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Abstract 

This systematic review and meta-analysis aimed to comprehensively evaluate the efficacy and 

safety of topical sofpironium bromide in patients with primary axillary hyperhidrosis (PAH) in 

various published randomized controlled trials (RCTs). The study was conducted according to the 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. We 

systematically searched PubMed, Scopus, Web of Science, Embase, and Medline databases 

through April 30, 2025, using keywords related to sofpironium and PAH. The odds ratio (OR) or 

mean difference (MD) was calculated using a random effects model with 95% confidence interval 

(CI). Three RCTs of sofpironium were included in the meta-analysis, with 1,209 patients with PAH. 

Sofpironium, compared to the vehicle, showed statistically significant improvement in the 

Hyperhidrosis Disease Severity Measure–Axillary (HDSM-Ax) score (OR=2.35, 95% CI [1.82 to 

3.04]), Hyperhidrosis Disease Severity Scale (HDSS) score (OR=2.02, [1.46 to 2.79]), 

Dermatology Life Quality Index (DLQI) score (MD=−2.75, [−3.58 to −1.92]), and gravimetric 

sweat production (MD=−26.39, [−44.65 to −8.12]). The incidences of anticholinergic adverse 

events (AEs) and application site AEs were statistically higher in patients treated with sofpironium. 

Sofpironium is an effective treatment for PAH associated with significant improvements in sweat 

reduction and QOL for patients, although the drug also has risks of anticholinergic or application-

site AEs. 

 

Introduction 

Primary focal hyperhidrosis (PFH) is defined as a condition characterized by excessive sweating 

in localized sites, such as the head/face, palmar, plantar, and axillary regions, through which 

patients experience difficulties in daily activities with or without heat or mental burden.1 In some 

patients with PFH, the disease severely affects their daily life, including emotional well-being, 

interpersonal relationships, leisure activities, personal hygiene, work and productivity, and self-

esteem.2 Many patients with PFH suffer from these adverse effects of the disease, with a reported 

PFH prevalence of 10.0% in Japan.3 The disease is particularly prevalent among young people in 

their 20s to 30s,3 and is thought to have a negative impact on their work lives. A cost-of-illness 

survey for axillary hyperhidrosis in Japan estimates that the overall work impairment of working 

patients is 30.52%, and the societal cost of productivity loss is ¥312 billion per month.4 The 

Japanese guideline recommends two topical anticholinergic drugs, sofpironium bromide gel 

(hereafter referred to as “sofpironium”) and glycopyrronium tosylate hydrate wipes, as the first-

line treatment for primary axillary hyperhidrosis (PAH) in addition to conventional topical 

aluminum chloride.1 

Systematic reviews and meta-analyses provide a more comprehensive view of the evidence on the 



efficacy and safety of a medication by combining the results of multiple studies and enable health 

care providers to reach more robust conclusions and make more informed decisions based on the 

available evidence.5 One systematic review without meta-analysis has reported the efficacy and 

safety of sofpironium for treating PAH and concludes that sofpironium provides notable 

improvements in symptom severity, sweat reduction, and quality of life (QOL), with mostly mild 

localized adverse events (AEs).6 We were the first to conduct a systematic review and meta-

analysis to more robustly evaluate the efficacy and safety of topical sofpironium in patients with 

PAH in various published randomized controlled trials (RCTs).  

 

Materials and Methods 

We followed the guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) to conduct this systematic review and meta-analysis.7 

 

Search strategy 

We systematically searched the PubMed, Scopus, Web of Science, Embase, and Medline databases 

from the inception until April 30, 2025, using a combination of keywords related to sofpironium 

and primary hyperhidrosis: ((“Sofpironium bromide” OR Sofpironium OR Sofdra OR SB OR 

“BBI 4000” OR “BBI-4000” OR Ecclock) AND (Hyperhidrosis)). Duplicates were removed from 

all the articles searched for these keywords. Next, title and abstract screening was performed using 

the Rayyan software package.8 The full-text screenings were conducted independently by two 

reviewers. Any disagreements were resolved through consultation with a third reviewer.  

 

Study selection and eligibility criteria 

The inclusion criteria were as follows: i) RCTs that use sofpironium as an intervention vs. a 

placebo; ii) RCTs that evaluate the efficacy of sofpironium using the Hyperhidrosis Disease 

Severity Measure–Axillary (HDSM-Ax) score; and iii) RCTs evaluating the quantitative 

suppression of perspiration by sofpironium. We excluded review articles, case/cohort studies, 

uncontrolled studies, non-English articles, and RCTs not evaluated in patients with PAH. 

