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Abstract:

Purpose/Background: In addition to clozapine, other atypical antipsy-
chotic drugs pharmacologically similar to clozapine, for example, olanzapine,
risperidone, and melperone, are also effective in a similar proportion of
treatment-resistant schizophrenia (TRS) patients, ~40%. The major goal
of this study was to compare 2 doses of lurasidone, another atypical anti-
psychotic drug, and time to improvement in psychopathology and cogni-
tion during a 6-month trial in TRS patients.

Methods/Procedures: The diagnosis of TRS was based on clinical history
and lack of improvement in psychopathology during a 6-week open trial of
lurasidone 80 mg/d (phase 1). This was followed by a randomized, double-
blind, 24-week trial of lurasidone, comparing 80- and 240-mg/d doses (phase 2).
Findings/Results: Significant non-dose-related improvement in the
Positive and Negative Syndrome Scale—Total and subscales and in 2 of 7
cognitive domains, speed of processing and executive function, were noted.
Twenty-eight (41.8%) of 67 patients in the combined sample improved 220%
in the Positive and Negative Syndrome Scale—Total. Of the 28 responders,
19 (67.9%) first reached 220% improvement between weeks 6 and 24 during
phase 2, including some who had previously failed to respond to clozapine.
Implications/Conclusions: Improvement with lurasidone is compara-
ble with those previously reported for clozapine, melperone, olanzapine,
and risperidone in TRS patients. In addition, this study demonstrated that
80 mg/d lurasidone, an effective and tolerable dose for non-TRS patients,
was also effective in TRS patients but required longer duration of treatment.
Direct comparison of lurasidone with clozapine in TRS patients is indicated.
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n accepted definition of treatment-resistant schizophrenia

(TRS), which is estimated to include ~30% of schizophrenia
patients, is persistent moderate-to-severe delusions and/or halluci-
nations, despite 2 or more trials of at least 6 weeks in duration, with
either typical (T) or atypical (A) antipsychotic drugs (APDs).!=
Clozapine, the only AAPD approved for TRS achieved 220% im-
provement in the Brief Psychiatric Rating Scale*—Total in 30%
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of TRS patients within 6 weeks,! with 60% to 70% response rates
in trials lasting 6 to 48 months.>~'° Thirty percent of TRS patients
experience little or no benefit from clozapine.>™'* Other AAPDs,
for example, melperone,'* olanzapine,”'* oral risperidone,'*'> long-
acting injectable risperidone, '° aripiprazole,'” and quetiapine,'>'®
which are safer in some respect than clozapine, have also been re-
ported to be effective in subgroups of TRS patients. Response to
these AAPDs, as well as clozapine, required 6 months or even lon-
ger treatment in 30% to 50% of these patients.>”!*"'® Two recent
meta-analyses published since the completion of this study exam-
ined the comparative efficacy of clozapine and other AAPDs in
TRS, with attention to the issue of duration of treatment and
dose.'*?° These will be discussed subsequently.

There is some evidence that the average doses of AAPDs
needed for improvement in psychopathology in TRS patients are
significantly higher than those for non-TRS patients.”"'* For ex-
ample, in a blinded study of olanzapine in TRS patients, with clo-
zapine as an active comparator, the mean daily dose of olanzapine
required for efficacy was 35 mg/d compared with 550 mg/d clozapine.”
On the other hand, 2 studies of TRS patients, one with long-acting in-
jectable risperidone (50 vs 100 mg 4 times a day for 2 weeks)'® and the
other with oral quetiapine (600 vs 1200 mg/d),'® did not find efficacy
to be dose dependent. Factors other than dose and duration of treat-
ment that do affect response to AAPDs in TRS patients include ge-
netic and epigenetic differences, concomitant medications, duration
of illness, number of prior episodes, and age.'*?° It is possible that
the variability of dose-response relationships among AAPD:s is re-
lated to differences in their pharmacokinetics, metabolism, and rel-
ative differences in affinities for a variety of receptors, including but
not limited to the multiple types of serotonin (5-HT), dopamine
(DA), cholinergic, and noradrenergic receptors, which have been
shown to have a role in psychopathology and response to APDs.
These drugs also differ in their effects on glutamatergic and -
aminobutyric acid (GABA)ergic neurons and in direct and indirect
effects on neurotrophins, including neuregulin and brain-derived
neurotrophic factor.*'** Some actions of these drugs, for example,
indirect DA D1 receptor stimulation, may be characterized by an
inverted U-shaped function, where higher doses may be less effi-
cacious than lower doses. As will be discussed, the absence of D4
DA receptor antagonism may be important to the efficacy of
AAPD:s other than clozapine. Also, higher doses of some AAPDs
may produce greater DA D, receptor blockade, which may limit
the beneficial effects of 5-HT,, receptor blockade.”

