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1  | INTRODUC TION

1.1 | Insomnia disorder

Insomnia is one of the most common sleep disorders.1 Approximately 
35% of the general population has at least one of the symptoms of in-
somnia.2 In addition to nighttime sleep onset and/or maintenance dif-
ficulties, the diagnostic criteria for insomnia disorder include daytime 

dysfunction. Patients with insomnia frequently present with fatigue, 
daytime sleepiness, and/or difficulties with attention, concentration, 
and memory. Thus, the treatment goal was to alleviate nighttime sleep 
difficulties and daytime dysfunction.3 Nonpharmacological treat-
ments, such as cognitive- behavioral therapy, are initially recommended 
for patients with chronic insomnia. Although these are effective and 
vital therapeutic modalities for adult patients, pharmacotherapy 
might be required when the initial approach is ineffective in terms of 
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Abstract
Most conventional insomnia medications are gamma- aminobutylic acid receptor ago-
nists. However, physical dependence is a concern and one of the major limiting fac-
tors for long- term treatment. The dual orexin receptor antagonists, suvorexant and 
lemborexant, were recently approved for treating chronic insomnia, giving a novel 
pharmacotherapeutic option. Because there are no comparative studies on these 
drugs, a network meta- analysis was conducted, which is suitable for comparing inter-
ventions. According to this analysis, 5-  and 10- mg lemborexant were superior to 20- 
mg suvorexant because of the greater improvement in initiating sleep after 1- week 
administration. Furthermore, 5- mg lemborexant (not 10 mg) and suvorexant were 
similarly well tolerated, without requiring discontinuation due to adverse events. We 
also overviewed the pharmacological and pharmacokinetic properties of lemborex-
ant and suvorexant that may support these clinical outcomes. When compared to 
suvorexant, lemborexant quickly binds to the orexin receptors. The time to reach 
the maximum concentration after multiple administrations is shorter for lemborexant 
than for suvorexant. Considering these results, we recommend 5- mg lemborexant 
as an initial treatment for insomnia, followed by 10- mg lemborexant or suvorexant.
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symptom patterns, treatment goals, past therapeutic responses, or pa-
tient preference.3 It is crucial to select an insomnia medication from 
the perspective of efficacy and safety. The appropriate drug selec-
tion depends on patient symptoms including difficulty initiating and 
maintaining sleep, and/or early morning awakening with the inability 
to return to sleep. In recent years, pharmacologic treatment options 
for insomnia have expanded as new drugs with diverse mechanisms of 
action have been approved. Therefore, physicians may choose the op-
timal drugs for individual patients based on a balance between safety 
and efficacy. Hence, it is essential to examine fundamental treatment 
strategies in terms of evidence- based medicine (EBM).

1.2 | Current pharmacological treatment 
for insomnia

The major categories of drugs approved by the United States (US) 
Food and Drug Administration (FDA) for the treatment of insomnia 
disorder include benzodiazepine receptor agonists (BZDs), non- 
BZDs (Z- drugs), melatonin receptor agonists, orexin receptor an-
tagonists, and barbiturates.4 Of these, BZDs and Z- drugs are most 
commonly administered to patients with insomnia. Short- acting 
BZDs or Z- drugs might improve difficulty in initiating sleep but may 
not necessarily ameliorate sleep maintenance problems or early 
morning awakening. The FDA issued box warnings regarding the 
potential risk of physical dependence associated with these drugs5 
and sleep- related complex behavior while not fully awake.6 The 
Japanese Pharmaceuticals and Medical Devices Agency issued an 
alert concerning prolonged BZD and Z- drug administration. Physical 
dependence has been observed even at therapeutic doses espe-
cially during long- term use.7 The gamma- aminobutylic acid type A 
(GABAA) receptors are the targets of BZDs and Z- drugs, and they 
regulate inhibitory neurotransmission in the brain. Therefore, these 
drugs may also be anxiolytic, anticonvulsant, muscle relaxant, and 
amnestic.8,9 They might induce dependency, tolerance, and cogni-
tive (memory and learning) impairment.9 Some of these effects are 
particularly problematic when these drugs are used for long term 
and when administered to elderly individuals. It is now widely ac-
cepted that BZDs and Z- drugs are somewhat effective for patients 
with insomnia. However, because the prevalence of chronic insom-
nia disorder is approximately 5%– 10%,9 the efficacy of insomnia 
drugs should be improved.

