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Abstract
Glycopyrronium tosylate cloth, an anticholinergic drug, has been approved for the topical 
treatment of primary axillary hyperhidrosis in the USA, but its effects in Japanese patients 
have not been previously investigated. This 4- week, randomized, double- blind, vehicle- 
controlled, multicenter study was conducted to evaluate the efficacy and safety of gly-
copyrronium tosylate cloth for primary axillary hyperhidrosis patients in Japan. Eligible 
patients, who were ≥9 years of age and had primary axillary hyperhidrosis ≥6 months, 
with gravimetrically- measured sweat production ≥50 mg/5 min, and Hyperhidrosis 
Disease Severity Scale ≥3 (moderate) were randomized 1:1:1 to once daily topical glyco-
pyrronium tosylate 3.75%, 2.5%, or vehicle. Overall, 497 patients (163 in the glycopyr-
ronium tosylate 3.75% group, 168 in the glycopyrronium tosylate 2.5% group, and 166 in 
the vehicle group, hereinafter in this order) were randomized. Statistically higher propor-
tions of patients in the glycopyrronium tosylate groups achieved ≥2- point improvement 
in Hyperhidrosis Disease Severity Scale and ≥50% reduction in sweat production from 
baseline versus vehicle at week 4 (51.6%, 41.1%, and 16.4%, respectively; p < 0.001 in 
both cases). Higher responder rates in the glycopyrronium tosylate groups compared with 
the vehicle group occurred as early as week 1. The most common treatment- emergent 
adverse events in patients treated with glycopyrronium tosylate were photophobia, my-
driasis, thirst, and dysuria. Most treatment- emergent adverse events were mild as deter-
mined by the investigators. The incidence of treatment- emergent adverse events leading 
to treatment modification was low in the three groups. The 4- week use of topical gly-
copyrronium tosylate improved the patient- reported outcome measure Hyperhidrosis 
Disease Severity Scale and objectively- evaluated sweat production with a favorable ben-
efit/risk profile.
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1  |  INTRODUC TION

Hyperhidrosis is a skin disorder characterized by excess sweating 
at a level more than required to maintain normal body temperature. 
Primary hyperhidrosis is idiopathic, caused by overactive sympa-
thetic nerves, and involves a limited body area, most often the axillae, 
palms, soles, or craniofacial region.1 Primary axillary hyperhidrosis 
affects approximately 5.75% of Japanese children and adults,2 which 
is much higher than the prevalence in the USA (1.4%).3 Patients with 
primary axillary hyperhidrosis usually experience excess under-
arm sweating, and the disease presents bilaterally with often other 
body regions also affected.1 The condition also negatively impacts 
patient quality of life (QOL) by reducing work productivity and af-
fecting mental health.1,3– 8 Despite its high prevalence, significant 
symptoms, and impact on QOL, most sufferers do not seek medical 
treatment or wait for a few years before seeking medical help,9 likely 
because of the insufficient recognition of primary axillary hyperhi-
drosis as an intractable and potentially disabling disease with limited 
treatment options available.10 In a recent study, the clinical efficacy 
and safety of a topical cholinergic antagonist, sofpironium bromide, 
were demonstrated.11

Glycopyrronium tosylate (GT) is a competitive inhibitor of ace-
tylcholine receptors, which are expressed in various peripheral tis-
sues, including the sweat glands. GT 3.75% was approved by the US 
Food and Drug Administration (FDA) in 2018 as a topical anticho-
linergic drug for primary axillary hyperhidrosis in patients ≥9 years 
of age.6,12– 18 However, clinical data for the use of GT in Japanese 
patients have not been reported.

We developed two doses (2.5% and 3.75%) of a new GT formu-
lation (cloth) with a different ethanol concentration for use in Japan. 
In this phase II/III study, the efficacy and safety of GT cloth were 
evaluated in Japanese patients with primary axillary hyperhidrosis.

2  |  METHODS

2.1  |  Study design

This study was approved by the institutional review board at each 
study site (Appendix S1) and conducted in accordance with the 
principles of the Declaration of Helsinki, Good Clinical Practice, and 
other applicable regulations. All patients and/or their legal guard-
ians provided written informed consent prior to participating in this 
study. The trial registration number was JapicCTI- 194819, accorded 
to the Clinical Development Department, Maruho, for the Topical 
Glycopyrronium Tosylate Study Group.

This phase II/III, 4- week randomized, double- blind, parallel- 
group, vehicle- controlled, multicenter study was conducted from 
July 2019 to December 2019 at 49 study sites in Japan. A list of prin-
cipal investigators is shown in Appendix S2. After a 7- day screening 
period, eligible patients with primary axillary hyperhidrosis were 
randomized 1:1:1 to once daily GT 3.75% (equivalent to 2.4% gly-
copyrronium), GT 2.5% (equivalent to 1.6% glycopyrronium), or a 

matched vehicle group using an interactive web- based response 
system (day 1). Investigators, study site staff, patients, and the spon-
sor were all blinded to treatment assignment throughout the study. 
Patients were asked to apply GT 3.75%, GT 2.5%, or vehicle to the 
cleaned and dried skin of both axillae before bedtime, and to wash 
their hands after each application and to not wash the axillae for at 
least 4 h after application. Patients could shave hair in each axilla on 
the morning of each dosing day.

