residuals follow a normal distribution, which was assessed with the
Shapiro-Wilk Test (p = 0.425), and Mauchly’s test showed that the assumption of sphericity
was not violated (x2(2) = 3.292, p = 0.193). The repeated-measures ANOVA test indicated
that there is a significant difference in the CGI-S scores between the three measurement
points (F(2, 30) = 36.5, p < 0.001), with a mean of 6 £ 0.73 before the treatment, 4.88 = 1.09 af-
ter the first month and 4.31 & 1.49 after the second month of the trial. The partial effect size
np2 is 0.7087 (treatment effect size). The post hoc paired t-test using a Bonferroni-corrected
o = 0.017 indicated significant differences in CGI-S scores between the abovementioned
points of observation, as presented in Figure 2.

We also assessed differences in CGI-S scores across the first 6 months of observation.
Five points of measurement were included: baseline and after 1, 2, 3 and 6 months. The
assumptions of repeated-measures ANOVA were met: the residuals followed a normal
distribution (assessed by the analysis of z-scores for skewness and kurtosis: all absolute
values were <1.96), and Mauchly’s test indicated a lack of violation of the assumption of
sphericity (x2(9) = 8.798, p = 0.465). The repeated-measures ANOVA test demonstrated
significant differences in the CGI-S scores across the five time points (F(4, 40) = 18.5,
p < 0.001), with a mean and standard deviation of 6 = 0.73 at baseline, 4.88 £ 1.09 after the
first month, 4.31 & 1.49 after two months, 4 4= 1.35 after three months and 4.27 + 1.56 after
six months. The effect size measured by the partial effect size np2 was 0.649. The post hoc
tests with Bonferroni correction showed statistically significant differences in CGI-S scores
between baseline and all follow-up time points, as presented in Figure 3.
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Table 1. Detailed description of schizophrenia patients treated with lurasidone augmentation of clozapine. The table has been attached as a separate file to make it
easier to view, Table S1.

Case Numbers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Age 27 42 42 35 37 45 40 38 36 42 28 29 23 40 27 38
Sex M M F F M F M F F F M M M M M F
Duration of 4 2 13 12 18 16 16 10 14 20 7 3 7 16 1 12
illness
Number of
previous
ineffective
pharmacother-
apy trials prior 4 3 5 6 3 2 7 5 4 6 7 7 2 5 2 8
to the use of
clozapine
+lurasidone
combination
Dose of
clozapine that
was combined 500 mg 450 mg 325mg 300 mg 300 mg 500mg 100 mg 50 mg 400 mg 425 mg 300 mg 500 mg 375 mg 100 mg 400 mg 200 mg
with
lurasidone
Initially . . .
Antipsychotic lurasidone + Aripi Amlsul.pnde * Olan@pme *
o . S . ripiprazole + lurasidone lurasidone
used in olanzapine, Amisulpride Haloperidol . . . . . . .
B N . . Risperidone Amisulpride . . . . . . o olanzapine (with (with
combination subsequent Amisulpride 600 mg 3mg Amisulpride Aripiprazole Aripiprazole Cariprazine Aripiprazole . . X N .
. . 4mg 400 mg Amisulpride prior to switch subsequent subsequent Aripiprazole
with clozapine gradual 300 mg 600 mg 15mg 30 mg 4,5mg 30 mg . X X
N . 4 to clozapine switch from switch from
prior to switch switch from N . . .
X . +lurasidone amisulpride to olanzapine to
to lurasidone olanzapine . .
. clozapine) clozapine)
to clozapine
Obesity, Chronic
hypercholes- .
. myeloid
Somatic L. terolem)g, . leukemia, . .
comorbidities - - - Hypothyroidism hyip:r:ei: séon, - - Diabetes - - - - hypercholes- - Hyperprolactinemia
gl\P:‘cosee terolemia,
tolerance obesity
Addictions 7 F10 . . F19 . . . . 7 . F17,F12in . . . .
(ICD-10 code) In remission In remission remission
Other Biperiden 6mg
pSyCl:\OtIF)plC Lamotrigine Pregabalin (dueto o
medications . = . . trapyramidal .
Pregabalin 150 mg, Vortioxetine 300 mg, Pregabalin
used at the . > L - symptoms .
. . 600 mg, vortioxetine Lamotrigine Trazodone 10 mg, lorazepam Biperiden : 150 mg, sertraline
time of adding - - > - - o - during - - - I
the vortioxetine 10mg 100 mg 100 mg lamotrigine 2mg, 4mg antipsychotic 100 mg (anxiolytic
. . 10mg Opipramol 200 mg/d Biperiden treatment)
antipsychotic treatment),
150 mg 4mg -
(reason for Lamotrigine
their use) 100 mg
Rosuvastatin
40 mg,
Nonpsychiatric clofibrate
medications Bisoprolol ~ B Levothyroxine fenofibrate Lamotrigine Metformin Bisoprolol _ Propranolol B Nilotinib _ Propranolol
(with daily 5mg 125 ug 215 mg, 175 mg 1000 mg 5mg 40 mg/d 800 mg/d 30 mg/d
doses) nebivolol 5 mg,
metformin
1000 mg
Inl]:;aq]jdo;::f 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg 37 mg
Final dose of
lurasidone 148 mg 148 mg 148 mg 37 mg 74 mg 74 mg 148 mg 37 mg 74 mg 74 mg 111 mg 74 mg 148 mg 148 mg 111 mg 111 mg
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Table 1. Cont.

