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Abstract
Background Glycopyrronium tosylate (GT) is a topical anticholinergic approved in the USA for primary axillary hyperhidrosis 
in patients aged ≥ 9 years. GT was evaluated for primary axillary hyperhidrosis in replicate, randomized, double-blind, vehicle-
controlled, phase III trials. GT reduced sweating severity and production versus vehicle and was generally well tolerated.
Objective Our objective was to evaluate patient-reported outcomes (PROs) from these trials.
Methods Patients aged ≥ 9 years with primary axillary hyperhidrosis ≥ 6 months, gravimetrically measured sweat production 
≥ 50 mg/5 min in each axilla, Axillary Sweating Daily Diary (ASDD) Item 2 severity score ≥ 4, and Hyperhidrosis Disease 
Severity Scale (HDSS) score ≥ 3 were randomized 2:1 to GT 3.75% or vehicle applied once daily to each axilla for 4 weeks. 
The 4-item ASDD, 6 Weekly Impact (WI) items, Patient Global Impression of Change (PGIC), HDSS, and Dermatology Life 
Quality Index (DLQI) were utilized.
Results In the pooled population, 463 patients were randomized to GT and 234 to vehicle; 426 (92.0%) and 225 (96.2%) completed 
the trials. At baseline, most patients considered their axillary sweating to be at least moderate in severity, impact, and bothersome-
ness (ASDD items 2, 3, and 4, respectively). Improvement was substantially greater for GT than for vehicle at every study week, 
and, at week 4, ASDD scores improved from baseline by 62.6 versus 34.0% (severity), 65.5 versus 40.3% (impact), and 65.4 versus 
39.0% (bothersomeness). Improvements favoring GT versus vehicle also occurred for WI items, PGIC, HDSS, and DLQI.
Conclusions PRO results demonstrated that GT reduced the disease burden of primary axillary hyperhidrosis.
Trial registration Clinicaltrials.gov; ATMOS-1 (NCT02530281), ATMOS-2 (NCT02530294).
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Key Points 

Two large randomized controlled trials of glycopyrronium 
tosylate (GT), a topical anticholinergic, were conducted in 
adults and children (aged ≥ 9 years) with primary axillary 
hyperhidrosis. This report presents a detailed evaluation 
of these trials’ patient-reported outcomes (PROs), which 
are an important component of therapeutic impact assess-
ment, along with objective measures of sweat production.

In these trials, greater improvements were observed 
in GT-treated patients than in vehicle-treated patients 
across all PRO measures.

Previously reported data showed significantly greater 
reduction in sweat production and sweating severity with 
GT versus vehicle, along with good tolerability, and the 
present results indicate that GT provides clinically mean-
ingful benefits. Given these results, GT was approved by 
the US FDA (29 June 2018) for primary axillary hyper-
hidrosis in patients aged ≥ 9 years.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40257-018-0395-0&domain=pdf
https://doi.org/10.1007/s40257-018-0395-0
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1 Introduction

Hyperhidrosis is a condition characterized by sweat produc-
tion exceeding that which is necessary to maintain thermal 
homeostasis. Hyperhidrosis affects ~ 15.3 million people in 
the USA (prevalence of 4.8%) [1, 2] and adversely impacts 
quality of life to an extent comparable to, or greater than, 
the impact of psoriasis or eczema [2–7]. Approximately half 
of those with hyperhidrosis experience excessive underarm 
sweating (i.e., axillary hyperhidrosis), the most commonly 
affected area [6].

Treatments for hyperhidrosis have included over-the-
counter and prescription antiperspirants, oral anticholiner-
gic drugs, onabotulinumtoxinA, iontophoresis (application 
of mild electrical current through water), and ablation or 
removal of the sweat glands [8, 9]. These treatments differ in 
efficacy, safety, ease of use, and cost, and the more invasive 
procedures carry a risk of serious and/or irreversible side 
effects [8]. Reports that hyperhidrosis may be underdiag-
nosed, that patients often delay or avoid seeking treatment, 
and that patients are dissatisfied with currently available 
treatments indicate that greater awareness of hyperhidrosis 
as a medical condition and new treatment options are needed 
[1, 6, 10, 11].

Objective measures of sweat production, including gravi-
metric measurements at discrete time points, can be highly 
variable due to temperature, humidity, and the sometimes-
episodic nature of sweating, which can vary with time 
of day, emotional state, and daily activities [12]. Patient-
reported outcomes (PROs), which capture a patient’s treat-
ment experience, should accompany objective measures of 
sweat production to adequately assess therapeutic impact. 
None of the existing PROs used to assess hyperhidrosis 
severity, including the Dermatology Life Quality Index 
(DLQI), Hyperhidrosis Disease Severity Scale (HDSS), and 
Patient Global Impression of Change (PGIC), meet current 
US regulatory standards to support product approvals and 
labeling. In particular, the DLQI and the PGIC, albeit widely 
used in dermatology clinical trials [13, 14], are not specific 
for hyperhidrosis. Furthermore, while the HDSS is a disease-
specific instrument with acceptable validity, reliability, and 
responsiveness [15], its development did not include patient 
input, which is now a recommended component of instru-
ment development [16]. In addition, the HDSS combines 
two distinct concepts—tolerability and interference in daily 
activities—into the same item, limiting the interpretation 
of study results.

