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Abstract

Background. Lemborexant has demonstrated statistically significant improvements in sleep
onset and sleep maintenance compared with placebo and zolpidem tartrate extended release,
measured both objectively using polysomnography and subjectively using sleep diaries, in the
phase 3 clinical trial SUNRISE 1. This study evaluated the cost-effectiveness of lemborexant
compared with suvorexant, zolpidem immediate release (IR), and untreated insomnia.
Methods. A decision-tree model was developed for falls, motor vehicle collisions, and work-
place accidents associated with insomnia and insomnia treatments from a Japanese healthcare
perspective and with a 6-month time horizon. The model extracted subjective sleep onset
latency treatment responses and disutility values for non-responders from SUNRISE 1.
Cost-effectiveness was assessed using incremental cost per quality-adjusted life year
(QALY) gained. One-way and probabilistic sensitivity analyses were conducted to evaluate
the impact of parameter uncertainty on the results.
Results. In the base-case analysis, the mean estimated QALYs for lemborexant, suvorexant,
zolpidem-IR, and untreated insomnia were 0.4220, 0.4204, 0.4113, and 0.4163, and expected
medical costs were JPY 34 034, JPY 38 371, JPY 38 139, and JPY 15 383, respectively.
Lemborexant saved JPY 4337 and JPY 4105 compared with suvorexant or zolpidem-IR,
respectively, while conferring QALY benefits. The incremental cost-effectiveness ratio (ICER)
of lemborexant compared with that of untreated insomnia was JPY 3 220 975 /QALY.
Lemborexant was dominant over suvorexant and zolpidem-IR and was cost-effective when com-
pared with untreated insomnia. Sensitivity analyses supported the results’ robustness.
Conclusions. In a Japanese clinical practice setting, lemborexant may represent a better
investment for treating insomnia in the healthcare system in Japan.

Introduction

Insomnia is a common, patient-reported complaint that is characterized by difficulty falling
asleep or maintaining sleep, premature wakening, or a combination of both sleep onset and
sleep maintenance issues (Sateia, Sherril, Winter-Rosenberg, & Heald, 2017b). Insomnia is
more common in women than in men (Zhang & Wing, 2006), and at lower levels of education
(Gellis et al., 2005). Untreated insomnia causes many difficulties for patients in terms of
increased fatigue, reduced quality of life (QOL), impaired daytime functioning, and an
increased risk of accidents and injuries (Chen, Lee, & Buxton, 2017; Lombardi, Folkard,
Willett, & Smith, 2010; Olfson, Wal, Liu, Morin, & Blanco, 2018). Although cognitive behav-
ioral therapy is standard treatment for the management of patients with insomnia, pharmaco-
therapy is an important treatment option for many patients, with hypnotics being the most
commonly prescribed medication (Sateia, Buysse, Krystal, Neubauer, & Heald, 2017a).

The hypnotic drugs approved for the treatment of insomnia in Japan include benzodiaze-
pines (BZDs), non-BZDs, melatonin receptor agonists, and dual orexin receptor antagonists
(DORAs). Although BZDs and non-BZDs are widely used, these drugs are associated with
a risk of physical dependency and with an increased risk of falls, motor vehicle collisions
(MVCs), problems with memory, and daytime sedation, especially in older persons
(Mishima, 2015; Uchiyama, 2019; Wang, Bohn, Glynn, Mogun, & Avorn, 2001). As such,
BZDs are not recommended for use in the elderly in Japan (Mishima, 2015;
Pharmaceuticals and Medical Devices Agency, 2017; Uchiyama, 2019). Furthermore, although
melatonin receptor agonists may present a lower risk of harm in the elderly (Uchiyama, 2019),
they are only approved for improving sleep onset, not for sleep maintenance.
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DORAs are a new class of drug developed to address the limita-
tions of the previously approved drug classes (Jacobson, Chen, Mir,
& Hoyer, 2017) and are effective for improving sleep maintenance,
an advantage that has not been established for BZDs, except for
long-acting BZDs, and most non-BZDs (Herring et al., 2012;
Herring et al., 2016; Sateia et al., 2017a; Uchiyama, 2019). In
2014, suvorexant became the first DORA to be approved in
Japan, although it is only recommended for improving sleep main-
tenance (Sateia et al., 2017a; Uchiyama, 2019). This recommenda-
tion is based on studies of suvorexant in elderly patients that
showed clinically meaningful improvements in sleep maintenance
[wake after sleep onset (WASO)], but not sleep onset [latency to
persistent sleep (LPS)] (Herring et al., 2012, 2016).

Lemborexant is a new DORA that was approved in Japan in
January 2020 following approval in the United States; it was
also recently approved in Canada. In the SUNRISE 1 trial
(NCT 02783729; E2006-G000-304), lemborexant demonstrated
superior efficacy over zolpidem tartrate extended release (ER)
and placebo in older adults (Rosenberg et al., 2019). After one
month, treatment with lemborexant 5 and 10 mg resulted in clin-
ically meaningful improvements over placebo in terms of LPS and
WASO measures. During the first seven nights of treatment and at
the end of the month, the mean decreases from baseline in terms
of log-transformed subjective sleep onset latency (sSOL) were also
significantly greater for lemborexant 5 and 10 mg compared with
those of zolpidem ER 6.5 mg or placebo (Rosenberg et al., 2019).
Findings from the SUNRISE 2 trial (NCT02952820; E2006-G000-
303), which was conducted over periods of 6 (Kärppä et al., 2020)
and 12 months (Yardley et al., 2020) in adults aged ⩾18 years,
showed that the improvements in subjective sleep onset and
sleep maintenance induced by lemborexant were sustained in
the long term and that lemborexant was well-tolerated.

Several studies have examined the impact of insomnia on
healthcare costs and utilization (Gamaldo et al., 2016; Wickwire
et al., 2020). However, information on the cost-effectiveness of
drug treatments among elderly individuals with insomnia is lim-
ited (Mohit & Cohen, 2019; Tannenbaum et al., 2015; Wickwire
et al., 2020). The present study was designed to assess the cost-
effectiveness of treatment with lemborexant compared with that
of suvorexant or zolpidem immediate release (IR), which is
commonly used in Japan, as well as untreated insomnia, with a
particular focus on the impact of treatment on falls, MVCs, and
workplace accidents (WPAs).

Methods

Model structure and framework of the economic analysis

A decision-tree model was developed to project the costs and
health outcomes of lemborexant, suvorexant, zolpidem IR, and
of untreated insomnia in terms of the following three events asso-
ciated with insomnia and its treatments: falls, MVCs, and WPAs
(Fig. 1). Each of these events incurred a cost, a decrement in util-
ity, and a probability of death. Patients in each treatment group
incurred costs associated with medical care for chronic insomnia,
including drug prescriptions, and a utility decrement with
residual chronic insomnia. Although treatment efficacy was not
considered to be age-dependent, the evaluation model was applied
to younger adults (18–64 years) and older adults (⩾65 years) to
take into account age-related differences in the incidence of
falls, MVCs, and WPAs in the general population (MHLW,
2019; Niino, Tsuzuku, Ando, & Shimokata, 2000; NPA, 2019).

The cost-effectiveness analysis was conducted in accordance
with the Japanese Ministry of Health, Labour and Welfare
(MHLW) guidelines (C2H, 2019) from the Japanese healthcare
perspective typically adopted by payers. The health outcomes of
each intervention were evaluated in QALYs, and the analysis
only included direct medical costs. Although long-term adminis-
tration of insomnia medication is not recommended (Mishima,
2015; Sateia et al., 2017a), many patients use insomnia medica-
tions for long periods in real-world clinical practice (Katz &
McHorney, 1998), and an analysis of their long-term use is highly
justified. Therefore, the time horizon was set at six months, and
no discount rate was applied for less than one year.
Cost-effectiveness was assessed using incremental cost-
effectiveness ratios (ICER) and a willingness-to-pay (WTP)
threshold of JPY 5 million per QALY gained (Hasegawa,
Komoto, Shiroiwa, & Fukuda, 2020). Unit costs were based on
the 2020 Japanese fee schedule and drug tariffs, each of which
was defined by the MHLW at an exchange rate of USD 1 = JPY
107 (September 2020) (Bank of Japan, 2020). All analyses were
performed using Microsoft Excel.