During the study, the following medications and treatments for 
axillae and hyperhidrosis were prohibited: antiperspirants, glycopy-
rronium agents, cholinergics, anticholinergics, clonidine, Chinese 
herbal drugs, iontophoresis, botulinum toxin, surgery or psychother-
apy, and actions that might damage the axilla.

2.2  |  Patients

Patients included in this study were ≥9 years of age who had primary 
axillary hyperhidrosis for at least 6 months, had sweat production of 
at least 50 mg/5 min for each axilla, and had a Hyperhidrosis Disease 
Severity Scale (HDSS) of 3 (moderate) or 4 (severe). Patients with any 
of the following conditions were excluded from the study: hypersen-
sitivity to alcohol that required drug treatment or glycopyrronium- 
containing products; history of surgical procedure for hyperhidrosis; 
prior axillary treatment with topical agents within 2 weeks of screen-
ing; prior axillary treatment with iontophoresis within 4 weeks of 
screening; treatment with botulinum toxin within 1 year of screen-
ing; or other treatments with cholinergic or anticholinergic activity 
within 4 weeks of screening. A full list of inclusion and exclusion cri-
teria is presented in Appendix S3.

2.3  |  Efficacy and safety assessments

2.3.1  |  Efficacy endpoints

The primary efficacy endpoint was the proportion of patients 
achieving a HDSS ≥2- point improvement (HDSS responder rate) and 
a ≥50% reduction in sweat production (SP) (mean of both axillae) 
(50% SP responder rate) from baseline at week 4 (HDSS responder 
and 50% SP responder rate). Patients acclimatized to the controlled 
room conditions at each study site for at least 30 min before sweat 
was collected. Sweat production was measured in a temperature 
(20– 28°C) and humidity- controlled room with the gravimetric sweat 
method, which uses a pre- weighed filter paper applied to the af-
fected axilla area for 5 min, and sweat production was assessed as 
the difference in weight of the filter paper by subtracting the post- 
application filter weight from the pre- weighed filter weight. The 
assessment of sweat production was carried out with the same tim-
ing where possible for each patient. The HDSS is a hyperhidrosis- 
specific patient- reported outcome measure using a 4- point scale 
with higher scores indicating a greater negative effect on daily life, 
which has been validated and used in numerous studies.19
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Secondary efficacy endpoints were the HDSS responder rate at 
week 4, the 50% SP responder rate at week 4, and the proportion 
of patients achieving Axillary Sweating Daily Diary (ASDD)/ASDD 
for Children (ASDD- C) Item 2 with a ≥4- point improvement (ASDD/
ASDD- C responder rate) at week 4, and sweat production at week 4. 
The ASDD, a FDA- validated patient- reported outcome measure, com-
prises six items to assess the severity, impact, and bothersomeness of 
axillary hyperhidrosis experienced by patients. Patients ≥9 to <16 years 
of age used the ASDD- C (comprising the first two items of ASDD) to 
measure the severity of sweating. For the ASDD and ASDD- C Item 2 
scales that are 11- point scales (0– 10) similar to the HDSS, higher scores 
indicated more severe sweating.20,21 ASDD/ASDD- C scores were re-
corded in an electronic diary provided by the sponsor.

2.3.2  |  Exploratory endpoints

Weekly trends in the HDSS responder rate, 50% or 75% SP re-
sponder rate, sweat production, ASDD/ASDD- C responder rate, 
Dermatology Life Quality Index (DLQI)/Children’s DLQI (CDLQI) 
scores, HDSS, and ASDD/ASDD- C Item 2 scores were also evalu-
ated from baseline to week 4, as exploratory endpoints. The 0– 30 
scale DLQI (patients ≥16 years of age)/CDLQI (patients 9– 15 years of 
age) was used to assess the impact of dermatology- related diseases 
on patient health- related QOL, with higher scales indicating lower 
QOL.22, 23

2.3.3  |  Safety endpoints

Treatment- emergent adverse events (TEAE), clinical laboratory 
tests, and vital signs were assessed in the safety evaluation through-
out the 4- week treatment period. TEAE of special interest were 
defined as symptoms associated with mydriasis/blurry vision and 
dysuria/urinary retention.

2.4  |  Statistical analysis

Randomization of 150 patients in each treatment group was esti-
mated to provide >90% power at a significance level of 0.05 to detect 
a difference when comparing the primary efficacy endpoint between 
GT 3.75% and vehicle and GT 2.5% and vehicle, assuming a vehicle 
response rate of 20% and a 20% risk difference between GT 3.75% 
and vehicle and GT 2.5% and vehicle based on previous studies.17

Efficacy analyses were conducted in the modified intention- to- 
treat (mITT) population, which included all patients who were ran-
domized and treated with GT or vehicle.

