
Original Article

Efficacy and safety of modafinil in patients with idiopathic

hypersomnia without long sleep time: a multicenter, randomized,

double-blind, placebo-controlled, parallel-group comparison study

Yuichi Inoue a, b, *, Toshiyuki Tabata c, Naoji Tsukimori d

a Japan Somnology Center, Institute of Neuropsychiatry, 5-10-10 Yoyogi, Shibuya-ku, Tokyo, 151-0053, Japan
b Department of Somnology, Tokyo Medical University, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo, 160-0023, Japan
c Research and Development Headquarters, Alfresa Pharma Corporation, 2-2-9 Koku-machi, Chuo-ku, Osaka, 540-8575, Japan
d Medical Affairs Headquarters, Alfresa Pharma Corporation, 2-2-9 Koku-machi, Chuo-ku, Osaka, 540-8575, Japan

a r t i c l e i n f o

Article history:

Received 11 September 2020

Received in revised form

9 December 2020

Accepted 14 January 2021

Available online 20 January 2021

Keywords:

Modafinil

Idiopathic hypersomnia without long sleep

time

Randomized controlled trial

Maintenance of Wakefulness Test

Japanese version of the Epworth Sleepiness

Scale

a b s t r a c t

Background: Few treatments are available for patients with idiopathic hypersomnia (IH). Modafinil, an

established treatment for narcolepsy, was tested for efficacy and safety in Japanese patients with IH

without long sleep time.

Methods: This multicenter, randomized, double-blind, placebo-controlled, parallel-group comparison

study was conducted at 20 institutions in Japan. Patients who met the diagnostic criteria of IH in the

International Classification of Sleep Disorders (second edition) were included. The study comprised a

�17-day observation period and a 3-week treatment period during which modafinil (200 mg) or placebo

was administered orally once daily (in the morning). The primary efficacy endpoint was change in mean

sleep latency on the Maintenance of Wakefulness Test (MWT). Adverse events (AEs) were also recorded

to evaluate safety.

Results: In total, 123 patients were screened and 71 were randomized to receive modafinil (N ¼ 34) or

placebo (N ¼ 37). Patients treated with modafinil experienced a significantly prolonged mean sleep

latency on the MWT at the end of the study compared with placebo (5.02 min, 95% confidence interval:

3.26e6.77 min; p < 0.001). AEs occurred in 58.8% (20/34) and 27.0% (10/37) of patients in the modafinil

and placebo groups, respectively. Frequent AEs in the modafinil group were headache (n ¼ 6), dry mouth

(n ¼ 3), and nausea (n ¼ 3); no clinically significant AEs occurred.

Conclusion: Modafinil was shown to be an effective and safe treatment for excessive daytime sleepiness

in patients with IH without long sleep time.

Clinical trial registration: JapicCTI; 142539.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

A syndrome characterized by excessive daytime sleepiness

(EDS), prolonged sleep, and sleep drunkenness with the absence of

cataplexy was named idiopathic hypersomnia (IH) in 1976 [1]. The

disease characteristics of IH were put forward in the first edition of

the International Classification of Sleep Disorders (ICSD; 1990) [2].

In 2005, the ICSD-2 further classified IH into “IH with long sleep

time” and “IH without long sleep time” [3]. However, in 2014 the

ICSD-3 unified IH into a single category, defining it as central

hypersomnia without an increased propensity for rapid eye

movement (REM) sleep and with no distinction of whether it is

accompanied by long sleep [4].

IHmanifests as EDS, and typical IH is characterized by long sleep

and severe prolonged sleep inertia consisting of irritability,

automatism, and confusion known as “sleep drunkenness” [4]. In

central hypersomnias, including IH, a remarkable reduction in

quality of life has been reported, owing to the psychosocial and

environmental changes that occur along with the symptoms [5].

Detailed information about the prevalence of IH has not been ob-

tained, but it has been reported that the typical IH is 10 times less

frequent than narcolepsy [6].
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So far, there has been no established treatment for IH; most