The Axillary Sweating Daily Diary (ASDD) was devel-
oped in consultation with the US FDA and in considera-
tion of FDA PRO guidance to assess severity, impact, and 
bothersomeness of axillary hyperhidrosis [17, 18]. Evidence 
supporting the validity of the ASDD has been reported, 
along with a description of other PRO measures, which 

are collectively referred to as the Axillary Hyperhidrosis 
Patient Measures (AHPM) [17, 18]. The AHPM includes the 
4-item Axillary Sweating Daily Diary (ASDD; patients aged 
≥ 16 years; ASDD-C: child-specific 2-item version, patients 
aged ≥ 9 to < 16 years), six Weekly Impact (WI) items 
(patients aged ≥ 16 years), and a single-item PGIC (patients 
aged ≥ 16 years) (Table 1). Notably, ASDD/ASDD-C Item 2 
is a numeric rating scale (0–10) for assessing axillary sweat-
ing severity and has demonstrated validity, reliability, and 
responsiveness to axillary hyperhidrosis treatment effect in 
clinical trials [17, 18]. ASDD/ASDD-C Item 2 combined 
with the other components of the AHPM provide a com-
prehensive assessment of treatment efficacy and patients’ 
experience in axillary hyperhidrosis clinical trials.

Glycopyrronium tosylate (GT; formerly DRM04) is 
a topical anticholinergic approved by the FDA (29 June 
2018) for primary axillary hyperhidrosis in patients aged 
≥ 9 years. GT is applied once daily to the axillae using a 
pre-moistened towelette (QBREXZA™ [glycopyrronium] 
cloth) [19]. GT reduced sweating severity and sweat pro-
duction (assessed by gravimetric measurement under con-
trolled temperature and humidity) compared with a vehi-
cle in two phase III, randomized, double-blind, controlled 
studies in subjects with primary axillary hyperhidrosis 
(ATMOS-1 [NCT02530281; EudraCT Number: 2015-
002052-27] and ATMOS-2 [NCT02530294; EudraCT 
Number: 2015-002053-35]). Primary endpoints and safety 
data for these trials have been previously reported [20, 
21]. GT was well tolerated in trials, and most adverse 
events were mild or moderate and infrequently led to dis-
continuation. The most common adverse events were dry 
mouth (24.2% GT vs. 5.6% vehicle), application site pain 
(8.7% GT vs. 9.5% vehicle), and mydriasis (6.8% GT vs. 
0% vehicle). The onset of common treatment-emergent 
adverse events (TEAEs) occurred mainly in the first treat-
ment week and decreased thereafter [20, 21]. Here, we 
report the PRO dataset from these trials, including the 
ASDD, which was used as a clinical trial PRO in full for 
the first time in these phase III trials.

2  Materials and Methods

2.1  Study Design

ATMOS-1 and ATMOS-2 were phase III randomized, 
double-blind, vehicle-controlled, parallel-group 4-week 
trials of GT 3.75% (equivalent to 2.4% glycopyrronium) 
(Fig. 1 in the Electronic Supplementary Material [ESM]). 
ATMOS-1 was conducted in the USA and Germany; 
ATMOS-2 was conducted in the USA. A full description 
of trial methodology is available [20, 21]. Patients were 
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Table 1  Axillary Hyperhidrosis Patient Measures (AHPM) Copyright © Dermira, Inc. 2017

Axillary Sweating Daily Diary (ASDD)a

Instructions: The questions in the diary are designed to measure the severity and impact of any underarm 
sweating you have experienced within the previous 24-h period, including nighttime hours. While you may 
also experience sweating in other locations on your body, please be sure to think only about your 
underarm sweating when answering these questions.  

Please complete the diary each evening before you go to sleep.

Item 1 
[Gatekeeper]

During the past 24 h, did you have any underarm sweating? 

Yes/No  
When Item 1 is answered “no,” Item 2 is skipped and scored as zero 

Item 2 During the past 24 h, how would you rate your underarm sweating at its worst? 

0 (no sweating at all) to 10 (worst possible sweating)

Item 3 During the past 24 h, to what extent did your underarm sweating impact your activities? 

0 (not at all), 1 (a little bit), 2 (a moderate amount), 3 (a great deal), 4 (an extreme amount)

Item 4 During the past 24 h, how bothered were you by your underarm sweating? 
0 (not at all bothered), 1 (a little bothered), 2 (moderately bothered), 3 (very bothered), 
4 (extremely bothered)

Axillary Sweating Daily Diary-Children (ASDD-C)b

Instructions: These questions measure how bad your underarm sweating was last night and today. Please 
think only about your underarm sweating when answering these questions.  

Please complete these questions each night before you go to sleep.

Item 1 
[Gatekeeper]

Thinking about last night and today, did you have any underarm sweating?  