Treatment efficacy

The efficacy of lemborexant in this study was based on that in the
SUNRISE 1 trial, a global, randomized, double-blind, parallel-
group, placebo-controlled, active-comparator phase 3 study
(Rosenberg et al., 2019). The primary endpoint was the change
in LPS from baseline for lemborexant compared with that of pla-
cebo, and the secondary endpoints included WASO and sSOL
changes. The current analysis was based on the sSOL response
rate because the use of subjective, rather than objective, measures
are recommended by the Japanese regulatory authority
(Pharmaceuticals & Medical Devices Agency, 2011). A response
was defined as an sSOL ⩽20 min, provided the mean baseline
sSOL was >30 min.

The response rates for suvorexant and zolpidem IR were based
on a network meta-analysis (NMA) aimed at providing estimates
of comparative efficacy and acceptability for up to 16 pharmaco-
logical treatments, including lemborexant, for insomnia disorder
in adults (McElroy et al., 2021). The response rate for zolpidem
IR was assumed to be the same as that for zolpidem ER, as the
mean decrease in sSOL from baseline at four weeks did not sig-
nificantly differ [−8.3 min; 95% credible interval (Crl), −17.5 to
0.4] between zolpidem IR and zolpidem ER (McElroy et al.,
2021), and a direct comparison of responder rates for zolpidem
ER in SUNRISE 1 was available. The response rate for suvorexant
was conservatively assumed to be the same as that for lemborex-
ant, as the data describing responder rates were unavailable due to
the fact that no direct comparison was performed in SUNRISE
1. However, the NMA found that the difference in the mean
decreases in the sSOL values from baseline at three months for
lemborexant compared with that of suvorexant was −7.1 min
(95% Crl; −13.2 to −0.9), a difference that was statistically signifi-
cant (McElroy et al., 2021).

Based on the findings from SUNRISE 2 (Kärppä et al., 2020;
Yardley et al., 2020), the present model assumed that the efficacy
of each treatment was maintained for the duration of the model’s
time horizon. Using the subgroup analyses from SUNRISE 1 and
SUNRISE 2, which showed that treatment effects did not vary
with age, it was assumed that treatment efficacy was not age-
dependent. The response rate for untreated insomnia was set 0,
corresponding with no improvement in insomnia symptoms.
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Events

The baseline risks and the risks associated with insomnia or
insomnia treatment for each event within the model were esti-
mated from previously published reports and government data
(Table 1).

Falls
The baseline risk of falls in good sleepers was obtained from the
National Institute for Longevity Sciences, Longitudinal Study of
Aging (NILS-LSA) in Japan (Niino et al., 2000). The risk of
falls for untreated insomnia was derived from the general popula-
tion of untreated patients with chronic insomnia from the Study
of Osteoporotic Fractures (relative risk = 1.48) (Stone, Ensrud, &
Ancoli-Israel, 2008). The risk of falls for lemborexant or suvorex-
ant was derived from estimates of (1) the relative risk of falls for
lemborexant and suvorexant compared with that of the general
population for untreated patients (Stone et al., 2008) and (2)
the NMA of the risk of falls for lemborexant-treated v. untreated
patients [hazard ratio (HR) = 0.68] and v. suvorexant (HR = 0.85)

(McElroy et al., 2021), as lemborexant and suvorexant are asso-
ciated with a lower risk of falls than the risk in untreated insomnia
patients. Thus, the HRs for the risk of falls for lemborexant and
suvorexant compared with the risk in the general population
were calculated as 1 ( = 0.68 × 1.48) and 1.26 ( = 0.85 × 1.48),
respectively. An increased risk of falls with zolpidem IR compared
with untreated persons was derived from a pooled analysis of 14
studies conducted in older adults (Treves, Perlman, Kolenberg
Geron, Asaly, & Matok, 2018).

In a previous cost-effectiveness analysis from a US Medicare
perspective, the model assumed that the number of extra falls
per faller would be higher in a patient population that included
a higher annual percentage of fallers (Tannenbaum et al., 2015).
As data on the number of falls per year are available from the
2019 Medicare Current Beneficiary Survey (MCBS) (MCBS,
2019), this assumption could be verified by estimating the per-
centage of patients classified by variables that would differ in
terms of the percentage of patients per year. Therefore, fallers
in the 2019 MCBS were estimated to experience 1.957 [95% con-
fidence interval (CI) 0.90–2.02] falls in a year (MCBS, 2019), and

Fig. 1. Flow diagram of the model structure.
ERV, emergency room visits; MVC, motor vehicle collisions; WPA, workplace accidents.
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Table 1. Model inputs

Value

1-way SA Setting PSA Setting

Parameter Lower Upper Range S.E. Distribution Source

Clinical inputs

Responder rate (proportion experiencing improved sleep)

sSOL Lemborexant 0.207 0.168 0.247 95%CI 0.020 Beta Rosenberg et al. (2019)

Suvorexant 0.207 0.168 0.247 95%CI 0.020 Beta Same as lemborexant

Zolpidem 0.113 0.070 0.157 95%CI 0.022 Beta Same as zolpidem ER in SUNRISE 1 (Rosenberg et al., 2019)

Untreated insomnia 0 – – – – – Assumption

WASO Lemborexant 0.455 – – – – – Rosenberg et al. (2019)

Suvorexant 0.455 – – – – – Same as lemborexant

Zolpidem 0.349 – – – – – Same as zolpidem ER in SUNRISE 1 (Rosenberg et al., 2019)

Untreated insomnia 0 – – – – – Assumption

LPS Lemborexant 0.377 – – – – – Rosenberg et al. (2019)

Suvorexant 0.377 – – – – – Same as lemborexant

Zolpidem 0.214 – – – – – Same as zolpidem ER in SUNRISE 1 (Rosenberg et al., 2019)

Untreated insomnia 0 – – – – – Assumption

Proportion of patients Younger 51.2% – – – – – Ministry of Health, Labour and Welfare (2019)

Older 48.8% – – – – –

Mean age Younger 48.7 – – – – –

Older 74.7 – – – – –

Falls

Hazard ratio Lemborexant 1 0.800 1.200 ± 20% 0.100 Log-normal McElroy et al. (2021)

Suvorexant 1.26 1.008 1.512 ± 20% 0.126 Log-normal

Zolpidem 2.4 0.92 6.27 95%CI 0.49 Log-normal Treves et al. (2018)

Untreated insomnia 1.48 1.184 1.776 ± 20% 0.148 Log-normal Stone et al. (2008)

Annual probability of a
first fall

Younger 12.9% 10.0% 15.8% 95%CI 1.47% Beta Niino et al. (2000)

Older 16.5% 13.3% 19.7% 95%CI 1.64% Beta Niino et al. (2000)

Mean extra falls/faller in general population 0.957 0 1.02 95%CI 0.286 Gamma U.S. Centers for Medicare & Medicaid Services (2019)

Slope of extra falls with proportion of first falls 2.5 – – – 0.26 Normal U.S. Centers for Medicare & Medicaid Services (2019)

(Continued )
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Table 1. (Continued.)