patients have received off-label treatment with drugs approved for

narcolepsy [7]. Modafinil [8,9] is a selective dopamine reuptake

inhibitor that primarily works by promoting the function of the

dopamine transporter, and has been frequently used as an off-label

treatment for IH [7]. In the United States, although the American

Society of SleepMedicine guidelinesmentioned the effectiveness of

modafinil for the treatment of IH [10], it has not been approved by

the United States Food and Drug Administration. In Europe, mod-

afinil was initially approved by the European Medicines Agency for

the treatment of IH, but the indication was removed in 2011

because there was a paucity of data from appropriately controlled

clinical trials of modafinil for this use [11]. The studies demon-

strating the efficacy of modafinil for IH, on which approval was

based, were uncontrolled [12] or were reported retrospectively

[13]. After 2011, a randomized controlled trial of modafinil for the

treatment of IH was conducted with a relatively small number of

patients; the trial did not report superiority in the reduction of

mean sleep latency on the Maintenance of Wakefulness Test

(MWT), the primary outcome measure, for modafinil versus pla-

cebo [14]. This result showed that appropriately powered clinical

trials, with a similar number of patients as trials evaluating mod-

afinil in patients with narcolepsy [15,16], are warranted to examine

the effectiveness and safety of modafinil treatment for patients

with IH.

Considering this, we conducted a multicenter, randomized,

double-blind, placebo-controlled, parallel-group comparison study

to evaluate the efficacy and safety of modafinil treatment in Japa-

nese patients with IH without long sleep time, using previous

clinical trials on narcolepsy as a reference for trial design [15,16]. To

our knowledge, this was the first clinical trial to evaluate modafinil

treatment for Asian patients with IH.

2. Patients and methods

We conducted a multicenter, randomized, double-blind, pla-

cebo-controlled, parallel-group comparison study between April

2014 and August 2015 at 20 institutions in Japan that specialized in

sleep disorders. This study was conducted in compliance with the

Declaration of Helsinki and Good Clinical Practice research guide-

lines. The institutional review board of each participating medical

institution approved the study protocol prior to study initiation;

the study was registered with the Japan Pharmaceutical Informa-

tion Center e Clinical Trials Information (JapicCTI; 142539). All

patients provided written informed consent prior to inclusion in

the study.

2.1. Patients

Patients who were diagnosed as having IH (with or without

long sleep time) according to the ICSD-2 [3], were aged 16e64

years, had a Japanese version of the Epworth Sleepiness Scale

(JESS) total score of �11 [17], had a total sleep time of �6 h on

nocturnal polysomnography (NPSG) [18], had an average sleep

latency of <8 min and sleep onset REM periods of �1 time as

measured using the Multiple Sleep Latency Test (MSLT) [19], were

eligible for the study. Patients were excluded if they had �2 sleep

onset REM periods on the MSLT, an apnea-hypopnea index >10/h

on the NPSG, Periodic Limb Movement Index of >15/h on the

NPSG; chronic sleep deprivation or significantly irregular

bedtime, including shift- or night-shift workers, and patients who

had less than 12 days with a sleep duration of �6 h in the 14 days

prior to patient enrollment (based on sleep diary records);

concomitant mental disorders such as depression or schizo-

phrenia; concomitant brain organic disorders or epilepsy, cere-

brovascular complications, or a history of cerebrovascular

disorder; or had been previously treated with modafinil.

2.2. Study schedule

Prior to initiating the 3-week treatment period, there was an

observation period of �17 days which included the screening

period and recording of baseline characteristics. Patients were

randomly assigned to receive two tablets of either modafinil

(100 mg per tablet, 200 mg total) or placebo, which were to be

taken orally once daily in the morning for 3 weeks. A 3-week

treatment period of once daily modafinil was chosen based on

two previous studies in patients with narcolepsy where 3 weeks

was the shortest time point that significant improvements in effi-

cacy measures were reported [15,16]. Confirmation of the masking

(the placebo and modafinil tablets were made indistinguishable

from one another) and assignment of placebo/modafinil were

performed by a third party (Bell Medical Solutions Co., Ltd., Tokyo,

Japan). The permuted block randomization method was used for

drug assignment.

Assessments of sleep logs, JESS records, NPSG, MSLT, MWT, and

Clinical Global Impression of Change (CGI-C) scale [20] were per-

formed according to the study schedule. Concomitant use of the

following drugs was prohibited from 15 days before NPSG admin-

istration (during the observation period) or 7 days before the start

of sleep diary recording, whichever occurred first: central nervous

system stimulants (methylphenidate, pemoline, methamphet-

amine, caffeine), antipsychotics, antidepressants, antiepileptics,

anxiolytics, sedative-hypnotics, antihistamines, warfarin, vaso-

pressors, monoamine oxidase inhibitors, migraine-specific drugs,

and other investigational drugs.