Yes/No 
When Item 1 is answered “no,” Item 2 is skipped and scored as zero 

Item 2 Thinking about last night and today, how bad was your underarm sweating?
0 (no sweating at all) to 10 (worst possible sweating)

Weekly Impact Itemsa

Instructions: Please respond “Yes” or “No” to each of the following questions. 

a. During the past 7 days, did you ever have to change your shirt during the day because of 
your underarm sweating? 

Yes/No

b. During the past 7 days, did you ever have to take more than 1 shower or bath a day 
because of your underarm sweating? 

Yes/No

c. During the past 7 days, did you ever feel less confident in yourself because of your 
underarm sweating? 

Yes/No

d. During the past 7 days, did you ever feel embarrassed by your underarm sweating? Yes/No

e. During the past 7 days, did you ever avoid interactions with other people because of your 
underarm sweating? 

Yes/No

f. During the past 7 days, did your underarm sweating ever keep you from doing an activity 
you wanted or needed to do? 

Yes/No

Patient Global Impression of Change (PGIC) Itema

Overall, how would you rate your underarm sweating now as compared to before starting the study 
treatment? 

1 (much better), 2 (moderately better), 3 (a little better), 4 (no difference), 5 (a little worse), 6 (moderately 
worse), 7 (much worse)

ASDD Axillary Sweating Daily Diary, ASDD-C child-specific ASDD, PRO patient-reported outcome
ASDD/ASDD-C Item 2 is a validated PRO measure
a For use in patients aged ≥ 16 years
b For use in patients aged ≥ 9 to < 16 years
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assessed at the clinic at weeks 1, 2, 3, and 4 (end of treat-
ment [ET]).

2.2  Patients

Patients were male or non-pregnant females aged ≥ 9 years 
(≥ 18 years in Germany) with primary axillary hyperhidrosis 
for ≥ 6 months, gravimetrically measured sweat production 
of ≥ 50 mg/5 min in each axilla, ASDD sweating severity 
(Item 2) score ≥ 4 (11-point scale) [17, 18], and HDSS grade 
3 or 4 (4-point scale) [15]. Patients were excluded for history 
of a condition that could cause secondary hyperhidrosis or 
that could be exacerbated by trial medication, prior surgical 
procedure for hyperhidrosis or prior axillary treatment with 
an anti-hyperhidrosis medical device, prior treatment with 
botulin toxin within 1 year of baseline or use of other treat-
ments with anticholinergic activity.

2.3  Patient‑Reported Outcomes

Three separate PRO assessments are collectively referred to 
as the AHPM: The ASDD, six WI items, and a single-item 
PGIC (Table 1) [17, 18]. ASDD/ASDD-C Item 1 assesses 
the presence of underarm sweating and is a ‘gatekeeper’ 
question for Item 2. ASDD/ASDD-C Item 2 assesses sweat-
ing severity [17, 18], and responders on ASDD/ASDD-C 
Item 2 are defined as those with a ≥ 4-point improvement 
from baseline, which corresponds to a PGIC rating of “mod-
erately better” [18]. ASDD Items 3 and 4 assess the impact 
on daily activities and bothersomeness of axillary sweating, 
respectively. ASDD items were completed daily and required 
at least 4 days of data per week to calculate weekly averages. 
Patient responses to ASDD Items 2, 3, and 4 were collected 
at baseline and averaged for weeks 1, 2, 3, and 4. The six 

WI items assess the disruption in the individual’s daily life 
caused by axillary hyperhidrosis. Patients aged ≥ 16 years 
completed WI items at baseline and at each subsequent study 
week (i.e., weeks 1, 2, 3, and 4). The PGIC was designed to 
assess overall change in axillary hyperhidrosis severity at the 
ET and was collected only at week 4/ET. These assessments 
were completed by patients using an electronic tablet.

Patients completed the HDSS, a qualitative measure of 
the severity of the patient’s sweating based on how it affects 
daily activities [15], at baseline and weeks 1, 2, 3, and 4. 
A 2-point improvement in HDSS score has been associ-
ated with an 80% reduction in sweat production [15]. The 
DLQI (score of 0–30) [13] and the children’s version of the 
DLQI (CDLQI; score of 0–30) were completed at baseline 
and week 4 (0–1 = no effect on patient’s life; 2–5 = small 
effect; 6–10 = moderate effect; 11–20 = very large effect; and 
21–30 = extremely large effect [22]). The minimal clinically 
important difference (MCID) is the score difference that is 
the minimum considered clinically meaningful for a patient. 
Estimates of the DLQI MCID vary in different dermatologi-
cal conditions. In inflammatory skin diseases, a DLQI score 
change of 4 has been estimated as the MCID, whereas in 
axillary hyperhidrosis, a DLQI score change of between 2.8 
and 4.6 has been estimated as the MCID [14, 23].