Ramelteon is a melatonin receptor agonist.10 Its mechanism is 
distinct from that of BZDs and Z- drugs. Ramelteon was approved in 
the US in 2005 and Japan in 2010 for improving sleep initiation dif-
ficulty. Melatonin is secreted by the pineal gland and acts mainly on 
the melatonin receptors in the suprachiasmatic nucleus.11 The mela-
tonin level shows diurnal variation. It gradually increases in the eve-
ning, peaks during the night, and decreases between morning and 
noon.11 Although it lacks the safety concerns peculiar to BZDs and/
or Z- drugs, ramelteon is only indicated for the treatment of insomnia 
characterized by sleep onset difficulty. It is not recommended for 
the management of sleep maintenance difficulties.10

1.3 | Trends in pharmacological treatment for 
insomnia— orexin receptor antagonist

The dual orexin receptor antagonists (DORAs), suvorexant and lem-
borexant, were recently developed and approved for insomnia treat-
ment. Their pharmacological mechanism of action differs from that 
of GABAergic drugs. DORAs promote sleep and inhibit wakefulness 
by competitively blocking orexin neurotransmission.12,13 The orexin 
neuropeptides orexin- A and orexin- B are critical upstream control-
lers of most wakefulness- promoting neurotransmitters including 
acetylcholine, histamine, norepinephrine, and serotonin. They bind 
to the G protein- coupled orexin- 1 receptor (OX1R) and orexin- 2 re-
ceptor (OX2R).14 Suvorexant and lemborexant are known as DORAs 
since they bind to both OX1R and OX2R. Orexin neurons occur ex-
clusively in the lateral hypothalamic area but broadly project to the 
cerebral cortex, brainstem, and basal forebrain.14 Orexin helps to 
establish and maintain the sleep- wake cycle. Hence, drugs target-
ing the orexin receptors are expected to have comparatively fewer 
nonspecific effects. Lemborexant binds specifically to OX1R and 
OX2R, but not to receptors for GABAA, prostaglandins D2 and E2, 
serotonin, noradrenaline, histamine, acetylcholine, dopamine, gala-
nin, and corticotropin- releasing factor.15 The goal of this review was 
to propose an EBM- based strategy for the insomnia medication use 
of lemborexant and suvorexant according to the results of studies on 
clinical efficacy and safety.

1.4 | What is evidence- based medicine?

EBM is a criterion for selecting treatment methods in various clinical 
practice guidelines. The level of evidence is set according to study 
reliability.16 Systematic reviews and meta- analyses are research 
tools with the highest evidence level followed by randomized con-
trolled trials (RCTs). Systematic reviews qualitatively integrate the 
outcomes of more than one RCT for a particular disorder or drug.17 
Pairwise and network meta- analyses quantitatively evaluate sum-
marized evidence.18 Network meta- analyses compare drugs not 
previously evaluated in head- to- head RCTs and would, therefore, 
provide comparison data. If RCT1 compares Drug A with placebo 
and RCT2 compares Drug B with placebo, then comparisons could 
be made between Drugs A and B via the placebo. In practice, it is dif-
ficult to conduct RCTs on all drugs of interest. Hence, network meta- 
analyses furnish reliable evidence and compare certain intervention 
modalities in a cost- effective and time- efficient manner.