Cognitive impairment, often regarded as the key to better
functional outcome in schizophrenia,!® has been reported to be
more impaired in TRS than non-TRS patients in some>** but
not all studies.*® Clozapine, melperone, olanzapine, and risperi-
done are among the AAPDs that have been reported to improve
some but not all cognitive domains in TRS, with greater improve-
ment more likely in trials lasting up to 6 months compared with
briefer trials.”'%?”2° Longer exposure to AAPDs would be ex-
pected to facilitate neurogenesis, reestablishment of connectivity
between neurons, and restoration or establishment of functional
circuits.>**>? The differences in the pharmacologic profiles of
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the AAPDs that affect their dose-related abilities to improve psy-
chopathology, including 5-HT 5 partial agonism, 5-HT antagonism,
and lack of D4 receptor blockade, may also affect their ability to
improve cognition.?”3

Lurasidone is a widely used AAPD that shares key pharma-
cologic features with clozapine, for example, more potent 5-HT,
than D, receptor antagonism. Like other AAPDs, effects on other
5-HT and DA receptors, for example, 5-HT1A, 5-HT7, and D1 recep-
tors, contribute to its efficacy. All of the AAPDs enhance acetylcholine
efflux in the prefrontal cortex and hippocampus, distinguishing them
from the TAPDs.>! The most important additional actions of lurasidone
are 5-HT A partial agonism and 5-HT, antagonism, which have
been shown in preclinical studies to be important for its ability
to treat psychosis and normalize cognition.>'*> These actions
are shared by clozapine. Risperidone also has strong 5-HT recep-
tor affinity, but olanzapine does not. Lurasidone differs from clo-
zapine in not blocking DA D, receptors, which has been shown to
be an important advantage over clozapine with regard to improv-
ing episodic memory in the phencyclidine model of cognitive im-
pairment associated with schizophrenia.

Lurasidone produced highly significant improvement in non-
TRS patient in 6-week studies at doses of 40 to 160 mg/d.>*>®
One clinical trial with non-TRS patients reported that improvement
in psychopathology was greater with higher doses of lurasidone
(160 mg/d) compared with lower doses.>® As previously mentioned,
the duration of treatment and dosages with AAPDs for TRS may
differ from that for non-TRS patients.>”"'*"'® The major goal of this
study was to test the hypotheses that, in TRS patients, lurasidone at
both 80 and 240 mg/d would be more effective to improve psycho-
pathology and cognition at 24 weeks than at 6 weeks with no differ-
ence between the 2 doses. As in the pivotal clozapine TRS trial,' the
randomized controlled phase was preceded by a prospective 6-week
open trial of the test drug, lurasidone 80 mg/d in this case, to deter-
mine if a standard dose trial for 6 weeks, which if not, would pro-
vide prospective confirmation of treatment resistance.

MATERIALS AND METHODS

Patient Sample

After obtaining written informed consent, 133 outpatients
with clinical diagnoses of TRS recruited from 3 community men-
tal health centers were screened for eligibility using the Structured
Clinical Interview for DSM-IV-TR Axis I Disorders® to identify
those meeting the Diagnostic and Statistical Manual of Mental
Disorders (Fourth Edition) schizophrenia or schizoaffective disor-
der criteria. Most importantly, we reviewed medical records and
interviewed previous prescribers, case managers, or relatives, when
available, to confirm compliance with prior treatment and severity
and refractoriness of positive symptoms, the key criteria for resis-
tance to APDs. Only subjects with verified histories of failure to
respond to 22 adequate trials with APDs of at least 6 weeks in du-
ration and had scores 24 (1-7 scale) on the Positive and Negative
Syndrome Scale (PANSS)* items [P1] delusions, [P3] hallucina-
tions, or [G9] unusual thought content at phase 1 baseline were in-
cluded. Patients currently receiving clozapine were excluded.
Most patients had received one or more AAPDs. Eleven patients
had failed clozapine trials; of these, none had received clozapine
for at least 3 months before admission to phase 1. Their represen-
tation in each group in phase 2 was not significantly different (8/
34 in the 80-mg group, 3/33 in the 240-mg group). Phase 2 base-
line PANSS-Total scores were not significantly different between
those who had prior clozapine trials and those who did not (data
not shown).

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

The total sample size of subjects estimated for the random-
ized clinical trial in phase 2 (n = 70) was determined by a power
analysis based on prior trials of AAPDs in TRS patients.””!¢ The av-
erage correlation coefficient between ratings during the 24-week
period was ~0.70. In order to achieve 80% power with a type I error
rate of 0.05 with a 2-sided test, it was estimated that at least 30
subjects per group were needed to detect an effect size (ES) of
0.7 (or less). The study protocol was approved by Centerstone Re-
search Institute and Sterling Institutional Review Board for the 2
sites in Nashville, Tennessee, and the institutional review board
of Northwestern University Feinberg School of Medicine for Chi-
cago, Illinois, sites. The protocol was registered on www.
ClinicalTrials.gov (NCT01569659). This study was carried out
between October 2011 and July 2015.

Study Design

In phase 1, current APDs were cross-tapered over a 1- to
2-week period, whereas treatment with open-label lurasidone
80 mg/d was administered for a total of 6 weeks to verify TRS.
Only those patients with 24 ratings on the core PANSS positive
symptom inclusion items at the end of phase 1 entered phase 2,
with subsequent randomization to lurasidone 80 or 240 mg/d. De-
tails of drug administration, dose titration, and blinding in phase 2
are given in the Supplemental Material, http://links.lww.com/JCP/
A669. We chose lurasidone rather than another AAPD to confirm
TRS in phase 1 because most patients had already failed to re-
spond to olanzapine, risperidone, or quetiapine and none had pre-
viously received lurasidone. The choice of lurasidone also enabled
us to exclude patients who could respond to an open trial of
lurasidone for what we predicted would be an inadequate period.
Mood stabilizers, antidepressants, anxiolytics, benzodiazepines,
and anticholinergics prescribed before enrollment in phase 1 were
continued during phase 1 and phase 2, if considered clinically nec-
essary at the end of phase 1. In the combined groups, 10 patients
received concomitant benzodiazepines, another 10 patients with
anticholinergic drugs, 20 patients with antidepressants, and 7 patients
with mood stabilizers. Importantly, other APDs drugs were
prohibited. The distribution of those medications between groups
was not significantly different (data not shown). Any adjunctive
psychosocial supportive treatments available to patients before
phase 1 were continued throughout the study. Weekly visits in
phase 1 and biweekly in phase 2 were conducted to monitor ad-
herence, clinical response, and tolerability. Subjects and raters, in-
cluding the principal investigator, were blinded to treatment group
during phase 2.

