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ABSTRACT

Introduction: For patients with chronic
insomnia, conventional therapy may not
always provide satisfactory efficacy and safety.
Thus, switching to an alternative therapeutic
agent can be explored. However, there is a lack
of prospective studies evaluating the

effectiveness of such changes. This prospective,
non-randomized, open-label, interventional,
multicenter study assessed whether Japanese
patients with chronic insomnia dissatisfied with
treatment could transition directly to lem-
borexant (LEM) from four cohorts—non-ben-
zodiazepine sedative-hypnotic (zolpidem,
zopiclone, or eszopiclone) monotherapy, dual
orexin receptor antagonist (suvorexant)
monotherapy, suvorexant ? benzodiazepine
receptor agonists (BZRAs), and melatonin
receptor agonist (ramelteon) combination. We
evaluated whether transitioning to LEM
improved patient satisfaction based on efficacy
and safety.
Methods: The primary endpoint was the pro-
portion of successful transitions to LEM at
2 weeks (titration phase end), defined as the
proportion of patients on LEM by the end of the
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2-week titration phase who were willing to
continue on LEM during the maintenance
phase (Weeks 2–14). Patient satisfaction and
safety (the incidence of treatment-emergent
adverse events [TEAEs]) were assessed at
14 weeks (end of titration and maintenance
phases).
Results: Among the 90 patients enrolled,
95.6% (95% confidence interval: 89.0–98.8%)
successfully transitioned to LEM at 2 weeks. The
proportions of patients who successfully con-
tinued on LEM were 97.8% and 82.2% at the
end of the titration and maintenance phases
(Weeks 2 and 14), respectively. The overall
incidence of TEAEs was 47.8%; no serious TEAEs
occurred. In all cohorts, the proportions of
patients with positive responses were higher
than the proportions with negative responses
on the three scales of the Patient Global
Impression-Insomnia version. During the
maintenance phase, Insomnia Severity Index
scores generally improved at Weeks 2, 6, and 14
of LEM transition.
Conclusions: Direct transition to LEM may be a
valid treatment option for patients with
insomnia who are dissatisfied with current
treatment.
Trial Registration: ClinicalTrials.gov identifier,
NCT04742699.

Keywords: Insomnia; Lemborexant; Ramelteon;
Suvorexant; Switching; Z-drugs

Key Summary Points

Why carry out this study?

For chronic insomnia patients,
conventional therapy may not always lead
to effective and safe results and switching
to an alternative treatment may be an
option.

However, there is a shortage of prospective
studies evaluating the efficacy and safety
of such changes.

This prospective, non-randomized, open-
label, interventional, multicenter study
assessed direct switching to lemborexant,
a dual orexin receptor antagonist
approved for insomnia treatment, from
other insomnia treatments—non-
benzodiazepine sedative-hypnotic
(zolpidem, zopiclone, or eszopiclone)
monotherapy, a different dual orexin
receptor antagonist (suvorexant)
monotherapy,
suvorexant ? benzodiazepine receptor
agonists, and melatonin receptor agonist
(ramelteon) ? benzodiazepine receptor
agonists combination.

What was learned from the study?

Findings highlight the successful
transition to lemborexant from other
treatments for patients with insomnia
who were dissatisfied with, or anxious
about, their current treatment and suggest
improved patient satisfaction after
switching to lemborexant based on the
Patient Global Impression—Insomnia
scale and Insomnia Severity Index.

Direct transition to lemborexant may be a
beneficial treatment option for patients
with insomnia who are dissatisfied with
their current treatment.

INTRODUCTION

Insomnia is a common sleep disorder world-
wide, with 30–40% of adults presenting with a
symptom of the condition [1]. In Japan, a 2016
epidemiologic survey reported the prevalence of
insomnia to be 12.2% in men and 14.6% in
women [2]. The criteria for diagnosing chronic
insomnia include difficulties in falling and/or
staying asleep and daytime dysfunction [3, 4],
with symptoms being acute, intermittent,
short-term, or chronic [5]. Insomnia treatment
aims to address nighttime sleep difficulties and
reduce daytime dysfunction [6] and involves
non-pharmacologic approaches (e.g., sleep
hygiene and cognitive behavioral therapy) as

Adv Ther (2024) 41:1728–1745 1729



first-line treatment and pharmacologic therapy
[7].

In Japan, the main hypnotics used to treat
insomnia before the introduction of lemborex-
ant (LEM) included sedative-hypnotic benzodi-
azepine receptor agonists (BZRAs), comprising
benzodiazepines and non-benzodiazepine
sleeping pills (Z-drugs), the melatonin receptor
agonist ramelteon (RMT), and the dual orexin
receptor antagonist (DORA) suvorexant (SUV).
Another DORA, daridorexant, has not been
approved for use in Japan. Clinically, hypnotics
are prescribed as monotherapy and concomi-
tantly, particularly BZRAs with SUV or RMT.

Regarding efficacy, the American Academy
of Sleep Medicine guidelines [8] recommend
RMT only for sleep onset latency and SUV only
for sleep maintenance. In contrast, BZRAs such
as temazepam, zolpidem (ZOL), and eszopiclone
(ESZ) are recommended for both sleep onset and
maintenance. However, regarding safety, BZRAs
have various adverse effects, including risk of
falls due to their muscle relaxant effects, mem-
ory impairment, daytime impairment due to
daytime sedation, rebound insomnia, and
paradoxical reactions owing to long-term con-
tinuous use and tolerance [9]. Furthermore,
BZRAs have withdrawal symptoms resulting
from physical dependence [9]. The risk of
dependence on BZRAs tends to increase with
prolonged use or use of multiple drugs and high
dosages [10], and safe reduction or withdrawal
of BZRA hypnotics is a crucial issue. RMT and
SUV are said to have a relatively low risks of
these effects [11].