2  | SUMMARIES OF META- ANALYSIS 
OUTCOMES

2.1 | Suvorexant

Suvorexant was approved in the US and Japan in 2014. In phase 3 
Studies 028 (NCT01097616) and 029 (NCT01097629), relative to the 
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placebo, suvorexant improved total sleep time (TST), subjective total 
sleep time (sTST), latency to onset of persistent sleep (LPS), subjec-
tive sleep onset latency (sSOL), objective wake time after sleep 
onset (WASO), subjective wake time after sleep onset (sWASO), 
and insomnia severity index (ISI) scores.19 However, at some evalu-
ation points, certain sleep parameters were inconsistent between 
the phase 3 studies. In Study 029, sSOL of the 20/10- mg suvorexant 
group was numerically different from that of the placebo group at 
1 week, 1, and 3 months after administration. In contrast, sSOL was 
different from that of placebo only at 1 week and 3 months after 
administration in Study 028. Despite the similarity between these 
study protocols, two possible explanations for this inconsistency 
have insufficient statistical power and sample size. For this reason, a 
meta- analysis was conducted to perform problem- based investiga-
tions. A meta- analysis of placebo- controlled RCTs (four studies; 3076 
subjects) revealed that sSOL significantly improved in the suvorex-
ant group compared with that in the placebo group at 1 week, 1, and 
3 months after administration (Tables 1 and 2).20 Moreover, in the 
suvorexant group, sTST was prolonged by 20.16 minutes, sSOL was 
shortened by 7.62 minutes, sWASO was shortened by 7.75 minutes, 
ISI was improved by 1.35 points, LPS was shortened by 10.82 min-
utes, and WASO was shortened by 25.32 minutes compared with 
those in the placebo group at 1 month (all values are weighted mean 
differences). Suvorexant showed superior efficacy to placebo in 
other meta- analyses.21- 23 Zheng et al23 quantitatively compared the 
efficacy of medications for insomnia and demonstrated that of all 
FDA- approved drugs, suvorexant was associated with the greatest 
improvement in WASO. However, lemborexant was not included in 
this analysis.

The major adverse event in the phase 3 trials (ie, Study 029) was 
somnolence. The incidence of this adverse effect was 3.1% in the 

placebo group and 8.4% in the suvorexant group.19 For suvorexant, 
the relative risk of somnolence was 2.05- 3.53 compared with the 
placebo in the meta- analysis.20- 22

In a double- blind, randomized, crossover study comparing 20- 
mg suvorexant, 10- mg zolpidem, and placebo, electroencephalog-
raphy (EEG) was performed.24 After zolpidem administration, the 
theta-  and alpha- wave densities were reduced during the rapid eye 
movement (REM) sleep and non- REM sleep compared with those 
after placebo administration in healthy subjects. In contrast, only an 
increase in theta- wave density during REM sleep was observed in 
response to suvorexant administration. Therefore, both suvorexant 
and placebo had roughly similar effects on EEG. Early- onset REM 
sleep was the most common adverse event throughout the study. 
Its incidence was 23.5% for suvorexant, 5.9% for zolpidem, and 5.6% 
for placebo.

2.2 | Lemborexant

Lemborexant was approved as a novel DORA in the US in 2019 and 
in Japan and Canada in 2020. In phase 3 Study 304 (SUNRISE- 1; 
NCT02783729), 5-  and 10- mg lemborexant were compared with 
placebo or 6.25- mg zolpidem tartrate extended release (zolpidem 
ER; not yet approved in Japan). Both 5-  and 10- mg lemborexant 
groups showed significantly improved TST, sTST, LPS, sSOL, WASO, 
sWASO, sleep efficacy (SE), and subjective sleep efficacy (sSE) 
compared with the placebo group. Lemborexant also significantly 
improved TST, LPS, sSOL, WASO, and SE compared with the zolpi-
dem ER group.25 In phase 3 Study 303 (SUNRISE- 2; NCT02952820), 
5-  and 10- mg lemborexant were compared with placebo for 6 
mo. The 5-  and 10- mg lemborexant groups showed significantly 

TA B L E  1   Efficacy and safety of sleep medicines compared with placebo according to meta- analysis results