The primary end point was reduction in PANSS-Total at
24 weeks. In addition, global assessments of psychopathology
and functional assessment were evaluated with Clinical Global
Impression (CGI)—Severity*' and Personal and Social Perfor-
mance Scale (PSP).*> All psychopathology ratings were adminis-
tered at baseline of both phases, and at 6-week intervals during
phase 2. All raters had extensive training and experience with
the PANSS and other rating instruments, and were tested for reli-
ability during the course of the study.

A full neurocognitive battery was assessed at baseline for
both phases, and at weeks 6 and 24 of phase 2. Cognitive function
evaluation included the following tests: the Wisconsin Card
Sorting Test (WCST),** Wechsler Intelligence Scale for Children—
Revised (WISC-R) Mazes,** Letter Fluency,* Category Fluency:
Animal Naming,*® the Brown-Peterson Auditory Consonant Tri-
grams Test,*’ Digit Symbol Substitution Test (DSST),*® and
Rey Auditory Verbal Learning Test.** These tests were chosen
to evaluate executive function/reasoning, speed of processing,
working memory, verbal learning and memory, and attention. The
rationale for this battery has been previously described.?’
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Safety and tolerability were measured at biweekly intervals
using the Abnormal Involuntary Movement Scale,*' the Barnes
Akathisia Rating Scale,*® the Simpson-Angus Scale,”! and monitor-
ing of adverse events along with collection of vital signs, electrocar-
diogram, physical examination, and laboratory safety evaluations.
Plasma prolactin levels, which were determined by the Northwest-
ern Diagnostic Testing Center, were assessed at baseline of both
phases and at 6-week intervals of phase 2.

Data Analysis

The primary outcome measure was the change in the PANSS-
Total score from baseline at phase 2 to the end of 24 weeks. Treat-
ment effects over time were analyzed using a mixed-model analysis
of covariance with repeated measures after adjusting for baseline,
with time as the within-subject factor and treatment group as the
between-subject factor.>? Sex, race, age, and duration of illness
were also included as covariates. When the group X time effect
was significant, post hoc analysis by least square (LS) analysis
was adjusted using Bonferroni criteria for multiplicity of testing.
Effect sizes were determined using the Cohen d statistic.’> All
main effects were tested at a 2-tailed o level of 0.05. All analyses
were performed using SAS (SAS Institute, Inc, Cary, North Carolina)
statistical software. Secondary outcome measures included assessing
changes in the 5 PANSS subscales, the cognitive test scores, PSP,
CGI, tolerability assessments, and metabolic measures. Multiple

regression analysis was applied to examine relationships between
PANSS ratings and cognition (age and sex included as
independent variables). x> Analysis or Fisher exact test was
performed where appropriate.

RESULTS

Patient Demographic and Clinical Characteristics

One hundred one patients were enrolled in phase 1 (consort
figure; Fig. 1). At the end of phase 1, 3 (4%) of 70 patients, who
completed phase 1, no longer met the TRS criteria and were not
eligible for inclusion in phase 2. No patients who entered phase
2 had 220% improvement in PANSS-Total (responder criteria)
during phase 1. Reasons for discontinuation in phase 1 are given
in Supplemental Table 1A, http:/links.lww.com/JCP/A668.

Baseline characteristics for phase 2 showed no significant dif-
ferences in percent diagnosed as schizophrenia or schizoaffective
disorder, race, age, duration of illness, and number of hospitaliza-
tions (Table 1). Fifty-six (83.6%) of 67 patients completed phase
2 6-week assessments and were included in the mixed-model
analysis of covariance with repeated measure. Twenty-two pa-
tients in each group (65.7%) completed phase 2. Reasons for dis-
continuation in phase 2 are in Supplemental Table 1A, http://links.
Iww.com/JCP/A668.

[ Total screened N=

!

[ Phase I Study participation: N=101

]\{ Screen failures: N=32 ]

Phase I Discontinued: N= 34 ]

Randomized for Phase II Study participation: N=6 ]

/

80 mg dose: N=34

/\

\.

[ 240 mg dose: N=33

/

M_J

[ Comp at 6wk: N=30  Drop by 6wi: N=4 ]
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*One subject completed end of study assessments at Week 22 visit.

