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Abstract

This study assessed the efficacy and safety of desmopressin orally disintegrating tab-

lets (ODTs) in Japanese males (50 and 25 μg) and females (25 μg) with nocturia due

to nocturnal polyuria (NP). Two Phase 3 randomized double-blind placebo-controlled

studies of 342 males and 190 females with nocturia due to NP were conducted. The

primary endpoint was change from baseline in mean number of nocturnal voids. In

addition, time to first awakening to void, nocturnal urine volume, NP index (NPI), and

quality of life were assessed during a 12-week treatment period. In males, 50 and

25 μg desmopressin ODTs significantly reduced the number of nocturnal voids by

−1.21 (P < .0001) and − 0.96 (P = .0143), respectively, and significantly prolonged

the time to first awakening to void by 117.60 minutes (P < .0001) and 93.37 minute

(P = .0009), respectively, with no safety concerns. In females, 25 μg desmopressin

ODT significantly prolonged the time to first awakening to void by 116.11 minutes

(P = .0257), with no safety concerns. The reduction in the number of nocturnal voids

(−1.11) was not significantly different compared with placebo (P = .0975).

Desmopressin ODTs (50 and 25 μg) were an effective and well-tolerated treatment

for nocturia due to NP in Japanese males, and desmopressin ODT 50 μg is an appro-

priate dose in these patients. For patients who are likely to experience hyponatremia,

such as elderly males, starting with 25 μg desmopressin ODT should be considered.
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1 | INTRODUCTION

Nocturia is a lower urinary tract symptom that occurs more frequently

in both males and females with aging. It was defined as “Waking to

pass urine during the main sleep period” by the International Conti-

nence Society (ICS) in 2018.1,2 Nocturia is thought to be primarily cau-

sed by nocturnal polyuria (NP), which is the excretion of an excessive

amount of urine while sleeping despite 24-hour urine volume being
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normal. However, the ICS Standardisation Committee defined

nocturia more specifically as nocturnal urine volume that exceeds

33% of the total 24-hour urine volume for elderly patients, and 20%

for younger patients.2 Repeatedly waking up at night to void due to

NP causes lack of sleep and reduced sleep quality, which markedly

reduces a patient's quality of life (QoL), interfering with daily life.

Therefore, appropriate treatment is needed. Nocturia associated with

NP has been reported to be related to decreased secretion of the anti-

diuretic hormone arginine vasopressin (AVP).3

Desmopressin acetate, a synthetic AVP analog, has proven to be

an effective and well-tolerated treatment in both male4 and female5

patients with nocturia. An orally disintegrating tablet (ODT) containing

desmopressin quickly disintegrates when placed under the tongue

and can be taken without water, simplifying administration.

At the present time, 60, 120, and 240 μg desmopressin ODTs (daily

doses of 60, 120 and 240 μg, respectively) and 100 and 200 μg

desmopressin tablets (daily doses of 100, 200 and 400 μg) have been

approved in over 80 countries worldwide for the indication “nocturia

associated with idiopathic NP in adults”, and 25 μg desmopressin ODT

for women and 50 μg desmopressin ODT for men have been approved

in over 35 countries worldwide that can be used more safely, especially

by patients who are likely to experience hyponatremia. The efficacy of

desmopressin ODT 25 μg desmopressin ODT for women and 50 μg

desmopressin ODT for men was confirmed as statistically superior to

placebo in all efficacy endpoints in global studies.6,7

In Japan, a Phase 2 study suggested a lower dose of desmopressin

ODT may be effective in Japanese male and female patients with

nocturia.8 The study also confirmed a sex difference in sensitivity to

desmopressin, and that the optimum dose for NP treatment is lower in

females than in males.8 Herein we report the results of two separate

clinical studies (NCT02904759 and NCT02905682) of the efficacy and

safety of 25 and 50 μg desmopressin ODTs in male patients and 25 μg

desmopressin ODT in female patients versus placebo. The primary effi-

cacy endpoint was change from baseline in the mean number of noctur-

nal voids during 12 weeks of treatment. Other secondary endpoints,

namely time to first awakening to void, nocturnal urine volume, NP index

(NPI), and patient-reported outcomes, and safety were also evaluated.

2 | METHODS

2.1 | Study design

The clinical program comprised two separate clinical studies in male

and female patients with nocturia (two or more nocturnal voids)

due to NP defined as an NPI ≥33%. During the 12-week trea-

tment period randomized double-blind parallel group studies,

desmopressin was compared to placebo at 57 (NCT02904759) and

50 (NCT02905682) sites in Japan from September 2016 to

September 2017. The studies were approved by the institutional

review board for each site and were conducted in accordance with

the Declaration of Helsinki, Good Clinical Practice of International

Conference on Harmonisation, Good Clinical Practice in Japan, and

applicable regulatory requirements. All patients provided written

informed consent before participating in the studies.