Case Numbers 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Duration of
the combined
treatment 14 14 38 8 12 18 6 4 4 2 2 4 9 17 3 12
(clozapine +
lurasidone), in
months
7 5 6 5 5 7 6 5 6 6 7 6 6 6 7 6
5 2 3 1 4 5 3 4 5 5 5 5 5 4 5 4
2 1 1 2 3 2 1 1 2 2 2 3 2 2 2 2
Number of
weeks until the
observable 4 5 3 4 6 12 8 6 8 4 6 6 8 6 4 4
therapeutic
effect was
achieved
Normalization
of prolactin,
glucose and
HbAT1 levels;
Complete Py
o Possibility of
remission after X -
. clozapine daily Improvement
2 months of N B
. X dose reduction Improvement Moderate in mood,
Remission of the combined . . . P
, from 300 to in affective improvement reduction in
sexual treatment (in N . L
P . 225 mg; symptoms, in positive positive
Reduction in dysfunctions all symptom . Improved: SN
- ! Weight N better symptoms and symptoms and Significant
positive (decreased domains); N emotional 3 . I
. reduction L modulation of level of anxiety, reduction in
symptoms, libido and Marked reactivity, A s .
L . L (from 145 to affect, activity (the remission of positive
remission of erectile dys- reduction in psychomotor L o . s
. N - 134 kg for o significant Significant patient was P suicidal symptoms and
anxiety, functions); positive ) drive, P A A Improvement Reduction in s
. - Further 5 weeks); R reduction in reduction in more willing b thoughts and anxiety level,
mood im- Remission of symptoms, motivation to L . . . in mood, frequency and N .
. o gradual After - Significant positive positive to participate I . - behaviors; improved level of
provement; depressive . greater pursue . Improvement ] reduction in intensity of SN
. . improvement . 10 months, i improvement, S . symptoms symptoms and in ward . it After 3 months functioning;
Effects of the the patient and anxiety emotional activities, N Significant in mood, level E . . positive positive
o throughout the L recurrence of N A less anxiety; L (delusions and anxiety. The activities, of treatment, Due to
addition of was more symptoms; . stability, s spontaneity; . mood of activity, . : symptoms, symptoms, . .
. L duration of depressive 7 the patient . . . hallucina- patient made contacts . the patient symptomatic hy-
lurasidone eager to Reduction in decreased Overall improvement. intensity of . . . decreased improved level . . . H
. . s treatment; . symptoms— . returned to R tions), decided to with other h discontinued perprolactinemia
make social intensity of level of anxiety X improvement hallucinations. . . level of of social and .
N Returned to ; treated with . P work. improved level start treatment patients). ) . the (with
contacts and ideas of and excessive in functioning L X anxiety, more occupational S
. work. . 60 mg of . of functioning: in a day care Due to ex- . L medications galactorrhea),
decided to reference; worrying, . and social . H . social contacts. functioning . N
. duloxetine, ; . the patient unit. trapyramidal without lurasidone was
start Improved improved level . interaction. R X . X
. o without - was planning symptoms consulting discontinued and
treatment in level of of activity; . Normalization B . N N
P P worsening of to return to (tremor in with his doctor switched to
a day care functioning. Stabilization of . of the X R .
. . 8 positive . work, was upper limbs), (the patient aripiprazole.
unit. The patient weight; prolactin level. . "
symptoms; more eager to lurasidone presented little
returned to Overall N . A
- . Partial make social was insight into the
work activity. improvement . . N . .
7 . S improvement contacts. discontinued. disease and his
in functioning B
. in sexual symptoms).
and social .
interactions. functions;
. Weight
reduction

(from 144 to
121 kg).
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Table 2. Summarized description of the schizophrenia patient group treated with lurasidone aug-
mentation of clozapine.