FIGURE 1. Consort diagram.
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TABLE 1. Demographic Data for 80- and 240-mg Lurasidone
Dose Groups

80 mg 240 mg

Variable (n=34) (mn=33)
Sex, n (%)

Male 14 (41.2) 15 (45.5)

Female 20 (58.8) 18 (54.5)
Ethnic background, n (%)

White 12 (35.3) 11 (33.3)

African American 20 (58.8) 21 (63.7)

Asian, Hispanic, other 2(5.9) 1(3.0)
Age, mean (SD), y 47.0 (10.7) 45.2(11.8)
Age at onset, mean (SD), y 19.2(9.8) 193 (8.0)
Duration of illness, mean (SD), y 27.7(15.2) 248 (14.1)
Previous no. hospitalizations, mean (SD) 5.5 (5.3) 7.0 (9.5)
PANSS-Total, mean (SD) 82.3(11.0) 854 (11.0)
PANSS-Positive, mean (SD) 22.6(3.3) 24144
PANSS-Negative, mean (SD) 182 (4.0) 182 (4.5)
PANSS-General, mean (SD) 41.5(6.6) 43.1(6.6)
PANSS-Cognition, mean (SD) 272 (49) 29.6(54)

No significant differences between the 80-and 240-mg groups in all items.

Psychopathology Ratings

Psychopathology data are presented in Figures 2A-F and
Supplemental Table 2, http:/links.lww.com/JCP/A668. During
phase 1, a slight but statistically significant within-group improve-
ment in PANSS-Total (mean change, 2.4; P=0.03; ES=0.25) and
PANSS-Positive (mean change, 1.4; P = 0.002; ES = 0.94) was
noted (Figs. 2A, B). By contrast, analysis of PANSS-Total data

PANSS Total Score Q®me

B240me

Baseline Baseline 6 Week 12 Week 26 woek

Phase | Phase I

PANSS General Score

o o1

Baseline.
Phasa |

easelne
Phase 1t

Baseline

12 Week

Baseline 2 week

Phase Il

6 Week
Phase |

PANSS Positive Score

PANSS Cognitive Score

6 Week

between phase 2 baseline and week 24 (Fig. 2A) revealed a highly
significant time effect (F = 50.59, P =0.0001, ES = 1.17), but no
significant group x time interaction. In phase 2, the LS mean
changes in PANSS-Total between baseline and week 24 in the 80-
and 240-mg/d groups were 12.7 and 14.1, respectively. Similarly,
there was a significant time effect for the PANSS-Positive subscale
between phase 2 baseline and week 24 (F = 27.33, P < 0.0001,
ES = 0.86), without significant group x time interaction (Fig. 2B).
The LS mean changes in the PANSS-Positive subscale between
phase 2 baseline and week 24 in the 80- and 240-mg/d groups were
2.9 and 4.5, respectively (ES = 0.86 for both groups combined). Sig-
nificant time effects were also found for the PANSS-Negative (com-
bined ES = 0.74), PANSS-Cognitive (combined ES = 1.07), and
PANSS-General (combined ES = 1.06) subscales (Figs. 2C-E),
without significant group differences for any subscales.

Improvement Within Phase 2

The within group improvement in PANSS-Total and subscales
in phase 2 was significant at week 6 and later time points (Fig. 2);
the improvements in phase 2 between weeks 6 and 12 in PANSS-
Total and subscales were statistically significant (P < 0.05), but
not between weeks 12 and 24. There were no significant interac-
tions in improvement in PANSS-Total or any PANSS subscales
with regard to race, age, sex, age at onset of illness, or duration
of illness between baseline and the subsequent time points for
the entire sample or either group. There was no evidence that con-
comitant medications affected the response in PANSS scores to ei-
ther dose of lurasidone (data not presented).

Responder Analysis

The patients with 220% improvement in PANSS-Total scores
met the response criteria. The proportions of patients with 220%
improvement in PANSS-Total at 6, 12, and 24 weeks were 28.6%,
28.6%, and 42.9% for the 80-mg/d group (total 14 subjects), and

PANSS Negative Score

12 Week 28 week

Baselne

12 Week
Phase Il

Responder Rates

Osomg  =20mg

Percentage
8

12 Week 24 week = ) ok

FIGURE 2. A-F, Changes in psychopathology as measured by the PANSS-Total, Positive, Negative, General and Cognitive subscales, and
responder rates during phases 1 and 2. ***P<0.001, **P< 0.01 denotes significant differences, and “P< 0.1 denotes a trend compared with
phase 2 baseline for each dose in panels A-E. ##P < 0.001, ¥P < 0.05 or NS (not significant) denotes the time effect for adjacent time points for
the combined doses. Graph F, *P < 0.05 denotes a significant difference of 6wk responder rates between 2 doses in phase 2.
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3.0%, 24.2%, and 42.4% for the 240-mg/d group (total 14 sub-
jects), respectively (Fig. 2F). Twenty-three (82.1%) of 28 subjects
first improved by 220% in PANSS-Total at week 12 or 24 of
phase 2, indicating the importance of the longer trial. Thus, in
the total sample, responder rates at 12 (P = 0.02) and 24 weeks
(P = 0.002) were significantly greater than at 6 weeks. The pro-
portions of responders by 220% in PANSS-Total, but not to an
equivalent extent in PANSS-Positive or PANSS-Negative, in the
80-mg/d group at 6 weeks in phase 2 was significantly greater
than that of the 240-mg/d group (x> = 4.31, P = 0.04), but did
not differ at subsequent times (Fig. 2F).