Suvorexant
20 mg/15 mg

Lemborexant
5 mg21

Lemborexant
10 mg21

Efficacy Subjective assessment sTST ■20,21 ■ ■

sSOL ■■20,21 ■ ■

sWASO ■20,21a ■ ■

Sleep quality ■20 n/a n/a

ISI ■20,21a ■ ■

Objective
assessment

TST n/a n/a n/a

LPS ■20,21a ■ ■

WASO ■20,21a ■ ■

SE n/a n/a n/a

Safety Somnolence ●20a ● ○

○21

Note: ■: statistically significant difference compared with the placebo in the efficacy assessment; ○: statistically significant difference compared 
with the placebo in the safety assessment; ●: no statistically significant difference compared with the placebo in the safety assessment. n/a, not 
applicable; sSOL, subjective sleep onset latency; sTST, subjective total sleep time; sWASO, subjective wake time after sleep onset; LPS, objective 
latency to persistent sleep; TST, objective total sleep time; WASO, objective wake time after sleep onset; ISI, insomnia severity index; SE, sleep 
efficacy.
aIncluded 40- mg suvorexant.
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improved sTST, sSOL, sWASO, and sSE compared with the placebo 
group.26 In both trials, lemborexant improved ISI compared with the 
placebo.25,26 Somnolence was the major adverse event during the 
phase 3 studies, and its incidence increased with drug dosage.

A network meta- analysis of lemborexant, suvorexant, zolpidem 
ER, and placebo was performed based on the results of phase 3 
studies on lemborexant and suvorexant (four trials; 3237 subjects) 
at 1 week and 1 month after administration.21 Here, we examined 
treatment efficacy at 1 week to compare rapid symptomatic im-
provement. In the network meta- analysis, lemborexant doses (5-  
and 10- mg), other drugs, and placebo were compared. The 10- mg 
lemborexant group presented with considerably improved sTST 
and sWASO relative to the 5- mg lemborexant group after 1 week 
of administration, bearing in mind that 5 mg is also an effective 
dose (Table 3). There were no significant differences in the som-
nolence risk ratio between the 5-  and 10- mg lemborexant groups. 
Nevertheless, the somnolence risk ratio was higher in the 10- mg 
lemborexant group than in the placebo group (Table 4). Therefore, it 
is reasonable to consider increasing the lemborexant dose to 10 mg 
when 5 mg is insufficient from the efficacy perspective while moni-
toring for adverse reactions such as somnolence.

Significant improvements in sSOL, sTST, and sWASO at 1 week 
and 1 month after treatment were observed in the 5-  and 10- mg 
lemborexant, 20- mg suvorexant, and 6.25- mg zolpidem ER groups 
compared with those in the placebo group (Tables 3 and 5).21 The ex-
ception was sSOL at 1 month zolpidem ER administration (Table 5).21 
Additionally, as objective parameters, significant improvements in 
WASO, as well as LPS at 1/2 day and 1 month, were observed in the 
5-  and 10- mg lemborexant, suvorexant, and zolpidem ER groups com-
pared with those in the placebo group. The exception was LPS at 1 
month zolpidem ER treatment. There were no significant differences 
in the clinical trial discontinuation rates among the placebo, 5- mg 
lemborexant, 10- mg lemborexant, and suvorexant groups (Table 4). 
Moreover, the discontinuation rates associated with adverse events 
did not significantly differ from the placebo in the 5- mg lemborexant, 
10- mg lemborexant, suvorexant, or zolpidem ER groups.

At 1 week, sSOL significantly improved in the 5-  and 10- mg 
lemborexant groups compared with that in the suvorexant group 
(Table 3). Two possible explanations are the kinetics of the orexin 
receptor (OXR) subtypes and changes in the drug plasma level. The 

risk of somnolence did not statistically differ between the 5-  and 
10- mg lemborexant groups (Table 4). In contrast, the risk ratio for 
discontinuation caused by adverse events was higher in the 10- mg 
lemborexant group than in the suvorexant group.21 Thus, the bal-
ance between efficacy and safety must be considered when the lem-
borexant dose is increased.

