E Original Research

Preventive Effects of Suvorexant on Delirium:
A Randomized Placebo-Controlled Trial

Kotaro Hatta, MD, PhD?*; Yasuhiro Kishi, MD, PhDP; Ken Wada, MD, PhD¢; Takashi Takeuchi, MD, PhD4;
Shigeo Ito, MD, PhDP; Akiko Kurata, MD, PhD<; Kazunori Murakami, MA9; Manabu Sugita, MD, PhD®;
Chie Usui, MD, PhD?; and Hiroyuki Nakamura, MD, PhDf; for the DELIRIA-J Group

ABSTRACT

Objective: No highly effective pharmacologic interventions to
prevent delirium have been identified. We examined whether
suvorexant, a potent and selective orexin receptor antagonist, is
effective for the prevention of delirium.

Methods: We conducted a multicenter, rater-blinded, randomized,
placebo-controlled clinical trial in intensive care units and regular
acute wards between April 2015 and March 2016. Eligible patients
were 65 to 89 years old, newly admitted due to emergency,

and able to take medicine orally and had an expected stay or

life expectancy of 48 hours or more. Seventy-two patients were
randomly assigned using the sealed envelope method to receive
suvorexant (15 mg/d; 36 patients) or placebo (36 patients) every
night for 3 days. The primary outcome measure was incidence

of delirium as determined by the DSM-5. Trained psychiatrists
assessed for delirium.

Results: We found that delirium developed significantly less often
among patients taking suvorexant than among those taking
placebo (0% [n/N=0/36] vs 17% [6/36], respectively, P=.025).
Comparison by log-rank test also showed that delirium developed
significantly less often among patients taking suvorexant than
among those taking placebo (x>=6.46, P=.011). Analysis of
variance revealed a tendency for main effect of treatment (F=3.79,
P=.053) on the sleep-wake cycle disturbance score (item 1) of the
Japanese version of the Delirium Rating Scale-Revised-98 (DRS-R-
98-J). There were no significant differences in adverse events.

Conclusions: Suvorexant administered nightly to elderly patients
admitted for acute care may provide protection against delirium.
Larger studies are needed to show the potential of suvorexant to
improve the circadian core domain of delirium.

Trial Registration: UMIN Clinical Trials Registry identifier:
UMINO00015681
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D elirium represents a disturbance in attention,
awareness, and cognition that develops over a short
period of time and tends to fluctuate.! The prevalence of
delirium is 18% to 50% on admission, and the incidence
during hospitalization is 10% to 82% in general medical
and geriatric wards, the intensive care unit (ICU), and
postoperative and palliative care settings.? Further increase
seems likely with the increase in the aged population.
Despite some success of multicomponent nonpharmacologic
interventions,>* no highly effective pharmacologic
interventions to prevent delirium have been identified.
Almost all trials of cholinesterase inhibitors failed,? and
effects of antipsychotics are controversial.>~!!

There is some emerging literature suggesting that
melatonin prophylaxis may reduce delirium incidence or
a long-lasting episode of delirium'?"!® and that PER Clock
gene function may be disturbed in delirium.!”!® Further,
sleep-wake cycle disturbances including insomnia, excessive
daytime napping, and disintegration of the expected
circadian patterns have been described as a characteristic
component of delirium for decades and demonstrated to be
a core symptom domain of delirium.'*?° Therefore, it is of
research interest to evaluate a medication related to circadian
patterns in delirium.

Suvorexant, a potent and selective orexin receptor
antagonist, recently approved by the US Food and Drug
Administration for the treatment of insomnia, is noted
for subjective measures of sleep onset and maintenance,!
without major changes in the patient’s neurophysiology as
assessed by electroencephalographic power spectral density.??
In practice, we experienced that a lot of acutely admitted
patients with risk factors of delirium such as advanced age,
dementia, and history of delirium did not develop delirium
after suvorexant was given for insomnia, without obvious
side effects. The scientific rationale for suvorexant, an orexin
antagonist, is related to the characteristic sleep-wake cycle
disturbance in delirium. Orexin is an alerting neurochemical.
Although orexin neurons send excitatory projections to
cholinergic nuclei as well as monoaminergic nuclei with
particular denseness,? it has been reported that suvorexant
is highly selective for orexin-1 receptor and orexin-2
receptor antagonism, having 6,000-fold intrinsic selectivity
over 170 known receptors and enzymes, as demonstrated by
in vitro assay panels.** Accordingly, the Belsomra package
insert says that suvorexant has not shown affinities for
acetylcholine receptors (K;>10uM).* The failures in trials

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2017 Copyright Physicians Postgraduate Press, Inc.

J Clin Psychiatry 78:8, September/October 2017

PSYCHIATRIST.COM [ €970


http://www.umin.ac.jp/ctr/index-j.htm

(]
)
=

O
a.
©
o=
=
(¥}

Hatta et al

B Despite some success of multicomponent
nonpharmacologic interventions, no highly effective
pharmacologic interventions to prevent delirium have
been identified.

B |narandomized controlled trial of 72 patients who were
65 to 89 years old, delirium developed significantly less
often among patients taking suvorexant than among
patients taking placebo.

B For insomnia patients with delirium risk factors,
suvorexant is a viable consideration.

of cholinesterase inhibitors in delirium prevention? and our
experiences in nondevelopment of delirium after suvorexant
for insomnia in patients with risk factors of delirium
suggest that the restoration of sleep-wake cycle can have
priority over acetylcholine neurotransmission in delirium
prevention. Given that the sleep-wake cycle disturbance can
be sleeplessness or excessive sleepiness or a disintegration
of the diurnal cycle of sleep and wakefulness, antagonizing
the action of orexin can contribute to improvement of the
sleep-wake cycle disturbance. Therefore, we hypothesized
that suvorexant would prevent delirium.