Effect on Cognitive Test Scores

Cognitive test data are presented in Figures 3A—D and Sup-
plemental Table 3, http:/links.lww.com/JCP/A668. There were
no significant changes in any of the neurocognitive test scores be-
tween baseline and end of phase 1 (Figs. 3A-D; Supplemental
Table 3, http://links.lww.com/JCP/A668). In the combined group,
in phase 2, there were significant time effects at week 24 but no
time X group interactions for the WCST-Categories (F = 4.10,
P = 0.01, ES = 0.43) and the DSST (F = 5.70, P = 0.002,
ES = 0.49). Although both groups showed improvement, significant
improvement from baseline was present only in the 80-mg/d

A.

Digit Symbol Substitution Test Osomg
m240 mg
40
35
30
25
20
4
15
10 - "
s 4
0 )
Baseline Baseline 6 Week 24 week
Phase | Phase II
: WCST - % Perseveration Dsomg
35 w240 mg
+
30 ——
2 -
20
15
10
s
° I
Baseline Baseline 6 Week 24 week

Phase | Phase I

group for both tests (WCST-Categories, P = 0.02; DSST, P = 0.001).
A group x time effect in the WISC-R Mazes (F' = 3.34, P = 0.001,
ES = 0.38) was noted; only the 240-mg/d group improved
significantly at week 6 (P = 0.01, ES = 0.49), with a trend
(P = 0.08) for improvement at week 24. Thus, at 6 weeks, the
WISC-R Mazes score was significantly higher in the 240-mg/d
group compared with the 80-mg/d group (P = 0.01, ES = 0.70),
but not at week 24. WCST-Percent Perseveration also showed a
group X time effect (F = 3.48, P = 0.04, ES = 0.39); this
interaction was due to significant worsening in the 240-mg
group (P =0.01, ES = 0.55) at week 6 and a trend (P = 0.07) of
worsening at week 24, which resulted in the 80-mg/d group
performing significantly better at weeks 6 (P = 0.01, ES = 0.57)
and 24 (P = 0.01, ES = 0.62) compared with the 240-mg/d
group. These cognitive tests were examined after excluding patients
receiving benzodiazepines or anticholinergic drugs, which have
been reported to impair cognition.** The results were unchanged
(data not shown).

Correlations Between Changes in Cognition
Measures, and PANSS and PSP

Because the DSST and WCST-Category showed a signifi-
cant time effect but no time x group interaction, the correlations

B.

WCST-Categories Osomg
2 u200mg
4
34
24
O I
14 #
0 —
Baseline Baseline 6 Week 24 week
Phase | Phase Il
) WISC-R Mazes 80 mg
2% ®240mg
+
21
——
18
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0 e — S|
Baseline Baseline 6 Week 24 week
Phase | Phase Il

FIGURE 3. A-D, Improvement in cognitive domains during phases 1 and 2. WCST-Categories, WCST-Percent Perseveration, WISC-R Maze:
executive function/reasoning and problem solving; DSST: speed of processing. **P< 0.01, *P < 0.05 denotes significant or *P< 0.1 denotes
atrend of differences compared with phase 2 baseline for each dose. **P < 0.01, *P < 0.05 denotes the time effect for adjacent time points for

the combined doses.
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between these measures, and PANSS and PSP were examined for
the combined group. The improvement in the PANSS-Cognition
(P =0.03, = 0.71), PANSS-Positive (P = 0.02, p = 0.78), and
PANSS-Total (P = 0.03, p = 0.28) subscales in the combined
group were significantly positively correlated with improvement
in the DSST, but not the WCST-Categories, at 24 weeks. Similarly,
improvement in PSP at 24 weeks was significantly positively cor-
related with improvement in DSST (P = 0.03, 3 = 0.30), but not
with the WCST-Categories.

Improvement in Global and Functional Measures

Significant time effects were found in measures of global
function in TRS, including improvement in the CGI and PSP
(Figs. S1A, B, and Supplemental Table 4, http://links.lww.com/
JCP/A668). The CGI improved at 6 weeks (P = 0.004). The LS
mean improvements in CGI for the 80- and 240-m/d groups were
—0.6 and —0.5, respectively, at 24 weeks (F = 14.70, P = 0.0001,
ES = 0.65) without group difference. The PSP showed a trend
of improvement at week 6 (P = 0.07) and was significantly im-
proved in both groups, beginning at week 12 of phase 2
(F=13.22, P=0.0001, ES = 0.60).

Tolerability and Dropouts

Common adverse events (25%) and safety assessments are
listed in the Supplemental Table 1B, http://links.lww.com/JCP/
A668. A non—study-related cardiac death occurred in an obese pa-
tient in the 240-mg group in phase 2 (Supplemental Table 1A,
http://links.lww.com/JCP/A668). Three patients from each group
(9%) withdrew because of adverse events in phase 2, mainly for
mild-moderate nausea, insomnia, and vomiting. There were no
significant differences between groups in extrapyramidal side ef-
fects, including akathisia, weight gain, or BMI in phase 1 or 2
(Supplemental Table 1C, http:/links.Iww.com/JCP/A668). Changes
in plasma prolactin levels were analyzed in male and female pa-
tients separately, as the prolactin increase in response to APD
treatment has a strong sex effect.>® Time (P> 0.28) or time x dose
group interactions (P > 0.17) were not significant for male or fe-
male patients (Supplemental Table 1C, http:/links.lww.com/JCP/
A668). Galactorrhea occurred in 1 patient receiving lurasidone
80 mg/d. Three patients in the 80-mg/d group and 1 patient in
the 240-mg/d group (6.0% in combined group) withdrew because
of lack of efficacy, which is not significantly different (Fisher ex-
act test, P =0.61). The all-cause dropout rate was 34.3%, which is
relatively low for a study of this duration.