2.4  Statistical Analysis

All analyses were conducted on the intent-to-treat (ITT) 
population (all patients who were randomized and dispensed 
trial drug or vehicle). Change from baseline (CfB) to week 
4 for the ASDD/ASDD-C Item 2 responder rate (≥ 4-point 
improvement) was part of the primary efficacy evaluation 
for both studies and was analyzed using a Cochran-Mantel-
Haenszel (CMH) test stratified by analysis center. For ASDD 

Fig. 1  Axillary sweating weekly 
impact at baseline and week 4 
(pooled population). GT glyco-
pyrronium tosylate
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items 3 and 4, mean score CfB was summarized using 
descriptive statistics according to the statistical analysis plan 
for the studies. To provide a more easily interpreted format, 
mean percent CfB in ASDD/ASDD-C Item 2, ASDD Item 
3, and ASDD Item 4 was calculated and is presented here. 
Prespecified analysis of HDSS responder rate (% of patients 
with a ≥ 2-grade improvement from baseline) was performed 
using a CMH test stratified by analysis center at week 4. 
Prespecified analysis of CfB to week 4 in DLQI/CDLQI 
was performed using an analysis of covariance (ANCOVA) 
model with factors of treatment group and analysis center 
with baseline score as a covariate. For PGIC, treatment 
groups were compared using an ANCOVA with factors of 
treatment group and analysis center (post hoc). Missing val-
ues were imputed for ASDD/ASDD-C Item 2 and HDSS 
responder rate (Markov chain Monte Carlo) along with WI 
impacts (last observation carried forward); missing values 
were not imputed for other PRO assessments. Analyses were 
conducted for ATMOS-1 (prespecified), ATMOS-2 (pre-
specified), and pooled ATMOS-1 and ATMOS-2 (post hoc).

3  Results

A total of 344 patients in ATMOS-1 and 353 patients in 
ATMOS-2 were randomized, and at least 90% completed 
week 4 in each treatment arm in both trials [20, 21]. Patient 
demographics (reported in full previously) [20, 21] and 
baseline disease characteristics were generally similar across 
treatment arms and trials (Table 2). Prior to participation in 
the ATMOS-1 and ATMOS-2 trials, patients had symptoms 
of axillary hyperhidrosis for an average of 15.5 ± standard 
deviation (SD) 10.8 years and an average sweat production 
of approximately 174.2 ± SD 199.8 mg/5 min.

3.1  Baseline Profile of Hyperhidrosis Burden

3.1.1  The Axillary Sweating Daily Diary (ASDD) and Weekly 
Impact (WI) Items

To evaluate the hyperhidrosis burden experienced by patients 
entering the ATMOS-1 and ATMOS-2 trials, the proportion 
of patients with different threshold score cutoffs at base-
line was determined for ASDD/ASDD-C Item 2 and ASDD 
Items 3 and 4. Most patients at baseline considered their 
axillary sweating to be of at least moderate severity, impact, 
and bothersomeness according to their reporting on the 
ASDD/ASDD-C Item 2 and ASDD Items 3 and 4, respec-
tively (Table 2 and Fig. 2a–c in the ESM). At baseline, more 
than half of all patients reported that their sweating severity 
was at least a 7 (moderate severity) on the 11-point ASDD/
ASDD-C Item 2 scale, where 0 represents no sweating and 
10 represents worst possible sweating (Table 2 and Fig. 2a in 

the ESM). Approximately one in five patients reported expe-
riencing severe axillary sweating (ASDD/ASDD-C Item 2 
score ≥ 9). For ASDD items 3 and 4, which were completed 
by patients aged ≥ 16 years, at least one in three reported 
feeling severely impacted and/or bothered by their sweat-
ing (Table 2 and Fig. 2b–c in the ESM). As assessed by WI 
items (completed by patients aged ≥ 16 years) at baseline, 
most patients answered ‘yes’ to questions asking whether 
their underarm sweating affected their actions or emotions 
during the past week (Table 2 and Fig. 1). Notably, most 
patients avoided interactions with other people or took addi-
tional measures to manage their excessive sweating (i.e., 
showering/bathing more than once a day; changing shirts 
during the day), and, overall, > 96% of patients reported feel-
ing embarrassed about their axillary sweating.

3.1.2  Other Patient‑Reported Outcome (PRO) Measures

For trial entry, patients were required to have an HDSS score 
of 3 (sweating is barely tolerable and frequently interferes 
with daily activities) or 4 (sweating is intolerable and always 
interferes with daily activities) [15]. In ATMOS-1, a larger 
proportion of GT-treated patients had HDSS grade 4 than 
did vehicle-treated patients, whereas patients with HDSS 
grades 3 and 4 were more uniformly distributed across 
treatment arms in ATMOS-2 (Table 2) [20, 21]. Baseline 
scores for each treatment group in each trial ranged from 
10.1 to 12.1 for the DLQI and 6.9 to 10.6 for the CDLQI 
(Table 2 and Fig. 4). For the DLQI, these baseline scores 
indicate a moderate to very large effect of hyperhidrosis on 
the patients’ lives, according to validated descriptors of the 
DLQI [22].