The second point of this study was the prediction
of delirium from the viewpoints of inflammation, the
permeability of blood-brain barrier, and neuroprotection.
As systemic inflammation is considered to be a risk factor
of delirium, we have reported the predictive value of a
change in natural killer cell activity for delirium.?® Increase
in the permeability of blood-brain barrier and decline in
neuroprotection are of further interest to investigate the
influence of systemic inflammation on the central nervous
system. Increase in the accuracy of delirium prediction may
be an effective strategy in delirium prevention.

METHODS

Design

We conducted this multicenter, rater-blinded, parallel
group, randomized, placebo-controlled trial between April
2015 and March 2016 in 3 university hospitals and 1 general
hospital. The study was approved by the institutional review
board of Juntendo University Nerima Hospital, Tokyo, Japan,
with local approval from the other participating centers.
Patients or their proxy decision-makers provided written
informed consent after receiving a complete description of
the study. This activity was conducted by the DELIRIA-]
study group. This trial was registered with the UMIN Clinical
Trials Registry (identifier: UMIN000015681).

Participants and Setting

Eligible patients were 65 to 89 years old, newly admitted
due to emergency, and able to take medicine orally and had
an expected stay or life expectancy of 48 hours or more.
Patients were admitted via emergency rooms to ICUs or acute
wards. Exclusion criteria included patients taking strong
CYP3A inhibitors such as itraconazole, clarithromycin,

ritonavir, saquinavir, nelfinavir, indinavir, telaprevir, and
voriconazole, which are contraindications to the use of
suvorexant because of a major interaction with suvorexant;
patients with narcolepsy, cataplexy, severe liver dysfunction,
and severe respiratory dysfunction to whom the package
insert requires careful administration of suvorexant; patients
who were already delirious at admission; and patients taking
antipsychotics. Also, patients with alcohol dependence and
drug abuse were excluded. We used Triage-DOA (Alere Inc,
Tokyo, Japan) for urine-based abuse screening of patients.
Patients were assessed and excluded by trained psychiatrists.

Randomization and Masking

After completion of the baseline assessment, patients
were randomly assigned using the sealed envelope method
in a rater-blind manner to receive either suvorexant or
placebo (1:1 ratio). For randomization, we referred to
a random number table, with sequentially numbered,
opaque, sealed envelopes used to conceal the allocation
sequence. The randomization mechanism was in permuted
blocks with a block size of 4. Study medication was set by
pharmacists and administered daily at 21:00 hours. The
dose of suvorexant was 15 mg/night as a single tablet,
representing the standard dose for the approved indication
of sleep disturbance for elderly people. As the placebo tablet
matched the suvorexant active agent in appearance, patients
were blinded with the study drug. A study physician in
each emergency department of 4 attending hospitals kept
the randomization code, and no rater became aware of
treatment allocations until requesting unmasking on March
4,2016. There was blinding of nurses and other staff such as
physiotherapists. Nurses provided all patients equally with
preventive care. The study physician in each emergency
department never unblinded the study drug identity to
others such as each patient’s attending physicians, clinical
staff, or patients’ families. However, physicians in each
emergency department treated patients as a team including
the study physician. Therefore, we did not describe the
study design as a double-blind trial.

Procedure

Before starting the trial, site coordinators, who were
experienced psychiatrists, were trained to assess outcomes
as raters. They approached patients at their bedside within
24 hours after admission, screened for eligibility, and asked
them to participate. After randomization, patients received
the study medication on 3 consecutive evenings, starting the
day of admission at 21:00 hours.

At baseline, we recorded patients’ demographic and
clinical characteristics. Patients’ demographics were
ascertained from the patients themselves, family members,
and the medical record. According to the Beers Criteria,?’
the prescription of potentially “deliriogenic” medication
during hospitalization was recorded and analyzed. Attending
physicians continued to prescribe psychotropic medication
taken before admission without any change and were not
allowed to prescribe additional psychotropic medication
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after admission.=The Acute Physiology Score component
of the Acute Physiology and Chronic Health Evaluation II
(APACHE 11)?® and Charlson Comorbidity Index?’ were
assessed to evaluate physical condition. Performance status
was assessed using the Eastern Cooperative Oncology
Group (ECOG) performance status. It is a 1-item scale, and
it ranges from 0 to 4, with higher scores indicating more
difficulty with activities of daily living.** Clinical Dementia
Rating (CDR) was assessed to evaluate the existence and
severity of dementia.’!

In a phase 3 randomized, placebo-controlled trial aiming
to assess the clinical profile of suvorexant, the efficacy of
suvorexant was reportedly characterized by subjective
measures of sleep onset and maintenance due to its
superiority to placebo in improving subjective time to sleep
onset and subjective total sleep time.?! Therefore, as sleep
metrics, subjective time to sleep onset, subjective number of
awakenings, waking too early, subjective quality of sleep, and
subjective total sleep time were recorded. Raters interviewed
patients for the subjective items on every morning round
and tabulated and scored the items. Subjective quality of
sleep was rated using a 1 to 4 scale: very good (1), fairly good
(2), fairly bad (3), very bad (4). In addition, difficulty falling
asleep, difficulty staying asleep, waking too early, total sleep
time, and disturbance of natural sleep-wake rhythm during
study drug administration were tabulated and scored based
on the nursing record that was checked with comments
on every 15-minute round.*? Disturbance of natural sleep-
wake rhythm was determined based on the nursing record
and rater observations. Internal consistency was not high,
with a Cronbach a coefficient for the sleep parameters of
0.68, which referred to the ratings of 50 elderly hospitalized
patients who tried sleep metrics preliminarily.