Insomnia can be chronic and require long-
term drug treatment. However, not all medica-
tions are effective, and there are issues with side
effects, interactions with other medications,
time to onset of efficacy, and reduced efficacy
due to prolonged symptoms or tolerance
[12, 13]. Thus, the need arises for physicians to
consider switching between different insomnia
medications to find the optimal treatment.
Furthermore, discontinuing BZRA prescriptions
has been advocated by several clinical practice
guidelines and professional medical societies,
especially in the elderly [8, 14–16]. However,
the most effective and safe method for

switching between these medications has not
been well studied.

When treating insomnia in Japan, healthcare
providers often determine whether to switch or
combine treatments based on various factors.
These include the effectiveness and tolerability
of previous treatments, the cost of medical care,
the provider’s treatment plan, patient feedback,
and overall treatment satisfaction. However,
each drug has different characteristics; thus, it is
unclear whether patients should switch to a
new drug or return to the original treatment
when there is dissatisfaction or concern about
their current treatment. A phase 4 study
observed that only 28.8% of participants with
long-term BZRA administration could success-
fully transition to RMT (NCT00492232) [17], a
drug approved only to treat sleep onset. There-
fore, drugs that ameliorate both difficulty fall-
ing asleep and difficulty staying asleep may be
able to succeed for that purpose.

LEM is a DORA approved in the US in 2019
and approved and commercialized in Japan in
2020 to treat adult patients with insomnia.
DORAs are well tolerated without rebound
insomnia, withdrawal symptoms, or the
potential for dependence [18]. Phase 3 trials of
LEM in patients with insomnia disorder [19–21]
showed that LEM improved both sleep onset
and sleep maintenance compared with placebo
and zolpidem tartrate extended-release (ZOL-
ER). LEM was superior in terms of both sleep
onset latency and sleep maintenance (in addi-
tion to no carryover effect) vs placebo or ZOL-
ER [19, 20]. Furthermore, a single-center retro-
spective analysis in Japan suggested that a low-
dose BZRA may be entirely replaced by LEM
using a tapering method [22]. Another
prospective study reported that directly
switching to LEM or LEM used as add-on treat-
ment had a low discontinuation rate for LEM
(16.07%), indicating the retention rate was high
[23]. Thus, LEM may be useful as an alternative
treatment for patients dissatisfied with their
medications and improve sleep onset and/or
sleep maintenance and quality, with a low
potential for next-day residual effects.

There are no multicenter prospective study
reports on the effects of directly switching to
LEM from monotherapy with Z-drugs or SUV or
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switching from SUV or RMT in combination
with BZRA. Furthermore, previous study designs
involved starting LEM after a certain period of
initial treatment or washout of the last insom-
nia therapy. Therefore, this study (Study 401)
was designed based on actual clinical practice as
the first study to assess the efficacy and safety of
direct transitioning to LEM from Z-drug (ZOL,
zopiclone [ZOP] or ESZ), SUV, SUV ? BZRA, and
RMT ? BZRA.

METHODS

Study Design

This was a prospective, non-randomized, open-
label, multicenter (nine institutions; see
Table S1 for details) study conducted between
March 24, 2021 (enrollment date of the first
study patient) and June 20, 2022. We evaluated
the efficacy and safety of four treatment arms:
Z-drug monotherapy, SUV monotherapy, SUV
combination therapy with a BZRA, and RMT
combination therapy with a BZRA. This study
consisted of three phases: a pretreatment phase
(2 weeks), a titration phase (treatment transi-
tion phase comprising the 2 weeks immediately
after direct switching from other drugs to LEM),
and a maintenance phase (12 weeks), which
followed the titration phase (Fig. 1).

The study protocol was approved by the NPO
Clinical Research Network Fukuoka Certified
Review Board and was registered at ClinicalTri-
als.gov under the identifier NCT04742699. The
study adhered to the Declaration of Helsinki of
1964 and its later amendments, the Clinical
Trials Act (Japanese law), and local regulations.
All patients provided informed consent to par-
ticipate in this study. At the beginning of the
treatment transition period and at the end of
the treatment continuation period, participants
received a burden reduction allowance (¥5000
yen QUO card each time).

Prior to obtaining informed consent, each
patient was informed according to the consent
document, which explained about lemborexant
according to the Japanese package insert, the
overview and purpose of the study, the reasons
why the patient was selected as a study subject,
and the inclusion/exclusion criteria.