Primary efficacy endpoint testing among doses was adjusted for 
multiplicity using a closed testing procedure. A comparison between 
GT 2.5% and vehicle was tested only when the statistical signifi-
cance between GT 3.75% and vehicle was confirmed at a two- sided 
alpha level of 0.05. No adjustment was made for multiplicity for the 

secondary endpoints. The primary efficacy endpoint and other bi-
nary secondary endpoints were analyzed using Pearson’s χ2- test. 
Log- transformed gravimetrically- measured sweat production was 
calculated for secondary and exploratory endpoints, and conditional 
longitudinal data analysis was used to compare sweat production 
between groups. Missing data were imputed as a non- responder 
for binary endpoints but were not imputed for continuous end-
points. One pre- specified sensitivity analysis was performed for the 
primary efficacy endpoint: Pearson’s χ2- test with last observation 
carried forward imputation for missing data. All statistical analyses 
were conducted using SAS version 9.4 software (SAS Institute).

3  |  RESULTS

3.1  |  Patient disposition, demographics, and 
baseline characteristics

Overall, 497 patients were randomly assigned to the GT 3.75% (163 
patients), GT 2.5% (168 patients), or vehicle (166 patients) group 
(hereinafter in this order) (Figure 1). Two patients in the GT 3.75% 
group (one each for Good Clinical Practice violation and not treated) 
and one patient in the vehicle group (not treated) were excluded 
from the analyses. Therefore, 161, 168, and 165 patients were in-
cluded in the mITT.

Of patients included in the mITT, 97.8% (158, 164, and 164) of 
patients completed the 4- week treatment. Baseline characteristics 
of patients in the three groups were similar (Table 1). In all groups, 
over 75% of patients had HDSS 3, with a median sweat production 
>100 mg/5 min. Approximately 87% of patients had no treatment his-
tory for primary axillary hyperhidrosis, with a mean ASDD/ASDD- C 
Item 2 of approximately 6.0, and approximately 30% of patients also 
had palmar, plantar, face, scalp, and/or trunk hyperhidrosis.

3.2  |  Efficacy

The primary endpoint, HDSS responder, and 50% SP responder 
rate at week 4 was 51.6% (83/161 patients) in the GT 3.75% group 
(p < 0.001) and 41.1% (69/168) in the GT 2.5% group (p < 0.001) ver-
sus 16.4% (27/165) in the vehicle group (Table 2). Higher responder 
rates in GT groups compared with the vehicle group occurred as 
early as week 1 for both GT concentrations (Figure 2a). A greater 
improvement was observed for GT 3.75% than for GT 2.5%. A similar 
result was obtained for the primary endpoint in the sensitivity analy-
sis (data not shown).

As summarized in Table 2, the secondary endpoints (HDSS 
responder rate, 50% SP responder rate, and ASDD/ASDD- C re-
sponder rate) and sweat production at week 4 showed greater im-
provements for GT 3.75% and GT 2.5% versus vehicle (p < 0.001 
for both GT groups vs. vehicle group for all three secondary end-
points, without multiplicity adjustment). Time- dependent im-
provements in the GT groups were also observed as early as week 
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1 for the HDSS responder rate (Figure 2b), 50% SP responder rate 
(Figure 2c), sweat production (Figure 2d), and ASDD/ASDD- C re-
sponder rate (Figure 2e). In addition, a significantly greater propor-
tion of GT 3.75%-  and GT 2.5%- treated patients achieved the 75% 
SP responder rate at week 4 (p < 0.001 for both GT groups), and GT 
groups also had a significantly greater mean decrease (improvement) 
in DLQI versus the vehicle group (GT 3.75%, p < 0.001; GT 2.5%, 
p < 0.05) (Table 2).

3.3  |  Safety

A similar proportion of patients experienced TEAE in the GT 3.75%, 
GT 2.5%, and vehicle groups (36.0%, 30.4%, and 33.9%, respec-
tively) (Table 3). One patient in the vehicle group experienced a seri-
ous TEAE. Most TEAE were mild as determined by the investigators, 
except for those in two patients: one patient in the vehicle group 
experienced severe putamen hemorrhage, and another patient in 
the GT 2.5% group experienced a moderate treatment- related urine 
output decrease, which was recovered, although the patient con-
tinued the study treatment without any modification even after the 
onset of urine output decreased.

Few TEAE led to the discontinuation of study treatment (three 
patients and one patient in the GT 3.75% and vehicle groups, re-
spectively). These included dysuria and thirst in three patients 
each, constipation in two patients, and dry eye and oropharyngeal 
pain in one patient each in the GT 3.75% group. All of these were 
treatment- related and all were recovered (Table S1). The incidence 
of TEAE leading to an interruption of study treatment was also low 
(three patients and two patients in the GT 3.75% and 2.5% groups, 
respectively). The TEAE included dysuria, mydriasis, photophobia, 
and pollakiuria (all in one patient each) in the GT 3.75% group, and 
mydriasis and dry mouth in one patient each in the GT 2.5% group, 
which were all recovered or recovering.

Regarding TEAE of special interest, the incidence of mydriasis/
blurred vision was 11.2% in the GT 3.75% group, 7.7% in the GT 

2.5% group, and 3.6% in the vehicle group, and the incidence of 
dysuria/urinary retention was 8.7%, 4.8%, and 5.5%, respectively. 
All TEAE of special interest that occurred in the GT groups were 
treatment- related.