Outcomes

The primary outcome was incidence of delirium during
the first 3 days after initiation of the study medication. We
used criteria from the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5),! to diagnose
delirium. Simultaneously, we censored patients developing
delirium using the Delirium Rating Scale-Revised-98
(DRS-R-98)* total score according to a cutoff score of
14.5, established for the Japanese population through
investigation of the reliability and validity of the Japanese
version of the DRS-R-98 (DRS-R-98-]).>* The method for
interviewing patients about 16 items of the scale was the
same, as we had arranged it in advance. Interrater reliability
measured by interclass correlation coefficient for pairs of
independent raters was very high for the DRS-R-98-] total
score: 0.997 for Juntendo University Nerima Hospital,
0.994 for Nippon Medical School Musashikosugi Hospital,
0.970 for Tokyo Medical and Dental University, and 0.918
for Hiroshima City Hospital. DRS-R-98-] was measured
daily between 10:00 hours and 11:00 hours up to day 4.
Raters reviewed all nursing records before morning rounds
and collected information about each patient directly
from bedside nurses. Raters then assessed each patient

Preventive Effects of Suvorexant on Delirium

to’ determine if delirium had occurred. Raters also made
their rounds every afternoon. Once delirium occurred, the
etiology was recorded according to the Delirium Etiology
Rating Checklist.>* Adverse events such as somnolence,
headache, fatigue, dizziness, bad dreams, sleep paralysis,
hypnagogic/hypnopompic hallucinations, and complex
sleep-related behaviors, which are listed in the insert form of
suvorexant as potential side effects, were formally assessed.

Secondary objectives were cumulative incidence of
DSM-5 delirium over a 3-day period of administration of
the study drug as analyzed using Kaplan-Meier survival
analysis; incidence of delirium including follow-up data up
to day 7, although the study drug was not given on and
after the night of day 4; and the exploration of change in
serum biomarkers associated with delirium prediction such
as C-reactive protein (CRP) and high-sensitivity CRP (hs-
CRP) for inflammation, S100 protein f for increase in the
permeability of blood-brain barrier, and insulinlike growth
factor 1 (IGF-1) for neuroprotection.

The medication period of 3 days was determined
referring to the shortest period to find the significant
difference in the incidence of delirium in our previous trial
about preventive effects of ramelteon conducted in almost
the same settings.!® The reason for setting the shortest
period of medication was the intention of the lowest burden
to patients and real clinical practice for the experimental
procedure. We would consider that suvorexant is inferior
to ramelteon in the effects on delirium prevention if there
were no significant difference in the incidence of delirium
between the groups in the present study. Thereafter, patients
were followed-up until discharge.

Measurement of Biomarkers

Serum levels of CRP, hs-CRP, IGF-1, and S100p were
measured on the first and second mornings after admission.
We have previously reported changes in blood natural killer
cell activity prior to the onset of delirium.?® Therefore,
we focused on other markers in the context of delirium
prediction and presumed that values of the markers on
the second morning would increase or decrease compared
to those on the first morning after admission. Blood
samples were obtained by cubital puncture at 6:00 Am
before breakfast. The CRP levels were measured according
to the latex agglutination method using Nanopia CRP
reagent (Sekisui Medical Co, Ltd, Tokyo, Japan) and JCA-
BM8060 (JEOL, Ltd, Tokyo, Japan). The hs-CRP levels were
determined by latex-enhanced immunonephelometric assay
using CardioPhase hsCRP reagent (Siemens Healthcare
KK, Tokyo, Japan). Serum IGF-1 concentrations were
determined by immunoradiometric assay kit (IGF-1
assay “Daiichi”; Fujirebio Inc, Tokyo, Japan). Serum
S100B concentrations were determined by a sandwich
enzyme immunoassay for the quantitative measurement of
human S100f (the RD192090100R Human S100p ELISA;
BioVendor, Brno, Czech Republic). All measurement was
performed by a clinical laboratory testing company (SRL,
Inc, Tokyo, Japan).
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Figure 1. Trial Profile

| Patients admitted (N =1,419) |

| Intubated/a life expectancy less than 48 h (n = 574)

| An expected stay less than 48 h (n = 615)

| Assessed for eligibility (n = 230) |

Excluded (n = 158)
Not meeting inclusion criteria (n = 135)
3 taking strong CYP3A inhibitors
32 with severe liver dysfunction

A,

30 with severe respiratory dysfunction

54 taking antipsychotics

16 alcohol dependence and drug abuse
Declined to participate (n = 23)

Randomization (N = 72)

Allocated to placebo (n = 36)
Received allocated intervention (n = 35)
Did not receive allocated intervention (n = 1)

Allocated to suvorexant (n = 36)
Received allocated intervention (n = 36)
Did not receive allocated intervention (n = 0)

A 4

Lost to follow-up (n = 0)

Withdrew consent (n = 2)

Transferred to another hospital (n = 0)
Worsening of medical disease (n=1)
Developed delirium (n = 6)

A 4

Analyzed (n = 36)
Excluded from analysis (n = 0)

A4

Lost to follow-up (n = 0)

Withdrew consent (n = 0)

Transferred to another hospital (n = 2)
Worsening of medical disease (n = 0)
Developed delirium (n = 0)