Value

1-way SA Setting PSA Setting

Parameter Lower Upper Range S.E. Distribution Source

Probability of death 0.73% 0.6% 0.9% ± 20% 0.073% Beta Tannenbaum et al. (2015)

(Breakdown)

Non-medical 0 – – – – –

Outpatient visit 0 – – – – –

Non-fracture admission 6% – – – – –

Non-hip fracture admission 0.1% – – – – –

Hip fracture admission 20% – – – – –

MVC

Hazard ratio Lemborexant 2.2 1.64 2.95 95%CI 0.15 Log-normal Same as zolpidem

Suvorexant 2.2 1.64 2.95 95%CI 0.15 Log-normal

Zolpidem 2.2 1.64 2.95 95%CI 0.15 Log-normal Hansen et al. (2015)

Untreated insomnia 2.7 1.4 5.4 95%CI 0.34 Log-normal Connor et al. (2002)

MVC rate (/year) Younger 0.603% 0.482% 0.724% ± 20% 0.0603% Beta National Public Safety Commission and National Police Agency (2019)

Older 0.483% 0.386% 0.580% ± 20% 0.0483% Beta

Probability of death 0.8% 0.77% 0.82% 95%CI 0.014% Beta

WPA

Hazard ratio Lemborexant 1.63 1.304 1.956 ± 20% 0.163 Log-normal Lombardi et al. (2010); Rosenberg et al. (2019)

Suvorexant 1.63 1.304 1.956 ± 20% 0.163 Log-normal Lombardi et al. (2010); Rosenberg et al. (2019)

Zolpidem 1.70 1.360 2.040 ± 20% 0.170 Log-normal Lombardi et al. (2010); Rosenberg et al. (2019)

Untreated insomnia 1.79 1.22 2.62 95%CI 0.19 Log-normal Lombardi et al. (2010)

WPA rate (/year) 1.02% 1.0195% 1.0282% 95%CI 0.0022% Beta Ministry of Health, Labour and Welfare (2019)

Probability of death 0.07% 0.060% 0.083% 95%CI 0.0059% Beta

Employment rate of those aged ⩾65 years 24.3% – – – 0.0072% Beta Ministry of Internal Affairs and Communications (2018)

Costs

Costs of drug (JPY/30 days)

Lemborexant 2700 2160 3240 ± 20% – – NHI price (2020)

Suvorexant 3000 2400 3600 ± 20% – –

Zolpidem 900 720 1080 ± 20% – –

Costs for insomnia treatment

initial medical cost (JPY/time) 2880 2304 3456 ± 20% 288 Gamma NHI medical fee (2020)

primary care visit (JPY/time) 730 584 876 ± 20% 73 Gamma
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Additional primary care visits (per 30 days within time horizon)

Lemborexant 1.3 – – – 0.0005 Gamma claim database analysis

Suvorexant 1.3 – – – 0.0005 Gamma

Zolpidem 1.3 – – – 0.0005 Gamma

Untreated insomnia 0 – – – – – Assumption

Severity of fallen cases and treatment

Non-medical 44% – – – – – Niino et al. (2000)

Outpatient visit 48% – – – – –

Non-fracture admission 2.56% – – – – – Tannenbaum et al. (2015)

Non-hip fracture admission 2.56% – – – – –

Hip fracture admission 2.88% – – – – –

Costs for fall (JPY/event) 58 047 46 438 69 656 ± 20% 5804.7 Gamma

(Breakdown)

Outpatient visit 3700 – – – – – NHI medical fee (2020)

Non-fracture admission 188 280 – – – – – NHI medical fee (2020)

Non-hip fracture admission 502 472 – – – – – Oyama, Nakamura, Tsuchiya, Muto, and Yamamoto (2007)

Hip fracture admission 1 328 654 – – – – – Kondo and Kawabuchi (2012)

Costs for MVC (JPY/event) 254 628 203 702 305 554 ± 20% 25 462.8 Gamma The General Insurance Association of Japan. Insurance data (2012)

Costs for WPA (JPY/event) 68 187 54 550 81 824 ± 20% 6818.7 Gamma Ministry of Health, Labour and Welfare (2019)

Utilities

Baseline utility (in general population)

Younger 0.928 0.925 0.930 95%CI 0.00104 Beta Shiroiwa et al. (2016)

Older 0.847 0.844 0.850 95%CI 0.00174 Beta Shiroiwa et al. (2016)

Utility decrement for no effect on chronic insomnia

Base-case (sSOL) 0.026 0 0.053 95%CI 0.014 Beta Ikeda et al. (2020)

Scenario (WASO) 0.005 – – – – – Ikeda et al. (2020)

Scenario (LPS) 0.007 – – – – – Ikeda et al. (2020)

Utility decrement for events

Falls 0.036 0.029 0.043 ± 20% 0.0036 Beta Tannenbaum et al. (2015)

MVC 0.042 0.034 0.050 ± 20% 0.0042 Beta Spicer et al. (2011)

WPA 0 – – – – – Assumption

SA, sensitivity analysis; PSA, probabilistic sensitivity analysis; S.E., standard error; CI, confidence interval; ER, extended release; sSOL, subjective sleep onset latency; WASO, wake after sleep onset; LPS, latency to persistent sleep; MVC, motor vehicle
collisions; WPA, workplace accidents; JPY, Japanese yen; NHI, national health insurance.
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the number of extra falls per faller in the current model was esti-
mated to be 0.957. The expected relationship between the annual
number of falls per faller and the annual proportion of fallers was
observed. Therefore, the estimated slope was determined from a
regression analysis that was weighted by the precision of the
estimated annual mean number of falls per faller [2.5 (95% CI
2.0–3.0)] and was used in the current model (e.g. the number of
falls per capita in a treatment group with a 10% fall rate would be
0.25 higher than in a treatment group with a 20% fall rate).

The fatality rates following hospital admissions for falls
(6% for no fracture, 0.1% for no hip fracture, and 20% for hip
fracture) were obtained from the cost-effectiveness analysis from
a US Medicare perspective (Tannenbaum et al., 2015). Falls not
resulting in hospital admission were assumed to be minor injuries
with no risk of death.

MVCs
The baseline risk and probability of death for MVCs in which
MVC the insomnia patient was the driver were based on the inci-
dence of collisions in Japan (NPA, 2019). The estimate of the
increased risk of MVCs with zolpidem was sourced from an ana-
lysis of the US health plan for Washington state that included dri-
vers aged >21 years (Hansen, Boudreau, Ebel, Grossman, &
Sullivan, 2015). As there are no comparable data for suvorexant
or lemborexant, the risk of these treatments was assumed to be
the same as that of zolpidem.

The increased risk of MVCs in cases of untreated insomnia
was sourced from a population-based case-control study
(Connor et al., 2002). An adjusted OR of 2.7, determined from
the comparison of those compared reporting five or more hours
of sleep with those reporting five reported or fewer hours of
sleep in the past 24 h, was used as the increased risk of MVCs
associated with no treatment.

WPAs
The baseline risk and probability of death of WPAs were based on
a survey conducted by the MHLW (MHLW, 2019). The increased
risk of WPAs for untreated insomnia was obtained from a
National Health Interview Survey conducted in the United
States (Lombardi et al., 2010), which showed an increased risk
of WPAs for workers who slept 5–5.9 h compared with that of
workers who slept 7–7.9 h (OR 1.79). The total objective sleep
duration at baseline in SUNRISE 1 was 327 min (OR 1.79) for
treatment-unresponsive patients (Rosenberg et al., 2019); there-
fore, a weighted average value of 1.63 [0.207 × 1.0 +(1-0.207) ×
1.79 = 1.63] was established based on the response rate of the
drug treatment. As the employment rate of those aged ⩾65
years was estimated to be 24.3% (Ministry of Internal Affairs &
Communications, 2018), the annual rate of injury for the older
age group in the current model was assumed to be 24.3% of
that of the younger group.

Healthcare resource utilization and costs

All cost parameters are shown in Table 1. Information on patient
visits to physicians was obtained from a health insurance claims
database that comprises information on medical services, drug
prescriptions, and diagnoses for company employees and their
family members (JMDC Inc, 2020). Between March 2017 and
August 2019, the frequencies of patient visits to physicians for
the suvorexant and zolpidem IR groups were 1.33 and 1.29 per
month, respectively. The mean value (1.3 visits per month) was

used as the model input value for all treatments. There were no
patient visits for untreated insomnia.