Treatment-Resistant SZ Patients Undergoing Lurasidone
Augmentation of Clozapine Treatment (n = 16)

Age (median number of years, (25th
percentile-75th percentile)) 375 (2825-41.5)

Sex (women/men) 7/9
Duration of SZ treatment (median number of weeks, (25th

percentile-75th percentile)) 125 (7-16)
Number of previous unsuccessful pharmacotherapies before 5
. . . . . (3-6.75)
introducing lurasidone augmentation of clozapine
Initial lurasidone dose (mean mg, (SD)) 37 (0)
Final lurasidone dose (mean mg, (SD)) 104.1 (41)
Clozapine dose (mean mg, (SD)) 326.6 (147,3)
CGI-S baseline (mean (SD)) 6 (0.73)
CGI-S final (mean (SD)) 4.19 (1.33)
CGI-I (mean (SD)) 1.88 (0.62)
Duration of lurasidone augmentation of clozapine treatment
(median number of weeks, (25th 8.5 (4-14)
percentile-75th percentile))
Number of weeks of treatment until observable therapeutic
effect (median, (25th 6 (4-6)
percentile-75th percentile))
Number of patients responding to treatment (n, (%)) 14 (87.5%)
Discontinuation of treatment due to the side effects (n, (%)) 2 (12.5%)
Discontinuation without prior medical advice (n, (%)) 1 (6.25%)

Table 3. Characteristics of the psychopathological symptoms and somatic conditions presented by
schizophrenia patients before initiation of lurasidone augmentation of clozapine.

Case Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Residual positive symptoms X X X X X X X X X X X X
Exacer];;’;(;i Oorfn Eositive X X X X X
Negative symptoms X X X X X X
Depressive symptoms X X X X X X X X
Anxiety X X X X X X X X
Suicidal thoughts X X
Cognitive dysfunctions X X X
Sexual dysfunctions X X X
Hyperprolactinemia X X X X
incesedspetie nd oy <X x :
Disorders of glucose metabolism X X

Therapeutic effects were observable after 3-12 weeks of treatment (median 6 (4-6)).
Fourteen patients (87.5%) showed a response to the treatment (CGI-I scores of 1 or 2, and a
CGI-S reduction of 2 points). Two patients (12.5%) showed minimal global improvement.
Data extracted from medical records indicated that patients presented an observable reduc-
tion in positive symptoms (10 patients), anxiety (7 patients), affective symptoms (7 patients)
and sexual dysfunctions (2 patients in whom lurasidone was introduced after discontinu-
ation of risperidone and amisulpride). Improvements in psychosocial functioning were
observed in nine individuals, and four patients returned to work. A positive effect on
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weight (stabilization or its reduction) was shown in two patients in whom lurasidone re-
placed haloperidol and risperidone. Two patients achieved a normalization of the prolactin
level (after switching from risperidone and amisulpride to lurasidone), and in the case of
one patient, there was an observable stabilization of glucose levels (after risperidone was
replaced by lurasidone). In three patients, the treatment was discontinued: two patients
due to the side effects (hyperprolactinemia with galactorrhea or extrapyramidal symptoms).
One patient stopped the treatment without prior medical advice.
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Figure 2. Comparison of Clinical Global Impression—Severity (CGI-S) between three points of
observation: before the treatment and one month and two months after the initiation of lurasidone
augmentation of clozapine in a group of 16 patients with schizophrenia. * p < 0.05, *** p < 0.001.
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Figure 3. Comparison of Clinical Global Impression—Severity (CGI-S) between five points of obser-
vation: before the treatment, one month, two months, three months and six months after the initiation
of lurasidone augmentation of clozapine in a group of 11 patients with schizophrenia. ** p < 0.01;
k%

p < 0.001.
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4. Discussion

In this study, we performed the first retrospective chart review of lurasidone augmen-
tation of clozapine treatment effects in a group of treatment-resistant SZ patients. We have
provided a detailed clinical description of 16 SZ individuals treated with the use of this
combination for a period from 2 to 38 months. Our results showed a significant reduction
in overall illness severity after the first and second months of this treatment. The vast
majority of patients (14/16, 87.5%) responded to lurasidone augmentation of clozapine,
presenting an observable reduction in positive, depressive and anxiety symptoms, as well
as improvements in psychosocial functioning.