The incidences of TEAE (potentially attributed to the anticholin-
ergic effects of GT), including mydriasis, photophobia, and dysuria 
in the GT groups were higher than those in the vehicle group. TEAE 
that occurred in more patients in the GT groups than the vehicle 
group included mydriasis (3.7%, 3.6%, and 0.6%), photophobia (6.2%, 
2.4%, and 0.6%), dysuria (3.7%, 3.0%, and 1.8%), and oropharyngeal 
pain (3.1%, 0.0%, and 0.0%). Overall, the incidences of TEAE that oc-
curred at the application site were low (3.1% in the GT 3.75% group, 
and 1.8% in the GT 2.5% and vehicle groups). No clinically meaning-
ful changes in the results of the laboratory tests or vital signs were 
observed.

4  |  DISCUSSION

The current study demonstrated that a once- daily 4- week topical 
treatment with GT 3.75% or 2.5% cloth improved the HDSS and 
sweat production in patients with primary axillary hyperhidrosis. 
These results were further supported by the findings related to the 
secondary and exploratory endpoints.

The primary endpoint of this study was the proportion of pa-
tients who achieved HDSS with a ≥2- point improvement and a ≥50% 
reduction in sweat production, which was designed to enable the 
subjective and objective evaluation of the efficacy of GT. Notably, 
the effects of GT became apparent at week 1, which indicated the 
rapid action of GT. These results demonstrate the clinically mean-
ingful and statistically significant improvement of GT treatment. The 
efficacies of GT assessed using the HDSS and sweat production are 
similar to those previously reported outside Japan.13,15,17

In this study, a composite endpoint comprising the HDSS and 
sweat production was used as the primary endpoint. Our results 
demonstrate that most patients who achieved a HDSS of 1 or 2 with 

F I G U R E  1  Disposition of patients. 
GCP, Good Clinical Practice; GT, 
glycopyrronium tosylate; mITT, modified 
intention- to- treat.

Patients screened
n = 1201

Randomized (1:1:1) 
n = 497

Patients not randomized, n = 704

GT 3.75% 
n = 163

GT 2.5%
n = 168

Vehicle
n = 166

GT 3.75% 
n = 161

GT 2.5%
n = 168

Vehicle
n = 165

Major GCP violation, n = 1
Received no treatment, n = 1 Received no treatment, n = 1

GT 3.75% 
n = 158

GT 2.5%
n = 164

Vehicle
n = 164

mITT/safety analysis set

Patients completed the study treatment
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a ≥2- point improvement also achieved a ≥50% reduction in sweat 
production. Indeed, the data shown in Figure 2(a,b) are very sim-
ilar. This suggests that the HDSS responder rate and 50% SP re-
sponder rate were similar to the HDSS responder rate. Based on 

these results, the HDSS responder rate might be used as the only 
primary endpoint in future studies to evaluate clinically meaning-
ful improvements in patients with hyperhidrosis by GT. It should be 
noted that a high vehicle effect on sweat production was observed 

TA B L E  1  Baseline demographic and clinical characteristics (modified intention- to- treat population)

Parameter 3.75% GT (n = 161) 2.5% GT (n = 168) Vehicle (n = 165)

Sex, female, no. (%) 100 (62.1) 97 (57.7) 94 (57.0)

Age, years (mean, SD) 38.6 (12.2) 38.3 (10.8) 37.7 (10.9)

<16 years 0 0 2 (1.2)

≥16 years 161 (100) 168 (100) 163 (98.8)

Bodyweight, kg (mean, SD) 59.9 (11.2) 61.6 (13.0) 61.3 (12.1)

Age of onset, years (mean, SD) n = 152 n = 157 n = 156

18.4 (8.8) 18.5 (8.2) 19.0 (8.0)

Duration of primary axillary hyperhidrosis, years (mean, SD) n = 152 n = 157 n = 156

21.1 (12.3) 20.2 (11.7) 19.1 (9.7)

Family historya, no. (%)

None 81 (50.3) 84 (50.0) 96 (58.2)

Sibling 20 (12.4) 20 (11.9) 21 (12.7)

Parent 51 (31.7) 62 (36.9) 43 (26.1)

Child 16 (9.9) 14 (8.3) 11 (6.7)

Grandparent 4 (2.5) 1 (0.6) 1 (0.6)

Grandchild 0 0 0

Treatment history for axillary hyperhidrosisa, no. (%)

None 140 (87.0) 146 (86.9) 148 (89.7)

Yes 21 (13.0) 22 (13.1) 17 (10.3)

Aluminum chloride topical 5 (3.1) 8 (4.8) 5 (3.0)

Topical anticholinergics 6 (3.7) 3 (1.8) 4 (2.4)

Oral anticholinergics 1 (0.6) 1 (0.6) 0

Other 10 (6.2) 11 (6.5) 8 (4.8)

Body region impacteda, no. (%)

Palmar 62 (38.5) 59 (35.1) 62 (37.6)

Plantar 53 (32.9) 51 (30.4) 50 (30.3)

Face 57 (35.4) 53 (31.5) 49 (29.7)