2.2 | Patients

For screening, eligible patients in both studies were male or female

aged ≥20 years with at least two nocturnal voids for 6 months or

more. Prior to the randomization, a 1-week placebo run-in/lifestyle

change was conducted. During this period, patients were instructed

to follow the water consumption and voiding guidance. Subsequently,

the eligibility criteria were two or more nocturnal voids (average of

3 days); NP, defined as an NPI ≥33%; and bothered by nocturia,

defined as a score ≥ 2 on the Hsu five-point Likert bother scale (mod-

erate to extremely bothered).9

Patients with interstitial cystitis (IC), overactive bladder (OAB), or

benign prostatic hyperplasia (BPH) exceeding the stipulated criteria,

urinary disorders (eg, severe stress incontinence, heart disease, and

uncontrolled hypertension or diabetes) were excluded to eliminate

the effects of these conditions on the efficacy evaluation of

desmopressin ODT for nocturia associated with NP. Patients with

coexisting psychogenic or habitual polydipsia (24-hour urine output

>2.8 L), hyponatremia (serum sodium concentration < 135 mEq/L), or

syndrome of inappropriate antidiuretic hormone secretion (SIADH)

were excluded to avoid the risk of onset of hyponatremia.

Sample size was based on the hypothesis of demonstrating superi-

ority of 25 μg desmopressin ODT in female patients and superiority of

50 and 25 μg desmopressin ODTs in male patients when tested

against placebo on the primary endpoint, with an overall power of

90% and an overall Type I error rate of 5% (two-sided). Therefore,

89 patients for each group in the female study and 100 patients for

each group in the male study were required to demonstrate superior-

ity of desmopressin ODT.

2.3 | Study treatment and procedures

The studies were comprised of placebo run-in/lifestyle changes and

double-blind periods. During the placebo run-in/lifestyle changes

period, patients took one placebo ODT every night approximately

1 hour prior to bedtime for 1 week. All subjects were given instruc-

tions regarding lifestyle changes (eg, limiting fluid intake and emptying

the bladder before going to bed) throughout the entire duration of the

trial (including the placebo run-in/lifestyle changes period). Subse-

quently, patients who satisfied the inclusion and exclusion criteria

were randomized to one of two treatment groups (25 μg

desmopressin ODT, placebo) in a 1: 1 ratio for females and three

treatment groups (50 or 25 μg desmopressin ODT, placebo) in a

1: 1: 1 ratio for males, stratified by age (<65 and ≥65 years).

In the 12-week double-blind period, patients took the investiga-

tional product every night approximately 1 hour prior to bedtime

for 12 weeks. In addition, subjects recorded nocturnal voiding infor-

mation and sleep status using a voiding diary for three consecutive

days immediately before each scheduled visit, and completed the

Nocturia Quality-of-Life (N-QoL) questionnaire to assess the effect
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of nocturia on health-related QoL.10-12 The N-QoL has been trans-

lated and culturally validated to a Japanese setting.13 The quality of

sleep was evaluated using the Insomnia Severity Index (ISI),14 and

the bothersomeness of nocturia was assessed using the Hsu five-

point Likert bother scale.9

To monitor hyponatremia, patients with a serum sodium concentra-

tion <135 mM at screening were excluded from the studies, and serum

sodium concentrations were measured on Days 3 and Weeks 1, 2, 4, 8

and 12, or post-dose for discontinued subject. Subjects were asked to

come to the hospital for additional tests and examinations if the serum

sodium concentration was ≤130 mM. Subjects were instructed to stop

taking the investigational product if their serum sodium concentration

was ≤125 mM. In addition, subjects were withdrawn from the study if

they were diagnosed with water intoxication, if B-type natriuretic peptide

(BNP) exceeded 100 pg/mL, or if 24-hour urine volume exceeded 2.8 L

due to psychogenic or habitual polydipsia during the trial period.

2.4 | Study endpoints

The primary efficacy endpoint was change from baseline in the mean

number of nocturnal voids during 12 weeks of treatment, which has

been the standard primary efficacy endpoint in multiple clinical trials

of nocturia since overseas clinical trials began in the early 2000s.15

The secondary efficacy endpoints were: (a) change from baseline in

mean time to first awakening to void (first continuous sleep time) to

evaluate the clinical significance as a nocturia medication, (b) change

from baseline in mean nocturnal urine volume, which indicates the

pharmacological effect of desmopressin ODT, (c) change from base-

line in mean NPI, which evaluates the lowering effect on the propor-

tion of urine produced at night, and (d) changes in health-related QoL,

quality of sleep, and level of bother of nocturia.

he safety and tolerability of desmopressin ODT treatment were

evaluated by the monitoring of adverse events (AEs) based on hematol-

ogy, blood chemistry, urinalysis, vital signs, and physical findings. AEs

were coded to system organ class (SOC) and preferred term (PT) using

Medical Dictionary for Regulatory Activities (MedDRA/J), https://www.

meddra.org/how-to-use/support-documentation/japanese.