A 4

Analyzed (n = 36)
Excluded from analysis (n = 0)

Sample Size

As the degree of the effects of suvorexant on delirium
prevention is unknown, we quoted our previous randomized
placebo-controlled trial of ramelteon.!® In the study,'” the
incidence of delirium in patients treated with placebo was
32%, whereas that in patients treated with ramelteon was
3%. As there was little difference in setting and participants
between studies, we assumed that the incidence of delirium
in patients receiving placebo would be 32%, while the
incidence in patients receiving suvorexant would be 3% as
well. The statistical power was set as power =1-3=80% and
sensitivity as a="5% to enable detection of differences. Power
analysis consequently set the required number of patients at
26 patients per group. However, the period of administration
of the study drug quoted was 6 days, whereas that of the
present study was 3 days. In the study quoted,” the incidence
of delirium in patients treated with placebo until day 4 was
26%, whereas that in patients treated with ramelteon was
0%. Power analysis consequently set the required number
of patients also at 26 patients per group.

Statistical Analysis

Outcomes were assessed by intention-to-treat. Data were
collected on standardized forms, and statistical analyses were
performed using SPSS version 23-J software (IBM Japan,

Tokyo, Japan). Differences between categorical variables
in patient demographics and clinical characteristics were
calculated using Fisher exact test. Differences between
sequential variables were calculated using the unpaired ¢
test (with Welch correction if applicable). If data were not
sampled from Gaussian distributions, a nonparametric test
(Mann-Whitney test) was used. Difference in cumulative
incidence of delirium was investigated by Kaplan-Meier
survival analysis. We performed post hoc analyses to
compare DRS-R-98-] total score and severity scale score
between groups over the study period, using 2- (suvorexant
and placebo) by-4 (day 1, day 2, day 3, and day 4 time points)
repeated-measures analysis of variance (ANOVA). Also,
comparing sleep-wake cycle disturbance score (item 1) of
DRS-R-98-] between groups over the study period, ANOVA
was used because the item was only a 4-grade scale ranging
from 0 to 3. All statistical tests were 2-tailed. Values of P<.05
were regarded as statistically significant.

RESULTS

Trial recruitment started on April 1, 2015, and ended
on February 29, 2016 as planned. During the study period,
1,419 patients were admitted via emergency rooms to ICUs
(656 patients) or regular acute wards (763 patients). Among
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them, 574 patients were intubated or had a
life expectancy of less than 48 hours, and 615
patients were expected to stay less than 48
hours. The rest, 230 patients, were assessed
for eligibility (Figure 1). The contraindication
of suvorexant in Japan was only taking strong
CYP3A inhibitors; therefore, 3 patients were
excluded. Careful administration was required
for patients with severe liver dysfunction
and severe respiratory dysfunction despite
noncontraindication. In the process of
planning this study, patient’s safety preceded
the high rate of enrolling, as subjects were
emergency patients. Therefore, 62 patients
with such conditions were excluded. Fifty-four
patients taking antipsychotics were excluded
because antipsychotics would prevent the
development of delirium. Among 95 eligible
patients, 23 patients refused to participate
(participation rate, 76%). Thus, 72 patients,
(ICUs, 37 patients; regular acute wards,
35 patients) (Juntendo University Nerima
Hospital, 18 patients; Nippon Medical School
Musashikosugi Hospital, 20 patients; Tokyo
Medical and Dental University, 14 patients;
Hiroshima City Hospital, 20 patients) were
randomly assigned to the 2 treatment groups.
These were nondelirious patients per DSM-5
criteria and the DRS-R-98-].

Baseline characteristics of randomized
patients were much the same between groups
(Table 1). There was no significant difference in
the rate of the Clinical Dementia Rating score
of 0.5 or more that indicates dementia or mild
cognitive impairment between groups. With
respect to other known risk factors for delirium
such as advanced age and previous incidence of
delirium, there were no significant differences
between groups. There were no significant
differences in baseline levels of CRP, hs-CRP,
and IGF-1 between the groups.

Two patients in the placebo group withdrew
consent at day 1 before the first study drug was
given and at day 4, respectively. One patient
in the placebo group was not assessed at day 4
due to worsening of cerebral infarction, which
was the admitting diagnosis. No patients were
discharged within 48 hours after admission in
either group, but 2 patients in the suvorexant
group transferred to another hospital at day
3 due to the improvement of their illness. No
patients died prior to completion of the trial.

Table 2 shows outcomes. In the placebo
group, a total of 6 patients including 4 patients
in ICUs and 2 patients in regular acute wards
developed delirium, whereas no one developed
delirium in the suvorexant group. Causes of

Preventive Effects of Suvorexant on Delirium

Table 1. Baseline Characteristics?