The results of our retrospective chart review show that the overwhelming majority of
patients (91 out of 112 (81.25%)) using clozapine required its augmentation with another
antipsychotic. So far, the largest number of published studies evaluated the use of clozapine
in combination with risperidone, aripiprazole and amisulpride; however, the majority of
the analysis concluded that augmentation of clozapine with a second antipsychotic has a
modest or little clinical effect [10,29-31].

Even though lurasidone gained approval for the treatment of schizophrenia in adult
patients in the United States in 2010 [32], there is only one study evaluating the effects of
lurasidone augmentation of clozapine in this clinical group. Arienti et al. (2021) presented
a case report of two SZ patients treated with the use of this combination [16]. The authors
used PANSS to assess general psychopathology, both at the baseline and at discharge. The
first case presented was a 44-year-old male, with the onset of SZ symptoms at the age of 22.
The patient presented persistent negative symptoms, such as autistic withdrawal, abulia,
flattened affect and anhedonia with significant impairment in psychosocial functioning.
There were four ineffective antipsychotic treatment trials in the past (haloperidol, quetiap-
ine, clotiapine and paliperidone). During the exacerbation of positive symptoms and an
episode of psychomotor agitation, clozapine monotherapy was introduced at a daily dose
of 500 mg. During the next recurrence of positive symptoms, clozapine was augmented
with lurasidone titrated up to 74mg daily. The treatment resulted in a significant reduction
in those symptoms, with a partial clinical response. During another psychotic episode, the
patient’s positive and negative symptoms gradually decreased when the dose was titrated
up to 148 mg daily. The second case presented was a 54-year-old male with a 34-year course
of SZ. There were four ineffective antipsychotic trials in the past (olanzapine, risperidone
and quetiapine). Six years after a good clinical response to clozapine, which was used
at doses up to 300 mg daily, positive symptoms recurred. Augmentation of clozapine
with lurasidone titrated up to 74 mg resulted in a reduction in symptoms in the positive,
negative and affective domains and a decrease in cognitive impairment after 7 days of
treatment. None of the abovementioned patients presented marked side effects associated
with the use of that combination.

Our study adds further evidence for the beneficial effects of lurasidone augmentation
of clozapine in a group of 16 SZ patients. The cases described in our retrospective chart
review presented treatment resistance to a median of five previous ineffective trials. More-
over, contrary to the work of Arienti et al. in 2021, patients were also resistant to common
strategies for augmentation of clozapine [11,16] with the use of different antipsychotic
drugs: amisulpride (five patients), aripiprazole (four patients), haloperidol (one patient)
and risperidone (one patient). Out of 16 patients, 14 (87.5%) responded to the add-on of
lurasidone (daily dose range 37-148 mg, median 104,1 mg) for augmentation of clozapine
(daily dose range 50-500 mg, median 326.56 mg) treatment after a median of 6 weeks. Sig-
nificant improvement in the global illness severity reflected in CGI-S scores was observable
after one month of treatment, with further amelioration in the second month. As in the
cases presented by Arienti et al. in 2021, a significant reduction in positive symptoms was
noticed during pharmacotherapy with the use of this combination in our study [16]. This
improvement was observed in the case of 10 patients. Moreover, an observable decrease in
the severity of anxiety (seven patients) and affective symptoms (seven patients), as well as
sexual dysfunctions (two patients), was described. Although the analyzed medical records
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did not directly describe a reduction in negative symptoms, a noticeable improvement in
psychosocial functioning was observed in the case of nine individuals; e.g., patients were
more willing to participate in ward activities and more eager to make social contacts, and
four of them went back to work.