3.2  Efficacy on PRO Endpoints

3.2.1  The ASDD, WI Items, and Patient Global Impression 
of Change (PGIC)

As previously reported, the ASDD/ASDD-C Item 2 
responder rate (coprimary outcome; ≥ 4-point improvement) 
at week 4 was significantly greater for GT-treated patients 
than for vehicle-treated patients in ATMOS-1 (53 vs. 28%) 
and ATMOS-2 (66 vs. 27%) (p < 0.001 each study) and in 
the pooled population (59.5 vs. 27.6%; p < 0.001) [20, 21]. 
Improvement in axillary sweating severity was greater for 
GT-treated patients than for vehicle-treated patients at every 
study week (Table 3 and Fig. 2a). In the pooled population, 
scores improved by 62.6% (GT) versus 34.0% (vehicle) by 
week 4 (Fig. 2a).

Improvement in scores related to the impact (ASDD Item 
3) and bothersomeness (ASDD Item 4) of axillary sweating 
on daily activities was greater for GT-treated patients than 
for vehicle-treated patients at every study week (Table 3 
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Table 2  Baseline disease characteristics (intent-to-treat population)

ASDD Axillary Sweating Daily Diary, ASDD-C children’s version of the ASDD (two items), CDLQI children’s Dermatology Life Quality Index, 
DLQI Dermatology Life Quality Index, GT topical glycopyrronium tosylate, HDSS Hyperhidrosis Disease Severity Scale, SD standard deviation
a Mean ± standard deviation
b Completed by patients aged ≥ 16 years

ATMOS-1 ATMOS-2 Pooled

Vehicle
n = 115

GT
n = 229

Vehicle
n = 119

GT
n = 234

Vehicle
n = 234

GT
n = 463

Years with pri-
mary axillary 
 hyperhidrosisa

16.0 ± 11.4 13.7 ± 10.4 15.9 ± 9.9 16.9 ± 11.1 16.0 ± 10.6 15.3 ± 10.9

Sweat production 
(50 mg/5 min)a

170.3 ± 164.2 182.9 ± 266.9 181.9 ± 160.1 162.3 ± 149.5 176.2 ± 161.9 172.5 ± 215.7

ASDD/ASDD-C item 2 (sweating severity)a

 Mean ± SD 7.1 ± 1.7 7.3 ± 1.6 7.2 ± 1.6 7.3 ± 1.6 7.2 ± 1.6 7.3 ± 1.6
  Score ≥ 7 

(≥ moderate), %
55.7 61.1 60.5 59.4 58.1 60.3

  Score ≥ 9 
(severe), %

13.9 17.0 16.0 20.9 15.0 19.0

ASDD Item 3 
(impact)b

n = 109 n = 224 n = 109 n = 223 n = 218 n = 447

 Mean ± SD 2.2 ± 0.9 2.4 ± 0.9 2.3 ± 1.0 2.5 ± 0.8 2.2 ± 0.9 2.4 ± 0.9
  Score ≥ 2 

(≥ moderate), %
60.6 73.7 64.2 75.3 62.4 74.5

  Score ≥ 3 
(severe), %

22.0 29.5 30.3 32.3 26.1 30.9

ASDD Item 4 
(bothersomeness)b

n = 109 n = 224 n = 109 n = 223 n = 218 n = 447

 Mean ± SD 2.4 ± 0.9 2.6 ± 0.8 2.5 ± 0.9 2.7 ± 0.9 2.5 ± 0.9 2.7 ± 0.8
  Score ≥ 2 

(≥ moderate), %
68.8 82.1 69.7 81.2 69.3 81.7

  Score ≥ 3 
(severe), %

31.2 40.6 35.8 42.2 33.5 41.4

Weekly Impact 
items,b %

n = 103 n = 201 n = 100 n = 200 n = 203 n = 401

 Needed to change 
shirt during the 
day

80.6 85.6 87.0 87.5 83.7 86.5

 Needed ≥ 1 shower/
bath a day

62.1 59.2 52.0 55.0 57.1 57.1

 Felt less confident 86.4 91.0 93.0 93.0 89.7 92.0
 Felt embarrassed 93.2 98.5 97.0 96.0 95.1 97.3
 Avoided interac-

tions
68.9 67.7 61.0 67.0 65.0 67.3

 Kept from doing an 
activity

49.5 62.7 56.0 59.5 52.7 61.1

 HDSS, n (%)
  Grade 3 84 (73.0) 133 (58.1) 71 (59.7) 144 (61.5) 155 (66.2) 277 (59.8)
  Grade 4 31 (27.0) 96 (41.9) 47 (39.5) 90 (38.5) 78 (33.3) 186 (40.2)

DLQI (for patients 
> 16 years), 
mean ± SD [n]

10.1 ± 5.9 
[n = 108]

12.1 ± 6.5 
[n = 220]

11.2 ± 5.8 
[n = 107]

11.6 ± 5.7 
[n = 218]

10.6 ± 5.9 
[n = 215]

11.9 ± 6.1 
[n = 438]

CDLQI (for patients 
≤ 16 years), mean 
± SD [n]

6.9 ± 3.3  
[n = 7]