Placebo Suvorexant
Characteristic (n=36) (n=36) P
Age,y 78.3 (6.2) 785 (6.5) .90
Male, n (%) 9(53) 23 (64) 47
Asian, n (%) 36 (100) 36 (100) 1.0
Body mass index 229 (4.3) 21.9(2.9) 27
Habitual drinking, n (%) 8(22) 7(19) 1.0
Total number of medications 5.2(2.7) 4.8(3.0) .54
Number of psychotropic medications 0.22(0.42) 0.19(0.40) 78
Habitual use of sleeping pills,” n (%) 7 (19) 8(22) 1.0
Opioids, n (%) 0 3(8) 24
Potentially deliriogenic medication, n (%) 11(31) 12 (33) 1.0
Previous delirium, n (%) 2(6) 3(8) 1.0
Psychiatric diagnosis before admission,“ n (%) 3(8) 1(3) 61
Admission to intensive care units, n (%) 19 (53) 18 (50) 1.0
Admission diagnosis, n (%)
Infectiond 9(25) 10 (28) 1.0
Heart failure/myocardial infarction® 7(19) 8(22) 1.0
Strokef 7(19) 7(19) 1.0
Lung cancer 3(8) 2 (6) 1.0
Fractured 3(8) 1(3) .61
Rhabdomyolysis 2 (6) 2 (6) 1.0
Aortic dissection 2(6) 1(3) 1.0
Traumatic pneumothorax 2 (6) 1(3) 1.0
Subdural hematoma 1(3) 1(3) 1.0
Diverticular bleeding 0 2 (6) 49
Anemia 0 1(3) 1.0
Number of medical or surgical comorbidities 2.0(1.3) 1.9 (2.0) .89
Charlson Comorbidity Index 23(2.2) 2.6(2.4) 69
APS component of APACHE II 2.8(2.1) 34(2.2) 24
ECOG Performance Status 3.3(0.7) 3.1(1.1) .70
Clinical Dementia Rating, n (%)
Score of 0 27 (75) 27 (75) 1.0
Score of 0.5 or more 9 (25) 9 (25) 1.0
Delirium Rating Scale-Revised-98 44(4.3) 3.6(3.6) A7
Sodium, mmol/L 138.5 (3.5) 138.9 (4.1) .59
Chlorine, mmol/L 103.6 (5.1) 105.1 (4.3) .16
Potassium, mmol/L 4.08 (0.61) 4.23 (0.60) .30
Calcium, mg/dL" 9.26 (0.56) 9.24(0.33) .87
CRP, mg/dLi 5.79 (6.16) 4,06 (4.78) .19
hs-CRP, ng/mL! 53,518 (58,186) 38,388 (46,995) .24
IGF-1, ng/mLi 783 (6.3) 80.2 (5.9) .82
S100B, pg/mL! <16 <16

aData represent mean (SD), unless otherwise indicated.

PHabitual sleeping pills were all benzodiazepine receptor agonists: etizolam, 3 patients;
zolpidem, 3 patients; clotiazepam, 2 patients; brotizolam, 1 patient; estazolam, 1 patient;
ethyl loflazepate, 1 patient; nitrazepam, 1 patient; rilmazafone, 1 patient; triazolam, 1
patient; zopiclone, 1 patient.

“Two patients with Alzheimer’s disease and 1 patient with insomnia in the placebo group; 1
patient with insomnia in the suvorexant group.

9The subcategories of infection in the placebo group were distributed as follows:
pneumonia, 7 patients; urinary tract infection, 1 patient; phlegmon, 1 patient; and those
in the suvorexant group were as follows: pneumonia, 4 patients; phlegmon, 2 patients;
bacteremia, 1 patient; bacterial meningitis, 1 patient; subdural abscess, 1 patient; urinary
tract infection, 1 patient.

€The subcategories of heart failure/myocardial infarction in the placebo group were
distributed as follows: heart failure, 4 patients; myocardial infarction, 3 patients; and those
in the suvorexant group were as follows: heart failure, 6 patients; myocardial infarction, 2
patients.

The subcategories of stroke in the placebo group were distributed as follows: cerebral
infarction, 6 patients; subcortical hemorrhage, 1 patient; and those in the suvorexant
group were as follows: cerebral infarction, 5 patients; subcortical hemorrhage, 1 patient;
thalamic hemorrhage, 1 patient.

9The subcategories of fracture in the placebo group were distributed as follows: hip
fracture, 2 patients; vertebral compression fracture, 1 patient; and the subcategory in the
suvorexant group was as follows: hip fracture, 1 patient.

hSerum calcium concentrations were corrected by albumin values when serum albumin
values were less than 4.0 g/dL.

Values of CRP, hs-CRP, IGF-1, and S100B were serum levels.

Abbreviations: APS component of APACHE Il =Acute Physiology Score component
of the Acute Physiology and Chronic Health Evaluation Il, CRP = C-reactive protein,
ECOG=Eastern Cooperative Oncology Group, hs-CRP = high-sensitivity CRP,

IGF-1 =insulinlike growth factor-1.
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Table 2. Clinical Outcomes During Study Drug Administratioh®?

Placebo  Suvorexant

Outcome (n=36) (n=36) P
Incidence of delirium according to DSM-5, n (%) 6(17) 0(0) .025
Delirium Rating Scale-Revised-98
Without delirium, worst score 5.0(3.9) 44 (3.8) .56
With delirium, worst score 24.2 (7.5) NA
Discontinuation of study drug without delirium 3(8) 2(6) 1.0
before day 4, n (%)
Withdrew consent 2 0 49
Transferred to another hospital 0 2 49
Worsening of medical disease 1 0 1.0
APS component of APACHE II, worst score 3.0(2.0) 36(2.2) .26
ECOG Performance Status, worst score 3.3(0.7) 3.1(1.0) 29
CRP on the second morning, median, mg/dL 334 141 074
Change in CRP, median, mg/dL —-0.05 -0.13 .26
hs-CRP on the second morning, median, ng/mL 31,600 14,200 094
Change in hs-CRP, median, ng/mL -350 -1460 .26
IGF-1 on the second morning, ng/mL 79.3(37.5) 79.2(33.3) 99
Change in IGF-1, ng/mL -0.5(14.2) -1.0(13.3) .88
S1008 on the second morning, pg/mL <16 <16
Adverse events, n (%)
Somnolence 6(17) 5(14) 1.0
Headache 1(3) 1(3) 1.0
Fatigue 5(14) 2(6) 43
Dizziness 2 (6) 1(3) 1.0
Other® 0(0) 1(3) 1.0
Sleep parameters?
Subjective
Time to sleep onset, min 53.0(52.7) 44.6(57.2) 52
Number of awakenings 2.68(235) 255(2.13) 81
Waking too early, n (%) 10 (28) 9 (25) 1.0
Quality of sleep, 1-4 scale 2.03(0.89) 2.08(1.08) .83
Total sleep time, min 368 (125) 393 (138) 43
Clinician-rated
Difficulty falling asleep, n (%) 11(31) 7(19) 4
Difficulty staying asleep, n (%) 13 (36) 8(22) 30
Waking too early, n (%) 10 (28) 8(22) .79
Total sleep time, min 402 (106)  425(121) 38
Disturbance of natural sleep-wake rhythm, n (%) 10 (28) 7 (19) .58