Lurasidone augmentation of clozapine was relatively well tolerated among the ana-
lyzed cases. Two out of sixteen patients were required to discontinue the treatment due to
side effects. The first of them developed hyperprolactinemia with galactorrhea, and the
second one revealed significant extrapyramidal symptoms. No hematological side effects
were observed in blood tests performed during the period of observation. Additionally,
it is noteworthy that in one case, the add-on of lurasidone resulted in the possibility of
reducing the daily clozapine dose from 300 to 225 mg. During the treatment, this patient
presented the normalization of prolactin, glucose and HbA1 levels and achieved a weight
reduction from 145 to 134 kg during 5 weeks of treatment. Further studies are required to
evaluate the side effects, as well as positive metabolic effects, of lurasidone augmentation
of clozapine treatment.

Both a partial explanation of our positive preliminary results and the justification for
further studies may be the significant pharmacodynamic complementarity of clozapine
and lurasidone, as well as the high level of safety of lurasidone, making their combination a
rational pharmacotherapeutic option. Both medications act as antagonists of D,, 5HT7 and
oy receptors, but lurasidone’s affinity is much higher. Lurasidone’s affinity for 5HT} 4 is also
significantly higher than clozapine’s. On the other hand, contrary to clozapine, lurasidone
has negligible affinity for histamine H;, dopamine D;, serotonin 5HT,c, adrenergic «; and
different subtypes of muscarinic receptors [33-35].

We are aware of the limitations of our study: (a) a relatively small number of cases,
(b) heterogeneity of the studied population, e.g., variability in the treatment duration, (c)
different doses of clozapine used and no access to clozapine blood levels for most of the
patients. Apart from CGI-S and CGI-I, we did not use specific clinical tools to evaluate
positive, negative, anxiety and affective symptoms or measures of psychosocial functioning.
Data about the improvement in the abovementioned areas were derived from patients’
medical records. Due to the abovementioned limitations, no strong conclusions can be
drawn. However, due to the significant research gap on this subject, we believe our study
provides valuable information that can be used in future randomized controlled trials
evaluating the effects of lurasidone augmentation of clozapine.

5. Conclusions

Our retrospective chart review provides the largest up-to-date evaluation of lurasidone
augmentation of clozapine in patients with treatment-resistant SZ in a “real-world” setting.
The vast majority of patients responded to the add-on of lurasidone and did not present
noticeable side effects. The use of the abovementioned combination was associated with
a reduction in positive, depressive and anxiety symptoms, as well as improvements in
psychosocial functioning. There is a strong need to create well-designed clinical studies
evaluating the efficacy of new strategies for clozapine augmentation in treatment-resistant
SZ. Future studies are required to verify the usability of the lurasidone and clozapine
combination in the treatment of this disorder.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/brainsci13030445/s1. Table S1: Detailed description of schizophre-
nia patients treated with lurasidone augmentation of clozapine. Annex1: Data-collecting forms.

Author Contributions: Conceptualization, M.S. and D.D.; methodology, M.S., D.D., A.G. and A.A.C,;
formal analysis: A.G. and A.A.C,; investigation, A.G., PK., M.S. and D.D.; data curation, A.G. and
PK.; writing—original draft preparation, A.A.C., M.S. and A.G.; writing—review and editing, A.G.,
PK., A.A.C,, M.S. and D.D,; visualization, A.G.; supervision, D.D. and M.S. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/brainsci13030445/s1
https://www.mdpi.com/article/10.3390/brainsci13030445/s1

Brain Sci. 2023, 13, 445 11 of 12

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Data are unavailable due to privacy or ethical restrictions.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Suttajit, S.; Arunpongpaisal, S.; Srisurapanont, M.; Thavichachart, N.; Kongsakon, R.; Chantakarn, S.; Chantarasak, V.; Jariyavilas,
A.; Jaroensook, P; Kittiwattanagul, K.; et al. Psychosocial Functioning in Schizophrenia: Are Some Symptoms or Demographic
Characteristics Predictors across the Functioning Domains? Neuropsychiatr. Dis. Treat. 2015, 11, 2471-2477. [CrossRef]

Correll, C.U.; Howes, O.D. Treatment-Resistant Schizophrenia: Definition, Predictors, and Therapy Options. . Clin. Psychiatry
2021, 82, MY20096 AH1C. [CrossRef] [PubMed]

Nucifora, F.C.; Woznica, E.; Lee, B.J.; Cascella, N.; Sawa, A. Treatment Resistant Schizophrenia: Clinical, Biological, and
Therapeutic Perspectives. Neurobiol. Dis. 2019, 131, 104257. [CrossRef]