2.3. Efficacy evaluation

2.3.1. Primary endpoint

The primary endpoint was change in mean sleep latency on the

MWT, which is an index for EDS. The MWT, as an objective evalu-

ation, was carried out both during the observation period (baseline)

and in the third week of the treatment period. Four sessions of

MWT were performed for 20 min every 2 h according to the

method of Doghramji et al. [21], which was similar to previous

studies evaluating modafinil in patients with narcolepsy [15,16].

The time to sleep in each session was used to calculate the mean

Abbreviations

AEs Adverse events

ANCOVA Analysis of covariance

CGI-C Clinical Global Impression of Change

CI Confidence interval

EDS Excessive daytime sleepiness

ESS Epworth Sleepiness Scale

FAS Full analysis set

ICSD International Classification of Sleep Disorders

IH Idiopathic hypersomnia

JESS Japanese version of the Epworth Sleepiness Scale

LS Least squares

MSLT Multiple Sleep Latency Test

MWT Maintenance of Wakefulness Test

NPSG Nocturnal polysomnography

REM Rapid eye movement
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sleep latency. Determination of sleep onset for the MWT sessions

was performed by a third-party sleep specialist.

2.3.2. Secondary endpoints

Evaluations for secondary endpoints were conducted as

described as follows: the JESS was used for subjective evaluation of

the severity of daytime sleepiness, and assessments were con-

ducted during the observation period and after 1 and 3 weeks of

treatment. Patients whose JESS total score was reduced from �11

during the observation to <11 in the third week of treatment were

defined as “JESS Total Score Normalized”; the proportion of these

patients was calculated for each group.

The number of daytime naps (per week) was calculated using

the information self-recorded by patients in sleep diaries, which

were maintained throughout the observation and treatment pe-

riods. CGI-C was evaluated by physicians, as a subjective evaluation,

in the first and third weeks of the treatment period using the

following seven levels (vs. baseline): “very much improved”, “much

improved”, “minimally improved”, “no change”, “minimally

worse”, “much worse”, and “very much worse” [20]. NPSG was

performed during the observation period and in the third week of

the treatment period. Sleep parameters such as sleep latency, total

sleep time, and percentages of respective sleep stages were used to

evaluate the effects of the study drug on nocturnal sleep.

2.4. Safety evaluation

To evaluate the safety of modafinil, the occurrence of adverse

events (AEs) was determined by interviews during the observation

period and after 1 and 3 weeks of treatment. Clinical laboratory

tests (hematology, blood chemistry, and urinalysis) and body

weight measurement were performed in the observation period

and after 3 weeks of treatment. Vital signs (blood pressure and

pulse rate) and 12-lead electrocardiogram data were collected in

the observation period and after 1 and 3 weeks of treatment.

2.5. Statistical analysis

The sample size was determined using the data from two ran-

domized clinical trials that evaluated the safety and efficacy of

modafinil in patients with narcolepsy diagnosed according to the

ICSD (1990) criteria [15,16]. From these studies, we extracted cases

in which the diagnosis was assumed to be IH based on the ICSD-2

(2005) criteria. We estimated the difference between the placebo

and modafinil groups in these trials and, along with original data

provided from an affiliated company, we calculated the number of

cases needed to verify the superiority of the active drug group

compared with the placebo group. All patients who received at

least one dose of the study drug and had at least one efficacy

evaluation after the start of the investigational drug administration

were included in the full analysis set (FAS), which was used for

efficacy analysis.

The change from baseline to 3 weeks in the mean sleep latency

on the MWT, the JESS score, and the number of daytime naps was

compared between the modafinil and placebo groups using anal-

ysis of covariance (ANCOVA) with the baseline value as the covar-

iate. Point estimates and 95% confidence intervals (CI) for the

difference between the placebo and modafinil groups were

computed using least squares (LS) mean change. Fisher's exact test

was also used to compare modafinil with placebo for the percent-

age of JESS Total Score Normalized patients and the percentage of

patients with “much improved” or better score in the CGI-C.

A two-sided significance level of 5% was used; a p value of <0.05

was considered significant. The CI was two-sided with a confidence

coefficient of 95%. Statistical analyses were performed using SAS

(version 9.4; SAS Institute Inc., Cary, NC, USA).

3. Results

3.1. Patients

Patient disposition is shown in Fig.1. A total of 123 patients were

screened and 52 were excluded. Nine of the 52 patients who were

excluded withdrew consent and 43 met the exclusion criteria,

including �2 sleep onset REM periods on the MSLT (n ¼ 20), an

apnea-hypopnea index >10/h on the NPSG (n ¼ 10), mean sleep

latency on theMSLT�8min (n¼ 7), Periodic LimbMovement Index

>15/h on the NPSG (n ¼ 4), sleep duration of �6 h for less than 12

days in the 14 days prior to enrollment (based on sleep diary re-

cords; n ¼ 3), and others (n ¼ 7); some patients were excluded for

multiple reasons. The remaining 71 patients were enrolled and

randomized to receive modafinil (N ¼ 34) or placebo (N ¼ 37).