DISCUSSION

The major findings of this study are as follows: (1) during the
6-week open treatment with lurasidone 80 mg/d (phase 1), only
3 patients met a priori criteria for significant improvement con-
firming the treatment resistance of the subjects; (2) in phase 2,
lurasidone 80 and 240 mg/d produced statistically significant im-
provement in PANSS-Total, subscales, and functional measures
between 6 and 24 weeks of additional treatment with lurasidone,
without evidence for a dose-related effect; (3) the rate and time
course of response to lurasidone in the combined group at
24 weeks, 41.8% (28/67), are comparable with that previously re-
ported for clozapine, olanzapine and risperidone in TRS patients;
(4) lurasidone significantly improved executive function and
speed of processing at both doses, with the lower dose achieving
greater improvement in executive function; and (5) both doses of
lurasidone were well tolerated, with minimal side effects. Thus,
lurasidone improved psychopathology in a significant proportion
of TRS patients at a rate and time course comparable with that pre-
viously reported for clozapine and some other AAPDs with

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

similar but not identical pharmacology, suggesting that they may
be differentially beneficial for some TRS patients.

Improvement in Psychopathology in
Phases 1 and 2

Time to Response

Only 3 (4.47%) of 67 adjudged on clinical grounds to meet
the TRS criteria improved during phase 1, confirming that the pa-
tient population was resistant to treatment of schizophrenia. These
3 responders had all received adequate trials of other AAPDs, rais-
ing the possibility that they may have met the criteria for TRS but
were rapid responders to lurasidone, just as non-TRS ﬁatients who
respond rapidly to lurasidone have been identified.**>7 We have
reported 4 classes of genes, including some schizophrenia risk
genes and a number of genes that affect synaptic plasticity, which
predict improvement in PANSS-Total scores, including the
PANNS cognitive subscale, in clinical trials with lurasidone in
non-TRS patients, some in a time-dependent manner.>”>® Signif-
icant improvement in psychopathology in the TRS patients oc-
curred by week 6 of phase 2, 12 weeks after beginning treatment
with 80 mg/d lurasidone. However, first improvement in psycho-
pathology was more frequent at later times. The responder rate by
the 12th week of phase 2 was significantly greater than after
6-week treatment. The differences in time to improvement in both
psychopathology and cognition may be based on differences in
time for neuroplastic changes in synapses to emerge and stabilize.>
In addition, of the 28 of 67 patients (41.8%) who experienced
220% improvement in PANSS-Total at any point, 19 (67.9%) first
did so only after 6 weeks of treatment in phase 2. A similar pro-
longed time to improvement in PANSS scores in TRS patients
treated with a variety of AAPDs has been previously noted with
clozapine®’*® and olanzapine.”

Responder Rate

This trial was similar in design to 2 previous studies of
AAPDs in TRS, with the exception that those trials did not include
an open treatment phase to confirm TRS.”'® The response rates at
6 and 24 weeks in those trials were 7% and 60% for clozapine and
18% and 50% for olanzapine,” comparable with what was found
here. Long-acting injectable risperidone response rates at 6 and
24 weeks were 22.2% and 45.8%, and 22.1% and 45.5%, for
50- and 100-mg doses, respectively.'® Although nearly 60% of
the TRS patients did not respond to lurasidone with improvement
in PANSS-Total scores by 220% during the 6-month trial, a sim-
ilar proportion of TRS patients fail to respond to clozapine.> 7!
Siskind et al'' performed a meta-analysis of clozapine response
in TRS, which reported a 40% response rate. It is unlikely that
higher doses of lurasidone would be more effective, but it is pos-
sible that the nonresponders might have responded to even longer
trials with lurasidone, because the response rate from week 12
through 24 was comparable with that of the earlier periods. We
found no evidence that nonresponse to lurasidone in this trial
was related to nonadherence or the effect of concomitant meds.
It is more likely that heterogeneity in genetics in relation to differ-
ences among the AAPDs in pharmacology is responsible. Interest-
ingly, 7 (63.6%) of 11 patients who failed on clozapine responded
to lurasidone. This suggests that trials of other AAPDs not previ-
ously tried in TRS patients, especially of longer duration, may be
of value for those patients who fail clozapine. In addition, trials of
augmentation strategies, for example, electroconvulsive shock
treatment, magnetic brain stimulation,>*® or selective pharmaco-
logic ligands effective in preclinical studies, for example, DA D;
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or Dy agonists,>>¢1:6? should be considered in TRS patients who

fail monotherapy with clozapine or other AAPDs.

Dosage

We found no advantage to the 240-mg/d lurasidone dose over
the 80-mg/d dose, the dose frequently used in non-TRS patients.>>’
On the other hand, the effective olanzapine dosage for patients with
TRS in one study was reported to be 30 to 50 mg/d,” significantly
higher than that required for non-TRS patients, 15 to 20 mg/d.
However, the design of the olanzapine study did not permit the de-
termination of whether lower doses for longer periods would have
produced a comparable response. Long-acting injectable risperi-
done, 50 versus 100 mg 4 times a day for 2 weeks, was not signif-
icantly different in efficacy for TRS patients, although plasma
risperidone levels in the 100-mg group was nearly twice that in
the 50-m/dg group.'S Taken together, it seems that standard doses
of some AAPDs are adequate for TRS patients, if they are going
to be effective and should be preferred. Higher doses may cause
more severe side effects, including extrapyramidal symptoms,
weight gain, sedation, and prolactin elevations. Thus, this study
suggests the 80-mg dose of lurasidone, which produces greater
improvement in cognition, is preferred over the 240-mg dose.