Siskind, D.; McCartney, L.; Goldschlager, R.; Kisely, S. Clozapine v. First- and Second-Generation Antipsychotics in Treatment-
Refractory Schizophrenia: Systematic Review and Meta-Analysis. Br. J. Psychiatry 2016, 209, 385-392. [CrossRef] [PubMed]
Kane, J.; Honigfeld, G.; Singer, ].; Meltzer, H. Clozapine for the Treatment-Resistant Schizophrenic. A Double-Blind Comparison
with Chlorpromazine. Arch. Gen. Psychiatry 1988, 45, 789-796. [CrossRef]

Chakos, M.; Lieberman, J.; Hoffman, E.; Bradford, D.; Sheitman, B. Effectiveness of Second-Generation Antipsychotics in Patients
with Treatment-Resistant Schizophrenia: A Review and Meta-Analysis of Randomized Trials. Am. J. Psychiatry 2001, 158, 518-526.
[CrossRef] [PubMed]

Rajkumar, A.P,; Poonkuzhali, B.; Kuruvilla, A.; Jacob, M.; Jacob, K.S. Clinical Predictors of Serum Clozapine Levels in Patients
with Treatment-Resistant Schizophrenia. Int. Clin. Psychopharmacol. 2013, 28, 50-56. [CrossRef]

McCutcheon, R.; Beck, K.; Bloomfield, M.A.P.; Marques, T.R.; Rogdaki, M.; Howes, O.D. Treatment Resistant or Resistant to
Treatment? Antipsychotic Plasma Levels in Patients with Poorly Controlled Psychotic Symptoms. J. Psychopharmacol. 2015, 29,
892-897. [CrossRef]

Sagud, M. Treatment-Resistant Schizophrenia: Challenges and Implications for Clinical Practice. Psychiatr. Danub. 2015, 27,
319-326. [PubMed]

Chakrabarti, S. Clozapine Resistant Schizophrenia: Newer Avenues of Management. World J. Psychiatry 2021, 11, 429-448.
[CrossRef]

Wagner, E.; Lohrs, L.; Siskind, D.; Honer, W.G.; Falkai, P.; Hasan, A. Clozapine Augmentation Strategies—A Systematic Meta-
Review of Available Evidence. Treatment Options for Clozapine Resistance. J. Psychopharmacol. 2019, 33, 423-435. [CrossRef]
Yeh, T.C.; Correll, C.U,; Yang, EC.; Chen, M.H,; Tseng, P.T.; Hsu, C.W.; Carvalho, A.E,; Stubbs, B.; Thompson, T.; Chu, C.S,; et al.
Pharmacological and Nonpharmacological Augmentation Treatments for Clozapine-Resistant Schizophrenia: A Systematic
Review and Network Meta-Analysis with Normalized Entropy Assessment. Asian J. Psychiatr. 2023, 79, 103375. [CrossRef]
[PubMed]

Weise, J.; Schomerus, G.; Speerforck, S. Add-on Cariprazine in Patients with Long-Term Clozapine Treatment and Treatment
Resistant Schizophrenia: Two Cases of Psychotic Deterioration and Pisa Syndrome. Clin. Psychopharmacol. Neurosci. 2022, 20,
398-401. [CrossRef] [PubMed]

Oloyede, E.; Clark, I.; Mace, S.; Whiskey, E.; Taylor, D. Clozapine Augmentation with Cariprazine for Negative Symptoms: A
Case Series and Literature Review. Ther. Adv. Psychopharmacol. 2022, 12, 204512532110666. [CrossRef]

de Berardis, D.; Rapini, G.; Olivieri, L.; Giardini, A.; de Lauretis, I.; Serroni, N.; Orsolini, L.; Fornaro, M.; Iasevoli, E; Trotta, S.; et al.
Cariprazine Add-on in Inadequate Clozapine Response: A Report on Two Cases. Clin. Psychopharmacol. Neurosci. 2021, 19,
174-178. [CrossRef] [PubMed]

Arienti, V.; Basetti, N.; Civardi, S.; Brondino, N.; Politi, P; Olivola, M. Lurasidone Augmentation of Clozapine in Refractory
Schizophrenia: A Case Report. Int. J. Clin. Stud. Med. Case Rep. 2021, 13, 002. [CrossRef]