8.5 ± 6.5  
[n = 8]

9.5 ± 6.5  
[n = 12]

10.6 ± 5.1  
[n = 16]

8.5 ± 5.6  
[n = 19]

9.9 ± 5.5  
[n = 24]
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and Fig. 2b, c). In the pooled population at week 4, ASDD 
Item 3 scores improved by 65.5% (GT) versus 40.3% (vehi-
cle) (Fig. 2b) and ASDD Item 4 scores improved by 65.4% 
(GT) versus 39.0% (vehicle) (Fig. 2c). For the WI items, the 

proportion of patients whose lives were adversely impacted 
by sweating decreased at week 4 for all patients across tri-
als and regardless of treatment; however, a greater propor-
tion of patients receiving GT versus vehicle improved in all 
WI items across trials (Table 3 and Fig. 1). These results 
indicate greater improvement and less disruption in daily 
life due to hyperhidrosis with GT treatment. Pooled PGIC 
results at week 4 showed that 77.1% of GT-treated patients 
rated underarm sweating as much better or moderately bet-
ter, compared with 39.4% of vehicle-treated patients (Fig. 3).

3.2.2  Other PRO Measures

At week 4 in each trial and the pooled analysis, the pro-
portion of patients with ≥ 2-point improvement in HDSS 
from baseline was significantly higher in the GT group 
(59.1%, pooled analysis) than in the vehicle group (25.7%; 
p < 0.001), and a difference was seen as early as week 1 
[20, 21]. At week 4 in each trial, GT groups had a signifi-
cantly greater mean decrease (improvement) from baseline 
in DLQI than those in vehicle groups (p < 0.001 for both 
trials), and the pattern was similar in the pooled analysis 
(Table 3 and Fig. 4). Similar trends were observed for the 
CDLQI, though the sample size was much smaller and statis-
tical difference between treatment groups was not achieved 
in ATMOS-1 (Table 3 and Fig. 4).

4  Discussion

The ASDD, a 4-item PRO that assesses the severity, impact, 
and bothersomeness of axillary hyperhidrosis [18], was uti-
lized in phase III trials for the first time in the ATMOS-1 
and ATMOS-2 trials of the topical anticholinergic, GT. The 
ASDD, along with WI items and PGIC, provide a compre-
hensive approach to assessing treatment effect for axillary 
hyperhidrosis from the patient’s perspective, and the use of 
these PROs and others, combined with objective measures 
of sweat production reported previously [20, 21], resulted 
in a thorough evaluation of GT efficacy for primary axillary 
hyperhidrosis.

Given the inclusion/exclusion criteria of these trials, par-
ticularly the requirement for an HDSS score of 3 (sweat-
ing is barely tolerable and frequently interferes with daily 
activities) or 4 (sweating is intolerable and always interferes 
with daily activities) [15], there was an expectation of high 
disease burden at baseline. The evaluation of additional 
baseline PRO scores confirmed that the burden of axillary 
hyperhidrosis was substantial for patients entering these 
trials, with most experiencing moderate or severe axillary 
sweating (ASDD/ASDDC Item 2 score ≥ 7) and moderate 
or severe negative impacts on daily activities (ASDD Item 3 
score ≥ 2 and WI items), state of mind (ASDD Item 4 score 

Fig. 2  Improvement from baseline on patient-reported outcome 
measures (pooled population). ASDD Axillary Sweating Daily Diary, 
ASDD-C children’s version of the ASDD (two items), GT glycopyr-
ronium tosylate
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Table 3  Patient-reported outcomes: change from baseline (ASDD items, DLQI/CDLQI) and at week 4 (HDSS Responder Rate, Weekly Impact 
items and PGIC)

ANCOVA analysis of covariance, ASDD Axillary Sweating Daily Diary, ASDD-C children’s version of the ASDD (two items), BL baseline, 
CDLQI children’s Dermatology Life Quality Index, DLQI Dermatology Life Quality Index, GT topical glycopyrronium tosylate, HDSS Hyper-
hidrosis Disease Severity Scale, PGIC Patient Global Impression of Change, PRO patient-reported outcome, SD standard deviation, WI Weekly 
Impact
*p < 0.05 for GT vs. vehicle at week 4 from an ANCOVA with factors of treatment group and analysis center and a covariate of baseline score
** p < 0.01 for GT vs. vehicle for both trials from an ANCOVA with factors of treatment group and analysis center
*** p < 0.001 for GT vs. vehicle at week 4. For ASDD/ASDD-C Item 2 and HDSS responder rates, the analysis was a Cochran–Mantel–Haenszel 
test stratified by analysis center. For DLQI/CDLQI, the analysis was an ANCOVA with factors of treatment group and analysis center and a 
covariate of baseline score
a Prespecified statistical comparison
b No prespecified statistical analysis was performed for ASDD Items 3, 4, and WI items; prespecified analyses were performed for DLQI/CLQI, 
while a post hoc statistical comparison was performed for PGIC
c For the PGIC, no patients in either the ATMOS-1 or ATMOS-2 trials rated their change as “moderately worse” (score = 6) or “much worse” 
(score = 7); therefore, these categories were combined with the category of “a little worse” (score = 5)