Scalp 48 (29.8) 38 (22.6) 42 (25.5)

Trunk 58 (36.0) 65 (38.7) 55 (33.3)

HDSS for primary axillary hyperhidrosis

Grade 3 122 (75.8) 128 (76.2) 126 (76.4)

Grade 4 39 (24.2) 40 (23.8) 39 (23.6)

Sweat production (mg/5 min), median (Q1– Q3) 106.7 (73.6, 166.3) 102.5 (74.8, 174.9) 108.4 (69.1, 153.7)

ASDD/ASDD- C Item 2 scoreb, (mean, SD) 6.0 (1.7) 6.1 (1.6) 5.9 (1.7)

DLQIc (mean, SD) 7.9 (5.7) 7.0 (5.5) 6.7 (5.2)

CDLQId (mean, SD) – – 1.5 (2.1)

Note: All patients included in each group in the trial were Asian (100%).
Abbreviations: ASDD, Axillary Sweating Daily Diary; ASDD- C, ASDD for Children; CDLQI, Children’s Dermatology Life Quality Index; DLQI, 
Dermatology Life Quality Index; GT, glycopyrronium tosylate; HDSS, Hyperhidrosis Disease Severity Scale; SD, standard deviation.
a Patients could report more than one response; therefore, percentages may total more than 100%.
b Patients ≥16 years of age were assessed using ASDD and those <16 years of age were assessed using ASDD- C.
c Assessed in patients ≥16 years of age.
d Assessed in patients <16 years of age.
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in this study, as previously reported in patients with primary axillary 
hyperhidrosis.11,13

The efficacy of GT on patient QOL was evaluated using the DLQI 
in patients ≥16 years of age. Overall, changes in the DLQI scores 
were significantly decreased (improved) from baseline at week 4 in 
the GT 3.75% group (6.5) and 2.5% group (4.8). The mean reduc-
tions in the DLQI in both GT groups indicated a clinically meaningful 

improvement based on a previous study that described a minimum 
clinically important difference of 2.8– 4.6.17

Axillary Sweating Daily Diary and ASDD- C are axillary 
hyperhidrosis- specific patient- reported outcome measures that 
evaluate the severity, impact, and bothersomeness of axillary hyper-
hidrosis,20,21 but only their English- language versions have been val-
idated. Because it is a 0– 10 numerical rating scale (commonly used 

TA B L E  2  Efficacy endpoints at week 4 (modified intention- to- treat population)

Parameter 3.75% GT (n = 161) 2.5% GT (n = 168)
Vehicle
(n = 165)

Primary endpoint

HDSS and SP responder ratea, no. (%) 83 (51.6) 69 (41.1) 27 (16.4)

Difference vs. vehicle (95% CIh) 35.2 (24.8– 45.1)
p < 0.001

24.7 (14.0– 34.8)
p < 0.001

– 

Secondary endpoint

HDSS responder rateb, no. (%) 85 (52.8) 74 (44.0) 34 (20.6)

Difference vs. vehicle (95% CIh) 32.2 (21.6– 42.2)
p < 0.001

23.4 (12.8– 33.7)
p < 0.001

– 

SP responder ratec, no. (%) 152 (94.4) 151 (89.9) 116 (70.3)

Difference vs. vehicle (95% CIh) 24.1 (13.5– 34.5)
p < 0.001

19.6 (8.8– 30.1)
p < 0.001

– 

Mixed model for sweat production

Base- 2 log- transformed, LS mean (SE) 2.8656 (0.1391) 3.4361 (0.1363) 4.6420 (0.1369)

Difference vs. vehicle (95% CI) −1.7765 (−2.1569 to −1.3960) −1.2059 (−1.5824 to −0.8295) – 

Original scale, LS mean (mg/5 min)d 7.2884
p < 0.001

10.8236
p < 0.001

24.9687

n = 135 n = 149 n = 143

ASDD/ASDD- Ce Item2 responder ratef, no. (%) 70 (51.9) 54 (36.2) 16 (11.2)

Difference vs. vehicle (95% CIh) 40.7 (29.4– 51.0)
p < 0.001

25.1 (13.6– 35.9)
p < 0.001

– 

Exploratory efficacy endpoint n = 161 n = 168 n = 162

Change in DLQIg score from baseline, mean (SD) −6.5 (5.6) −4.8 (5.1) −3.6 (4.9)

Difference vs. vehicle (95% CI) −2.9 (−4.0 to −1.7)
p < 0.001

−1.2 (−2.2 to −0.1)
p = 0.036

Proportion of patients with a ≥75% reduction in 
sweat production from baseline, no. (%)

135 (83.9) 128 (76.2) 85 (51.5)