Patients

Patients included in this study were those
referred by their physician at the time of the
visit who met the following inclusion criteria:
males or females aged C 20 years; who provided
written informed consent to participate in the
study; were dissatisfied with the efficacy or tol-
erability of prior medications and wished to

Fig. 1 Study design. The dotted line of the BZRA in the
SUV combination and RMT combination cohorts means
that tapering of the BZRA was allowed. BZRA

benzodiazepine receptor agonists, LEM lemborexant,
RMT ramelteon, SUV suvorexant, Z-drug non-benzodi-
azepine sleeping pills
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transition from them; were receiving Z-drug
monotherapy or SUV monotherapy or SUV
combination or RMT combination at least five
nights per week in the month before the start of
the pretreatment phase; met the Diagnostic and
Statistical Manual of Mental Disorders, fifth
edition [24] criteria for insomnia disorder (i.e.,
complaints about nighttime sleep accompanied
by one [or more] of the following symptoms:
difficulty falling asleep, difficulty staying asleep,
and early morning awakenings, despite ade-
quate sleep opportunities; sleep difficulty
occurring at least three nights a week; sleep
difficulties lasting for at least 3 months; and
sleep difficulty causing daytime dysfunction);
were able to get at least 7 h of time in bed;
confirmed use of a previous medication for the
treatment of insomnia for at least five nights per
week during the pretreatment phase; and were
able to comply with the provisions of the
research protocol for this study. Regarding the
setting of C 20 years of age as an inclusion cri-
terion, Japan lowered the age of adulthood from
20 to 18 on April 1, 2022. Before this law went
into effect, this study was initiated, and the last
patient was included (February 28, 2022).
Therefore, younger participants could not have
been included. Regarding the evaluation of
‘‘Dissatisfied,’’ the physician asked the patient if
they were dissatisfied with their current
insomnia medication/s and would like to
change at the time of informed consent acqui-
sition: for example, dissatisfied with Z-drug
monotherapy or RMT ? BZRA for sleep main-
tenance; dissatisfied with sleep onset with SUV
monotherapy or SUV ? BZRA; patients were
included if they agreed with these or agreed that
they wished to reduce or discontinue their
current treatment.

The exclusion criteria were as follows:
breastfeeding or pregnant during the pretreat-
ment period or wishing to become pregnant
during the study period; moderate or severe
obstructive sleep apnea; severe cardiac, respira-
tory, gastrointestinal, kidney, neurologic or
mental disorders, chronic pain, or malignancy;
specific sleep disorders other than insomnia,
such as periodic limb movement disorder, rest-
less leg syndrome, or circadian rhythm sleep
disorder (except for patients diagnosed with

mild obstructive sleep apnea, who could be
included), narcolepsy or cataplexy, or who take
more than three prolonged naps per day; using
pretreatment drugs for insomnia at doses other
than the approved doses in Japan; receiving two
or more concomitant BZRAs; receiving seda-
tives; starting a new non-pharmacologic treat-
ment for insomnia (e.g., cognitive behavioral
therapy) within 1 week before the start of the
pretreatment period; unable to abstain from
excessive alcohol consumption during the
study participation period; hypersensitivity to
additives in LEM; hepatic dysfunction of mod-
erate severity or higher (aspartate aminotrans-
ferase, alanine aminotransferase, or c-gamma-
glutamyl transpeptidase at or above three times
the upper limit of the institutional reference
value); use of antipsychotic medications or sui-
cide attempts within the past approximately
2 years judged by the investigator to have the
potential to affect safety or any of the study
endpoints; previously treated with LEM (in-
cluding patients who have participated in LEM
clinical trials); or were deemed ineligible by the
investigator for study participation.

Intervention

Patients were assigned to one of four treatment
cohorts (Z-drug monotherapy, SUV monother-
apy, SUV combination, and RMT combination)
according to their pretreatment status. During
the pretreatment phase, existing treatment was
continued without any change. At the end of
the pretreatment phase (Week 0), the Z-drug,
SUV, and RMT were discontinued and LEM
treatment (administered orally, just before
bedtime) was started and continued during the
titration phase (2 weeks) and maintenance
phase (12 weeks). In the titration phase, LEM
5 mg/day was prescribed and recommended to
be maintained for 7 days, after which the dose
could be increased to LEM up to 10 mg/day per
the Japanese package insert. In the maintenance
phase (12 weeks), LEM dosage could be changed
after consultation with the physician upon
patient request.

In the SUV and RMT combination cohorts,
BZRA was administered unchanged during the
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titration phase (up to Week 2) and allowed to be
changed (discontinued, reduced, or increased to
a dose not exceeding that of the pretreatment
phase) during the maintenance phase. Addi-
tional intermittent doses of RMT were allowed
as a rescue dose during treatment. Other sedat-
ing drugs were not allowed in combination with
Z-drugs, as either an increase in dose or a new
addition.

In this study, Z-drugs included ZOL, ZOP,
and ESZ, while BZRAs included the following
GABAA receptor agonists indicated for insomnia
or sleep disorders in Japan: brotizolam, triazo-
lam, lormetazepam, rilmazafone, fulni-
trazepam, nitrazepam, quazepam, etizolam,
estazolam, fulrazepam, and alprazolam. The
study participants recorded their sleep status
and the status of LEM and concomitant
insomnia medications in a logbook (see Sup-
plementary Method 1 for more details).

Study Endpoints

Primary Endpoints
The primary endpoint was the proportion of
successful cases of continuous transition to LEM
by the end of the titration phase (at 2 weeks), as
a comprehensive measure of both efficacy and
safety responses in the early stages of treatment
and patient satisfaction with the treatment,
which was the same endpoint as in a previous
study [21]. This was defined as the proportion of
patients who remained on LEM by the end of
the 2-week titration phase and were willing to
continue on LEM treatment in the maintenance
phase in each treatment cohort. Patients who
were willing to continue LEM treatment but
could not participate in the maintenance phase
for reasons unrelated to LEM treatment (such as
change of address, financial burden of com-
muting to the site, or moving to another med-
ical institution) were also included in the
proportion of successful cases (the primary
endpoint).