ATMOS-1 ATMOS-2

Vehicle GT Vehicle GT

Primary efficacy PRO  outcomea

 ASDD/ASDD-C Item 2 (sweating severity) responder 
rate (≥ 4-point improvement from baseline), % of 
patients

28.3 [n = 115] 52.8*** [n = 229] 26.9 [119] 66.1*** [234]

Supportive efficacy PRO  outcomesb

 HDSS responder rate (≥ 2-grade improvement from 
baseline)a, % of patients

23.7% [n = 115] 56.5*** [n = 229] 27.8 [n = 119] 61.6*** [n = 234]

ASDD/ASDD-C Item 2 (sweating severity), mean % 
improvement from BL

n = 115 n = 229 n = 119 n = 234

 Week 1 15.1 31.1 16.9 36.9
 Week 2 25.4 48.8 26.5 55.4
 Week 3 30.3 54.8 34.8 62.4
 Week 4 31.2 57.8 35.2 64.1

ASDD Item 3 (impact), mean % improvement from BL
 Week 1 17.3 [n = 106] 33.8 [n = 212] 20.3 [n = 102] 42.8 [n = 212]
 Week 2 30.0 [n = 102] 49.6 [n = 207] 31.1 [n = 94] 63.3 [n = 200]
 Week 3 33.8 [n = 101] 53.3 [n = 193] 41.5 [n = 99] 68.9 [n = 195]
 Week 4 38.2 [n = 98] 60.2 [n = 186] 42.6 [n = 93] 70.9 [n = 183]

ASDD Item 4 (bothersomeness), mean % improvement 
from BL

 Week 1 15.8 [n = 107] 36.9 [n = 215] 19.0 [n = 105] 43.6 [n = 213]
 Week 2 29.2 [n = 103] 54.3 [n = 210] 32.3 [n = 97] 63.3 [n = 201]
 Week 3 32.4 [n = 102] 60.8 [n = 196] 40.9 [n = 101] 67.6 [n = 196]
 Week 4 34.2 [n = 99] 62.7 [n = 189] 44.1 [n = 96] 68.1 [n = 184]

WI items at week 4, % of patients n = 109 n = 224 n = 109 n = 222
 Needed to change shirt during the day 50.5 32.1 55.0 22.5
 Needed ≥1 shower/bath a day 43.1 23.7 24.8 14.9
 Felt less confident 58.7 38.8 61.5 33.3
 Felt embarrassed 63.3 43.8 67.0 39.2 [n = 221]
 Avoided interactions 34.9 17.9 34.9 15.8
 Kept from doing an activity 21.1 13.8 31.2 10.8

PGIC at week 4,** % of patients n = 115 n = 229 n = 119 n = 234
 Score = 1 Much better 17.6 52.3 26.0 63.7
 Score = 2 Moderately better 20.6 21.3 14.6 16.7
 Score = 3 A little better 32.4 17.8 22.9 14.2
 Score = 4 No Difference 24.5 8.1 32.3 4.9
 Score  = 5, 6 or 7 A little to much  worsec 4.9 0.5 4.2 0.5

DLQI, change from BL to week 4, mean ± SD [n] − 4.3 ± 5.9 [n = 105] − 8.1 ± 5.8*** [n = 202] − 5.0 ± 6.2 [n = 101] − 8.6 ± 6.2*** [n = 203]
CDLQI, change from BL to week 4, mean ± SD [n] − 1.6 ± 3.7 [n = 7] − 7.5 ± 6.1 [n = 8] − 2.1 ± 6.5 [n = 12] − 8.4 ± 5.2* [n = 15]
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≥ 2 and WI items), and quality of life (DLQI score >10). 
Although roughly 20% of patients considered their axillary 
sweating to be severe (per ASDD Item 2), an even greater 
proportion of patients felt severely impacted (about 30%; 
Item 3) and severely bothered (about 40%; Item 4) by their 
sweating, showing that even those with “moderate” sweat-
ing severity still report “severe” levels of impact and bother. 
These findings underscore the significant daily burden asso-
ciated with axillary hyperhidrosis and are consistent with 
previous reports describing the negative impacts of axillary 
hyperhidrosis on personal relationships, emotional health, 
and occupation [1–3, 6, 7, 11].

After 4 weeks of treatment in these trials, GT resulted 
in substantially greater improvements compared with vehi-
cle for all PRO measures of the AHPM (ASDD items, WI 
items, and PGIC). Patients achieved a notable response with 
GT compared with vehicle by week 1 (assessed by ASDD 

items), and the bulk of the overall response as measured by 
the ASDD appeared to be achieved within the first 2 weeks. 
From a clinical perspective, treatment with a fast onset of 
effect is highly relevant to patients and an important consid-
eration when making treatment decisions.