Table 1 summarizes the results of meta- analysis comparing in-
somnia treatment with placebo for efficacy and safety. Although 5-  
or 10- mg Lemborexant and 20- mg suvorexant improve difficulty in 
sleep initiation, the effect size is greater for the former.21 Moreover, 
5-  and 10- mg lemborexant and 20- mg suvorexant improve difficulty 
in sleep maintenance. Nevertheless, the effect size is greater for 10- 
mg lemborexant than for 5- mg lemborexant or 20- mg suvorexant. 
Furthermore, 10- mg lemborexant not only has superior efficacy but 
also carries a greater relative risk of discontinuation caused by ad-
verse events than 20- mg suvorexant. Somnolence risk was associ-
ated with 10- mg lemborexant and 20- mg suvorexant.

3  | PHARMACOLOGIC AL 
CHAR AC TERISTIC S OF LEMBORE X ANT AND 
SUVORE X ANT

The clinical characteristics of lemborexant and suvorexant can be at-
tributed in part to their pharmacological and pharmacokinetic prop-
erties. Here, we review their drug characteristics potentially related 
to clinical efficacy and safety that were identified by in vitro assess-
ments and pharmacokinetic studies.

Preclinical studies showed that OX1R and OX2R play distinct 
roles in sleep/wake regulation. A study on orexin receptor- deficient 
mice indicated that OX2R controls sleep and wakefulness.27 
However, it is presumed that OX1R has similar functions because 
the severity of narcolepsy- like symptoms was higher in OX1R-  and 
OX2R- deficient mice than in OX2R- deficient mice.28 Moreover, 
OX1R might suppress REM sleep onset, whereas OX2R activation is 
required for the transition from wakefulness and non- REM sleep and 
may participate in REM sleep control.28

Although both suvorexant and lemborexant are DORAs, they 
have unique in vitro effects against orexin receptor subtypes. An 
in vitro study on receptor selectivity showed that lemborexant 

TA B L E  2   List of studies in Table 1

Article Study method Number of studies
Number of 
subjects Drug Dosage

1) Kishi et al20 Meta- analysis Safety: Three studies 2809 Suvorexant
Placebo

20 mg/15 mg
- 

Meta- analysis Efficacy: Four studies 3076 Suvorexant
Placebo

20 mg/15 mg
- 

2) Kishi et al21 Meta- analysis Four studies 3237 Lemborexant 5 mg, 10 mg

Suvorexant 20 mg/15 mg

Zolpidem extended- release 6.25 mg

Placebo - 
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inhibits OX2R more strongly than OX1R, whereas suvorexant has 
similar inhibitory activity against both OX1R and OX2R.15 In an in 
vitro ligand- substituted receptor- binding assay, the IC50 of lembo-
rexant was 6.1 nM for OX1R and 2.6 nM for OX2R (Table 6). In a cell- 
based calcium- influx assay, the inhibition constant Ki of lemborexant 
was 4.8 and 0.61 nM for OX1R and OX2R, respectively. However, 
suvorexant had similar affinities for OX1R and OX2R. Its IC50 was 
8.8 nM for OX1R and 12.0 nM for OX2R, whereas its Ki was 1.4 nM 
for OX1R and 2.2 nM for OX2R.

Binding and dissociation parameters revealed that lemborexant 
rapidly binds to and dissociates from OX2R (Table 6). The association 
and dissociation rate constants (Kon and Koff) of lemborexant for OX2R 
were 0.0496 and 0.0626 L/nmol- /min, respectively, whereas the dis-
sociation half- life was 11.1 minutes. In contrast, the Kon and Koff val-
ues and the dissociation half- life of suvorexant for OX2R were 0.0052 
L/nmol- /min, 0.0164 L/nmol- /min, and 42.2 minutes, respectively.