 

Data extraction 

Two independent authors extracted the data from the studies using a pre-specified data extraction 

form. Specific data were extracted, including study characteristics, efficacy outcomes, and 

treatment-emergent adverse events (TEAE). 

 

Quality assessment 



Two researchers independently assessed the quality of the included studies using a Cochrane risk-

of-bias tool for randomized control trials (RoB 2)9 and classified the bias of each study as having 

a “low risk”, “some concerns”, or “high risk”. 

 

Statistical analysis 

Analyses were performed according to the Cochrane Handbook for Systematic Reviews of 

Interventions (version 6.5).10 A meta-analysis with a random-effects model was performed using 

R software (version 4.3.1). 

 

Results 

Article search results 

The PRISMA flow diagram of the study selection process is shown in Figure 1. Our search strategy 

yielded a total of 207 articles containing potentially relevant study information. After removing 

the duplicates, 118 articles remained. Following screening of titles and abstracts, 20 articles were 

selected for a full-text review. Of these, three articles reporting the results of RCTs were included 

in the systematic review and meta-analysis.11-13 

 

Characteristics of the included studies 

Our study included three RCTs that included 1,209 patients with PAH. All patients received 

sofpironium or a vehicle for the treatment of PAH, and the efficacy and safety of sofpironium were 

compared with those of the vehicle. A summary of the included RCTs and baseline patient 

characteristics in the studies is shown in Tables 1 and 2.  

 

Quality assessment of the included studies 

Of the three RCTs, two showed a low risk of bias, and another was judged to have some concerns 

in the RoB 2 assessment (Table 3).  

 

Efficacy outcomes 

Responders for the HDSM-Ax score 

Figure 2 shows a forest plot comparing the proportion of patients who achieved a ≥1-point 

improvement (Pariser 2025 and Kirsch 2020) or a ≥1.5-point improvement (Yokozeki 2021) on 

the HDSM-Ax score between the treatment of sofpironium and the vehicle. A statistically 

significant difference was observed in the overall effect in favor of the sofpironium group 

compared to the vehicle group (odds ratio [OR]=2.35, 95% confidence interval [CI] [1.82 to 3.04]). 

The pooled results were homogeneous (I2=0%, p=0.88). 



 

Responders for the Hyperhidrosis Disease Severity Scale score 

The proportion of patients who achieved a score of 1 or 2 (Yokozeki 2021) or a ≥1-point 

improvement (Kirsch 2020) on the Hyperhidrosis Disease Severity Scale (HDSS) score was 

compared between the treatment of sofpironium and vehicle. A statistically significant difference 

was observed in the overall effect in favor of the sofpironium group compared to the vehicle group 

(OR=2.02, 95% CI [1.46 to 2.79]). The pooled results were homogeneous (I2=0%, P=0.68) (Figure 

3). 

 

Change in Dermatology Life Quality Index score 

The mean difference (MD) of changes in the Dermatology Life Quality Index (DLQI) score was 

compared between the sofpironium and vehicle treatments. A statistically significant difference 

was observed in the overall effect in favor of the sofpironium group compared to the vehicle group 

(MD=−2.75, 95% CI [−3.58 to −1.92]). The pooled results were homogeneous (I2=0%, p=0.50) 

(Figure 4). 

 

Change in gravimetric sweat production  

The gravimetric sweat production (GSP) was evaluated in two RCTs using a standard method with 

axillary filter paper. The MD of changes in GSP was compared between the sofpironium and 

vehicle treatments. A statistically significant difference was observed in the overall effect in favor 

of the sofpironium group compared to the vehicle group (MD=−26.39, 95% CI [−44.65 to −8.12]). 

The pooled results were homogeneous (I2=0%, p=0.86) (Figure 5). 

 

Safety outcomes 

The overall risk of TEAE incidence was unfavorable in the sofpironium group compared to the 

vehicle group (OR=7.63, 95% CI [4.75 to 12.25]), with no significant heterogeneity detected in 

the pooled results (I2=2%, p=0.40) (Figure 6). The overall risks were also unfavorable in the 

sofpironium group regarding the incidence of dry mouth (OR=15.63, 95% CI [6.47 to 37.73]) 

(Figure 7), vision blurred (OR=8.06, 95% CI [1.86 to 34.84]) (Figure 8), mydriasis (OR=7.20, 

95% CI [1.53 to 33.86]) (Figure 9), application site dermatitis (OR=6.41, 95% CI [2.42 to 16.94]) 

(Figure 10), and application site erythema (OR=3.05, 95% CI [1.98 to 4.69]) (Figure 11), with no 

significant heterogeneity. In particular, anticholinergic TEAEs were more prevalent in patients 

treated with higher concentrations of sofpironium (Figures 7-9). 