Siwek, M.; Krupa, A.J.; Wasik, A. Lurasidone—Pharmacodynamic and pharmacokinetic properties, clinical potential and
interaction risk. Pharmacother. Psychiatry Neurol. 2020, 362, 117-134. [CrossRef]

Ishibashi, T.; Horisawa, T.; Tokuda, K.; Ishiyama, T.; Ogasa, M.; Tagashira, R.; Matsumoto, K.; Nishikawa, H.; Ueda, Y,;
Toma, S.; 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, 171-181. [CrossRef]

Heeboll, S.; Kreuzfeldt, M.; Hamilton-Dutoit, S.; Kjeer Poulsen, M.; Stedkilde-Jergensen, H.; Meoller, H.].; Jessen, N.; Thorsen, K,;
Kristina Hellberg, Y.; Bonlokke Pedersen, S.; et al. Placebo-Controlled, Randomised Clinical Trial: High-Dose Resveratrol
Treatment for Non-Alcoholic Fatty Liver Disease. Scand. ]. Gastroenterol. 2016, 51, 456—463. [CrossRef]

Nakamura, M.; Ogasa, M.; Guarino, J.; Phillips, D.; Severs, J.; Cucchiaro, J.; Loebel, A. Lurasidone in the Treatment of Acute
Schizophrenia: A Double-Blind, Placebo-Controlled Trial. J. Clin. Psychiatry 2009, 70, 829-836. [CrossRef]


http://doi.org/10.2147/NDT.S88085
http://doi.org/10.4088/JCP.MY20096AH1C
http://www.ncbi.nlm.nih.gov/pubmed/34496461
http://doi.org/10.1016/j.nbd.2018.08.016
http://doi.org/10.1192/bjp.bp.115.177261
http://www.ncbi.nlm.nih.gov/pubmed/27388573
http://doi.org/10.1001/archpsyc.1988.01800330013001
http://doi.org/10.1176/appi.ajp.158.4.518
http://www.ncbi.nlm.nih.gov/pubmed/11282684
http://doi.org/10.1097/YIC.0b013e32835ac9da
http://doi.org/10.1177/0269881115576688
http://www.ncbi.nlm.nih.gov/pubmed/26400145
http://doi.org/10.5498/wjp.v11.i8.429
http://doi.org/10.1177/0269881118822171
http://doi.org/10.1016/j.ajp.2022.103375
http://www.ncbi.nlm.nih.gov/pubmed/36470132
http://doi.org/10.9758/cpn.2022.20.2.398
http://www.ncbi.nlm.nih.gov/pubmed/35466111
http://doi.org/10.1177/20451253211066642
http://doi.org/10.9758/cpn.2021.19.1.174
http://www.ncbi.nlm.nih.gov/pubmed/33508803
http://doi.org/10.46998/ijcmcr.2021.13.000317
http://doi.org/10.33450/10.33450/fpn.2020.06.002
http://doi.org/10.1124/jpet.110.167346
http://doi.org/10.3109/00365521.2015.1107620
http://doi.org/10.4088/JCP.08m04905

Brain Sci. 2023, 13, 445 12 of 12

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Meltzer, H.Y.; Cucchiaro, J.; Silva, R.; Ogasa, M.; Phillips, D.; Xu, J.; Kalali, A.H.; Schweizer, E.; Pikalov, A.; Loebel, A. Lurasidone
in the Treatment of Schizophrenia: A Randomized, Double-Blind, Placebo- and Olanzapine-Controlled Study. Am. J. Psychiatry
2011, 168, 957-967. [CrossRef] [PubMed]

Loebel, A.; Cucchiaro, J.; Sarma, K.; Xu, L.; Hsu, C.; Kalali, A.H.; Pikalov, A.; Potkin, S.G. 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, 101-109. [CrossRef]

Loebel, A.; Cucchiaro, J.; Silva, R.; Mao, Y.; Xu, J.; Pikalov, A.; Marder, S.R. Efficacy of Lurasidone across Five Symptom
Dimensions of Schizophrenia: Pooled Analysis of Short-Term, Placebo-Controlled Studies. Eur. Psychiatry 2015, 30, 26-31.
[CrossRef] [PubMed]

Harvey, P.D,; Siu, C.O.; Ogasa, M.; Loebel, A. Effect of Lurasidone Dose on Cognition in Patients with Schizophrenia: Post-Hoc
Analysis of a Long-Term, Double-Blind Continuation Study. Schizophr. Res. 2015, 166, 334-338. [CrossRef] [PubMed]