2.5 | Statistical analysis

The primary efficacy endpoint was assessed for the full analysis set

(FAS), which consisted of all randomized (as planned) patients who

had at least one post-baseline measurement for the mean number of

nocturnal voids. Analysis was performed based on the planned (ran-

domly assigned) treatment. Desmopressin ODT groups were com-

pared with the placebo group with regard to change from baseline in

efficacy variables using longitudinal analysis by repeated-measures

analysis of covariance (ANCOVA), with baseline value as a covariate

and treatment, visit, age group, and interaction between treatment

and visit as fixed effects.

In the male study where multiple doses were evaluated, the over-

all significance level was controlled at 5% with a closed testing proce-

dure where the superiority of the low dose was tested against

placebo using a two-sided test at a 5% significance level after superi-

ority of the high dose was established against placebo using a two-

sided test at a 5% significance level.

3 | RESULTS

3.1 | Study population

In the male study, 342 male patients were randomized: 109 and 115 in

the 50 and 25 μg desmopressin ODT groups, respectively, and

118 patients to the placebo group. Of the randomized subjects, 338male

patients were included in the FAS because all data from the double regis-

tration subjects were excluded from the FAS. Finally, 318 patients

(93.0%) completed the study, and 24 (7%) withdrew, primarily because

of onset of an AE and withdrawal of consent. In the female study,

190 patients were randomized (92 and 98 in the 25 μg and placebo

groups, respectively) and 187 female subjects were included in the FAS.

Finally, 185 patients (97.4%) completed the trial, and 5 (2.6%) withdrew

primarily because of onset of an AE. The number of subjects who with-

drew from the study because of an AE was 4 (3.5%) and 2 (1.8%) in the

25 and 50 μg desmopressin ODT groups in the male study and 2 (2.2%)

in the 25 μg desmopressin ODT group in the female study.

Patient demographics and characteristics are given in Table 1.

There were no differences of note between the treatment groups

with regard to demographic data and baseline voiding parameters in

both studies (Table 2). The mean number of nocturnal voids at base-

line was similar across treatment groups (2.41-2.53 voids in males;

2.41-2.46 in females). The mean time to first void at baseline was

152 to 158 minutes in males and 144 to 150 minutes in females.

3.2 | Efficacy

Results of the efficacy endpoints are given in Tables 3 and 4.

3.2.1 | Number of nocturnal voids

In males, the change from baseline in the mean number of nocturnal

voids during 12 weeks of treatment, as a primary endpoint, in the

50 and 25 μg desmopressin ODT and placebo groups was −1.21,

−0.96, and − 0.76, respectively. A significant reduction compared

with the placebo group was found in both treatment groups

(P < .0001 and P = .0143, respectively), confirming that 50 and 25 μg

desmopressin ODTs are effective in the treatment of nocturia in male

patients (Table 3; Figure 1). The absolute change from baseline in the

50 μg desmopressin ODT group was 26% larger than that in the 25 μg

desmopressin ODT group.

In females, the change from baseline in the mean number of

nocturnal voids in the 25 μg desmopressin ODT and placebo groups

was −1.11 and − 0.95, respectively. No significant reduction com-

pared with the placebo group was observed in the 25 μg

desmopressin ODT group, but the reduction was numerically greater

in the latter group compared with the placebo group (P = .0975;

Table 3; Figure 2).
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3.2.2 | Time to first awakening to void, nocturnal
urine volume, and NPI

In males, the adjusted mean of prolonged time to first awakening to

void from baseline in the 50 and 25 μg desmopressin ODT and

placebo groups was 117.60, 93.37, and 62.97 minutes, respectively

(treatment contrast [TC] vs placebo for the 50 and 25 μg

desmopressin ODT groups: 54.63 minutes [P < .0001] and

30.40 minutes [P = .0009], respectively). In addition, the reduced

TABLE 1 Demographic and baseline characteristics for the full analysis set

Males Females

Placebo (n = 117

Desmopressin ODT

Placebo (n = 97)
Desmopressin (25 μg)
ODT (n = 90)25 μg (n = 113) 50 μg (n = 108)

Mean (±SD) age (y) 63.2 ± 12.0 63.2 ± 12.6 62.9 ± 11.9 58.1 ± 13.6 61.4 ± 11.8

Age category

< 65 y 56 (47.9) 55 (48.7) 49 (45.4) 58 (59.8) 50 (55.6)