Secondary Endpoints
Secondary endpoints were as follows: propor-
tion of patients who remained on LEM in each
treatment cohort and the proportion of patients

who remained on LEM monotherapy at the end
of the 2-week titration phase and 12-week
maintenance phase regardless of their willing-
ness to continue treatment with LEM, patient
satisfaction assessed by change from baseline in
the Patient Global Impression of Insomnia (PGI-
I) for 14 weeks (at the end of the titration
phase ? maintenance phase overall and for
each treatment cohort), proportion of patients
with a dose increase from LEM 5 mg/day to LEM
10 mg/day during the titration phase and the
maintenance phase. In PGI-I, items 1–3 assessed
perceptions of study medication effects mea-
sured on a 3-point scale (1 = positive, 2 = neu-
tral, 3 = negative): item 1: study medication
helped/worsened sleep; item 2: study medica-
tion decreased/increased time to fall asleep;
item 3: study medication increased/decreased
total sleep time. Item 4 assessed the appropri-
ateness of study drug strength measured on a
different 3-point scale (1 = too strong, 2 = just
right, 3 = too weak).

As safety endpoints, incidence of treatment-
emergent adverse events (TEAEs) and tolerabil-
ity of LEM were objectively assessed and tabu-
lated by the physician in charge during 14
weeks (titration phase ? maintenance phase) of
treatment with LEM. The severity of TEAEs was
determined as: mild (discomfort is present but
does not interfere with normal daily activities),
moderate (discomfort that interferes with nor-
mal daily activities), or severe (inability to work
or to lead a normal daily life).

Exploratory Endpoints
Exploratory endpoints were the proportion of
patients requiring rescue medications (i.e.,
temporary additional doses of BZRAs when
current treatment is inadequate), change from
baseline in the Insomnia Severity Index (ISI)
score at the end of the 2-week titration phase, at
a 6-week evaluation, and the end of the 12-week
maintenance phase overall and for each treat-
ment cohort, factors influencing the transition
from pretreatment to LEM, and changes from
the titration phase in dose of BZRA in patients
with dose reduction or withdrawal of BZRA
during the maintenance phase. A LEM respon-
der was defined as a patient who continued on
LEM at the end of the titration phase.
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Statistical Analysis

The sample size was set based on feasibility, as
there are few similar previous studies, making it
difficult to design the sample size using statis-
tical methods. As this study was open label, it
was not designed or powered for efficacy or
safety statistical comparisons between the
treatment arms.

Analytical populations were all registered
cases, the full analysis set (i.e., all enrolled
patients, excluding those found to be ineligible
after enrollment and those not receiving treat-
ment), and the safety analysis set (i.e., all
enrolled patients for whom LEM was
administered).

Regarding data handling, missing values
were not imputed unless otherwise stated. No
multiplicity adjustments were applied in this
study.

For the primary endpoint, 95% CIs were
calculated using the Clopper-Pearson method.
Summary statistics for continuous variables
included mean, standard deviation, median,
interquartile range, and range. Summary statis-
tics for categorical or ordinal variables included
frequency and percentage (%). The analyses of
PGI-I were conducted using Bowker’s symmetry
tests, and analyses of ISI were conducted using
paired t-tests. The factors influencing the tran-
sition to LEM were analyzed using Student’s t-
test/Fisher’s exact tests. Tests were two-sided
with a significance level of 5%, and 95% confi-
dence intervals (CIs) were used. Adverse events
were reported as system organ classes and pre-
ferred terms from the Medical Dictionary of
Regulatory Activities (MedDRA version 25.0).
The statistical software used for analysis was SAS
version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

Patient Disposition and Characteristics

A flow diagram of patients is shown in Fig. 2.
Overall, 97 patients were enrolled: 25 in the
Z-drug monotherapy cohort, 27 in the SUV
monotherapy cohort, 23 in the SUV

combination cohort, and 22 in the RMT com-
bination cohort.

During the titration phase, one patient each
withdrew from the Z-drug monotherapy and
SUV combination cohorts. From the end of the
titration phase to the start of maintenance
phase, one patient each discontinued for wors-
ening of insomnia/adverse drug reaction (ADR)
in the Z-drug monotherapy, for an inadequate
response to LEM in the SUV monotherapy, and
for patient withdrawal in the RMT combination
cohorts.

During the maintenance phase, three
patients in the Z-drug monotherapy cohort, two
in the SUV monotherapy cohort, three in the
SUV combination cohort, and three in the RMT
combination cohort discontinued early. The
reasons for discontinuation during this phase
(Fig. 2) included TEAEs (one in the SUV com-
bination and two in the RMT combination
cohorts), worsening of insomnia/ADR in one
patient in the RMT combination cohort, patient
withdrawal, withdrawal of consent in the
Z-drug monotherapy cohort, protocol devia-
tion, and lack of attendance to the study visit.

Baseline patient characteristics are summa-
rized in Table 1. Overall, 40.0% were male
patients, the mean ± SD age was 51.8 ± 15.4
years, the mean BMI was 23.71 ± 4.59 kg/m2,
and 90.0% had received treatment for insomnia
1 month prior to enrollment. There was a
higher proportion of females in the RMT com-
bination cohort. In the Z-drug monotherapy
cohort, 18 patients were treated with ESZ, 6
with ZOL, and 1 with ZOP. In the combination
cohorts, 14 patients in the SUV combination
cohort were treated with ESZ, 5 with ZOL, and 2
with brotizolam. In the RMT combination
cohort, 11 patients were treated with ESZ, 5
with ZOL, 2 with flunitrazepam, and 1 with
alprazolam.