Comparison With Other AAPDs

Our previous studies with risperidone and olanzapine in TRS
patients also found time-dependent improvement in psychopa-
thology, !¢ similar in extent and frequency to the improvement
with lurasidone reported here. Considered together, these results
indicate that AAPDs with pharmacology similar to that of cloza-
pine benefit many but not all TRS patients, and that time to re-
sponse is often delayed by several months compared with non-
TRS patients. Recently, a network meta-analysis of randomized
clinical trials with a mean trial duration of 11 weeks reported that
the AAPDs, clozapine, risperidone, olanzapine, and ziprasidone
did not differ in efficacy in TRS patients and were, as greviously
shown for clozapine,l more effective than TAPDs.'” Another
meta-analysis of randomized controlled trials of clozapine versus
25 other comparators, including both AAPDs and TAPDs, con-
cluded that clozapine was superior for total symptoms, but only
in the short term, not the long term, which included 6 months in
most of the 11 studies surveyed.?® The more complex pharmacol-
ogy of the AAPDs and the absence of strong D, receptor blockade
are the likely bases for this advantage (see Meltzer'“*° for addi-
tional discussion of this issue).

Improvement in Cognition

The selective improvement in DSST and WCST-Categories
during phase 2, but not phase 1, indicates that lurasidone produces
improvement in some domains of cognition in a time-dependent
manner. It is necessary to consider whether this improvement was
a practice effect, or secondary to the improvement in psychopathol-
ogy or secondary to the improvement in psychopathology. There is
no evidence to suggest that performance on these 2 tests is more
likely to improve because of practice effects than the other tests.5>
Other AAPDs that have been shown to improve cognition in schizo-
phrenia also improve some, but not all domains.”*%*"° The prac-
tice effect on cognition in schizophrenia in clinical trials has been
found to be small.®* The selective improvement by lurasidone of
some cognitive tests could result from differences in the brain cir-
cuitry required for specific domains. The pharmacology of
lurasidone that may be important for cognition, its potent
5-HT 4 partial agonism, 5-HT ; antagonism, and weak D, antag-
onism, complemented by DA, acetylcholine, and a large efflux of
glutamate in the cortex and hippocampus, are partially shared by
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other AAPDs 1626466 This pharmacology and other mecha-
nisms, such as GABAergic mechanisms, are likely to participate
in the ability of the other AAPDs to improve some domains of
cognition, with genetically based differences in response to
this pharmacology accounting for the patient response differ-
ences.??->7:66:67 Cholinergic mechanisms are an example of this.
We recently demonstrated that lurasidone's ability to improve ep-
isodic memory in rats impaired by subchronic treatment with
phencyclidine did not require muscarinic receptor stimulation,
whereas that due to clozapine or olanzapine did.®® This suggests
that lurasidone might improve episodic memory in patients with
minimal muscarinic activity, but clozapine and olanzapine would
not. The 80-mg/d dose of lurasidone improved WCST-Categories,
a frontal lobe cognitive measure, and did not worsen WCST-Percent
Perseveration, as occurred in the patients treated with 240 mg/d,
suggesting an advantage for the lower dose for executive function.
This is supported by the results of an eye movement study con-
ducted in a subset of the patients who participate in the study re-
ported here.®” Eye movement measures can provide a biomarker
to evaluate pharmacologic effects on brain circuits involved in
cognition.® Treatment with low-dose lurasidone was associated
with improved executive control of attention reflected by reduced
antisaccade errors. High-dose lurasidone resulted in prolonged
speed of reflexive and executive shifts of attention and reduced
spatial working memory compared with low-dose lurasidone.®
Improvement in WCST-Categories was independent of improve-
ment of PANSS. Improvement in some domains of cognition
has been reported with clozapine, olanzapine, and risperidone in
prior studies,””'*!® but only lurasidone produced improvement
in executive function, a critically important cognitive domain that
is notably resistant to improvement with AAPDs.”®”! The im-
provement in these 2 domains of cognition is consistent with re-
sults in non-TRS schizophrenia patients in a 6-month study of
the cognitive effects of lurasidone, which found improvement in
processing speed, reasoning, and problem solving.”*”* Improve-
ment in cognition in TRS patients independent of improvement in
psychopathology has also been reported for clozapine, olanzapine,
and risperidone.’-16:27-74

Tolerability

The benign side effect profiles of lurasidone at both doses are
consistent with previous reports in non-TRS patients.*** No sig-
nificant plasma prolactin elevation was observed in both dose
groups. An all-cause dropout rate of 34.3% is similar to the prior
report from meta-analysis in patients with TRS."