WI items were developed to understand treatment impact 
on daily life with greater granularity. Across all WI items, 
GT treatment over 4 weeks was associated with notably 
larger decreases in the proportion of patients impacted by 
these items compared with vehicle, with decreases of at 
least twofold for GT-treated patients. These results suggest 
a broad reduction of the impact of axillary hyperhidrosis on 
daily life, which is consistent with the results observed for 
ASDD Item 3, which assesses the overall extent to which 
axillary sweating impacts the patient’s activities.

Greater improvements with GT compared with vehi-
cle were also observed for the DLQI and CDLQI. The 

Fig. 3  Patient Global Impression of Change at week 4 (pooled pop-
ulation). No patients in either the ATMOS-1 or the ATMOS-2 trial 
rated their change as “moderately worse” (score = 6) or “much worse” 
(score = 7); therefore, these categories were combined with the cat-

egory of “a little worse” (score  = 5). p value for the comparison of 
GT vs. vehicle was derived from an ANCOVA with factors of treat-
ment group and analysis center. ANCOVA analysis of covariance, GT 
glycopyrronium tosylate

Fig. 4  Improvement from 
baseline to week 4 in DLQI and 
CDLQI (pooled population). 
CfB values are mean ± stand-
ard deviation. **p < 0.01 for 
GT vs. vehicle at week 4 from 
an ANCOVA with factors of 
treatment group and analy-
sis center and a covariate of 
baseline score. ANCOVA 
analysis of covariance, CDLQI 
children’s Dermatology Life 
Quality Index, CfB change from 
baseline, CDLQI children’s Der-
matology Life Quality Index, 
DLQI Dermatology Life Quality 
Index, GT glycopyrronium 
tosylate
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magnitude of the DLQI score improvement from baseline to 
week 4 was approximately 8 points for GT-treated patients, 
which exceeds the previously described DLQI score change 
considered to be clinically relevant (MCIDs of 2.8–4.6) [14, 
23]. Vehicle-treated patients also improved but to a lesser 
extent (4–5 points). Similar trends were observed for the 
CDLQI, though the sample size and between-group differ-
ences were smaller. The consistent results across different 
measures of the AHPM, which assess various domains of 
disease burden, as well as on the DLQI/CDLQI and, as pre-
viously reported, the HDSS [20, 21], suggest that GT has the 
potential to reduce the burden of disease for patients with 
axillary hyperhidrosis. Based on the data from these phase 
III double-blind trials, the FDA approved GT (June 2018) for 
the treatment of primary axillary hyperhidrosis in patients 
aged ≥ 9 years [19].

A limitation of these results is that the trials were rela-
tively short (4-week duration) compared with the chronicity 
of the condition, though it should be noted that preliminary 
results from the long-term open-label extension of these tri-
als have been reported and are consistent with the results 
provided here for the double-blind trials [24]. In addition, a 
somewhat higher percentage of patients were randomized to 
GT versus vehicle who had baseline scores of ≥ 2 or ≥ 3 for 
ASDD items 3 and 4, though the underlying reason for and 
impact of these results is unclear. Further, although some 
pediatric patients were included in these trials, most partici-
pants were adults, and patients aged < 16 years did not com-
plete ASDD Items 3 and 4, WI items, or the PGIC. Though 
further study in younger patients will be useful, it should be 
noted that a post hoc analysis of the pediatric patient popula-
tion from these trials showed an advantage with GT across 
multiple efficacy measures [25]. Finally, the effect of vehicle 
in these trials has been observed in other dermatology trials 
(e.g., acne studies [26, 27]) and indicates the importance of 
using a matching vehicle comparator in hyperhidrosis trials 
as well as inclusion of appropriate excipients for GT. The 
GT towelette contains the following excipients: citric acid, 
dehydrated alcohol, purified water, and sodium citrate [19]. 
Identical excipients were included in the vehicle comparator 
of the ATMOS trials to account for any potential effect due 
to a compound other than GT. Despite the vehicle effect in 
these trials, GT-treated patients had a significantly greater 
response than that observed with vehicle [19, 21].

4.1  Conclusion

The newly developed ASDD provides a comprehensive 
patient-focused assessment of the burden of axillary hyperhi-
drosis, and the profile of patients entering the ATMOS-1 and 
ATMOS-2 trials underscores the need for effective therapies. 
Improvements in GT-treated patients across multiple PRO 

measures in the 4-week ATMOS-1 and ATMOS-2 phase III, 
vehicle-controlled trials, combined with previously reported 
data for the coprimary endpoints of these studies that dem-
onstrate reduced sweat production (assessed by gravimetric 
measurement) and improvements in sweating severity as 
well as good tolerability, support the use of GT to provide 
clinically meaningful benefits for patients with primary axil-
lary hyperhidrosis. Topical, once-daily application of GT is 
a noninvasive and well-tolerated treatment option approved 
for primary axillary hyperhidrosis in patients aged ≥ 9 years, 
and we anticipate its use alongside topical antiperspirants as 
first-line therapy for primary axillary hyperhidrosis. Future 
studies should consider evaluating the effectiveness of GT 
in combination with other approved therapies such as botu-
linum toxin injections and microwave thermolysis.
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