Primary Endpoint
The proportion of patients transitioning from
pre-treatment to LEM during the titration phase
was 95.6% (95% CI 89.0–98.8%) overall and
92.0% (74.0–99.0%), 96.0% (79.6–99.9%),
95.2% (76.2–99.9%), and 100.0% (82.4–100.0%)
in the Z-drug monotherapy, SUV monotherapy,
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SUV combination, and RMT combination
cohorts, respectively (Table 2).

Secondary Endpoints
LEM showed a retention rate (proportion of
patients who remained on LEM) of 97.8% (95%
CI 92.2–99.7%) overall at the end of the titra-
tion phase and 82.2% (95% CI 72.7–89.5%) at
the end of the maintenance phase (Table 2). By
cohort, the retention rates ranged from 95.2%
(SUV combination cohort) to 100.0% (SUV
monotherapy cohort) at the end of the titration
phase. Retention rates at the end of the main-
tenance phase ranged from 78.9% (RMT com-
bination cohort) to 88.0% (SUV monotherapy
cohort).

In all cohorts, for PGI-I items 1 to 3, the
proportions of patients with positive respon-
ses were higher than those with negative
responses on study medication effects, and for
PGI-I item 4, the proportions of patients who

reported that their study medication was ‘‘just
right’’ was greater than those at baseline. ISI
scores generally improved over time after 2, 6,
and 14 weeks of LEM transition (Fig. 3;
Table S2). The proportions of patients with
dose increases from LEM 5 to 10 mg/day were
18.9% and 13.3% at the 2-week titration and
the 12-week maintenance phases, respectively
(Table S3).

Safety Endpoints
The safety and tolerability of LEM during the
2-week titration and the 12-week maintenance
phases are summarized in Table 3. The overall
incidenceofTEAEswas47.8%, thatofADRs (TEAEs
considered related to the treatment) was 15.6%,
and no serious TEAEs were observed. Most TEAEs
weremild ormoderate in severity. Frequent TEAEs
were somnolence (overall, 7.8%; Z-drug
monotherapy cohort, 16.0%; SUV monotherapy
cohort, 4.0%; SUV combination cohort, 0%; and

Fig. 2 Flow diagram of patients through the study. ADR adverse drug reaction, TEAE treatment-emergent adverse event,
LEM lemborexant, RMT ramelteon, SUV suvorexant, Z-drug non-benzodiazepine sleeping pills
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RMT combination cohort, 10.5%) and fever
(overall, 6.7%; Z-drug monotherapy cohort, 0%;
SUV monotherapy cohort, 20.0%; SUV

combination cohort, 0%; and RMT combination
cohort, 5.3%).

Table 1 Patient background

Overall Z-drug
mono
cohort

SUV mono
cohort

SUV
combination
cohort

RMT
combination
cohort

N 90 25 25 21 19

Sex

Male, n (%) 36 (40.0) 12 (48.0) 10 (40.0) 9 (42.9) 5 (26.3)

Age, years

Mean ± SD 51.8 ± 15.4 53.3 ± 14.8 51.2 ± 16.4 54.2 ± 14.9 47.8 ± 15.8

Median (min, max) 51.5 (23, 80) 52.0 (24, 78) 52.0 (23, 77) 54.0 (24, 80) 48.0 (23, 77)

C 65 years 22 (24.4) 6 (24.0) 6 (24.0) 6 (28.6) 4 (21.1)

BMI, kg/m2

Mean ± SD 23.71 ± 4.59 23.70 ± 5.00 22.81 ± 3.81 24.38 ± 4.25 24.22 ± 5.41

Median 22.85 21.90 23.20 24.80 22.90

Pretreatment

Received any treatment 1 month

prior to informed consent

81 (90.0) 25 (100.0) 16 (64.0) 21 (100.0) 19 (100.0)

BZRA 65 (72.2) 25 (100.0) 0 (0.0) 21 (100.0) 19 (100.0)

Eszopiclone 43 (47.8) 18 (72.0) 0 (0.0) 14 (66.7) 11 (57.9)

Zolpidem 16 (17.8) 6 (24.0) 0 (0.0) 5 (23.8) 5 (26.3)

Flunitrazepam 2 (2.2) 0 (0.0) 0 (0.0) 0 (0.0) 2 (10.5)

Brotizolam 2 (2.2) 0 (0.0) 0 (0.0) 2 (9.5) 0 (0.0)

Zopiclone 1 (1.1) 1 (4.0) 0 (0.0) 0 (0.0) 0 (0.0)

Alprazolam 1 (1.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3)

Psychiatric comorbidity

Present 45 (50.0) 12 (48.0) 8 (32.0) 10 (47.6) 15 (78.9)

Depression 36 (40.0) 11 (44.0) 6 (24.0) 6 (28.6) 13 (68.4)

Anxiety disorder 6 (6.7) 1 (4.0) 2 (8.0) 2 (9.5) 1 (5.3)

Bipolar disorder 3 (3.3) 0 (0.0) 0 (0.0) 1 (4.8) 2 (10.5)

Neurotic disorder 2 (2.2) 0 (0.0) 0 (0.0) 2 (9.5) 0 (0.0)

BMI body mass index, BZRA benzodiazepine receptor agonists, RMT ramelteon, SD standard deviation, SUV suvorexant,
Z-drug, non-benzodiazepine sleeping pills
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1. Medication Helped Me Sleep

2. Decreased Time to Fall Asleep
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4. Appropriateness of Medication Strength
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Exploratory Endpoints
No patients required rescue medications during
the study.