No treatment, outpatient treatment, and inpatient treatment
were considered in the treatment of falls. Data from the
NILS-LSA study showed that the treatment of fallers accounted
for 56% of hospital visits and 8% of hospitalizations (Niino
et al., 2000). According to the cost-effectiveness analysis from a
US Medicare perspective, 32% of hospitalizations were for non-
fractures, whereas 68% were for fractures; of the fracture admissions,
47% were for non-hip fractures, whereas 53% were for hip fractures
(Tannenbaum et al., 2015). From these reports, the proportions of
non-fracture hospitalizations, non-hip fractures, and hip fractures
for all fallers were calculated to be 2.56, 2.56, and 2.88%, respect-
ively. The cost of each treatment for a fall was determined from
the literature or the national health insurance (NHI) cost that was
applicable to the expected treatment in Japan.

MVC and WPA costs were obtained from general insurance
data in Japan (The General Insurance Association of Japan,
2012), and treatment drug costs were obtained from the
Japanese NHI drug prices for 2020. The daily drug costs for
each treatment were JPY 92 for lemborexant, JPY 96.7, suvorex-
ant, and JPY 28.4 for zolpidem IR, respectively. Zolpidem IR
costs were calculated from the weighted average cost of the
brand and available generics based on market share. The patients
continued each of the drug treatment regimens throughout the
analysis period. All medical costs were inflated to 2020 values.

Utilities

The utilities are listed in Table 1. Utilities for responders were
assumed to be the same as those for good sleepers whose utilities
were equivalent to the values in the general population in Japan
(Shiroiwa, 2016). According to the EuroQol 5-Dimensions (3-level
version; EQ-5D-3L) data from SUNRISE 1, non-responders were
assumed to experience utility decrement due to untreated insomnia
(Ikeda et al., 2020). A total of 703 patients (responders: n = 116,
non-responders: n = 587) who had sSOL responder rate data and
who responded to the EQ-5D-3L questionnaire both at baseline
and at one month were analyzed. The EQ-5D-3L data were scored
based on tariffs from the UK (Szende, Oppe, & Devlin, 2007). A dif-
ference in the change from baseline QOL scores between treatment
responders and non-responders was evaluated using an analysis of
covariance, with age, sex, baseline QOL score, and comorbidities
(depression and anxiety disorder) as covariates. The changes in util-
ities were 0.026 larger in the responder group than in the non-
responder group ( p = 0.068).

The disutility of falls was obtained from the cost-effectiveness ana-
lysis from a US Medicare perspective (Tannenbaum et al., 2015). As
there was no utility decrement for a non-fracture hospital admission,
this was conservatively assumed to be the same as for a fall.

The disutility associated with an MVC was the weighted aver-
age of the median utility loss for a person with an MVC in the
United States in 2010 (Spicer, Miller, Hendrie, & Blincoe,
2011). No data were identified on the disutility for a WPA; there-
fore, conservatively, this value was set to zero. The disutility asso-
ciated with the treatment was not considered because insufficient
data were available.

Sensitivity analysis

A scenario analysis was conducted for younger adults (18–64
years) and older adults (⩾65 years) using the parameters of the
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base-case analysis. Scenario analyses were also conducted using
different indicators of the response rate. To assess the response
rate, the scenario analyses were performed using a WASO of
⩽60 min, provided the mean baseline WASO was >60 min and
was reduced by >10 min compared with baseline values, and an
LPS ⩽20 min, provided the mean baseline LPS was >30 min.
The disutility of insomnia was also applied to the values analyzed
using the estimate derived from each specific response measure.
The parameters are listed in Table 1.

Model parameter uncertainty was assessed via one-way
analysis (OWA). The model inputs varied by 95% CIs where
available, and by ± 20% of the base-case value when CIs were
not publicly available. The probabilistic sensitivity analysis
(PSA) was performed to assess the impact of individual parameter
uncertainty on the model results. Random dispersion was speci-
fied using the reported standard error or an assumed standard
error of 10% for cases in which it was not available (Table 1).
The PSA followed a standard Monte Carlo approach consisting
of 2000 randomly drawn simulations of the parameter values.

Results

Base-case analysis

In the base-case analysis, lemborexant was dominant over suvor-
exant and zolpidem IR, and was more cost-effective than
untreated insomnia (Table 2). The mean estimated QALY was
0.4220 for lemborexant, 0.4204 for suvorexant, 0.4113 for zolpi-
dem IR, and 0.4163 for untreated insomnia. The expected medical
costs for lemborexant, suvorexant, and zolpidem IR were JPY 34
034 (USD 318), JPY 38 371 (USD 359), JPY 38 139 (USD 356),
and JPY 15 383 (USD 144), respectively. The cost savings for lem-
borexant were JPY 4337 (USD 41) compared with suvorexant and
JPY 4105 (USD 38) compared with zolpidem IR, while conferring
incremental QALY benefits of 0.0016 and 0.0108, respectively.
The ICER of lemborexant compared with that of untreated
insomnia was JPY 3 220 975 (USD 30 103) /QALY.

Sensitivity analysis

For the analyses by age (younger adults, older adults), treatment
with lemborexant was dominant compared with suvorexant or
zolpidem IR, and it was cost-effective compared with untreated
insomnia in both age groups. There were smaller incremental
effects and cost savings with lemborexant v. the other therapies
for the 18–64-year-old population compared with the ⩾65-year-
old population.

In the scenario analysis with different indicators for the
response rate, only QALY gains were affected because the
response rate only impacted the utility decrement in the popula-
tion with insomnia. The QALY gains with lemborexant, suvorex-
ant, zolpidem IR treatment, and untreated insomnia were
estimated to be 0.4309, 0.4292, 0.4210, and 0.4266, respectively,
for the WASO response rates, and 0.4301, 0.4284, 0.4199, and
0.4256 for LPS, respectively. Lemborexant remained a dominant
compared with suvorexant and zolpidem IR, and it was cost-
effective compared with untreated insomnia in the analyses
using all other scales for assessing treatment response (Table 2).

The results of OWA are shown in Fig. 2. OWA of lemborexant
v. suvorexant revealed that the model was most sensitive to varia-
tions in the risk (based on the HR) of a first fall with lemborexant.
However, the results supported the predominance of lemborexant

in all of the ranges examined. The OWA of lemborexant v. zolpi-
dem IR revealed that the model was most sensitive to variations in
the risk (based on the HR) of a first fall with zolpidem IR. When
the HR for the first fall with zolpidem IR was below 2.03, the cost
of lemborexant was greater than that of zolpidem IR; when the
HR was below 1.11, the ICER for lemborexant exceeded JPY
5 million/QALY. The ICER was JPY 164 000/QALY when the
average number of extra falls was zero (i.e. without accounting
for re-falls). The analyses of lemborexant v. untreated insomnia
revealed that the model was sensitive to variations in utility dec-
rement for no treatment effect on chronic insomnia and the risk
(based on the HR) of a first fall with untreated insomnia. When
the utility decrement for no treatment effect on chronic insomnia
was below 0.05 and the HR for a first fall with untreated insomnia
was below 1.24, the ICER for lemborexant exceeded JPY 5 mil-
lion/QALY.

The PSA results showed that lemborexant was cost-saving
compared with suvorexant or zolpidem IR in 90.7 and 62.0% of
the simulations, and lemborexant was cost-effective compared
with suvorexant and zolpidem IR in 95.7 and 93.8% of the simu-
lations that used a WTP threshold of JPY 5 million/QALY. In
comparison with untreated insomnia, lemborexant would be cost-
effective with an 81.7% probability (Fig. 3).