4  | CLINIC AL PHARMACOKINETIC S OF 
LEMBORE X ANT AND SUVORE X ANT

Pharmacological and pharmacokinetic differences between drugs 
might explain the observed clinical differences in sSOL in the meta- 
analyses. In phase 1 studies, changes in the plasma lemborexant and 
suvorexant concentrations, maximum drug concentration (Cmax), and 
time to maximum concentration (tmax) were identified. In single- dose 
studies, the median tmax was 1.3- 1.6 hours for 5- mg lemborexant, 
1.0- 3.3 hours for 10- mg lemborexant,29 and 1.5- 2.0 hours for 10- mg 
suvorexant 1.0- 2.0 hours for 20- mg suvorexant.30,31 The drugs did 
not substantially differ in terms of tmax after a single dose; however, 
the median tmax after 14 days repeated dose was 1.0 hour for 5 mg 
lemborexant, 1.5- 1.8 hour for 10- mg lemborexant,29 2.0 hour for 
10- mg suvorexant, and 4.0 hour for 20- mg suvorexant, respectively 
(Figure 1).31 In the US, the recommended daily suvorexant dose is 
10 mg, and the dose can be increased up to 20 mg if 10- mg suvo-
rexant is well tolerated but not effective12; however, only 20 mg is 
approved for the nonelderly population in Japan.

As for the next- morning plasma concentration, exposure at 
9 hours after administration of multiple daily 10- mg lemborexant 
doses decreased to 27% of the Cmax, whereas the area under the 
curve (AUC) from 0 to 9 hours, AUC0- 9h was <60% of AUC0- 24h.29 
Therefore, large quantities of lemborexant are eliminated at night, 
resulting in substantially less exposure during the day. These expo-
sure properties might minimize any residual hangover effects.29 The 
results of nine lemborexant clinical studies showed that the drug 
did not considerably worsen next- day functioning in healthy or sub-
jects with insomnia.32 Postural stability did not differ from placebo 
at 8 hours after 5 or 10- mg lemborexant administration.32 Next- 
morning sleep diary ratings within 1 hour wake time indicated similar 
or significantly greater alertness following lemborexant administra-
tion than that with placebo. Improvements in next- day alertness may 
be explained by improvements in sleep parameters. Furthermore, 
15/30- mg suvorexant in healthy elderly and 20/40- mg suvorexant in TA

B
LE

 5
 

N
et

w
or

k 
m

et
a-

 an
al

ys
is

 o
f e

ff
ic

ac
y 

as
se

ss
m

en
ts

 b
y 

su
bj

ec
tiv

e 
en

dp
oi

nt
s 

(m
on

th
 o

ne
)

sS
O

L
sT

ST
sW

A
SO

LE
M

10
- 0

.0
7(

−0
.2

3,
 

0.
09

)
- 0

.2
7(

−0
.5

0,
 

−0
.0

5)
- 0

.2
5(

−0
.4

6,
 

−0
.0

3)
- 0

.4
4(

−0
.6

0,
 

−0
.2

7)
LE

M
10

- 0
.2

2(
−0

.3
6,

 
−0

.0
9)

- 0
.0

8(
−0

.2
7,

 
0.

11
)

- 0
.0

8(
−0

.2
6,

 
0.

10
)

- 0
.4

3(
−0

.5
7,

 
−0

.2
9)

LE
M

10
- 0

.1
3(

−0
.2

6,
 

−0
.0

1)
- 0

.0
4(

−0
.2

2,
 

0.
14

)
0.

15
(−

0.
02

, 
0.

31
)

- 0
.2

3(
−0

.3
6,

 
−0

.1
0)

LE
M

5
- 0

.2
1(

−0
.4

3,
 

0.
02

)
- 0

.1
8(

−0
.3

9,
 

0.
03

)
- 0

.3
7(

−0
.5

3,
 

−0
.2

1)
LE

M
5

0.
14

(−
0.

05
, 

0.
33

)
0.

14
(−

0.
04

, 
0.

32
)

- 0
.2

1(
−0

.3
5,

 
−0

.0
7)

LE
M

5
0.

