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Rosacea is a prevalent, chronic, relapsing skin disease associated 
with a substantial burden.1,2 Its pathogenesis is unknown, but 
recent advances point to the importance of skin-environmental 

interactions involving physical, chemical, and microbial factors.3

Imbalances in cutaneous organisms (e.g., Staphylococcus epidermidis, 
Cutibacterium acnes, Demodex folliculorum, and Bacillus oleronius) have 
been implicated in the pathogenesis of rosacea.4

Further evidence supports an altered immune response to 
environmental triggers as a potential cause.5 An increase in S. epidermidis
abundance has been detected in rosacea pustules exhibiting an altered 
secretory pro� le.6,7 Also, rosacea severity has been correlated with relative 
abundance of S. epidermidis.8 Linear regression analysis performed 
showed a weak negative correlation between C. acnes abundance and 
rosacea severity but a positive correlation between Corynebacterium 
kroppenstedtii relative abundance and rosacea severity.9 Loss of C. acnes 
abundance and loss of Cutibacterium diversity have been associated with 
skin disorders, including rosacea, and have been inversely correlated with 

sebum quantity.8–10 C. acnes has been suspected of protecting healthy 
skin by breaking down sebum into free fatty acids, which can prevent 
pathogen growth.11,12 The sebaceous fatty acids found in sebum support 
the maintenance of skin barrier integrity, and altered sebum quality has 
been associated with rosacea.12

Although rosacea occurs primarily in sebaceous gland-rich skin, 
molecular analysis of skin barrier alterations in rosacea demonstrated 
signi� cant alterations in barrier integrity compared with non-rosacea 
sebaceous gland-rich skin.13 Demodex mites, a skin commensal, are found 
in rosacea-a� ected skin. Whether they cause rosacea or are secondary to 
it, Demodex mites stimulate toll-like receptor 2, increasing LL-37, which 
triggers angiogenesis and in� ammation in rosacea.14 Demodex mites 
have a microbiome, including B. oleronius, whose antigens may induce 
proliferation of peripheral blood mononuclear cells in patients with 
rosacea15 and stimulate production of LL-37, matrix metalloproteinase-9, 
tumor necrosis factor, and interleukin 8 in healthy individuals.6

Microencapsulated benzoyl peroxide (E-BPO) is approved for 
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treating rosacea. The use of unencapsulated 
BPO, although e� ective,16 has largely been 
abandoned due to poor tolerability on the 
facial skin of rosacea patients. After application, 
unencapsulated BPO can cause local skin 
irritation (e.g., erythema, burning, stinging).17

Phase 3 trials showed high E-BPO e�  cacy 
with good safety and tolerability parameters 
in participants with rosacea.18 The mechanism 

of action of BPO in rosacea is unknown, but its 
antimicrobial properties may contribute to its 
e�  cacy.

This study aimed to evaluate changes 
in skin microbiome biodiversity and skin 
physical properties after eight weeks of once-
daily topical E-BPO versus vehicle cream in 
participants with rosacea.

METHODS
Study design. This was a double-blind, 

vehicle-controlled, crossover study starting with 
eight weeks of active versus vehicle treatment 
conducted at a single center between February 
2020 and July 2021 (NCT05675501). Study 
groups were crossed over after eight weeks 
for an additional four weeks of the alternate 
therapy plus four weeks of observation to detect 
any durable changes in the microbiome 
(Figure 1). A pea-sized amount of E-BPO or 
vehicle was applied as a thin coating to each 
facial area (forehead, nose, chin, and each 
cheek) once daily at approximately the same 
time after using an approved cleanser. Safety 
was assessed by monitoring the incidence 
of adverse events (AEs) and the results 
of cutaneous safety and local tolerability 
assessments at baseline and all postbaseline 
study visits. 

The protocol was approved by an institutional 
review board (IntegReview, IORG0000689). The 
study (SGT-54-08) complied with the United 
States (US) Food and Drug Administration 
regulations, the Declaration of Helsinki, and the 
International Council for Harmonisation Good 
Clinical Practice guidelines. Participants signed 
written informed consent before enrollment. 

Participants. Participants with facial 
rosacea who had an IGA global severity score 
of 3 (moderate) or 4 (severe) were eligible. Key 
exclusion criteria included the presence of more 
than two facial nodules or any nodule larger 
than 1cm, ocular rosacea, or any other facial skin 
condition that interfered with rosacea diagnosis 
and/or assessment.