Thirty-three patients in the modafinil group and 37 in the placebo

group completed treatment. One patient in the modafinil group

discontinued treatment due to difficulty initiating sleep, and fa-

tigue or malaise, both of which newly appeared during the treat-

ment period. No patients were excluded from the FAS.

Patient characteristics are shown in Table 1. There were no

significant differences in sex, age, body mass index, or the length of

self-reported IH morbidity between the modafinil and placebo

groups. Patients in both groups mostly reported having IH without

long sleep time, and a single patient in each group had IH with long

sleep time. Six patients (17.6%) in the modafinil group and 12

(32.4%) in the placebo group had received pretreatment drugs such

as pemoline. There were no notable differences in other charac-

teristics between the two groups.

3.2. Efficacy

Efficacy results are summarized in Table 2.

3.2.1. Mean sleep latency on the Maintenance of Wakefulness Test

The changes in mean sleep latency on the MWT are shown in

Fig. 2. Mean sleep latency on the MWT from baseline to 3 weeks

increased from 8.05 to 11.32 min in the modafinil group and

decreased from 7.91 to 6.46 min in the placebo group. Using the

baseline value as a covariate, the LS mean changes from baseline to

3 weeks were 3.60 min in themodafinil group and�1.42min in the

placebo group. The difference between the groups was 5.02 min

(95% CI: 3.26e6.77 min), which was significant (p < 0.001,

ANCOVA).

3.2.2. Japanese version of the Epworth Sleepiness Scale total score

The results for the JESS total score are shown in Fig. 3. The JESS

total score from baseline to 3 weeks decreased from 16.71 to 10.00

in the modafinil group and from 18.22 to 15.86 in the placebo

group. Using the baseline value as a covariate, the LS mean changes

from baseline to 3 weeks were �7.06 in the modafinil group

and�2.05 in the placebo group. The difference between the groups

was �5.01 (95% CI: �7.23 to �2.78), which was significant

(p < 0.001, ANCOVA).

At 3 weeks, the percentage of JESS Total Score Normalized pa-

tients was 54.5% (18 of 33 patients) in the modafinil group and 8.1%

(3 of 37 patients) in the placebo group, which was significant

(p < 0.001, Fisher's exact test).

3.2.3. Number of self-reported daytime naps

Information obtained from sleep diary records showed that the

number of daytime naps per week from baseline to 3 weeks
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decreased from 9.53 to 4.73 in the modafinil group and from 10.57

to 8.76 in the placebo group. The LS mean change, calculated with

the baseline value as the covariate, from baseline to 3 weeks

was �4.99 in the modafinil group and �1.63 in the placebo group.

The difference between the groups was �3.37 (95% CI: �5.25

to �1.48), which was significant (p < 0.001, ANCOVA).

3.2.4. Clinical Global Impression of Change

At 3 weeks, the percentage of patients with a CGI-C of “very

much improved” or “much improved”was 54.5% (18 of 33 patients)

in the modafinil group and 18.9% (7 of 37 patients) in the placebo

group (p ¼ 0.002, Fisher's exact test).

3.2.5. Effects on nocturnal sleep

Changes in the sleep parameters of NPSG at 3 weeks were

inconsistent when compared with baseline in either group; there

were no significant differences in these changes between the two

groups.

3.3. Safety

AEs occurred in 20 of 34 patients (58.8%) in the modafinil group

and 10 of 37 patients (27.0%) in the placebo group; the difference in

the frequency of AEs between the groups was significant

(p ¼ 0.008, Fisher's exact test). AEs with an incidence of 5% or more

are shown in Table 3. In the modafinil group, the following AEs

were reported in 5% or more of patients: headache, six patients

(17.6%); dry mouth and nausea, three patients (8.8%) each; and

diarrhea, loss of appetite, and weight loss in two patients (5.9%)

each. The only AE reported in the placebo group was headache,

which occurred in three patients (8.1%). Most AEs were mild in

severity; no deaths or serious AEs occurred. One patient in the

modafinil group discontinued the study due to difficulty initiating

sleep, and fatigue or malaise; the patient recovered 2 days after

study discontinuation. No notable clinical changes were reported in

either group with regard to clinical laboratory tests, physical ex-

amination, vital signs (including 12-lead electrocardiogram), or

body weight.