≥ 65 y 61 (52.1) 58 (51.3) 59 (54.6) 39 (40.2) 40 (44.4)

Sex

Male 117 (100.0) 113 (100.0) 108 (100.0) 0 0

Female 0 0 0 97 (100.0) 90 (100.0)

Mean (±SD) BMI (kg/m2) 23.4 ± 2.9 24.0 ± 3.3 23.4 ± 3.1 22.9 ± 4.2 22.1 ± 3.5

Ethnicity

Not Hispanic or Latino 117 (100.0) 113 (100.0) 108 (100.0) 97 (100.0) 90 (100.0)

Race

Asian 117 (100.0) 113 (100.0) 108 (100.0) 97 (100.0) 90 (100.0)

CKD stage

eGFR 61–89 (mL/min) 103 (88.0) 100 (88.5) 101 (93.5) 79 (81.4) 74 (82.2)

eGFR ≥90 (mL/min) 14 (12.0) 13 (11.5) 7 (6.5) 18 (18.6) 16 (17.8)

Note: Unless indicated otherwise, data are given as n (%).

Abbreviations: BMI, body mass index; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ODT, orally dissolving tablet.

TABLE 2 Baseline voiding parameters for the full analysis set

Males Females

Placebo (n = 117)

Desmopressin ODT

Placebo (n = 97)
Desmopressin (25 μg)
ODT (n = 90)25 μg (n = 113) 50 μg (n = 108)

Mean no. nocturnal voids 2.41 ± 0.64 2.44 ± 0.65 2.53 ± 0.95 2.41 ± 0.54 2.46 ± 0.59

Mean no. nocturnal voids category

2 64 (54.7) 55 (48.7) 55 (50.9) 46 (47.4) 41 (45.6)

> 2–3 30 (25.6) 35 (31.0) 29 (26.9) 32 (33.0) 28 (31.1)

≥ 3–4 19 (16.2) 19 (16.8) 16 (14.8) 16 (16.5) 19 (21.1)

≥ 4–5 2 (1.7) 2 (1.8) 5 (4.6) 2 (2.1) 1 (1.1)

≥ 5–6 2 (1.7) 2 (1.8) 1 (0.9) 1 (1.0) 1 (1.1)

≥ 6–7 0 0 1 (0.9) 0 0

≥ 7 0 0 1 (0.9) 0 0

Time to first void (min) 158 ± 55 155 ± 52 152 ± 57 144 ± 50 150 ± 55

Nocturnal urine volume (mL) 668.7 ± 197.2 693.6 ± 197.0 730.2 ± 204.4 707.2 ± 205.5 651.0 ± 177.8

NPI (%) 42.8 ± 7.76 42.6 ± 7.76 42.1 ± 7.70 42.4 ± 7.55 40.5 ± 6.02

Mean NPI category ≥33% 117 (100.0) 113 (100.0) 108 (100.0) 97 (100.0) 90 (100.0)

Maximum 24-h urine volume (mL) 1818.9 ± 524.6 1854.1 ± 486.8 1949.7 ± 465.3 1819.0 ± 407.1 1765.6 ± 394.9

Note: Data are given as the mean ± SD or as n (%).

Abbreviations: NPI, nocturnal polyuria index; ODT, orally dissolving tablet.
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nocturnal urine volume was 267.87 and 225.79 mL in the 50 and

25 μg desmopressin ODT groups, respectively, compared with

161.18 mL in the placebo group (TC vs placebo for the 50 and 25 μg

desmopressin ODT groups: 106.68 mL [P < .0001] and 64.61 mL

[P = .0003], respectively). Furthermore, NPI, which indicates the phar-

macological action of desmopressin ODT, showed significant improve-

ments (TC vs placebo for the 50 and 25 μg desmopressin ODT

groups: 6.75% [P < .0001] and 3.65% [P = .0001], respectively). The

results of the secondary efficacy endpoints throughout the 12 weeks

were supportive of the primary endpoint (Table 3; Figure 3).

Similarly, there was a greater improvement in females, with signifi-

cant differences in the 25 μg desmopressin ODT group in the time to

first awakening to void (TC 22.59 minutes; P = .0257), nocturnal urine

volume (80.48 mL; P < .0001), and NPI (4.25%; P < .0001) compared

with placebo (Table 3; Figure 4).

3.2.3 | Health-related QoL: N-QoL, ISI, and Hsu five-
point Likert bother scale

In males in the 50 μg desmopressin ODT group, the change from

baseline on the Hsu five-point Likert bother scale score throughout

the 12 weeks was −1.23, indicating a statistically significant improve-

ment compared with placebo (P = .0113). The remaining health-

related QoL parameters in the 50 and 25 μg desmopressin ODT

groups showed an improvement compared with placebo, although the

differences did not reach statistical significance (Table 4). In females,

there was a trend towards improvement in health-related QoL (ie, N-

QoL, ISI, and Hsu five-point Likert bother scale) with desmopressin

ODT treatment versus placebo, but the differences were not signifi-

cant (Table 4).