09
(−

0.
08

, 
0.

27
)

0.
28

(0
.1

1,
 

0.
44

)
- 0

.1
5(

−0
.2

1,
 

−0
.0

0)

SU
V2

0/
15

0.
03

(−
0.

24
, 

0.
30

)
- 0

.1
6(

−0
.3

2,
 

−0
.0

1)
SU

V2
0/

15
0.

01
(−

0.
23

, 
0.

23
)

- 0
.3

5(
−0

.4
8,

 
−0

.2
2)

SU
V2

0/
15

0.
18

(−
0.

03
, 

0.
40

)
- 0

.1
9(

−0
.3

2,
 

−0
.0

7)

ZO
L6

.2
5

- 0
.1

9(
−0

.4
1,

 
0.

02
)

ZO
L6

.2
5

- 0
.3

5(
−0

.5
4,

 
−0

.1
6)

ZO
L6

.2
5

- 0
.3

8(
−0

.5
5,

 
−0

.2
0)

PL
A

PL
A

PL
A

N
ot

e:
 L

EM
5,

 5
- m

g 
le

m
bo

re
xa

nt
 g

ro
up

; L
EM

10
, 1

0-
 m

g 
le

m
bo

re
xa

nt
 g

ro
up

; S
U

V
20

/1
5,

 2
0-

 m
g/

15
- m

g 
su

vo
re

xa
nt

 g
ro

up
; Z

O
L6

.2
5,

 6
.2

5-
 m

g 
 

ex
te

nd
ed

- r
el

ea
se

 z
ol

pi
de

m
 g

ro
up

; P
LA

, p
la

ce
bo

 g
ro

up
; s

SO
L,

 s
ub

je
ct

iv
e 

sl
ee

p 
on

se
t l

at
en

cy
; s

TS
T,

 s
ub

je
ct

iv
e 

to
ta

l s
le

ep
 ti

m
e;

 s
W

A
SO

, s
ub

je
ct

iv
e 

 
w

ak
e 

tim
e 

af
te

r s
le

ep
 o

ns
et

. S
ta

tis
tic

al
ly

 s
ig

ni
fic

an
t d

iff
er

en
ce

s 
ar

e 
in

 b
ol

d 
te

xt
.



456  |     KISHI et al

nonelderly healthy adults after 9 hours had no clinically meaningful 
residual effect on next- morning driving.33,34

Given these results, receptor- binding profiles and pharmaco-
kinetic properties may have a certain impact on clinical outcomes, 
although the pharmacodynamics, protein binding rate, permeability 
of blood- brain barrier, and orexin levels in individuals must be com-
prehensively considered.

5  | STR ATEGY FOR INSOMNIA 
MEDIC ATIONS

American and Japanese clinical practice guidelines for the treatment 
of chronic insomnia indicate statements on the practice of sleep 
medicine.9,35 However, because these guidelines make no reference 
to lemborexant, here, we discuss the clinical significance and pro-
pose an EBM- based strategy for insomnia medications.

Relative differences in the receptor- binding and pharmacokinetic 
properties of lemborexant and suvorexant might partially account for 
their differences in terms of clinical efficacy and safety. Lemborexant 

rapidly binds to human OXRs. Moreover, the network meta- analysis 
demonstrated that patients administered lemborexant improved 
sleep initiation and nighttime sleep maintenance compared with 
patients administered suvorexant. In view of the balance between 
clinical efficacy and safety and the unique pharmacology of DORAs, 
5- mg lemborexant is suggested as the most suitable first- line drug.