Difference vs. vehicle (95% CIh) 32.3 (21.6– 42.2)
p < 0.001

24.7 (14.0– 34.8)
p < 0.001

– 

Abbreviations: ASDD, Axillary Sweating Daily Diary; ASDD- C, ASDD for Children; CI, confidence interval; DLQI, Dermatology Life Quality Index; GT, 
glycopyrronium tosylate; HDSS, Hyperhidrosis Disease Severity Scale; LS mean, least squares mean; SD, standard deviation; SE, standard error; SP, 
sweat production.
a Proportion of patients achieving an HDSS ≥2- point improvement and a ≥50% reduction in sweat production from baseline.
b Proportion of patients with a ≥2- point improvement in HDSS from baseline.
c Proportion of patients with a ≥50% reduction in sweat production from baseline.
d Back- transformed value.
e Patients ≥16 years of age were assessed using ASDD and those <16 years of age were assessed using ASDD- C.
f Proportion of patients with a ≥4- point improvement in weekly mean score of ASDD/ASDD- C Item 2 from baseline.
g Assessed in patients ≥16 years of age. The primary efficacy endpoint and other binary secondary endpoints were analyzed with Pearson’s χ2- test. 
Conditional longitudinal data analysis was used to compare sweat production. Primary efficacy endpoint testing among doses was adjusted for 
multiplicity using a closed testing procedure. Secondary endpoints were not adjusted for multiplicity. Missing data were imputed as non- response for 
binary endpoints but were not imputed for continuous endpoints.
h Exact confidence interval.
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F I G U R E  2  Efficacy of topical glycopyrronium tosylate cloth (GT 3.75% and GT 2.5%) in patients with primary axillary hyperhidrosis. (a) 
Proportion of HDSS responders and 50% SP responders, (b) proportion of HDSS responders, (c) proportion of 50% SP responders, (d) sweat 
production, and (e) proportion of ASDD/ASDD- C responders. (a– c,e) Values are the % (exact 95% CI). (d) Values are the LS mean. Patients 
≥16 years of age were assessed using ASDD Item 2 and those <16 years of age were assessed using ASDD- C Item 2. Missing data were 
imputed as a non- response for binary endpoints but were not imputed for the continuous endpoints. ASDD, Axillary Sweating Daily Diary; 
ASDD- C, ASDD for Children; CI, confidence interval; GT, glycopyrronium tosylate; HDSS, Hyperhidrosis Disease Severity Scale; LS mean, 
least squares mean; SP, sweat production.
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in dermatology clinical trials), the ASDD Item 2 could be used for 
Japanese and English natives in the trial. In the current study, the 
results with ASDD Item 2 were consistent with those of previous 
studies suggesting ASDD Item 2 might be useful to assess the se-
verity of axillary hyperhidrosis and primary hyperhidrosis other than 
axillae in Japanese patients.

Overall, daily GT treatment was well- tolerated in patients in both GT 
groups. All TEAE in the GT groups were mild, except for moderate urine 
output decrease in one patient in the GT 2.5% group. Regarding TEAE 
of special interest, higher incidences of treatment- related TEAE were 
found in the GT 3.75% group compared with the GT 2.5% and vehicle 
groups. These included mydriasis/blurred vision in 11.2% of patients in 
the GT 3.75% group and 7.7% of patients in the GT 2.5% group that oc-
curred in one or both eyes. In addition to the systemic anticholinergic ef-
fects, GT adhered to the hands might have caused local anticholinergic 
effects, resulting in the events of mydriasis/blurred vision. Therefore, it 
is important to instruct patients to wash their hands adequately after 
each application. Furthermore, the incidence of TEAE that occurred at 
the application site was low, which suggests that GT 3.75% and GT 2.5% 
are unlikely to cause clinically significant irritation. Of note, the results 
of the present study showed a favorable benefit/risk profile compared 
with those previously reported.13 Therefore, fast- acting, effective, and 
well- tolerated treatment with GT is expected to reduce the physical and 
psychological burdens in patients with primary hyperhidrosis.

This study had some limitations. This study evaluated the effi-
cacy and safety of GT for 4 weeks. Because patients will need to 
be treated with GT for a longer duration, the long- term efficacy and 
safety of GT are currently under investigation. Another limitation is 
that although a previous Japanese epidemiological study reported 
that the prevalence of primary focal hyperhidrosis was 4.27% for 
patients aged between 5 and 9 years,2 no patient younger than 
14 years of age was enrolled in the present study despite a lower age 
limit of 9 years. Finally, we targeted primary axillary hyperhidrosis in 
this study. However, patients with axillary hyperhidrosis often have 
other affected areas,2 as observed in the current study. To improve 
the overall primary hyperhidrosis patient QOL further, future stud-
ies could evaluate the efficacy and safety of GT for primary hyperhi-
drosis at other affected body areas.

In conclusion, the 4- week use of topical GT 3.75% and GT 2.5% 
cloths for primary axillary hyperhidrosis resulted in a clinically mean-
ingful and statistically significant reduction in the severity of hyper-
hidrosis and sweat production compared with the vehicle, and the 
daily application of GT was generally well tolerated. GT cloth is a 
non- invasive, non- dispensing, and self- administrated topical agent. 
GT cloth is highly convenient for patients and is expected to be 
widely prescribed by physicians compared with topical aluminum 
chloride or botulinum toxin type A injection as recommended in the 
Clinical Guidelines for primary axillary hyperhidrosis.10 Therefore, 
daily treatment with GT cloth might be a first- line treatment for pa-
tients with primary axillary hyperhidrosis in Japan.