Overall and in each cohort, there was an
improvement in ISI scores over time after 2, 6,
and 14 weeks of LEM transition from baseline
(all P\0.05) (Fig. 4), with the proportions of
patients scoring\ 8 (the cut-off value for sub-
threshold insomnia on the ISI) ranging from
13.3% at baseline to 49.3% at the end of the
study at Week 14 (Table S4).

No background factors associated with the
transition to LEM were identified overall or in
each cohort (Table S5).

Approximately 12.5% (4/32) of patients
underwent BZRA dose reduction/withdrawal in
the combination cohorts at the end of the
maintenance phase (14 weeks) (Table S6).
Although the study did not pre-specify a
method for achieving BZRA dose reduction, and
there were not many overall, a small number of
patients (combination cohorts, n = 4 at Week 2
and n = 4 at Week 14) were able to undergo a
BZRA dose reduction.

DISCUSSION

This is the first prospective interventional study
to examine a direct transition to LEM from
other insomnia treatments across four cohorts:
Z-drug (ZOL, ZOP, or ESZ) monotherapy, SUV
monotherapy, SUV combination therapy, and
RMT combination therapy. The transitions to
LEM from other insomnia medications were

successful, with almost all patients (95.6% [95%
CI 89.0–98.8%]) transitioning at the end of the
titration phase. Retention rates during the
maintenance phase were also favorable at
82.2%. The positive responses in PGI-I were
generally increased over time after 2 and 14
weeks of LEM transition compared with base-
line. In addition, ISI scores improved over time
after 2, 6, and 14 weeks of LEM transition, and
the proportion of patients scoring\8 (the cut-
off value for suspected insomnia on the ISI)
increased from 13.3% at baseline to 49.3% at
the end of the study. Furthermore, during the
14 weeks of treatment, no serious TEAEs were
observed. Thus, direct transition therapy for
LEM may be a valid treatment option for
patients with insomnia who are dissatisfied
with the efficacy of their previous treatment or
have concerns about tolerability.

To date, no previous studies have been pub-
lished that examine the effects of switching to
LEM. This study explores the direct switch to
LEM without tapering the previous drug and
also includes monotherapy and combination
therapy in transition strategies, providing useful
information for physicians in real-world clinical
practice. The present study showed high suc-
cessful transition rates to LEM from ZOL
monotherapy, similar to those of a study in the
US evaluating direct transition from ZOL
monotherapy to LEM [21]. In that study, as in
our study, most patients (81.1%) transitioned to
LEM, and most chose to continue LEM treat-
ment during the maintenance phase. One pos-
sible reason for this high successful transition
rate of LEM may be dose adjustment. In both
studies, enrolled patients were allowed to adjust
the dose of LEM, and the starting dose was 5 mg
per the package insert [25, 26]. The approved
dose of SUV is 20 mg for adults and 15 mg for
the elderly in Japan, but dose adjustment was
not permitted [27]. During the titration phase
and after 1 week of treatment, the LEM dose was
increased to 10 mg in 32% of patients, which
may also reflect the high proportion of patients
transitioning to LEM. As another possible rea-
son, this study also considered background
factors but did not identify any significant dif-
ferences in background factors between those
who transitioned to LEM and those not

bFig. 3 Changes in PGI-I. Proportion of patients who
chose the answer option. For items 1 to 3, choices are:
blue = positive, gray = negative, white = neutral. For
item 4, choices are: blue = just right, gray = too strong,
and white = too weak. Percentages were calculated by
dividing the number of patients who chose the response
option by the number of patients who transitioned to the
maintenance phase of treatment (given as ‘‘N = ’’ at the
head of each figure). Thus, the percentages do not total
100. Week 2 indicates the end of the transition phase, and
Week 14 indicates the end of the maintenance phase. PGI-
I Patient Global Impression of Insomnia, RMT ramelteon,
SUV suvorexant, Z-drug non-benzodiazepine sleeping pills
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Table 3 Treatment-emergent adverse events

Overall
N = 90

Mono
cohorts
n = 50

Combination
cohorts
n = 40

Z-drug
mono
cohort
n = 25

SUV mono
cohort
n = 25

SUV
combination
cohort
n = 21

RMT
combination
cohort
n = 19

Patients, n (%)

TEAE

Full

observation

period

43 (47.8) 23 (46.0) 20 (50.0) 9 (36.0) 14 (56.0) 8 (38.1) 12 (63.2)

Titration

phase

22 (24.4) 13 (26.0) 9 (22.5) 9 (36.0) 4 (16.0) 3 (14.3) 6 (31.6)

Maintenance

phase

25 (27.8) 12 (24.0) 13 (32.5) 1 (4.0) 11 (44.0) 5 (23.8) 8 (42.1)

ADR

Yes 14 (15.6) 8 (16.0) 6 (15.0) 6 (24.0) 2 (8.0) 3 (14.3) 3 (15.8)

Serious TEAE

Yes 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Severity

Mild 35 (38.9) 18 (36.0) 17 (42.5) 8 (32.0) 10 (40.0) 6 (28.6) 11 (57.9)

Moderate 13 (14.4) 8 (16.0) 5 (12.5) 2 (8.0) 6 (24.0) 2 (9.5) 3 (15.8)

Severe 1 (1.1) 0 (0.0) 1 (2.5) 0 (0.0) 0 (0.0) 1 (4.8) 0 (0.0)

Frequent TEAE

Somnolence 7 (7.8) 5 (10.0) 2 (5.0) 4 (16.0) 1 (4.0) 0 (0.0) 2 (10.5)