3.3 | Safety and tolerability

The safety results are summarized in Table 5. In males, the frequency

of AEs in the 50 and 25 μg desmopressin ODT and placebo groups

was 18.3%, 40.0%, and 26.5%, respectively, and the frequency of

related AEs (ie, AEs judged by the investigator to have a reasonable

possibility of being related to the investigated product) was 5.5%,

7.8%, and 6.0%, respectively. In females, the frequency of AEs in the

25 μg desmopressin ODT and placebo groups was 35.9% and 21.4%,

respectively, and the frequency of related AEs was 3.3% and 5.1%,

respectively. The most frequent AEs were viral upper respiratory tract

TABLE 3 Adjusted treatment differences for changes from baseline in efficacy variables (voiding parameters) in males and females (full
analysis set)

Males Females

Placebo
(n = 117)

Desmopressin ODT
Placebo
(n = 97)

Desmopressin (25 μg)
ODT (n = 90)25 μg (n = 113) 50 μg (n = 108)

No. nocturnal voids

Adjusted mean (no. voids) −0.76 −0.96 −1.21 −0.95 −1.11

Treatment contrast −0.20 −0.45 −0.16

95% CI −0.36, −0.04 −0.61, −0.28 −0.34, 0.03

P-value 0.0143 <0.0001 0.0975

Time to first awakening to

void

Adjusted mean (min) 62.97 93.37 117.60 93.53 116.11

Treatment contrast 30.40 54.63 22.59

95% CI 12.47, 48.34 36.47, 72.80 2.77, 42.40

P-value 0.0009 <0.0001 0.0257

Nocturnal urine volume

Adjusted mean (mL) −161.18 −225.79 −267.87 −168.47 −248.95

Treatment contrast −64.61 −106.68 −80.48

95% CI −99.61, −
29.60

−142.36, −
71.01

−118.85, −42.12

P-value 0.0003 <0.0001 <0.0001

NPI

Adjusted mean (%) −5.81 −9.46 −12.56 −7.43 −11.67

Treatment contrast −3.65 −6.75 −4.25

95% CI −5.51, −1.80 −8.63, −4.87 −6.25, −2.24

P-value 0.0001 <0.0001 <0.0001

Abbreviations: CI, confidence interval; NPI, nocturnal polyuria index; ODT, orally dissolving tablet.
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TABLE 4 Adjusted treatment differences for changes from baseline in efficacy variables (health-related quality of life) in male and female
patients (full analysis set)

Males Females

Placebo

Desmopressin ODT

Placebo Desmopressin (25 μg) ODT25 μg 50 μg

N-QoL: Total score

No. subjects 117 112 105 97 90

Adjusted mean 6.87 7.87 9.80 9.45 10.95

Difference between groups 1.00 2.93 1.50

95% CI −3.00, 5.01 −1.13, 6.99 −3.51, 6.51

P-value 0.6224 0.1568 0.5565

N-QoL: Global QoL score

No. subjects

Adjusted mean 15.71 18.04 20.49 15.46 22.30

Difference between groups 2.33 4.78 6.85

95% CI −3.87, 8.53 −1.50, 11.06 −0.70, 14.39

P-value 0.4608 0.1354 0.0751

ISI: Total score

No. subjects 117 112 105 97 90

Adjusted mean −2.47 −2.66 −3.15 −2.84 −3.15

Difference between groups −0.19 −0.68 −0.31

95% CI −1.28, 0.90 −1.79, 0.42 −1.61, 0.99

P-value 0.7323 0.2253 0.6378

Hsu 5-point Likert bother scale score

No. subjects 117 112 105 97 90

Adjusted mean −0.92 −1.08 −1.23 −1.09 −1.24

Difference between groups −0.16 −0.32 −0.15

95% CI −0.40, 0.08 −0.56, −0.07 −0.42, 0.11

P-value 0.1827 0.0113 0.2643

Note: As per the statistical analysis plan, the interaction term between Treatment and Visit was removed from the original model because it was not

significant at the 5% level in the original model.

Abbreviations: CI, confidence interval; ISI, Insomnia Severity Index; N-QoL, Nocturia Quality-of-Life Questionnaire; ODT, orally dissolving tablet; QoL,

quality of life.
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infection (4.6%, 4.3%, and 6.8% in the 50 and 25 μg desmopressin

ODT and placebo groups, respectively, in males; and 14.1% and 5.1%

in the 25 μg desmopressin ODT and placebo groups, respectively, in

females). Most AEs were mild or moderate in intensity. There were no

deaths or serious related AEs. No detectable trends in the frequency

and the characteristics of AEs, except for hyponatremia in both males

and females, were confirmed.