TA B L E  3  Treatment- emergent adverse events (safety 
population)

TEAEa
3.75% GT 
(n = 161)

2.5% GT 
(n = 168)

Vehicle
(n = 165)

TEAE, no. of patients (%)

All 58 (36.0) 51 (30.4) 56 (33.9)

Related to study treatment 39 (24.2) 26 (15.5) 22 (13.3)

Death 0 0 0

Serious adverse event 0 0 1 (0.6)b

Treatment modification

Discontinuation 3 (1.9) 0 1 (0.6)

Interruption 3 (1.9) 2 (1.2) 0

Reduction 0 0 0

TEAE by intensity

Mild 58 (36.0) 50 (29.8) 56 (33.9)

Moderate 0 1 (0.6) 0

Severe 0 0 1 (0.6)

TEAE of special interest

Mydriasis/blurred visionc 18 (11.2) 13 (7.7) 6 (3.6)

Dysuria/urinary retentiond 14 (8.7) 8 (4.8) 9 (5.5)

TEAE reported by >2% of patients in either group

Mydriasis 6 (3.7) 6 (3.6) 1 (0.6)

Photophobia 10 (6.2) 4 (2.4) 1 (0.6)

Blurred vision 2 (1.2) 3 (1.8) 4 (2.4)

Thirst 8 (5.0) 3 (1.8) 5 (3.0)

Nasopharyngitis 11 (6.8) 11 (6.5) 13 (7.9)

Dysuria 6 (3.7) 5 (3.0) 3 (1.8)

Pollakiuria 5 (3.1) 2 (1.2) 5 (3.0)

Oropharyngeal pain 5 (3.1) 0 0

TEAE occurring at 
application site

5 (3.1) 3 (1.8) 3 (1.8)

Application site dermatitis 1 (0.6) 2 (1.2) 0

Application site irritation 0 1 (0.6) 0

Application site pruritus 0 0 1 (0.6)

Folliculitis 1 (0.6) 0 0

Application site folliculitis 0 0 2 (1.2)

Wound 1 (0.6) 0 0

Acne 1 (0.6) 0 0

Eczema asteatotic 1 (0.6) 0 0

Note: Data reported as n (%).
Abbreviations: GT, glycopyrronium tosylate; MedDRA, Medical 
Dictionary for Regulatory Activities; TEAE, treatment- emergent 
adverse event.
aClassified using MedDRA/J version 22.0.
bPutamen hemorrhage.
cMydriasis, pupils unequal, hypermetropia, blurred vision, and 
photophobia.
dUrinary hesitation, urinary retention, urine flow decreased, pollakiuria, 
dysuria, nocturia, and urine output decreased.



94  |    YOKOZEKI et al.

ACKNOWLEDG MENTS
We thank the patients and their families, the investigators, the 
project team members at Maruho, especially Gohki Hasegawa and 
Rumiko Kato, and ASCA Corporation for editorial assistance. This 
study was funded by Maruho.

CONFLIC T OF INTERE S T
H.Y. and T.F. received research funding, consultancy fees, speaker 
fees, fees for arranging education, and personal fees from Maruho. 
S.W., S.O., and C.F., are employees of Maruho.

ORCID
Hiroo Yokozeki  https://orcid.org/0000-0002-5773-9485 

R E FE R E N C E S
 1. Doolittle J, Walker P, Mills T, Thurston J. Hyperhidrosis: an update 

on prevalence and severity in the United States. Arch Dermatol Res. 
2016;308:743– 9.

 2. Fujimoto T, Kawahara K, Yokozeki H. Epidemiological study and 
considerations of primary focal hyperhidrosis in Japan: from ques-
tionnaire analysis. J Dermatol. 2013;40:886– 90.

 3. Strutton DR, Kowalski JW, Glaser DA, Stang PE. US prevalence of 
hyperhidrosis and impact on individuals with axillary hyperhidrosis: 
results from a national survey. J Am Acad Dermatol. 2004;51:241– 8.

 4. Hornberger J, Grimes K, Naumann M, Anna Glaser D, Lowe NJ, 
Naver H, et al. Recognition, diagnosis, and treatment of primary 
focal hyperhidrosis. J Am Acad Dermatol. 2004;51:274– 86.

 5. Hamm H, Naumann MK, Kowalski JW, Kütt S, Kozma C, Teale C. 
Primary focal hyperhidrosis: disease characteristics and functional 
impairment. Dermatology. 2006;212:343– 53.

 6. Cerfolio RJ, De Campos JRM, Bryant AS, Connery CP, Miller DL, 
DeCamp MM, et al. The Society of Thoracic Surgeons expert con-
sensus for the surgical treatment of hyperhidrosis. Ann Thorac Surg. 
2011;91:1642– 8.

 7. Bahar R, Zhou P, Liu Y, Huang Y, Phillips A, Lee TK, et al. The preva-
lence of anxiety and depression in patients with or without hyper-
hidrosis (HH). J Am Acad Dermatol. 2016;75:1126– 33.

 8. Kamudoni P, Mueller B, Halford J, Schouveller A, Stacey B, Salek 
MS. The impact of hyperhidrosis on patients’ daily life and qual-
ity of life: a qualitative investigation. Health Qual Life Outcomes. 
2017;15:121.