Fever 6 (6.7) 5 (10.0) 1 (2.5) 0 (0.0) 5 (20.0) 0 (0.0) 1 (5.3)

Frequent ADR

Somnolence 7 (7.8) 5 (10.0) 2 (5.0) 4 (16.0) 1 (4.0) 0 (0.0) 2 (10.5)

Nightmare 2 (2.2) 1 (2.0) 1 (2.5) 1 (4.0) 0 (0.0) 0 (0.0) 1 (5.3)

TEAE by LEM dose

5 mg 28 (31.1) 16 (32.0) 12 (30.0) 4 (16.0) 12 (48.0) 4 (19.0) 8 (42.1)

10 mg 10 (11.1) 3 (6.0) 7 (17.5) 3 (12.0) 0 (0.0) 4 (19.0) 3 (15.8)

TEAE frequency[ 5%, ADR frequency C 2 patients. The data represent the full observational period unless otherwise
noted. AEs were classified using MedDRA version 25.0. AEs were TAEs
ADR adverse drug reaction, LEM lemborexant, RMT ramelteon, SUV suvorexant, TEAE treatment-emergent adverse event,
Z-drug non-benzodiazepine sleeping pills
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transitioning to LEM. In addition to transition
of ZOL monotherapy, successful transition rates
to LEM from all four cohorts were also high,
which is consistent with a recent study sug-
gesting that long-term gamma-aminobutyric
acid-BZRA users may be able to successfully
switch to LEM [28].

Each drug has different characteristics;
therefore, the balance between efficacy and
safety is vital for sleep medications. In a recently
published network meta-analysis [29], LEM had
the most favorable safety and efficacy profile. In
the present study, a high rate of successful
transition to LEM may have contributed to
improvements in the time to fall asleep and
improved sleep maintenance in PGI-I. This
study comprised four cohorts considering real-
world clinical treatment patterns, including
combinations, and observed favorable LEM
transition and retention rates across all cohorts.
This suggests that LEM has good potential as a
transition therapy in real-world settings. Thus,
all patients with insomnia who have dissatis-
faction with previous treatment could be con-
sidered eligible for LEM transition therapy.

As reported via meta-analyses, LEM treat-
ment ranked higher than SUV for sleep-onset
latency, was rated at least as effective in
improving sleep maintenance and total sleep
time [23], and was recommended in most clin-
ical situations in Japan [12]. In terms of phar-
macodynamics, the selectivity of orexin
receptor 2 and rapid binding and dissociation
kinetics of LEM compared with SUV might have
contributed to sufficient efficacy, especially in
sleep-onset latency and sleep maintenance
[30, 31]. However, these examples may not truly
represent the clinical situation, and more
research is needed to verify this hypothesis.
Although few reports have examined changing
from DORA to DORA, and no numerical results
were reported in terms of retention rate or sleep
index, the transition rate of [ 90% with SUV
monotherapy, or in combination, suggests that
it is worth considering not only switching to
sleep medications with different mechanisms of
action, such as Z-drugs or combination (RMT
combination), but also switching to other
DORAs when the initial DORA is ineffective. In
addition, in the network meta-analysis of LEM

ISI score
(Mean ± SD) Overall Z-drug mono 

cohort
SUV mono 

cohort
SUV combination 

cohort
RMT combination 

cohort

Measured value
Week 0 (Baseline) (End of pretreatment phase) 12.8 ± 5.1 12.4 ± 4.3 12.6 ± 4.4 12.4 ± 5.7 14.1 ± 6.4

Change from baseline
Week 2 (End of titration phase)
Week 6 (Week 4 of maintenance phase)
Week 14 (End of maintenance phase)

−2.6 ± 3.8
−4.4 ± 5.1
−5.3 ± 4.8

−2.3 ± 4.2
−3.8 ± 4.7
−5.8 ± 5.0

−2.9 ± 4.0
−5.7 ± 5.1
−6.1 ± 4.5
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Fig. 4 ISI change from baseline after transitioning to
LEM. ISI Insomnia Severity Index, LEM lemborexant,
RMT ramelteon, SD standard deviation, SUV suvorexant,

Z-drug non-benzodiazepine sleeping pills. P-value (vs
baseline) calculated using the paired t-test. *p\ 0.05,
**p\ 0.01, ***p\ 0.001

Adv Ther (2024) 41:1728–1745 1741



and SUV, LEM 10 mg/day was rated superior to
other active treatments in terms of efficacy, but
because of the risk of somnolence, it is recom-
mended to start with the well-tolerated LEM
5 mg/day [32]. In a prospective study examining
the benefit of a direct switch to SUV or SUV add-
on after 1 week in patients with insomnia with
comorbid psychiatric disorders, the retention
rate was 77.2% [33]. Similarly, the retention rate
for LEM was high ([83%) [23]. Both studies
examined direct switching from single agents,
but did not include examining changing to
LEM in a combination cohort. Another retro-
spective observational study examined LEM in
combination with BZRA and tapering of con-
comitant BZRA, with a retention rate of 91.3%
(63/69) for LEM [22]. A retrospective study
reported that switching to SUV from BZRA
had[ 70% continuation rate at 1 month and
higher oversedation compared with SUV add-on
to BZRA [34]. Transition to LEM from SUV is
suggested to alleviate difficulties in initiating
sleep (onset) [35], and LEM may be a useful
alternative to BZRA or SUV [28]. In the current
study, during the 12-week maintenance phase,
the protocol did not require a reduction or
withdrawal of BZRA in the combination cohort,
resulting in a low frequency of BZRA withdrawal
and dose reduction. Nevertheless, the patient
satisfaction with LEM monotherapy and com-
bination therapy was high based on the
improvement of PGI-I and ISI over time. This
suggests that dose reduction/withdrawal of
BZRA can be considered as an option in clinical
practice.