Discussion

The present study evaluated the cost-effectiveness of lemborexant,
compared with suvorexant, zolpidem IR, and no treatment, in
Japan. In the base-case analysis, lemborexant was less expensive,
provided QALY benefits over the active comparators, and was
cost-effective compared with untreated insomnia. The sensitivity
analyses supported these results.

The incremental effect was lower in the scenario analysis
because the probability of a fall was lower in younger people.
However, the result did not change the trend of the base-case
results. The results from the other response rate indicators, such
as the LPS or WASO measures, supported the dominance of lem-
borexant, suggesting limited effects of the choice of scale for the
responder definitions in our analysis. Since this analysis was con-
ducted from the healthcare perspective typically adopted by
payers in Japan and only assessed direct medical costs, it did
not consider other costs that are likely to have a major impact
on cost-effectiveness. These costs include, for example, indirect
costs associated with absenteeism and work productivity losses
in the economically active population, costs for carers, modifica-
tions to the home to minimize the risk of a subsequent fall, costs
associated with motor vehicle repairs, and costs to repair damage
in the workplace because of accidents.

The incidence of insomnia, characterized by difficulties asso-
ciated with sleep onset, maintenance, or both, increases with
age (Kim, Uchiyama, Okawa, Liu, & Ogihara, 2000). The
Japanese guidelines published in 2014 (Mishima, 2015) recom-
mend using non-BZDs for treating primary insomnia in the eld-
erly because of the low risk of adverse events (AEs) compared
with those that occur with BZDs based on the available evidence
of the time. Because non-BZDs have high selectivity for the ω1
subunit of gamma-aminobutyric acid (GABA) receptors, they
are thought to exert a smaller effect on muscle relaxation and
be safer than BZDs (Uchiyama, 2019). Despite these assumptions,
patients administered non-BZDs still experience unsteadiness and
have an increased risk of fractures due to falls (Treves et al., 2018).
Additionally, BZDs and non-BZDs are not necessarily efficacious
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for treating sleep maintenance difficulties (Rosenberg, 2006).
Lemborexant may serve as a future treatment option for insomnia
because, in addition to improving both sleep onset and mainten-
ance, it does not mediate the activity of GABA receptors, resulting
in less unsteadiness and less muscle relaxation, which may reduce
the risk of fall fractures (Uchiyama, 2019).

There might be several confounding factors that could change
the cost-effectiveness results of using one DORA over another.
These need to be discussed as insomnia is often associated with
other mental and physical disorders and is more common in
older people. Regarding age, DORA appears to be less likely to
cause adverse events than other classes of hypnotics in the elderly.
A population pharmacokinetics (PK) model based on clinical
reported a low degree of association with lemborexant
treatment-emergent adverse events (TEAEs) and exposure in
adults and the elderly with chronic insomnia. Therefore, lembor-
exant can be safely administered without dose adjustment for age
(Lalovic et al., 2020). It has been reported that there is no differ-
ence in the incidence of adverse events with age when suvorexant
is used at the prescribed dosage (20 mg for adults and 15 mg for
the elderly per day) (Herring et al., 2016). Postural stability may
be associated with the risk of falls. However, there was no

significant difference in body sway reported for lemborexant
(5 or 10 mg) compared with placebo in the morning waketime
in healthy adults aged 55 years or older, while zolpidem-ER did
show a significant difference (worsening) compared with placebo
(Murphy, Kumar, Zammit, Rosenberg, & Moline, 2020). It was
reported that suvorexant (30 mg) also has no difference in pos-
tural stability compared with PBO or zolpidem (5 mg) 8 h after
dose (Bland et al., 2021). There were no significant differences
in efficacy or safety of lemborexant treatments between patients
with and without comorbidities, i.e., history of depression, anx-
iety, gastro-esophageal reflux disease, migraine, hypertension, dia-
betes, and renal dysfunction [Nierenberg et al., 2020;
‘Pharmaceuticals and Medical Devices Agency (PMDA) Shinsa
Houkokusho (Review Report),’, 2020]. Conversely, suvorexant
was used for patients with insomnia without comorbidities in
the phase-3 studies along with DSM-IV; therefore, no such data
on the efficacy or safety of suvorexant in insomnia patients with
comorbidities are reported. In terms of cognitive function, in
patients with mild to moderate Alzheimer’s disease who also
had sleep disturbances, neither treatment with lemborexant nor
suvorexant adversely affected cognitive function as assessed by
the MMSE (Herring et al., 2020; Moline et al., 2021). In patients

Table 2. Analysis results

Strategy Cost (JPY) QALY
ICER: v. Suvorexant

(JPY/QALY)
ICER: v. Zolpidem

(JPY/QALY)
ICER: v. Untreated

insomnia (JPY/QALY)

Base-case

Lemborexant 34 034 0.4220 Dominant Dominant 3 220 975

Suvorexant 38 371 0.4204 – – –

Zolpidem IR 38 139 0.4113 – – –

Untreated insomnia 15 383 0.4163 – – –

Scenario analysis (younger population)

Lemborexant 33 169 0.4423 Dominant Dominant 3 639 497

Suvorexant 37 108 0.4409 – – –

Zolpidem IR 34 941 0.4330 – – –

Untreated insomnia 13 819 0.4370 – – –

Scenario analysis (older population)

Lemborexant 34 940 0.4008 Dominant Dominant 2 849 652

Suvorexant 39 697 0.3989 – – –

Zolpidem IR 41 494 0.3885 – – –

Untreated insomnia 17 023 0.3945 – – –

Scenario analysis: WASO

Lemborexant 34 034 0.4309 Dominant Dominant 4 374 738

Suvorexant 38 371 0.4292 – – –

Zolpidem IR 38 139 0.4210 – – –

Untreated insomnia 15 383 0.4266 – – –

Scenario analysis: LPS

Lemborexant 34 034 0.4301 Dominant Dominant 4 198 480

Suvorexant 38 371 0.4284 – – –

Zolpidem IR 38 139 0.4199 – – –

Untreated insomnia 15 383 0.4256 – – –

JPY, Japanese yen; QALY, quality-adjusted life years; ICER, incremental cost-effectiveness ratio; WASO, wake after sleep onset; LPS, latency to persistent sleep; IR, immediate release
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Fig. 2. Tornado diagrams for comparisons of lemborexantversus suvorexant (a), lemborexant, v. zolpidem and (b), and lemborexant) v. untreated insomnia (c).
HR, hazard ratio; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years.
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with obstructive sleep apnea (OSA), there were no clinically
important respiratory effects during sleep in patients with mild
OSA in patients between lemborexant 10 mg v. placebo (Cheng
et al., 2020) and in patients with mild to moderate OSA between
suvorexant 40 mg v. placebo (Sun et al., 2016). Based on the above
discussion, confounding factors such as age, cognitive function,
postural stability, and other co-morbidities were examined. At
least from the reports currently available, those factors do not
appear to significantly affect the efficacy or safety of lemborexant
and suvorexant; therefore, the impact on cost-effectiveness as we
analyzed is limited. However, most insomnia patients in clinical
practice suffer from co-morbidities, and there is a paucity of
reports on their treatment effects on insomnia. Therefore, it
should be noted that the results of this study are based on an ana-
lysis of a limited amount of information.