Because of the pharmacological effect of desmopressin, hyp-

onatremia was an AE of special interest. According to MedDRA PT,

hyponatremia could be reported as an AE of either hyponatremia or

blood sodium decrease. In females, no hyponatremia or blood sodium

decrease was reported as an AE throughout the 12-week treatment

period. In males, hyponatremia and blood sodium decrease, as related

AEs, were reported by 1.8% and 0.9% of subjects in the 50 μg and

25 μg groups, respectively; all three subjects were ≥65 years of age.

There were two AEs of mild intensity, namely hyponatremia in two

male subjects receiving 50 μg desmopressin ODT; both these subjects

were aged ≥65 years. One of these two subjects was withdrawn from

the trial due to the AE; in this subject, serum sodium concentrations

were 134 and 133 mM at follow-up after discontinuation of treat-

ment. The other subject recovered from the AE after the completion

of treatment. There was one AE of mild intensity, namely blood

sodium decrease, which was reported in one male subject receiving

50 μg desmopressin ODT. This subject was also >65 years of age, and

recovered from the AE after the completion of desmopressin adminis-

tration. The AE of blood sodium decrease was assessed by the investi-

gator to have a reasonable possibility to be related to the desmopressin.

4 | DISCUSSION

We evaluated the efficacy and safety of desmopressin ODTs versus pla-

cebo at doses of 25 and 50 μg in Japanese males, and at a dose of 25 μg

in Japanese females with nocturia due to NP. In Japanese males, the

change from baseline in the mean number of nocturnal voids through

the 12 weeks, as a primary endpoint, decreased significantly compared

with placebo at both the 25 and 50 μg doses. In addition, 50 and 25 μg

desmopressin ODTs provided statistically significant improvement com-

pared with the placebo in terms of prolonging the time to first awaken-

ing to void, nocturnal urine volume indicating the pharmacological action

of desmopressin ODT, and other efficacy endpoints.

Weiss et al.6 and Sand et al.7 conducted two randomized placebo-

controlled studies in males and females with two or more nocturnal

voids per night to assess the clinical benefit of desmopressin ODTs in

females (25 μg) and males (50 μg) with nocturia due to NP. Both

groups found stronger treatment effects, such as decreased nocturnal

voids, with desmopressin ODT versus placebo, and the magnitude of

differences was indicative of clinical benefits in patients with NP. A

greater reduction in the mean number of nocturnal voids was seen

with desmopressin ODT in males (TC –0.37 voids) than in females

(TC: −0.29 voids). The findings of the present study are consistent

with the results reported in the similarly designed global study of

male-only participants 0.37, demonstrating the clinical effect of

desmopressin ODT with reproducibility.16

In Japanese females, the decrease from baseline in the mean num-

ber of nocturnal voids in the 25 μg desmopressin ODT group was

numerically greater than that in the placebo group (−1.11 and −0.95,

respectively). In addition, 25 μg desmopressin ODT significantly

improved secondary efficacy endpoints compared with placebo. A sta-

tistically significant difference compared with placebo was not found

in the change in the mean number of nocturnal voids throughout the

12-week treatment period. Weiss et al.16 reported that 25 μg

desmopressin ODT was statistically superior to placebo in all efficacy

endpoints in a global female study.

The lack of a significant difference in Japanese females in the

change in the mean number of nocturnal voids between the 25 μg

desmopressin ODT and placebo groups could be due to several rea-

sons. First, an evident placebo effect was seen in females. A numeri-

cally greater placebo effect was observed in key efficacy endpoints in

females receiving placebo compared with males. This effect was also

seen in Japanese patients in the early Phase II study.8 This result may

not be an effect of the medication in men versus women, but from

the high reactions of female patients to placebo. Such reactions to

placebo were observed to be higher, depending on the baseline

value of nocturnal voids, suggesting possible masking of the
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medication effects (Figure 5). To avoid the placebo effect we set a

1 week placebo run-in/lifestyle change period. A longer placebo

run-in period, such as ≥2 weeks, is preferable, such as in recent ran-

domized control trials for lower urinary tract symptoms,17 but at

this moment there is no clear evidence and general consensus on

the optimal length of lifestyle change. In addition, the 1-week run-in

period allowed the investigator to ascertain which subjects would

be most likely to comply with the treatment.