Regarding safety, although somnolence
occurred in 7.8% of patients, no serious TEAEs
occurred in this study, and most were mild or
moderate, indicating good tolerability. These
findings are consistent with the previously
reported safety profile of LEM [19, 20]. Regard-
ing sleep quality, there were few cases of
nightmares, and patients experienced general
improvements in sleep quality according to the
assessment per the PGI-I and ISI scores.

Limitations

This study had some limitations. Since this
study was small and open label, it was not
designed or powered for efficacy or safety sta-
tistical comparisons between the treatment
arms. Instead, it assessed only a specified
approach to the dosing transition separately for
each treatment regimen. It should be noted that
this study did not compare LEM to a placebo or
active control regarding efficacy, with partici-
pants, serving as their own control for before
and after treatment assessments, as would be
the case in routine clinical practice. Because the
study period was 14 weeks, the long-term effects
of the transition to LEM therapy are unknown.
As the protocol did not specify a BZRA dose
reduction, a small number of patients under-
went dose reduction, and 4/39 and 4/32
patients in the combination cohorts underwent
dose reduction in the titration and mainte-
nance phases, respectively. However, to our
knowledge, this is the first trial to show a direct
transition to LEM from various hypnotic treat-
ments, including combination therapy, and it
provides important information about the
direct transition to LEM in clinical practice.

CONCLUSIONS

Our findings highlight a successful transition to
LEM from other insomnia medications, with[
95% of patients transitioning at the end of the
titration phase. Patients who switched had
improved subjective patient satisfaction scores
over time based on the PGI-I and ISI. Most
TEAEs were mild and moderate, indicating good
tolerability. The results suggest that direct
transition to LEM is an effective treatment
option for patients with insomnia who are dis-
satisfied with, or anxious about, their current
treatment. LEM substitution improved patient
treatment satisfaction and was considered ben-
eficial for reducing the BZRA dose and possibly
BZRA discontinuation.
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29. De Crescenzo F, D’Alò GL, Ostinelli EG, et al.
Comparative effects of pharmacological interven-
tions for the acute and long-term management of
insomnia disorder in adults: a systematic review
and network meta-analysis. Lancet. 2022;400:
170–84.

30. Greenblatt DJ, Legangneux E, Harmatz JS, et al.
Dynamics and kinetics of a modified-release for-
mulation of zolpidem: comparison with immedi-
ate-release standard zolpidem and placebo. J Clin
Pharmacol. 2006;46:1469–80.

31. Weinling E, McDougall S, Andre F, Bianchetti G,
Dubruc C. Pharmacokinetic profile of a new modi-
fied release formulation of zolpidem designed to
improve sleep maintenance. Fundam Clin Phar-
macol. 2006;20:397–403.

32. Kishi T, Nomura I, Matsuda Y, et al. Lemborexant vs
suvorexant for insomnia: a systematic review and
network meta-analysis. J Psychiatr Res. 2020;128:
68–74.

33. Kishi T, Sakuma K, Okuya M, et al. Suvorexant for
insomnia in patients with psychiatric disorder: a
1-week, open-label study. Neuropsychopharmacol
Rep. 2019;39:252–5.

34. Hatano M, Kamei H, Inagaki R, et al. Assessment of
switching to suvorexant versus the use of add-on
suvorexant in combination with benzodiazepine
receptor agonists in insomnia patients: a retro-
spective study. Clin Psychopharmacol Neurosci.
2018;16:184–9.

35. Okino K, Suzuki H, Kondo S, et al. Effectiveness of
change from suvorexant to lemborexant drug in the
treatment of sleep disorders. Psychogeriatrics.
2022;22:595–604.

Adv Ther (2024) 41:1728–1745 1745

https://doi.org/10.1016/j.sleepx.2023.100098
https://doi.org/10.1016/j.sleepx.2023.100098
https://www.info.pmda.go.jp/go/pdf/170033_1190027F1022_1_04
https://www.info.pmda.go.jp/go/pdf/170033_1190027F1022_1_04
https://www.dayvigo.com/-/media/Files/DAYVIGO/PDF/prescribing-information.pdf
https://www.dayvigo.com/-/media/Files/DAYVIGO/PDF/prescribing-information.pdf
https://www.dayvigo.com/-/media/Files/DAYVIGO/PDF/prescribing-information.pdf
https://pins.japic.or.jp/pdf/newPINS/00066563.pdf
https://pins.japic.or.jp/pdf/newPINS/00066563.pdf

	Efficacy and Safety of Transitioning to Lemborexant from Z-drug, Suvorexant, and Ramelteon in Japanese Insomnia Patients: An Open-label, Multicenter Study
	Abstract
	Introduction
	Methods
	Results
	Conclusions
	Trial Registration

	Introduction
	Methods
	Study Design
	Patients
	Intervention
	Study Endpoints
	Primary Endpoints
	Secondary Endpoints
	Exploratory Endpoints

	Statistical Analysis

	Results
	Patient Disposition and Characteristics
	Primary Endpoint
	Secondary Endpoints
	Safety Endpoints
	Exploratory Endpoints


	Discussion
	Limitations

	Conclusions
	Author Contributions
	Data Availability
	References