Limitations of the Study

There are no validated biomarkers with sufficient specificity
and sensitivity to make the diagnosis of TRS, although we have re-
ported that L-dopa decarboxylase, a key enzyme in the action of
clozapine and formation of trace amines, has some limited values
in this regard.”®> Some pieces of evidence showing that the patients
in this study met the TRS criteria, the baseline PANSS scores,
number of prior hospitalizations, and level of function (Table 1)
are similar to those of subjects in previous TRS trials”'*'% as well
as the subjects in the recent meta-analysis of TRS clinical trials,'*>
reporting the absence of improvement in the first 6 weeks of
lurasidone treatment (phase 1), a period in which PANSS scores im-
prove significantly in non-TRS patients during treatment with
lurasidone.>*36-3% Because this study did not include a control
group, it is possible that the improvement in psychopathology
and cognition that occurred during phase 2 was the result of a ben-
eficial effect of clinical trial participation rather than specific drug
effects. The patients in this study received the same level of case
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management and contact with their referring clinicians during the
course of this study, as they have received for years in most cases,
with no additional effort from the research staff to supplement the
ongoing psychosocial treatment. Study participation would not be
expected to provide improvement in specific cognitive domains.

The possibility that the raters were biased to report no change
in PANSS ratings during phase 1 and improvement in phase 2 was
carefully considered. Raters were instructed to identify improve-
ment in PANNS scores in phase 1 to prevent non-TRS subjects
from being enrolled in phase 2, as these individuals would dimin-
ish the possibility of finding a time x drug effect in phase 2. The
possibility of bias to differentially rate some patients as improved
in phase 2 based on dose was minimized by the double-blind de-
sign and 2-drug doses. The absence of side effects that were dose
related enabled the blinding to be effective throughout the study.
The fact that only 42% of patients were rated as responders at
the end of phase 2 and that most, but not all, of that improvement
occurred after the first 6 weeks of phase 2 is evidence against a
bias for expecting improvement in phase 2. Subsequent studies
that include less effective treatments for TRS, for example, TAPD,
and comparators such as clozapine are needed to provide a defin-
itive confirmation of the results reported here. However, including
clozapine as a control group would have required weekly blood
drawings and greatly increased the difficulty of conducting this
study and its cost.

Mechanism of Action of Lurasidone and Other
AAPDs in TRS

The results of this study, together with previous studies of
other AAPDs from our laboratory’*'>1® and the meta-analysis
of TRS studies with clozapine, risperidone, quetiapine, and
olanzapine,'*?° indicate that a significant proportion of TRS
patients, approximately 40% in total, respond to AAPDs, but do
so more slowly than non-TRS patients. The receptor profile com-
mon to these AAPDs, which differentiates them from the TAPDs,
is more potent 5-HT, 5 receptor blockade relative to DA D, recep-
tor blockade.®* This has added significance because the in vivo ra-
tios of the affinities of D2 to 5-HT2A, as well as ratios of D2 to
5-HT1A and 5-HT2C, in rats were recently reported to predict
prefrontal striatal functional connectivity,’® a key measure that
has been reported to predict response to AAPDs in first-episode
schizophrenia patients,”” supporting the importance of these ra-
tios as relevant to response to AAPDs. Other AAPDs, for exam-
ple, asenapine, ziprasidone, and iloperidone, also share this core
pharmacology of lurasidone and clozapine. Further study is needed
to determine if the latter drugs are also effective in some TRS pa-
tients.”® Differential effects in TRS patients are to be expected be-
cause of the many differences among them with regard to direct
and indirect 5-HT;5 partial agonism; 5-HT; antagonism; D,
agonism versus D, antagonism; GABAergic, cholinergic, norad-
renergic, and histaminergic mechanisms; and effects on cortical,
hippocampal, and striatal DA, norepinephrine, acetylcholine, and
glutamate release, as well as on neurotrophins (eg, brain-derived
neurotrophic factor and neuregulin).?>3*%4-%¢ The slow onset of
response to lurasidone and other atypicals in most TRS patients
suggests that immediate receptor-mediated actions affects gene
expression leading to metaplastic changes in synaptic structure
and function that are the ultimate basis for improvement in psy-
chopathology, co§nition, and ultimately work and social function
in TRS patients.>*”*"82 We have recently demonstrated that genes
associated with prediction of the response of acutely psychotic pa-
tients to lurasidone are related to synaptic proteins in both excitatory
and inhibitory synapses.>”® Thus, it is important to determine if
TRS patients who do not respond to one AAPD might respond
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to another. Multiple trials of up to 6 months each may be needed
to identify an AAPD, which improves psychopathology and cog-
nition in specific patients. The ultimate goal is to find robust bio-
markers that predict individual response (precision medicine) to
specific AAPDs, avoiding failed trials, each of which could re-
quire months of treatment.

CONCLUSIONS

Lurasidone 80 and 240 mg/d produced comparable, clinically
significant improvements in psychopathology, cognition, and func-
tional measures over a 24-week period in 42% of stable TRS pa-
tients who showed no significant improvement in any of these
measures during a preceding 6-week open trial with lurasidone.
The improvement with lurasidone after a total of 30-week treatment
during phases 1 and 2 was comparable with that of previous studies,
using a similar design, with adequate doses of risperidone, cloza-
pine, or olanzapine.”'® The value of a 6- to 8-month trial duration
to determine improvement with an AAPD in TRS was confirmed.
This study also demonstrated that 80 mg/d of lurasidone, which is
an effective dose for non-TRS patients, was an effective dose for
TRS patients but required longer duration of treatment. In addi-
tion, the lower dose was more effective in improving executive
function as measured by cognitive testing and an accompanying
eye movement study.%’ Because of the absence of a comparator
in this study, a direct comparison of lurasidone with clozapine
and other AAPDs is needed to confirm or reject the efficacy of
lurasidone in TRS.
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