3Data represent mean (SD), unless otherwise indicated.

bValues of CRP, hs-CRP, IGF-1, and $100p were serum levels. Change in CRP, hs-CRP, and
IGF-1 represents change in the value of each marker on the second morning compared
to the first morning after admission.

“Nausea was the “other” adverse event. Bad dreams, sleep paralysis, hypnagogic/
hypnopompic hallucinations, and complex sleep-related behaviors did not appear in any
patients.

dAs to sleep parameters, presence or absence of symptoms in each patient was determined
according to dominant category during study drug administration. Frequency and
duration of each patient were determined using the average of data during study
drug administration. Subjective quality of sleep (very good [1], fairly good [2], fairly
bad [3], very bad [4]) was determined using the median of data during study drug
administration. Data of the night on which delirium appeared were excluded.

Abbreviations: APS component of APACHE Il =Acute Physiology Score component
of the Acute Physiology and Chronic Health Evaluation Il, CRP = C-reactive protein,

ECOG =Eastern Cooperative Oncology Group, hs-CRP = high-sensitivity CRP,
IGF-1 =insulinlike growth factor-1, NA=not applicable.

delirium in 6 patients according to the Delirium Etiology Checklist data
were as follows: respiratory infection (definite cause), stroke (definite
cause), respiratory infection and fracture (likely cause), cardiac and
renal insufficiency (likely cause), cardiac insufficiency (likely cause),
and traumatic brain injury (likely cause). None of these 6 patients had
prior episodes of delirium. Figure 2 shows scattergrams of the highest
total score of DRS-R-98-] in each patient. There was a significant
difference in the rate of developing delirium between the suvorexant
group and the placebo group (0% vs 17%, P=.025). As the incidence
of delirium in the suvorexant group was 0, the risk ratio was not
calculable/estimable. The Mantel-Haenszel test was used to assess the
preventive effect of suvorexant on delirium, while controlling for gender,

the DRS-R-98-J at baseline, and"CRP value at
baseline. A significant negative correlation
between the administration of suvorexant
and the occurrence of delirium was found, as
evidenced by a correlation coefficient of -0.317
(P=.009). A significant difference in the rate of
developing delirium among patients with CDR
score > 0.5 between groups was not found (the
placebo group, 33% [3/9] vs the suvorexant
group, 0% [0/9], P=.21). Figure 3 shows
Kaplan-Meier curves. Comparison by log-
rank test showed that development of delirium
occurred significantly less often among patients
taking suvorexant than among those taking
placebo (x*=6.46, P=.011).

When a cutoff point of 11 was applied
as a lower cutoff value of the DRS-R-98-] at
baseline to exclude subsyndromal delirium,
there was still significant difference in the rate
of developing delirium between the suvorexant
group and the placebo group (0% [n/N=0/34]
vs 13% [4/31], P=.047). When a cutoff point
of 7 was applied as a lower cutoff value of the
DRS-R-98-] at baseline, there was no significant
difference in the rate of developing delirium
between the suvorexant group and the placebo
group (0% [n/N=0/28] vs 12% [3/26], P=.10).
The reason for the diminishing difference
between the groups was due to the exclusion
of 2 patients who were not delirious but with
dementia at baseline and developed delirium.
As trained psychiatrists screened for eligibility
using DSM-5 and DRS-R-98-], a possibility of
including subsyndromal delirium at baseline
was low. Taking the obvious inexpediency
of excluding patients who were not delirious
but with dementia at baseline into account,
applying a lower cutoff value of the DRS-R-98-]
at baseline may be inexpedient in this study.

Repeated-measures ANOVA revealed a
significant main effect of treatment (F=4.59,
P=.036) and interaction (F=2.94, P=.045),
but no significant main effect of time course
(F=1.21, P=.30) on DRS-R-98-] total score
(Supplementary eFigure 1). Also, repeated-
measures ANOVA revealed a significant
main effect of treatment (F=5.03, P=.028)
and interaction (F=3.53, P=.026), but no
significant main effect of time course (F=1.17,
P=.32) on DRS-R-98-] severity scale score
(Supplementary eFigure 2). ANOVA did not
reveal significant main effect of time course
(F=0.08, P=.97) and interaction (F=0.19,
P=.90), but revealed a tendency for main effect
of treatment (F=3.79, P=.053) on sleep-wake
cycle disturbance score (item 1) of DRS-R-98-]
(Supplementary eFigure 3).
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Figure 2. Highest Total Score for the Delirium Rating Scale-
Revised-98-J in Each Patient
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aSignificant difference in the incidence of delirium between groups using
the criteria from DSM-5 (0% vs 17%, P=.025). The graph is a scatterplot
of the highest total score for the Japanese version of the Delirium
Rating Scale-Revised-98 (DRS-R-98-J). Each patient was assessed
until developing delirium according to the DSM-5 or up to day 4. One
patient with a Clinical Dementia Rating (CDR) score of 2 in the placebo
group showing the DRS-R-98-J score of 15, above cutoff score, was not
diagnosed with delirium according to the DSM-5.