However, it should be noted that the efficacy of 25 μg

desmopressin ODT for females has been confirmed as statistically

superior to placebo for the change in the mean number of noctur-

nal voids in global studies.6,7 The higher reactions of females in the

Japanese study to placebo have also been reported in the develop-

ment of therapeutic products for patients with irritable bowel syn-

drome (IBS).18,19 In addition, the lifestyle modifications and

behavioral reinforcement during the study (through the large num-

ber of questionnaires, diaries, and multiple office visits) may have

encouraged compliance with lifestyle modifications of females, con-

tributing to the placebo effect. The Nocturia Advisory Conference

2012 of the New England Research Institutes in 2012,20 where the

panelists reviewed five studies, concluded that “multi-component

behavioral interventions are an attractive approach to a multifacto-

rial condition such as nocturia, despite the relative paucity of

supporting data.”

TABLE 5 Summary of safety (safety analysis set)

Males Females

Placebo

Desmopressin ODT

Placebo
Desmopressin
(25 μg) ODT25 μg 50 μg

Incidence of AEs 26.5

(31/117)

40.0

(46/115)

18.3

(20/109)

21.4

(21/98)

35.9 (33/92)

Viral upper respiratory tract infectiona 6.8 (8/117) 4.3 (5/115) 4.6 (5/109) 5.1 (5/98) 14.1 (13/92)

BNP increaseda 4.3 (5/117) 2.6 (3/115) 0.9 (1/109) 6.1 (6/98) 3.3 (3/92)

Incidence of related AEsb 6.0 (7/117) 7.0 (8/115) 5.5 (6/109) 5.1 (5/98) 3.3 (3/92)

BNP increased 0.9 (1/117) 1.7 (2/115) 0.9 (1/109) 2.0 (2/98) 0

Hyponatremia 0 0 1.8 (2/109) 0 0

Constipation 0 0.9 (1/115) 0 1.0 (1/98) 0

Diarrhea 0 0 0 1.0 (1/98) 0

Fatigue 0 0 0 0 1.1 (1/92)

Malaise 0 0.9 (1/115) 0 0 1.1 (1/92)

Blood uric acid decreased 0 0 0 0 1.1 (1/92)

Incidence of SAEs 0 0.9 (1/115) 0.9 (1/109) 0 1.1 (1/92)

Incidence of related SAEs 0 0 0 0 0

Incidence of hyponatremia and blood sodium

decreasedc
0 0 2.8 (3/109) 0 0

Blood sodium decreased 0 0 0.9 (1/109) 0 0

Hyponatraemia 0 0 1.8 (2/109) 0 0

Hyponatraemia and blood sodium decreased

For age ≥ 65 y 0 0 5.0 (3/60) 0 0

For age < 65 y 0 0 0 0 0

Incidence of significant hyponatremiad 0 0.9 (1/115) 1.8 (2/109) 0 0

Incidence of serious hyponatremiae 0 0 0 0 0

Incidence of hyponatremia with clinical

symptoms

0 0 0 0 0

Note: Data are given as percentages (no. subjects with observation/total no. subjects).

Abbreviations: BNP, B-type natriuretic peptide; SAE, serious AE.
aTreatment-emergent adverse event (AE) with an incidence ≥2% in any treatment group.
bRelated AEs were AEs judged by the investigator to have a reasonable possibility of being related to the investigational medical product; those with an

incidence ≥1% in any treatment group are listed in the table.
cHyponatremia and blood sodium decreased reported as an AE.
dSignificant hyponatremia was defined as a serum sodium concentration < 130 mM.
eSerious hyponatremia was defined as a serum sodium concentration ≤ 125 mM.

[Correction added on 22 August 2019, after first online publication: the value under Male Desmopressin ODT's 2nd column has been corrected from ‘25’
to ‘50’ μg.].
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A sex difference in renal sensitivity to desmopressin was con-

firmed based on the results in previous Japanese and global

studies,8,21 which affects overall clinical efficacy and safety of the

drug. In males and females in the 25 μg group, the mean number of

nocturnal voids decreased by −0.96 and −1.11, respectively. The time

to first awakening to void was prolonged by 93.37 and

116.11 minutes in males and females, respectively. The findings of this

study based on a 25 μg dose desmopressin ODT show that this dose

had a numerically higher effect across all efficacy endpoints in females

than in males (Tables 3 and 4). This is consistent with the results of

global clinical studies, which suggest a sex difference in efficacy.21

Sleep disorders caused by waking up at night due to nocturia are

known to be involved in decreased work productivity and vitality,22 as

well as the psychological state and physical factors.23-25 Therefore,

sleep disturbance leads to a lower QoL. Sleep quality is divided into

Stages 1 to 4, and Stage 3 and 4 are called deep sleep or slow wave

sleep. Stages 3 and 4 commonly occur in the first two cycles

(180 minutes) after falling asleep and are considered important for

high-quality sleep.26

Furthermore, we investigated the effects of desmopressin ODT

on health-related QoL, sleep quality, and bother using the N-QoL, ISI,

and Hsu five-point Likert bother scale, respectively, in an exploratory

manner. We were not able to show any significant differences, except

for the Hsu five-point Likert bother scale, but the improvements

favored 50 and 25 μg desmopressin ODTs versus placebo for all mea-

surements, which substantiates the benefits of desmopressin ODT as

a treatment for nocturia. We emphasize that 50 and 25 μg

desmopressin ODTs in male patients maintained the time to first

awakening to void at >4 hours. It should be the patient benefit as

maintain of the first 3 hours in time to first awakening to void at

>3 hours is benefit for the patients, which is important for improving

QoL.15,26-29 Furthermore, the percentage of sleep responders (ie, the

percentage [adjusted value] of subjects who achieved mean time to

first awakening to void of at least 180 minutes through the 12 weeks)