 

 



Discussion 

This study provides the first findings of a systematic review and meta-analysis that evaluates the 

efficacy and safety of topical sofpironium in patients with PAH. Furthermore, the inclusion of 

RCTs only for the analysis also enhances the strength of our findings, which provides significant 

insights into the treatment benefit of the drug. We reviewed and analyzed data from three RCTs 

identified from a systematic literature review strategy, and the RCTs included a total of 1,209 

patients with PAH. Our findings indicate that sofpironium is effective in treating patients with PAH, 

although the drug also has the risk of AEs that may be due to its anticholinergic effects or may 

occur at the site of drug application. 

Meta-analysis of efficacy outcomes included the HDSM-Ax, HDSS, DLQI score, and GSP. In all 

these efficacy outcomes, statistically significant differences were observed in the overall effects in 

favor of the sofpironium group compared to the vehicle group, indicating the benefit of 

sofpironium treatment for patients with PAH. 

The HDSM-Ax score is a validated, 11-item, patient-reported outcome measure of symptom 

severity and frequency.14 Among the three RCTs included in our analysis, the HDSM-Ax was used 

in two RCTs (Yokozeki 2021 and Kirsch 2020), whereas the simplified version of the HDSM-Ax 

score consisting of a 7-item measure11 was used in one RCT (Pariser 2025). HDSM-Ax is reported 

to be a well-defined and reliable measure of primary PAH severity, and a 1-point change in HDSM-

Ax score represents a clinically meaningful change.15 The findings of this meta-analysis suggest 

that sofpironium treatment provides clinically significant benefits in terms of symptom severity 

and frequency in patients with PAH. 

The HDSS score is used to assess the severity of PFH based on the patient’s subjective symptoms: 

a score of 3 or 4 indicates severe hyperhidrosis, a score of 2 indicates moderate hyperhidrosis, and 

a score of 1 indicates the absence of hyperhidrosis.16 Patients with an HDSS score of 3 or 4, 

indicating severe hyperhidrosis, were enrolled in two RCTs (Yokozeki 2021 and Kirsch 2020). 

PAH is a refractory disease that not only limits daily and social activities but also causes 

psychological and emotional distress.17,18 Sofpironium treatment may provide clinical benefits to 

patients with PAH who experience limitations in activity and distress caused by severe 

hyperhidrosis symptoms.  

The DLQI is designed to evaluate the skin disease-related quality of life (QOL), and responses to 

10 questions are scored and summed to obtain the DLQI score.19 The DLQI score, with minor 

modifications for PAH, which makes it more terminologically suitable for disease assessment, was 

evaluated in two RCTs (Yokozeki 2021 and Kirsch 2020). Hyperhidrosis creates significant 

emotional, physical, or social discomfort, negatively impacting a patient’s QOL.20,21 Therefore, 

improvement in QOL with sofpironium treatment is a clinically important benefit for patients with 



PAH. Varella et al. reported a statistical correlation between the HDSS and QOL questionnaire 

scores in patients with hyperhidrosis.22 Given that sofpironium also reduced the HDSS score in 

our analysis, the drug may improve QOL by suppressing hyperhidrosis symptoms in patients with 

PAH.  

Additionally, a greater improvement in the change in GSP with sofpironium treatment also 

supports the robustness of the efficacy of sofpironium for the treatment of PAH, considering that 

GSP is an objective evaluation index, unlike the HDSM-Ax, HDSS, and DLQI scores, which are 

based on the patient’s subjective judgment. 

Meta-analysis of safety outcomes included the incidence of TEAE and anticholinergic-related AEs 

such as dry mouth, blurred vision, mydriasis, and application site AEs of dermatitis and erythema. 

In all safety outcomes, significantly higher incidences were observed in the sofpironium group 

than in the vehicle group, indicating the risk of AEs associated with sofpironium treatment in 

patients with PAH.  