Limitations

Although the uncertainty of the model parameters was assessed
by PSA, which showed robustness, several limitations must be
considered when assessing the validity of this model. Firstly, the
response rate measured at one month in SUNRISE 1 was assumed
to last six months. Although the 6-month-long SUNRISE 2
(Kärppä et al., 2020; Yardley et al., 2020) study was conducted
to examine the long-term efficacy and tolerability of lemborexant
compared with that of placebo, the results of SUNRISE 1 were
used because SUNRISE 2 did not include a direct comparison
with zolpidem ER or any other treatments. However, this assump-
tion was reasonable because significant benefits over placebo were
observed at the end of the six months in SUNRISE 2 and at most
time points assessed over the entire 6-month period, indicating
long-term, sustained efficacy of lemborexant (Kärppä et al.,
2020). Secondly, no studies have directly compared suvorexant
with lemborexant; the sSOL response rate used to measure effi-
cacy was conservatively assumed to be the same for both drugs.
The results of an NMA showed a statistically significant improve-
ment in sSOL assessments after three months of treatment with

lemborexant compared with that of suvorexant (McElroy et al.,
2021). In addition, Kishi et al. (2020) recently reported that
both 5 and 10 mg lemborexant outperformed suvorexant (20/15
mg) and zolpidem ER (6.25 mg) in terms of the subjective time
to sleep onset after one week. However, the present study
conservatively assumed equivalent efficacy despite the potential
for lemborexant to be better than suvorexant. The advantage of
lemborexant over suvorexant was, thus, potentially underesti-
mated in this cost-effectiveness model. Thirdly, the disutility asso-
ciated with treatment was not considered because there were
insufficient data to calculate the magnitude of disutility. In
SUNRISE 1, headache, somnolence, urinary tract infections, naso-
pharyngitis, upper respiratory tract infections, infections, and diz-
ziness were reported as treatment-emergent AEs (Rosenberg et al.,
2019); however, they were not considered in the current analysis
because the overall incidence of treatment-emergent AEs was
similar between the treatment groups and did not have a signifi-
cant impact on either QOL or cost. In addition, although the
potential for rebound insomnia and withdrawal symptoms may
raise concerns about anti-insomnia drugs, no such effects were
reported with lemborexant in either SUNRISE 1 or SUNRISE 2
(Kärppä et al., 2020; Rosenberg et al., 2019; Yardley et al.,
2020). Fourthly, this analysis was conducted solely to evaluate
the impact and costs of using lemborexant in the Japanese popu-
lation, and healthcare systems, costs, and treatment guidelines
could vary in other markets. Finally, the treatment effects in the
analysis were based on the clinical trial; however, various patients
with characteristics influencing the treatment effects will use these
drugs in actual clinical practice. It is expected that further verifi-
cation of the cost-effectiveness of lemborexant based on the treat-
ment effect collected in actual clinical practice in the future.

Conclusions

According to the findings of this cost-effectiveness analysis of
patients with insomnia from the Japanese payer’s perspective,
lemborexant was dominant over suvorexant and zolpidem IR. It

Fig. 3. Results of the probabilistic sensitivity analysis (PSA) comparing lemborexant treatment with untreated insomnia.
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; WTP, willingness to pay.
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was cost-effective compared with untreated insomnia. Although
generalizability to real-world practice should be carefully consid-
ered, lemborexant may represent a better investment for treating
insomnia in the healthcare system in Japan.

Acknowledgments. None.

Financial support. This study was funded by Eisai Co., Ltd.

Conflict of interest. Shunya Ikeda had a medical advisory contract with
Eisai and was paid consultant fees.

Mie Azuma, Kenichi Fujimoto, and Mika Ishii are employees of Eisai Co., Ltd.
Margaret Moline is an employee of Eisai Inc.
Hidetoshi Shibahara and Sachie Inoue are CRECON Medical Assessment

employees paid by Eisai Co., Ltd.; they conducted the analyses for the study.
Kazuo Mishima received speaker honoraria from Eisai Co., Ltd., MSD Inc.

and Takeda Pharmaceutical Co., Ltd., along with research grants from
Eisai Co., Ltd. and Takeda Pharmaceutical Co., Ltd

References

Bank of Japan. (2020). Basic exchange rate. Retrieved from https://www.boj.or.
jp/about/services/tame/tame_rate/kijun/kiju2009.htm/.

Bland, H., Li, X., Mangin, E., Yee, K. L., Lines, C., Herring, W. J., & Gillespie,
G. (2021). Effects of bedtime dosing with suvorexant and zolpidem on bal-
ance and psychomotor performance in healthy elderly participants during
the night and in the morning. Journal of Clinical Psychopharmacology, 41
(4), 414–420. doi: 10.1097/jcp.0000000000001439

Center for Outcomes Research and Economic Evaluation for Health, National
Institute of Public Health (C2H). (2019). Guideline for preparing cost-
effectiveness evaluation to the Central Social Insurance Medical Council,
version 2. Retrieved from https://c2h.niph.go.jp/tools/guideline/guidelin-
e_en.pdf.

Chen, T. Y., Lee, S., & Buxton, O. M. (2017). A greater extent of insomnia
symptoms and physician-recommended sleep medication use predict fall
risk in community-dwelling older adults. Sleep, 40(11), zsx142.

Cheng, J. Y., Filippov, G., Moline, M., Zammit, G. K., Bsharat, M., & Hall, N.
(2020). Respiratory safety of lemborexant in healthy adult and elderly
subjects with mild obstructive sleep apnea: A randomized, double-blind,
placebo-controlled, crossover study. Journal of Sleep Research, 29(4),
e13021. doi: 10.1111/jsr.13021

Connor, J., Norton, R., Ameratunga, S., Robinson, E., Civil, I., Dunn, R., …
Jackson, R. (2002). Driver sleepiness and risk of serious injury to car occu-
pants: Population based case–control study. BMJ: British Medical Journal,
324(7346), 1125.

Gamaldo, A. A., Beydoun, M. A., Beydoun, H. A., Liang, H., Salas, R. E.,
Zonderman, A. B., … Eid, S. M. (2016). Sleep disturbances among older
adults in the United States, 2002-2012: Nationwide inpatient rates, predic-
tors, and outcomes. Frontiers in Aging Neuroscience, 8, Article 266. doi:
10.3389/fnagi.2016.00266

Gellis, L. A., Lichstein, K. L., Scarinci, I. C., Durrence, H. H., Taylor, D. J.,
Bush, A. J., & Riedel, B. W. (2005). Socioeconomic status and insomnia.
Journal of Abnormal Psychology, 114(1), 111–118.

Hansen, R. N., Boudreau, D. M., Ebel, B. E., Grossman, D. C., & Sullivan, S. D.
(2015). Sedative hypnotic medication use and the risk of motor vehicle
crash. American Journal of Public Health, 105(8), e64–69.

Hasegawa, M., Komoto, S., Shiroiwa, T., & Fukuda, T. (2020). Formal imple-
mentation of cost-effectiveness evaluations in Japan: A unique health tech-
nology assessment system. Value in Health, 23(1), 43–51.

Herring, W. J., Ceesay, P., Snyder, E., Bliwise, D., Budd, K., Hutzelmann, J., …
Michelson, D. (2020). Polysomnographic assessment of suvorexant in
patients with probable Alzheimer’s disease dementia and insomnia: A ran-
domized trial. Alzheimer’s & Dementia: the Journal of the Alzheimer’s
Association, 16(3), 541–551. doi: 10.1002/alz.12035

Herring, W. J., Connor, K. M., Ivgy-May, N., Snyder, E., Liu, K., Snavely, D. B.,…
Michelson, D. (2016). Suvorexant in patients with insomnia: Results from two

3-month randomized controlled clinical trials. Biological Psychiatry, 79(2),
136–148. doi: 10.1016/j.biopsych.2014.10.003

Herring, W. J., Snyder, E., Budd, K., Hutzelmann, J., Snavely, D., Liu, K., …
Michelson, D. (2012). Orexin receptor antagonism for treatment of insom-
nia: Randomized clinical trial of suvorexant. Neurology, 79(23), 2265–2274.

Jacobson, L. H., Chen, S., Mir, S., & Hoyer, D. (2017). Orexin OX2 receptor
antagonists as sleep aids. Current Topics in Behavioral Neurosciences, 33,
105–136.

JMDC Inc. (2020). JMDC Claims Database. Retrieved from https://www.jmdc.
co.jp/en/.