In cases where 5- mg lemborexant is ineffective, escalation to 
10 mg may be considered but with caution as it could increase the in-
cidence of somnolence. According to the network meta- analysis, 10- 
mg lemborexant had a somnolence risk ratio comparable with that 
of 5- mg lemborexant but higher than that of placebo. However, 10- 
mg lemborexant showed greater efficacy than 5- mg lemborexant.21 
The risks of falling/loss of balance were similar between the 10- mg 
lemborexant and placebo groups. Nevertheless, elderly patients un-
dergoing this therapy should be closely monitored. In addition, the 
results of Study 303 indicated that lemborexant is efficacious for 
patients with a history of depression.36

For patients complaining of difficulty maintaining sleep, suvorex-
ant may be considered.9 However, according to the network meta- 
analysis, suvorexant was associated with a higher somnolence risk 

Receptor LEM SUV

IC50 and Ki values

IC50, nM
RBA

hOX1R 6.1 ± 1.4 8.8 ± 2.5

hOX2R 2.6 ± 0.4 12.0 ± 2.8

hOX1R 4.8 ± 1.4 1.4 ± 0.2

Ki, nM
FDSS Ca2+ Imaging Assay

hOX2R 0.61 ± 0.1 2.2 ± 0.3

Binding and dissociation kinetic parameters

Kon (L/nmol/min) hOX2R 0.0496 ± 0.001 0.0052 ± 0.0002

Koff (/min) 0.0626 ± 0.0014 0.0164 ± 0.0011

Dissociation half- life (min) 11.1 ± 0.4 42.2 ± 3.1

Note: Data are expressed in mean ±SEM; RBA, receptor- binding assay; FDSS, functional drug 
screening system; LEM, lemborexant; SUV, suvorexant; IC50, half- maximal inhibitory concentration; 
Ki, inhibition constant; RBA, receptor- binding assay; Kon, association rate constant; Koff, dissociation 
rate constant.

TA B L E  6   In vitro parameters of 
lemborexant and suvorexant to human 
OXR

F I G U R E  1   Time course of plasma 
suvorexant and lemborexant levels after 
repeated administration over 14 days.39 
Data from Study 00331 for SUV and 
Study 00329 for LEM. Abbreviations: 
Cmax, maximum drug concentration; LEM, 
lemborexant; SUV, suvorexant
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ratio than placebo (Table 4).21 It has been reported that suvorexant 
prevents delirium in elderly patients with insomnia after emergency 
transport or during hospitalization.37,38 Therefore, suvorexant may 
be administered in accordance with comorbidities and insomnia.

Potential drug interactions must be taken into consideration 
during drug selection. According to the package insert in the US, 
lemborexant is contraindicated in patients being administered 
moderate- to- strong cytochrome P450 3A (CYP3A) inhibitors. 
However, in Japan, these patients may be administered 2.5- mg/d 
lemborexant. In the US, patients being administered weak CYP3A 
inhibitors may take 5- mg/d at the maximum lemborexant.13 
Suvorexant is not recommended for co- administration with drugs 
that strongly inhibit CYP3A in both the US and Japan.12 For patients 
being treated with moderate CYP3A inhibitors, the recommended 
suvorexant dose is 5 mg/d in the US and 10 mg/d in Japan.

In cases where orexin receptor antagonists are ineffective, an 
alternative therapeutic strategy is ramelteon administration as it 
binds to the melatonin receptor. Moreover, BZDs and Z- drugs may 
be considered in cases where lemborexant, suvorexant, and ramelt-
eon have limited efficacy. However, in all cases, the balance between 
safety and efficacy must be considered in the selection and adminis-
tration of BZDs or Z- drugs.

6  | CONCLUSIONS

In the present review, we examined the pharmacological and phar-
macokinetic features of lemborexant and suvorexant based on evi-
dence obtained from the meta- analyses. In practice, it is difficult to 
recommend any single uniform treatment method for insomnia pa-
tients with various possible causes. However, we propose algorithms 
for the treatment of insomnia using these drugs because lemborex-
ant has not yet been recommended in clinical practice guidelines. 
The network meta- analysis disclosed that 5- mg lemborexant is a vi-
able initial treatment option and may be followed by the administra-
tion of 10- mg lemborexant and suvorexant. The insomnia treatment 
protocol could be applied based on the strategy presented herein 
and adjusted according to the patient background and therapeutic 
objectives.
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