 9. Glaser DA, Hebert A, Pieretti L, Pariser D. Understanding patient 
experience with hyperhidrosis: a national survey of 1,985 patients. 
J Drugs Dermatol. 2018;17:392– 6.

 10. Fujimoto T, Yokozeki H, Katayama I, Kaneda M, Murota H, Tamura 
N, et al. Localized hyperhidrosis clinical practice guidelines [2015 
revised edition]. Jpn J Dermatol. 2015;125:1379– 1400. Japanese.

 11. Yokozeki H, Fujimoto T, Abe Y, Igarashi M, Ishikoh A, Omi T, et al. A 
phase 3, multicenter, randomized, double- blind, vehicle- controlled, 
parallel- group study of 5% sofpironium bromide (BBI- 4000) gel in 
Japanese patients with primary axillary hyperhidrosis. J Dermatol. 
2021;48:279– 88.

 12. Grabell DA, Hebert AA. Current and emerging medical therapies 
for primary hyperhidrosis. Dermatol Ther. 2017;7:25– 36.

 13. Glaser DA, Hebert AA, Nast A, Werschler WP, Green L, Mamelok R, 
et al. Topical glycopyrronium tosylate for the treatment of primary 

axillary hyperhidrosis: results from the ATMOS- 1 and ATMOS- 2 
phase 3 randomized controlled trials. J Am Acad Dermatol. 2019;80:  
128– 138.e2.

 14. Glaser DA, Hebert AA, Nast A, Werschler WP, Green L, Mamelok 
RD, et al. A 44- week open- label study evaluating safety and effi-
cacy of topical glycopyrronium tosylate in patients with primary 
axillary hyperhidrosis. Am J Clin Dermatol. 2019;20:593– 604.

 15. Hebert AA, Glaser DA, Green L, Werschler WP, Forsha DW, Drew 
J, et al. Glycopyrronium tosylate in pediatric primary axillary  
hyperhidrosis: post hoc analysis of efficacy and safety findings 
by age from two phase three randomized controlled trials. Pediatr 
Dermatol. 2019;36:89– 99.

 16. Lamb YN. Topical glycopyrronium tosylate in primary axillary hy-
perhidrosis: a profile of its use. Clin Drug Investig. 2019;39:1141– 7.

 17. Pariser DM, Hebert AA, Drew J, Quiring J, Gopalan R, Glaser DA. 
Topical glycopyrronium tosylate for the treatment of primary axil-
lary hyperhidrosis: patient- reported outcomes from the ATMOS- 1 
and ATMOS- 2 phase III randomized controlled trials. Am J Clin 
Dermatol. 2019;20:135– 45.

 18. Hebert AA, Glaser DA, Green L, Hull C, Cather J, Drew J, et al. 
Long- term efficacy and safety of topical glycopyrronium tosylate 
for the treatment of primary axillary hyperhidrosis: post hoc pedi-
atric subgroup analysis from a 44- week open- label extension study. 
Pediatr Dermatol. 2020;37:490– 7.

 19. Solish N, Bertucci V, Dansereau A, Hong HC, Lynde C, Lupin M, 
et al. A comprehensive approach to the recognition, diagnosis, and 
severity- based treatment of focal hyperhidrosis: recommendations 
of the Canadian Hyperhidrosis Advisory Committee. Dermatol Surg. 
2007;33:908– 23.

 20. Nelson LM, DiBenedetti D, Pariser DM, Glaser DA, Hebert AA, 
Hofland H, et al. Development and validation of the Axillary 
Sweating Daily Diary: a patient- reported outcome measure to as-
sess axillary sweating severity. J Patient Rep Outcomes. 2019;3:59.

 21. Glaser DA, Hebert AA, Fehnel S, DiBenedetti D, Nelson L, Drew J, 
Pariser DM. Confirmatory psychometric evaluation of the Axillary 
Sweating Daily Diary: a validated patient- reported outcome mea-
sure to assess axillary hyperhidrosis sweating severity. [abstract] J 
Clin Aesthet Dermatol. 2018;11:S16– 7.

 22. Finlay AY, Khan GK. Dermatology Life Quality Index (DLQI) -  a 
simple practical measure for routine clinical use. Clin Exp Dermatol. 
1994;19:210– 6.

 23. Lewis- Jones MS, Finlay AY. The Children’s Dermatology Life Quality 
Index (CDLQI): initial validation and practical use. Br J Dermatol. 
1995;132:942– 9.

SUPPORTING INFORMATION
Additional Supporting Information may be found in the online  
version of the article at the publisher’s website.

How to cite this article: Yokozeki H, Fujimoto T, Wanatabe S, 
Ogawa S, Fujii C. Topical glycopyrronium tosylate in Japanese 
patients with primary axillary hyperhidrosis: A randomized, 
double- blind, vehicle- controlled study. J Dermatol. 

2022;49:86– 94. https://doi.org/10.1111/1346- 8138.16188

https://orcid.org/0000-0002-5773-9485
https://orcid.org/0000-0002-5773-9485
https://doi.org/10.1111/1346-8138.16188