Kärppä, M., Yardley, J., Pinner, K., Filippov, G., Zammit, G., Moline, M., …
Kubota, N. (2020). Long-term efficacy and tolerability of lemborexant com-
pared with placebo in adults with insomnia disorder: Results from the phase
3 randomized clinical trial sunrise 2. Sleep, 43(9), zsaa123. doi: 10.1093/
sleep/zsaa123

Katz, D. A., & McHorney, C. A. (1998). Clinical correlates of insomnia in patients
with chronic illness. Archives of Internal Medicine, 158(10), 1099–1107.

Kim, K., Uchiyama, M., Okawa, M., Liu, X., & Ogihara, R. (2000). An epi-
demiological study of insomnia among the Japanese general population.
Sleep, 23(1), 41–47.

Kishi, T., Nomura, I., Matsuda, Y., Sakuma, K., Okuya, M., Ikuta, T., &
Iwata, N. (2020). Lemborexant vs suvorexant for insomnia: Asystematic
review and network meta-analysis. Journal of Psychiatric Research, 128,
68–74.

Kondo, A., & Kawabuchi, K. (2012). Evaluation of the introduction of a diag-
nosis procedure combination system for patient outcome and hospitalisa-
tion charges for patients with hip fracture or lung cancer in Japan.
Health Policy, 107(2–3), 184–193.

Ikeda, S., Azuma, M., Fujimoto, K., Shibahara, H., Inoue, S., Moline, M., &
Ishi, M. (2020). PMH8 EQ-5D Analysis in Patients with Insomnia:
Change of Quality of Life in Lemborexant Phase 3 Trial Sunrise 1. Value
in Health, 23. doi:10.1016/j.jval.2020.08.1086

Lalovic, B., Majid, O., Aluri, J., Landry, I., Moline, M., & Hussein, Z. (2020).
Population pharmacokinetics and exposure-response analyses for the
most frequent adverse events following treatment with lemborexant, an
orexin receptor antagonist, in subjects with insomnia disorder. Journal of
Clinical Pharmacology, 60(12), 1642–1654. doi: 10.1002/jcph.1683

Lombardi, D. A., Folkard, S., Willett, S. J. L., & Smith, G. S. (2010). Daily sleep,
weekly working hours, and risk of work-related injury: US national health
interview survey (2004–2008). Chronobiology International, 27(5), 1013–1030.

MCBS(U.S. Centers for Medicare & Medicaid Services). (2019). Medicare
Current Beneficiary Survey. Retrieved from https://www.cms.gov/research-
statistics-data-and-systems/research/mcbs/.

McElroy, H., O’Leary, B., Adena, M., Campbell, R., Monfared, A. A. T. &
Meier, G. (2021). Comparative efficacy of lemborexant and other insomnia
treatments: a network meta-analysis. J Manag Care Spec Pharm, 27(9),
1296–1308.

MHLW(Ministry of Health, Labour and Welfare). (2019). Patient survey 2017.
Retrieved from https://www.mhlw.go.jp/toukei/saikin/hw/kanja/17/index.html.

Ministry of Health, Labour and Welfare. (2019). Survey on industrial accidents
2018. Retrieved from https://www.e-stat.go.jp/stat-search/files?page=1&toukei=
00450100&tstat=000001014029.

Ministry of Internal Affairs and Communications. Labour Force Survey. (2018).
Retrieved from https://www.stat.go.jp/data/roudou/report/2018/index.html.

Mishima, K. (2015). [clinical practice guideline for the proper use and cessa-
tion of hypnotics]. Nihon Rinsho = Japanese Journal of Clinical Medicine,
73(6), 1036–1041.

Mohit, B., & Cohen, J. T. (2019). Trends of cost-effectiveness studies in sleep
medicine. Sleep medicine, 53, 176–180.

Moline, M., Thein, S., Bsharat, M., Rabbee, N., Kemethofer-Waliczky, M.,
Filippov, G., … Dhadda, S. (2021). Safety and efficacy of lemborexant in
patients with irregular sleep-wake rhythm disorder and Alzheimer’s disease
dementia: Results from a phase 2 randomized clinical trial. The journal of
prevention of Alzheimer’s disease, 8(1), 7–18. doi: 10.14283/jpad.2020.69

Murphy, P., Kumar, D., Zammit, G., Rosenberg, R., & Moline, M. (2020).
Safety of lemborexant versus placebo and zolpidem: Effects on auditory
awakening threshold, postural stability, and cognitive performance in

Psychological Medicine 2833

https://doi.org/10.1017/S0033291722000356 Published online by Cambridge University Press

https://www.boj.or.jp/about/services/tame/tame_rate/kijun/kiju2009.htm/
https://www.boj.or.jp/about/services/tame/tame_rate/kijun/kiju2009.htm/
https://www.boj.or.jp/about/services/tame/tame_rate/kijun/kiju2009.htm/
https://c2h.niph.go.jp/tools/guideline/guideline_en.pdf
https://c2h.niph.go.jp/tools/guideline/guideline_en.pdf
https://c2h.niph.go.jp/tools/guideline/guideline_en.pdf
https://www.jmdc.co.jp/en/
https://www.jmdc.co.jp/en/
https://www.jmdc.co.jp/en/
https://doi.org/10.1016/j.jval.2020.08.1086
https://www.cms.gov/research-statistics-data-and-systems/research/mcbs/
https://www.cms.gov/research-statistics-data-and-systems/research/mcbs/
https://www.cms.gov/research-statistics-data-and-systems/research/mcbs/
https://www.mhlw.go.jp/toukei/saikin/hw/kanja/17/index.html
https://www.mhlw.go.jp/toukei/saikin/hw/kanja/17/index.html
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450100&tstat=000001014029
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450100&tstat=000001014029
https://www.e-stat.go.jp/stat-search/files?page=1&toukei=00450100&tstat=000001014029
https://www.stat.go.jp/data/roudou/report/2018/index.html
https://www.stat.go.jp/data/roudou/report/2018/index.html
https://doi.org/10.1017/S0033291722000356


healthy older participants in the middle of the night and upon morning
awakening. Journal of Clinical Sleep Medicine: JCSM: Official Publication
of the American Academy of Sleep Medicine, 16(5), 765–773. doi:
10.5664/jcsm.8294

Nierenberg, A. A., Culpepper, L., Krystal, A. D., Yardley, J., Pinner, K.,
Kubota, N., … Atkins Jr, N. (2020). Post hoc analysis of the efficacy and
safety of lemborexant in adults with insomnia disorder and depression his-
tory. Paper presented at the Psych Congress. https://www.hmpgloballear-
ningnetwork.com/site/pcn/posters/post-hoc-analysis-efficacy-and-safety-
lemborexant-adults-insomnia-disorder-and-depression.

Niino, N., Tsuzuku, S., Ando, F., & Shimokata, H. (2000). Frequencies and cir-
cumstances of falls in the National Institute for Longevity Sciences,
Longitudinal Study of Aging (NILS-LSA). Journal of Epidemiology,
10(1 Suppl), S90–S94.

NPA(National Public Safety Commision and National Police Agency).
(2019). Statistics about road traffic. Annual report. (2018) Retrieved
from https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&tou
kei=00130002 &tstat=000001032793&cycle=7&year=20180&month=0.

Olfson, M., Wal, L. M., Liu, S. M., Morin, C. M., & Blanco, C. (2018).
Insomnia and impaired quality of life in the United States. The Journal of
Clinical Psychiatry, 79(5), 17m12020.

Oyama, M., Nakamura, K., Tsuchiya, Y., Muto, K., & Yamamoto, M. (2007).
[Fracture-related medical cost of aged people in Niigata prefecture, Japan:
Analysis of data from health insurance claims]. Nihon Eiseigaku Zasshi.
Japanese Journal of Hygiene, 62(4), 967–975.

PMDA (Pharmaceuticals and Medical Devices Agency). (2011). Guidelines for
clinical evaluation of sleeping pills. Retrieved from https://www.pmda.go.jp/
files/000208186.pdf.