4. Discussion

In this study, the primary outcome of prolonged mean sleep

latency on the MWT was achieved. Mean sleep latency was

Fig. 1. Patient disposition.

Table 1

Patient characteristics.

Characteristics Modafinil

(N ¼ 34)

Placebo

(N ¼ 37)

Sex

Male 14 (41.2) 18 (48.6)

Female 20 (58.8) 19 (51.4)

Age, years

Mean ± SD 30.6 ± 9.6 27.9 ± 9.7

MineMax 19e53 16e61

Body mass index, kg/m2

Mean ± SD 22.37 ± 3.74 21.66 ± 2.79

MineMax 17.5e31.6 16.9e29.6

Duration of disease, years

Mean ± SD 11.7 ± 9.2 10.1 ± 9.5

MineMax 1e40 0e45

Diagnosis

IH with long sleep time 1 (2.9) 1 (2.7)

IH without long sleep time 33 (97.1) 36 (97.3)

Premedicated (stimulants)

Yes 6 (17.6) 12 (32.4)

No 28 (82.4) 25 (67.6)

MSLT mean sleep latency, min

Mean ± SD 3.93 ± 1.68 4.72 ± 2.00

MineMax 1.2e7.4 1.4e7.8

JESS total score, points

Mean ± SD 16.71 ± 3.15 18.22 ± 2.82

MineMax 11.0e21.0 13.0e24.0

Number of daytime naps, per week

Mean ± SD 9.53 ± 6.69 10.57 ± 7.81

MineMax 0.0e26.0 0.0e40.0

Data are n (%) unless otherwise stated.

Abbreviations: IH, idiopathic hypersomnia; JESS, Japanese version of the Epworth

Sleepiness Scale; MSLT, Multiple Sleep Latency Test; SD, standard deviation.
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significantly prolonged in the modafinil group (200 mg once daily

for 3 weeks) compared with the placebo group, thus confirming

the effectiveness of modafinil for treating objective daytime

sleepiness in IH without long sleep time. Mean sleep latency was

prolonged to 11.32 min in the modafinil group, which suggests

that objective daytime sleepiness with treatment may approach a

level that does not interfere with daily functioning; Doghramji

et al. estimated 11 min as the cutoff value to determine a patho-

logical level in the MWT standardization test [21]. Similarly, the

JESS mean total score was lower than the pathological cutoff value

of 11 points [22] after modafinil treatment, and the proportion of

JESS Total Score Normalized patients in the modafinil group was

significantly higher than in the placebo group. Together, theseT
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Fig. 2. Mean sleep latency on the Maintenance of Wakefulness Test. Data are

mean ± SD with the N for each group shown in parenthesis. *p < 0.001, ANCOVA.

Abbreviations: ANCOVA, analysis of covariance; MWT, Maintenance of Wakefulness

Test; SD, standard deviation.

Fig. 3. JESS total scores. Data are mean ± SD with the N for each group shown in

parenthesis. *p < 0.001, ANCOVA. Abbreviations: ANCOVA, analysis of covariance; JESS,

Japanese version of the Epworth Sleepiness Scale; SD, standard deviation.

Table 3

Adverse events occurring in �5% of patients.

Adverse events Modafinil

(N ¼ 34)

Placebo

(N ¼ 37)

Adverse events, all 20 (58.8) 10 (27.0)

Headache 6 (17.6) 3 (8.1)

Dry mouth 3 (8.8) e

Nausea 3 (8.8) e

Diarrhea 2 (5.9) e

Loss of appetite 2 (5.9) e

Weight loss 2 (5.9) e

Data are n (%).

Y. Inoue, T. Tabata and N. Tsukimori Sleep Medicine 80 (2021) 315e321

319



results suggest an improvement in subjective daytime sleepiness

after modafinil treatment. Furthermore, the CGI-C improvement

rate (patients with “very much improved” or “much improved”) at

3 weeks was significantly higher in the modafinil group than in the

placebo group. Taking the above results together, the efficacy of

modafinil for improvement of EDS in patients with IH was

confirmed by both objective (primary endpoint) and subjective

(secondary endpoints) evaluations.

The changes in sleep parameters on NPSG that were reported in

the present study indicated that modafinil (200 mg, once daily in

the morning) did not affect nocturnal sleep, which is similar to the

results reported in previous clinical trials of the effects of modafinil

on either narcolepsy [15,16] or residual sleepiness in patients with

obstructive sleep apnea who were being treated with nasal

continuous positive airway pressure therapy [23].