Sofpironium is an M3 muscarinic receptor ligand that has been developed as a retro-metabolically 

designed drug and inhibits M3 muscarinic receptors in eccrine glands at the application site.23,24 

Based on its mechanism of action against hyperhidrosis through M3 receptors, sofpironium also 

poses a risk of anticholinergic AEs. Most anticholinergic TEAEs were mild or moderate according 

to the severity, with a controllable risk in all three included RCTs. This may be due to the topical 

administration of sofpironium as well as the nature of the retro-metabolically designed drug, which 

is assumed to decrease the anticholinergic activity in the blood.23,24 However, in only one RCT 

(Pariser 2025), severe dry mouth was reported (incidence: 0.8%).  

In the meta-analysis, anticholinergic TEAEs were more prevalent in patients treated with higher 

concentrations of sofpironium, suggesting that the risk is dose dependent. Thus, it is important to 

administer the drug in compliance with the approved dose. Although anticholinergic AEs are 

thought to be caused by sofpironium absorbed into the blood after application, anticholinergic AEs 

in the eye may also be caused by touching the eyes with hands that have the applied drug on the 

axilla. Therefore, the following care should be taken while administering the drug: do not apply 

the drug directly with the hand; if the drug attaches to the hand, wash it immediately; in case the 

drug accidentally enters the eyes, wash them with water immediately. To reduce the exposure to 

anticholinergics, a topical formulation of sofpironium was designed for convenient application. 

The severity of the reported application site AEs related to sofpironium treatment was mostly mild 

or moderate, with an acceptable or controllable profile in all three included RCTs. Sofpironium is 

associated with a risk of dermatitis and erythema at the application site; however, this risk is 

plausible because it is intended for topical use. 



This study had some limitations. First, the number of studies included in our analysis was limited, 

and only three RCTs were identified throughout the screening process. A previous systematic 

review of sofpironium treatment for PAH includes five studies, not limited to RCTs, and the 

findings are consistent with our study.6 Second, the treatment duration was 6 weeks in all three 

RCTs included, and the period was not sufficient to consider the long-term efficacy and safety of 

sofpironium in the treatment of PAH. Long-term evaluation has been conducted in a phase 3, 52-

week, open-label study in Japan,25 as an extension of the preceding 6-week phase 3 RCT included 

in this analysis (Yokozeki 2021). Extension phase 3 demonstrates that the efficacy of sofpironium 

is maintained during the 52-week treatment period, and no new safety risks are observed. Third, 

no publication bias analysis could be performed because of the small number of included RCTs, 

according to the report of Egger et al., which indicates unreliable publication bias assessment by 

funnel plot asymmetry for <10 pooled studies.26 

 

Conclusions 

In conclusion, topical sofpironium bromide is an effective treatment for PAH associated with 

significant improvements in sweat reduction and QOL for patients. Although the drug also has the 

risk of anticholinergic AEs or application site AEs, they are primarily mild to moderate, with an 

acceptable or controllable profile. These findings support the use of topical sofpironium bromide 

to manage PAH in clinical practice. Further RCTs and long-term studies are needed to confirm 

these findings and optimize the use of the drug.  
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Table 1. Summary of the three included RCTs. 

RCT ID Phase Country Treatment 

comparison 

Period No. of PFH 

patients 

(randomized) 

Inclusion for PFH 

severity 

Primary endpoint Conclusion 

Pariser 

2025 

3 USA Vehicle 6 weeks 348 HDSM-Ax: 3 or 4 

GSP: ≥150 mg 

(in both axillae) 

(Co-primary endpoint) 

≥2-point improvement from 

baseline to end of treatment on 

HDSM-Ax, and GSP at treatment 

end 

Sofpironium topical gel, 12.45%, 

applied topically once daily before 

bedtime is effective and well-tolerated 

for treatment of primary axillary 

hyperhidrosis in patients ≥9 years old 

Sofpironium 15%* 353 

Yokozeki 

2021 

3 Japan Vehicle 6 weeks 140 HDSM-Ax: 2 to 4 

HDSS: 3 or 4 

GSP: ≥50 mg 

(in each axilla) 

Proportion of patients who satisfied 

both criteria with a HDSS of 1 or 2 

at the end of treatment and ≥50% 

reduction in total GSP at the end of 

treatment relative to baseline 

5% sofpironium was confirmed to be 

effective and safe in Japanese patients 

with primary axillary hyperhidrosis Sofpironium 5%* 141 

Kirsch 

2020 

2 USA Vehicle 6 weeks 57 HDSM-Ax: 3 or 4 

HDSS: 3 or 4 

GSP: ≥150 mg 

(in both axillae) 