was 82%, 78%, and 63% in the 50 and 25 μg desmopressin ODT and

placebo groups, respectively (odds ratio [vs placebo] 2.68 and 2.07 in

the 50 and 25 μg desmopressin ODT groups, respectively). Similar

results were found in females treated with 25 μg desmopressin ODT

(time to first void at least 180 minutes [sleep responder]: 78%; odds

ratio vs placebo 1.67).

Hyponatremia is considered to be a serum sodium

concentration < 135 mM, which is below the standard range

(135–145 mM), but the serum sodium concentration associated with

clinically significant hyponatremia is <130 mM. In these studies, we

found that hyponatremia with a decrease in serum sodium to

≤130 mM occurred in elderly patients (at least 65 years of age) in

association with the desmopressin ODT (Figures 6 and 7) in two and

one male patient in the 50 and 25 μg, groups, respectively, and there

was no severe hyponatremia (defined as a decrease in serum sodium

concentrations to ≤125 mM) throughout the 12 weeks. In most sub-

jects with serum sodium concentrations <135 mM, the hyponatremia

manifested within the first week of commencing desmopressin. All

occurrences of hyponatremia or blood sodium decrease as an AE were

asymptomatic and mild, as well as reversible, because sodium concen-

trations quickly recovered after discontinuation of desmopressin. Fur-

thermore, in the present studies the risk of hyponatremia was lower

than in global studies.6,7 Moreover, hyponatremia is predictable, often

occurring within 1 week of the start of treatment.

It has been suggested that the risk of hyponatremia or serum

sodium decrease could be minimized by selecting the appropriate
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dose according to the patient's background and measurement of

serum sodium concentrations,30 although the occurrence of hyp-

onatremia could not be ruled out because of the pharmacological

action of desmopressin.30 No other events indicating safety concerns

were observed, confirming that the 25 and 50 μg desmopressin ODTs

are safe and well tolerated.

In male patients with nocturia due to NP who were treated with

50 and 25 μg desmopressin ODTs throughout the 12 weeks, the pri-

mary objective was achieved and efficacy was consistently observed

in time to first awakening to void, nocturnal urine volume, and NPI as

secondary endpoints. These results indicate the clinical benefits of

desmopressin ODT that include not only a reduction in nocturnal

voids, but also an effective prolongation in the time to first awakening

to void, which had the greatest effect on improving sleep quality, and

represented the true aim of nocturia treatment. The effects of

desmopressin ODT were statistically significant. Furthermore, the

treatment improved health-related QoL in nocturia patients. In males,

50 μg desmopressin had higher efficacy than did 25 μg desmopressin

and there were no safety issues.

The findings above confirm the superiority of 50 and 25 μg

desmopressin ODTs compared with placebo for Japanese males.

Therefore, we determined that 50 μg desmopressin ODT is an appro-

priate dose for males with nocturia due to NP. For patients who are

more likely to experience hyponatremia, especially elderly male

patients with low body weight (<50 kg), low body mass index

(<18.5 kg/m2), poor physiological status, or impaired renal function,

25 μg desmopressin ODT should be considered as a starting dose and

the patients should be frequently monitored for hyponatremia.

In summary, the results of this study demonstrate that 50 and

25 μg desmopressin ODTs were efficacious in treating Japanese male

patients with nocturia due to NP. In addition, 50 and 25 μg

desmopressin ODTs were determined to be safe and well tolerated;

therefore, it can be concluded that the risk–benefit profiles for 50 and

25 μg desmopressin ODTs are favorable for treating male patients

with nocturia due to NP. In particular, the findings also determined

that 50 μg desmopressin ODT is the optimal dose for males, providing

clinically meaningful benefits. For elderly patients who are more likely

to experience hyponatremia, 25 μg desmopressin ODT should be con-

sidered as a starting dose. With regard to Japanese female patients

with nocturia due to NP, 25 μg desmopressin ODT once daily

decreased the number of nocturnal voids, but the superiority of 25 μg

desmopressin ODT over placebo could not be confirmed statistically,

although global clinical trials have shown significant nocturnal void

reduction in females.7
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