Figure 3. Time to Developing Delirium?
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2Difference in cumulative incidence of delirium was investigated by Kaplan-
Meier survival analysis.

bComparison by log-rank test showed that development of delirium
occurred significantly less often among patients taking suvorexant than
among those taking placebo (x*=6.46, P=.011).

Although sleep metrics in the suvorexant group were
marginally better than those in the placebo group, no
significant differences in any items were apparent between
groups (Table 2). There were no significant differences in
adverse events between groups (Table 2). No serious adverse
events occurred. Significant differences in change in CRP,
hs-CRP, and IGF-1 on the second morning compared to the
first morning after admission between the groups were not
found. Serum S100p concentrations in all samples were less
than measurable levels.

Preventive Effects of Suvorexant on Delirium

Although the study drug was net given on and after
the night of day 4, follow-up data up to day 7 showed that
an additional 2 patients in the placebo group developed
delirium, whereas 1 patient in the suvorexant group
developed delirium. Consequently, development of delirium
up to day 7 occurred significantly less often among patients
taking suvorexant than among those taking placebo (3%
[n/N=1/36] vs 22% [8/36], P=.028). No serious adverse
events occurred during the period.

In the placebo group, the mean baseline CRP level and
hs-CRP level in patients who developed delirium were
significantly lower than those in patients who did not develop
delirium (CRP, 2.79 [standard deviation =2.84] vs 6.41 [6.51]
mg/dL, t=2.16, P=.045; hs-CRP, 25,237 [24,744] vs 59,370
[61,603] ng/mL, t=2.24, P=.037), but a significant difference
in baseline IGF-1 level was not found (55.5 [26.3] vs 83.0
[37.5] ng/mL, t=1.70, P=.10). There were no significant
differences in mean change in CRP, hs-CRP, and IGF-1 levels
between patients who developed delirium and patients who
did not develop delirium (CRP, 2.02 [5.67] vs —0.11 [3.41]
mg/dL, t=0.89, P=.41; hs-CRP, 16,707 [49,286] vs —1,174
[32,040] ng/mL, t=1.13, P=.27;IGF-1, 0.83 [10.42] vs —0.79
[14.98] ng/mL, t=0.25, P=.80).

DISCUSSION

The present study showed that the incidence of delirium
in patients taking suvorexant was significantly lower than
that in patients taking placebo, suggesting preventive
effects of suvorexant on delirium. Well-balanced baseline
characteristics including delirium risk factors such as
advanced age, dementia, and previous incidence of delirium
suggest the appropriate validity of the findings. The lack of
any adverse event potentially attributable to the study drug
suggests the safety of suvorexant use for preventing delirium.

Although no significant differences in any items of sleep
metrics were apparent between groups, analysis of variance
revealed a tendency for main effect of treatment on sleep-
wake cycle disturbance score (item 1) of DRS-R-98-]. To
analyze sleep-wake cycle disturbance score (item 1) of DRS-
R-98-J over the study period is possibly a more efficient
and focused way to document the typical types of circadian
disturbances seen in delirium, as reported over a 24-hour
period, than the subjective sleep metrics.

Patients with moderate to severe Alzheimer’s disease
reportedly presented with higher mean orexin levels
compared to controls and with more impaired nocturnal
sleep with respect to controls and patients with mild
Alzheimer’s disease.®® A partial explanation of the marginal
superiority of sleep metrics in patients given suvorexant is
that suvorexant might have antagonized elevated orexin levels
in patients with a CDR score >0.5. Moreover, significantly
higher levels of orexin in the brain of rats submitted to
acute pancreatitis were reportedly found when compared
to healthy controls.”® This finding raises a possibility that
effects of an increased level of orexin induced by systemic
inflammation are antagonized by suvorexant. In the present
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study, the mean<values of CRP and hs-CRP"at baseline
were elevated, suggesting that most patients had systemic
inflammation. Therefore, the antagonism of suvorexant
against the effects of an increased level of orexin induced by
systemic inflammation might have partly produced delirium
prevention.

The present findings raise a possibility of association
between orexin neurotransmission and etiologies of delirium.
Critical substrates of delirium may be located in the striatum,
the ventral tegmental area, or the thalamus.>” The ventral
tegmental area contains both orexin-1 receptor and orexin-2
receptor messenger ribonucleic acids,*® and dopaminergic
cells of the ventral tegmental area have been shown to be
activated by orexins through orexin-1 receptor.’**? An
explanation for preventive effects of suvorexant on delirium
can be associated with antidopaminergic activity like
antipsychotics, which are clinically used for the treatment
of delirium*~* and also documented to have effects on
delirium prevention despite controversy.>~!! It has been
shown that administration of orexin-A increases the blood
concentrations of corticotropin and corticosterone.*4
Accumulated findings suggest that this effect takes place
is via orexin-2 receptor expressed in paraventricular
hypothalamic nucleus.? It is possible that orexin-2 receptor
antagonism via suvorexant inhibits the increase in the
blood concentrations of corticosterone, which can be
advantageous to prevent delirium as corticosteroid is a risk
factor of delirium. Although orexin neurons send excitatory
projections to cholinergic nuclei as well as monoaminergic
nuclei with particular denseness,* it has been reported that
suvorexant is highly selective for orexin-1 receptor and
orexin-2 receptor antagonism, having 6,000-fold intrinsic
selectivity over 170 known receptors and enzymes, as
demonstrated by in vitro assay panels.”* Accordingly, the
Belsomra package insert states that suvorexant has not shown
affinities for acetylcholine receptors (K;>10 uM).?> Even if
suvorexant has a little anticholinergic property, it could be
less problematic due to the timing of orexin dosing only at
bedtime with T}/, of 10 hours* and potential to improve the
circadian core domain of delirium off-setting anticholinergic
effects as shown in Supplementary eFigure 3.