Taylor, D.M.; Smith, L.; Gee, S.H.; Nielsen, J. Augmentation of Clozapine with a Second Antipsychotic—A Meta-Analysis. Acta
Psychiatr. Scand. 2012, 125, 15-24. [CrossRef] [PubMed]

Siwek, M.; Chrobak, A.A.; Gorostowicz, A.; Krupa, A.].; Dudek, D. Withdrawal Symptoms Following Discontinuation of
Vortioxetine—Retrospective Chart Review. Pharmaceuticals 2021, 14, 451. [CrossRef]

Siwek, M.; Gorostowicz, A. Lurasidone in Therapy of Treatment-Resistant Ultra-Rapid Cycling Bipolar Disorder: Case Report.
Clin. Psychopharmacol. Neurosci. 2021, 19, 568. [CrossRef]

Caccia, S.; Pasina, L.; Nobili, A. Critical Appraisal of Lurasidone in the Management of Schizophrenia. Neuropsychiatr. Dis. Treat.
2012, 8, 155. [CrossRef]

Lally, J.; Gaughran, F. Treatment Resistant Schizophrenia—Review and a Call to Action. Ir. J. Psychol. Med. 2019, 36, 279-291.
[CrossRef]

Miyamoto, S.; Jarskog, L.F.; Fleischhacker, W.W. Schizophrenia: When Clozapine Fails. Curr. Opin. Psychiatry 2015, 28, 243-248.
[CrossRef]

Siskind, D.; Siskind, V.; Kisely, S. Clozapine Response Rates among People with Treatment-Resistant Schizophrenia: Data from a
Systematic Review and Meta-Analysis. Can. ]. Psychiatry 2017, 62, 772-777. [CrossRef] [PubMed]

Latuda®(Lurasidone HCI) Tablets; Sunovion Pharmaceuticals Inc.: Marlborough, MA, USA. 2013. Available online: Http:
/ /www.latuda.com/LatudaPrescribingInformation.Pdf (accessed on 28 January 2023).

Meltzer, H.Y.; Share, D.B.; Jayathilake, K.; Salomon, R.M.; Lee, M. A. Lurasidone Improves Psychopathology and Cognition in
Treatment-Resistant Schizophrenia. J. Clin. Psychopharmacol. 2020, 40, 240. [CrossRef] [PubMed]

Miyauchi, M.; Neugebauer, N.M.; Meltzer, H.Y. Dopamine D4 Receptor Stimulation Contributes to Novel Object Recognition:
Relevance to Cognitive Impairment in Schizophrenia. J. Psychopharmacol. 2017, 31, 442-452. [CrossRef] [PubMed]

Mauri, M.C.; Paletta, S.; Maffini, M.; Colasanti, A.; Dragogna, E.; Di Pace, C.; Altamura, A. Clinical pharmacology of atypical
antipsychotics: An update. EXCLI J. 2014, 13, 1163-1191. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1176/appi.ajp.2011.10060907
http://www.ncbi.nlm.nih.gov/pubmed/21676992
http://doi.org/10.1016/j.schres.2013.01.009
http://doi.org/10.1016/j.eurpsy.2014.08.001
http://www.ncbi.nlm.nih.gov/pubmed/25280429
http://doi.org/10.1016/j.schres.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26117157
http://doi.org/10.1111/j.1600-0447.2011.01792.x
http://www.ncbi.nlm.nih.gov/pubmed/22077319
http://doi.org/10.3390/ph14050451
http://doi.org/10.9758/cpn.2021.19.3.568
http://doi.org/10.2147/NDT.S18059
http://doi.org/10.1017/ipm.2018.47
http://doi.org/10.1097/YCO.0000000000000159
http://doi.org/10.1177/0706743717718167
http://www.ncbi.nlm.nih.gov/pubmed/28655284
Http://www.latuda.com/LatudaPrescribingInformation.Pdf
Http://www.latuda.com/LatudaPrescribingInformation.Pdf
http://doi.org/10.1097/JCP.0000000000001205
http://www.ncbi.nlm.nih.gov/pubmed/32332459
http://doi.org/10.1177/0269881117693746
http://www.ncbi.nlm.nih.gov/pubmed/28347261
http://www.ncbi.nlm.nih.gov/pubmed/26417330

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