A placebo-controlled trial conducted byMayer et al. in Germany

[14] reported that modafinil significantly improved the Epworth

Sleepiness Scale (ESS) total score and CGI over placebo, but there

was no significant difference in themean sleep latency on theMWT

between the two groups. The reasons for the difference between

their study and the current study, in which there was a significant

difference in mean sleep latency on the MWT observed with

modafinil vs. placebo, are yet to be elucidated. The total number of

patients wasmuch smaller in the study byMayer et al. (N¼ 31) [14]

compared with our study (N ¼ 71), which may have had an effect

on the results of statistical testing. As for respective demographic

characteristics, most of the variables were comparable between the

studies, with 16.71 vs. 15.00 for the JESS/ESS total scores and 8.05

vs. 12.50 min for the baseline sleep latency on the MWT [14]. This

suggests that the IH severity was not lower in the present study

than in the Mayer et al. study. Both their study and ours had a

treatment duration of 3 weeks; however, the present study treated

patients with 200 mg once daily (morning) while the aforemen-

tioned study treated patients with 100 mg twice daily (morning

and noon) [14]. According to a review by McClellan et al. [24], the

maximum concentration of modafinil in the blood is lower when

200 mg of modafinil is administered as two daily doses of 100 mg

than when the 200 mg dose is given at one time; it is possible that

this pharmacokinetic difference influenced the efficacy results of

the two studies.

To the best of our knowledge, our study is the first randomized

controlled trial to successfully report the superior efficacy of

modafinil versus placebo for IH without long sleep time. The dis-

ease severity at baseline, measured as the mean sleep latency on

the MWT, in our study was slightly longer (8.05 min; 200 mg

modafinil group) comparedwith that of the two placebo-controlled

double-blind trials of modafinil in patients with narcolepsy con-

ducted in the US (6.1 and 5.8 min, respectively) [15,16]. The im-

provements in the mean sleep latency on the MWT and ESS total

score with modafinil treatment (vs. placebo) were greater in the

current study comparedwith the previous reports. Of note, patients

with narcolepsy were administered up to 400mgmodafinil daily in

the above mentioned US studies compared with 200 mg once daily

modafinil for patients with IH in the current study. These findings

are compatible with the results of our previous study, showing that

patients with IH without long sleep time have a lower severity of

hypersomnia and respond better to a treatment with lower dosages

of psychostimulant drugs (methylphenidate equivalent) than pa-

tients with narcolepsy with cataplexy [25].

In the present study, no serious AEs were observed in the

modafinil group. AEs occurringmost frequently were headache, dry

mouth, and nausea and almost all events were mild in severity;

none were of clinical concern. Our safety results are aligned with

the safety findings reported by Mayer et al. [14] who also reported

that all AEs were mild to moderate.

This study has several limitations. First, the number of patients

with IH with long sleep time, which represents the cardinal

phenotype of IH [6], was small (only two patients, one per group)

and this limits the generalizability of the efficacy findings of the

present study to thewider patient population. In addition, we could

not objectively confirmwhether the patients had long sleep time or

not. Second, we did not investigate sleep inertia in the present

study. However, given that sleep inertia is a common symptom in

patients with IH with long sleep time, and that nearly all of the

patients in this study had IH without long sleep time, it can be

assumed that few study patients had trouble with sleep inertia

prior to administration of the study drug. Third, because IH diag-

nosis in our study was based on the ICSD-2, which did not consider

the recently highlighted problems with obtaining a clear diagnosis

between IH and other central hypersomnolence disorders [26], the

number of patients who would have been diagnosed with idio-

pathic excessive sleepiness was not assessed in the present study.

Fourth, inclusion of only Japanese patients in our study limits the

generalizability to other ethnicities. Finally, as the treatment

duration of our study was only 3 weeks, evaluation of long-term

efficacy and safety of modafinil in patients with IH was beyond

the scope of this study.

5. Conclusions

The safety and efficacy of modafinil treatment to improve EDS in

Japanese patients with IH without long sleep time was objectively

confirmed for the first time in this multicenter, randomized,

double-blind, placebo-controlled, parallel-group comparison study

using the change in mean sleep latency on the MWT as a primary

outcome measure, and JESS, weekly number of daytime naps, and

CGI-C as secondary outcome measures. Modafinil is expected to

become a potential treatment for patients with IH, for whom few

treatment options are available.
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