It has been reported that compared to patients
without delirium, patients with postoperative delirium
had significantly higher CRP levels at the preoperative
(median paired difference [MPD], 1.56 mg/L [P<.01]),
postanesthesia care unit (MPD, 2.53 mg/L [P<.01]), and
postoperative day 2 (MPD, 63.76 mg/L [P<.01]) time
points.*® Thus, elevated preoperative and postoperative
plasma levels of CRP were reportedly associated with
delirium, suggesting that a preinflammatory state and
heightened inflammatory response to surgery are potential
pathophysiologic mechanisms of delirium. IGF-1is believed
to be neuroprotective, and low IGF-1 levels have been
associated with aging and Alzheimer’s dementia, both of
which are major risk factors for delirium.*” In the present
study, the number of patients who developed delirium was
6, which was too small to discuss delirium prediction despite

negative findings of change'in CRP, 'hs-CRP,'and IGF-1 levels.
S100pB protein can increase due to brain cell damage and/
or increased permeability of the blood-brain-barrier, and
elevated serum levels in delirium after hip fracture have been
reported.*® In the present study, serum S100B concentrations
in all samples were less than measurable levels, suggesting
difficulties as a marker for delirium prediction in this
population.

One limitation of the present study was the relatively
small sample size. Especially, the sample was too small
to clarify questions of sleep metrics and inflammatory
markers. Another limitation was the single-blind design.
However, the study physicians who were not blinded and
other physicians in each emergency department were not
allowed to prescribe additional psychotropic medication
after admission. Accordingly, they were not involved in the
study intervention. In delirium prevention, nursing care
would exert influence rather than each physician, but there
was blinding of nurses. Therefore, nonblinding of the study
physicians would not have influenced the primary outcomes
of delirium occurrence. The short follow-up period was a
potential study limitation. The incidence of delirium in
the placebo group (17% [6/36 patients]) is in the range of
published rates for delirium studies,? although somewhat
low for intensive care units where the incidence has been
reported in the range of 19% to 82%.> The reason may have
been the exclusion of patients who were intubated or had
a life expectancy of less than 48 hours (574/1,419 patients
admitted) and patients who declined to participate in the
study (24% [23/95 eligible patients]). The lack of actigraphy
or polysomnography was a limitation. Although patients
included were not mildly ill as shown in relatively high mean
values of serum CRP, the mean Acute Physiology Score
component of the APACHE II was relatively low. Therefore,
itis unclear whether preventive effects on delirium presented
here would be applicable to more severely ill patients.
Although a significant difference in the rate of developing
delirium among patients with a CDR score >0.5 between
groups was not found, the subgroup analysis may have been
underpowered.

This study has several strengths, including the
randomized and placebo-controlled design in emergency
settings, mirroring real clinical practice, and absence of
support from pharmaceutical companies. This represents
the first study about preventive effects of suvorexant on
delirium. Further work with a larger number of patients
and a longer period of observation with more objective
sleep metrics and targeting population with higher risk of
delirium such as those with a CDR score >0.5 is needed.
Simultaneously, such investigation will show more clearly
whether suvorexant has potential to improve the circadian
core domain of delirium.
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eFigure 1: Changes in Delirium Rating Scale-Revised-98-J Total score in the suvorexant group and placebo group.

To test for the effects of treatment on Delirium Rating Scale-Revised-98-J (DRS-R98-J) Total score, two- (suvorexant and
placebo) by-four (day 1, day 2, day 3, and day 4 time points) repeated-measures ANOVA was used. *Repeated-measures
ANOVA revealed a significant main effect of treatment (F=4.59, P=.036) and interaction (F=2.94, P=.045), but no significant
main effect of time course (F=1.21, P=.30) on DRS-R98-J Total score.
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eFigure 2: Changes in Delirium Rating Scale-Revised-98-J Severity scale score in the suvorexant group and placebo group.
To test for the effects of treatment on Delirium Rating Scale-Revised-98-J (DRS-R98-J) Severity scale score, two- (suvorexant
and placebo) by-four (day 1, day 2, day 3, and day 4 time points) repeated-measures ANOVA was used. *Repeated-measures
ANOVA revealed a significant main effect of treatment (F=5.03, P=.028) and interaction (F=3.53, P=.026), but no significant
main effect of time course (F=1.17, P=.32) on DRS-R98-J Severity scale score.
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eFigure 3: Changes in Sleep-wake cycle disturbance score (item #1) of DRS-R98-J in the suvorexant group and placebo group.
To compare Sleep-wake cycle disturbance score (item #1) of DRS-R98-) between the suvorexant group and placebo group over
the study period, ANOVA was used. *ANOVA did not reveal significant main effect of time course (F=0.08, P=.97) and interaction

(F=0.19, P=.90), but revealed a tendency for main effect of treatment (F=3.79, P=.053) on Sleep-wake cycle disturbance score
(item #1) of DRS-R98-J.
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