(Co-primary endpoint) 

Percentage of patients exhibiting 

≥1-point improvement on HDSM-

Ax, and change in HDSM-Ax 

Sofpironium bromide gel produced 

meaningful reductions in hyperhidrosis 

severity and had an acceptable safety 

profile 

Sofpironium 5%* 57 

10%* 57 

15%* 56 

*Shown as a dose of sofpironium bromide; GSP, gravimetric sweat production; HDSM-Ax, Hyperhidrosis Disease Severity Measure–Axillary; HDSS, Hyperhidrosis Disease 

Severity Scale; PFH, primary focal hyperhidrosis; RCT, randomized controlled trial. 

 



Table 2. Baseline patient characteristics in the included RCTs. 

RCT ID Treatment 

comparison 

No. of PFH 

patients (evaluated) 

Age (years), 

median (range) 

Female (%) PAH severity at baseline 

Pariser 

2025 

Vehicle 348 31.0 (11~71) 58.0 ND 

Sofpironium 

15%* 

353 31.0 (10~76) 53.8 ND 

Yokozeki 

2021 

Vehicle 140 36.0 (13~72) 70.7 HDSM-Ax: 3.04±0.572# 

HDSS: 3 (67.1%) or 4 (32.9%) 

DLQI: 10.9±4.42# 

GSP: 226.3±128.88 mg# 

Sofpironium 

5%* 

141 35.0 (13~72) 69.5 HDSM-Ax: 3.06±0.514 

HDSS: 3 (67.4%) or 4 (32.6%) 

DLQI: 11.7±4.96# 

GSP: 228.0±167.10 mg# 

Kirsch 

2020 

Vehicle 57 30.0±8.6# 53 HDSM-Ax: 3.39±0.29# 

GSP: 279.4±178.8 mg# 

Sofpironium 

5%* 

57 30.8±10.2# 44 HDSM-Ax: 3.49±0.32# 

GSP: 274.3±191.4 mg# 

10%* 57 33.7±11.3# 39 HDSM-Ax: 3.50±0.29# 

GSP: 288.5±195.6 mg# 

15%* 54 30.7±9.2# 46 HDSM-Ax: 3.57±0.31# 

GSP: 311.1±187.2 mg# 

*Shown as a dose of sofpironium bromide; #mean ± standard deviation; ND, not described; DLQI, Dermatology 

Life Quality Index; GSP, gravimetric sweat production; HDSM-Ax, Hyperhidrosis Disease Severity Measure–

Axillary; HDSS, Hyperhidrosis Disease Severity Scale; PFH, primary focal hyperhidrosis; RCT, randomized 

controlled trial. 

  



Table 3. Risk of bias assessment of the included RCTs. 

RCT ID Risk of bias 

Domain 1 Domain 2 Domain 3 Domain 4 Domain 5 Overall 

Pariser 

2025 

Low risk Low risk Low risk Low risk Low risk Low risk 

Yokozeki 

2021 

Low risk Some 

concerns 

Low risk Low risk Low risk Some 

concerns 

Kirsch 

2020 

Low risk Low risk Low risk Low risk Low risk Low risk 

Domain 1: bias arising from the randomization process; Domain 2: bias due to deviation from intended intervention; 

Domain 3: bias due to missing outcome data; Domain 4: bias in measurement of the outcome; Domain 5: bias in 

selection of reported results. RCT, randomized controlled trial. 

 

 

Figure 1. PRISMA flow diagram for the selection of articles containing relevant study information. 

 

  



Figure 2. Forest plot of the responders for the HDSM-Ax score. 

 
 

 

Figure 3. Forest plot of the responders for the HDSS score. 

 
 

 

Figure 4. Forest plot of the responders for the DLQI score. 

 
 

 

  



Figure 5. Forest plot of the change in GSP. 

 
 

 

Figure 6. Forest plot for the incidence of TEAE. 

 
 

 

Figure 7. Forest plot for the incidence of dry mouth. 

 

  



Figure 8. Forest plot for the incidence of blurred vision. 

 
 

 

Figure 9. Forest plot for the incidence of mydriasis. 

 
 

 

Figure 10. Forest plot for the incidence of application site dermatitis. 

 
 

  



Figure 11. Forest plot for the incidence of application site erythema. 

 