PMDA (Pharmaceuticals and Medical Devices Agency). (2017). PMDA alert
for proper use of drugs: Dependence associated with Benzodiazepine
Receptor Agonists. Retrieved from https://www.pmda.go.jp/files/000217228.pdf.

PMDA (Pharmaceuticals and Medical Devices Agency) Shinsa Houkokusho
(Review Report). (2020). Retrieved from https://www.pmda.go.jp/drugs/
2020/P20200203001/170033000_30200AMX00017_A101_1.pdf.

Rosenberg, R. P. (2006). Sleep maintenance insomnia: Strengths and weaknesses
of current pharmacologic therapies. Annals of Clinical Psychiatry, 18(1), 49–56.

Rosenberg, R., Murphy, P., Zammit, G., Mayleben, D., Kumar, D., Dhadda, S.,
… Moline, M. (2019). Comparison of lemborexant with placebo and zolpi-
dem tartrate extended release for the treatment of older adults with insom-
nia disorder: A phase 3 randomized clinical trial. AMA Network Open,
2(12), e1918254.

Sateia, M. J., Buysse, D. J., Krystal, A. D., Neubauer, D. N., & Heald, J. L.
(2017a). Clinical practice guideline for the pharmacologic treatment of
chronic insomnia in adults: An American academy of sleep medicine clin-
ical practice guideline. Journal of Clinical Sleep Medicine, 13(2), 307–349.

Sateia, M. J., Sherril, Jr. L. W. C., Winter-Rosenberg, C., & Heald, J. L. (2017b).
Payer perspective of the American academy of sleep medicine clinical prac-
tice guideline for the pharmacologic treatment of chronic insomnia. Journal
of Clinical Sleep Medicine, 13(2), 155–157.

Shiroiwa, T., Fukuda, T., Ikeda, S., Igarashi, A., Noto, S., Saito, S., &
Shimozuma, K. (2016). Japanese population norms for preference-based
measures: EQ-5D-3L, EQ-5D–5L, and SF-6F. Quality of Life Research,
25(3), 707–719.

Spicer, R. S., Miller, T. R., Hendrie, D., & Blincoe, L. J. (2011). Quality-adjusted
life years lost to road crash injury: Updating the injury impairment index.
Annals of Advances in Automotive Medicine, 55, 365–377.

Stone, K. L., Ensrud, K. E., & Ancoli-Israel, S. (2008). Sleep, insomnia and falls
in elderly patients. Sleep Medicine, 9(Suppl 1), S18–S22.

Sun, H., Palcza, J., Card, D., Gipson, A., Rosenberg, R., Kryger, M., … Troyer,
M. D. (2016). Effects of suvorexant, an orexin receptor antagonist, on res-
piration during sleep in patients with obstructive sleep apnea. Journal of
Clinical Sleep Medicine: JCSM: Official Publication of the American
Academy of Sleep Medicine, 12(1), 9–17. doi: 10.5664/jcsm.5382

Szende, A., Oppe, M., & Devlin, N. J. (2007). EQ-5D Value sets: Inventory,
comparative review and user guide. Dordrecht: Springer.

Tannenbaum, C., Diaby, V., Singh, D., Perreault, S., Luc, M., & Vasiliadis, H.
M. (2015). Sedative-hypnotic medicines and falls in community-dwelling
older adults: A cost-effectiveness (decision-tree) analysis from a US medi-
care perspective. Drugs & Aging, 32(4), 305–314.

The General Insurance Association of Japan. Insurance data. (2012). Retrieved
from https://www.sonpo.or.jp/report/publish/bousai/ctuevu000000546p-att/
2012_jinshin_3.xls.

Treves, N., Perlman, A., Kolenberg Geron, L., Asaly, A., & Matok, I. (2018). Z-
drugs and risk for falls and fractures in older adults-a systematic review and
meta-analysis. Age and Ageing, 47(2), 201–208.

Uchiyama, M. (2019). Guidelines for the response and treatment of sleep disor-
ders [in Japanese] (3rd ed). Tokyo: Jiho.

Wang, P. S., Bohn, R. L., Glynn, R. J., Mogun, H., & Avorn, J. (2001).
Hazardous benzodiazepine regimens in the elderly: Effects of half-life, dos-
age, and duration on risk of hip fracture. The American Journal of
Psychiatry, 158(6), 892–898.

Wickwire, E. M., Vadlamani, A., Tom, S. E., Johnson, A. M., Scharf, S. M., &
Albrecht, J. S. (2020). Economic aspects of insomnia medication treatment
among medicare beneficiaries. Sleep, 43(1), zsz192. doi: 10.1093/sleep/zsz192

Yardley, J., Kärppä, M., Inoue, Y., Pinner, K., Perdomo, C., Filippov, G., …
Moline, M. (2020). Effectiveness and safety of lemborexant over 12 months
in adults with insomnia disorder: Longterm results from the phase 3
SUNRISE-2 study (420). Neurology, 94(15 Suppl).

Zhang, B., & Wing, Y. K. (2006). Sex differences in insomnia: A meta-analysis.
Sleep, 29(1), 85–93.

2834 Shunya Ikeda et al.

https://doi.org/10.1017/S0033291722000356 Published online by Cambridge University Press

https://www.hmpgloballearningnetwork.com/site/pcn/posters/post-hoc-analysis-efficacy-and-safety-lemborexant-adults-insomnia-disorder-and-depression
https://www.hmpgloballearningnetwork.com/site/pcn/posters/post-hoc-analysis-efficacy-and-safety-lemborexant-adults-insomnia-disorder-and-depression
https://www.hmpgloballearningnetwork.com/site/pcn/posters/post-hoc-analysis-efficacy-and-safety-lemborexant-adults-insomnia-disorder-and-depression
https://www.hmpgloballearningnetwork.com/site/pcn/posters/post-hoc-analysis-efficacy-and-safety-lemborexant-adults-insomnia-disorder-and-depression
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00130002&tstat=000001032793&cycle=7&year=20180&month=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00130002&tstat=000001032793&cycle=7&year=20180&month=0
https://www.e-stat.go.jp/stat-search/files?page=1&layout=datalist&toukei=00130002&tstat=000001032793&cycle=7&year=20180&month=0
https://www.pmda.go.jp/files/000208186.pdf
https://www.pmda.go.jp/files/000208186.pdf
https://www.pmda.go.jp/files/000208186.pdf
https://www.pmda.go.jp/files/000217228.pdf
https://www.pmda.go.jp/files/000217228.pdf
https://www.pmda.go.jp/drugs/2020/P20200203001/170033000_30200AMX00017_A101_1.pdf
https://www.pmda.go.jp/drugs/2020/P20200203001/170033000_30200AMX00017_A101_1.pdf
https://www.pmda.go.jp/drugs/2020/P20200203001/170033000_30200AMX00017_A101_1.pdf
https://www.sonpo.or.jp/report/publish/bousai/ctuevu000000546p-att/2012_jinshin_3.xls
https://www.sonpo.or.jp/report/publish/bousai/ctuevu000000546p-att/2012_jinshin_3.xls
https://www.sonpo.or.jp/report/publish/bousai/ctuevu000000546p-att/2012_jinshin_3.xls
https://doi.org/10.1017/S0033291722000356

	Cost-effectiveness analysis of lemborexant for treating insomnia in Japan: a model-based projection, incorporating the risk of falls, motor vehicle collisions, and workplace accidents&Dagger;
	Introduction
	Methods
	Model structure and framework of the economic analysis
	Treatment efficacy
	Events
	Falls
	MVCs
	WPAs

	Healthcare resource utilization and costs
	Utilities
	Sensitivity analysis

	Results
	Base-case analysis
	Sensitivity analysis

	Discussion
	Limitations

	Conclusions
	Acknowledgments
	References