Assessments. Clinical assessments for 
IGA, in� ammatory lesion counts, rosacea 
in� ammatory grade, and erythema were 
performed at baseline and Weeks 1, 2, 4, 8, 
12, and 16. All scales used in this study have 
previously been described and validated in the 
literature.19–21 IGA was scored from 0 (clear: skin 
clear of in� ammatory papules or pustules, no 
erythema present) to 4 (severe: numerous small 
and/or larger papules or pustules and severe, 
bright to deep red erythema). For in� ammatory 
lesion counts, a papule was de� ned as a solid, 
elevated in� ammatory lesion measuring 5mm 
or smaller in diameter, and a pustule as an 
elevated in� ammatory lesion measuring 5mm 
or smaller in diameter containing pus (i.e., 
yellow-white exudate). Erythema was scored 
from 0 (none: no visible erythema) to 3 (severe: 

FIGURE 1. Study design
D: day; EOS: end of study; EOT: end of treatment; V: visit

TABLE 1. Participant demographics (intent-to-treat population)

DEMOGRAPHIC ITEM
TREATMENT 1-2 

(n=15)
TREATMENT 2-1

(n=16)
ALL PARTICIPANTS

(N=31)

Age
Mean (SD) 48.80 (13.06) 50.88 (15.36) 49.87 (14.09)

Median 52.00 55.00 52.00
Min 28.00 26.00 26.00
Max 67.00 73.00 73.00

Sex, n (%)

Female 13 (86.67) 9 (56.25) 22 (70.97)

Male 2 (13.33) 7 (43.75) 9 (29.03)

Ethnicity, n (%)

Hispanic or Latino 3 (20.00) 3 (18.75) 6 (19.35)
Not Hispanic or Latino 12 (80.00) 10 (62.50) 22 (70.97)
Not reported 0 1 (6.25) 1 (3.23)

Unknown 0 2 (12.50) 2 (6.45)

Race, n (%)

Not reported 0 2 (12.50) 2 (6.45)
Unknown 0 1 (6.25) 1 (3.23)
White 13 (86.67) 12 (75.00) 25 (80.65)
Asian 2 (13.33) 0 2 (6.45)
American Indian or 
Alaska Native

0 1 (6.25) 1 (3.23)

Min: minimum; Max: maximum
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severe, bright to deep red erythema, either 
centrofacial or generalized to whole face). The 
in� ammatory grade was scored from 0 (none: 
skin clear of in� ammatory papules or pustules) 
to 3 (severe: numerous small and/or larger 
papules or pustules). Skin biophysical properties 
were assessed using common, noninvasive 
methods with assessment of skin sebum 
excretion rate performed at all clinical visits.

Sebum excretion rate assessments. The 
facial sebum excretion rate was measured with 
the use of a sebumeter (Courage + Khazaka, 
Köln, Germany). The measurement is based on 
the principle of grease spot photometry. The 
tape of the sebumeter is placed in contact with 
the skin for a set amount of time and becomes 
transparent according to the sebum content on 
the surface of the skin. Then the transparency is 
measured by a photocell represents the sebum 
content.

Skin microbiome. Shotgun metagenomic 
sequencing of swabs and follicular samples from 
all participants was performed. The change in 
skin microbiome (including the mycobiome) 
was measured based on facial swab sampling 
from three locations (glabella, left medial cheek, 
right medial cheek) obtained at all clinical visits. 
A control swab with only ambient air exposure 
was collected at each visit.

Bacterial identi� cation was made by DNA 
extraction from skin swabs using DNeasy 
PowerSoil Pro Kit (QIAGEN) according to the 
manufacturer’s protocol. The DNA libraries 
were prepared using the Nextera XT DNA 
Library Preparation Kit and IDT Unique Dual 
Indexes (Illumina) with total DNA input of 1ng. 
Taxonomic results were checked to ensure no 
contamination or barcoding issues. Controls 
were reviewed to con� rm taxonomic output 
as expected for positive and negative control 
compositions.

For taxonomic bioinformatics analyses, 
unassembled sequencing reads were directly 
analyzed by CosmosID-HUB Microbiome 
Platform (CosmosID) for multikingdom 
microbiome analysis and pro� ling of 
antibiotic resistance and virulence genes, plus 
quanti� cation of organisms’ relative abundance. 
The system uses curated genome databases and 
a data-mining algorithm that analyzes hundreds 
of millions of metagenomic sequence reads into 
discrete microorganisms.

 For functional bioinformatics analyses, 
initial quality control was performed using 

BBDuk.22 Quality-controlled transcripts were 
mapped against UniRef90, which consists of 
clusters of nonredundant protein sequences in 
UniProt with 90% identity and 80% coverage 
of the longest sequence in the cluster.23 These 
mappings were weighted by alignment quality, 
coverage, and gene sequence length to estimate 
community-wide weighted gene family 
abundances.24 MetaCyc25 was used to annotate 
gene families to enzyme reactions to reconstruct 
and quantify MetaCyc metabolic pathways in 
the community.24

Due to the interest in B. oleronius and 
rosacea development,26 a separate analysis was 
performed because B. oleronius is not currently 
included in the database. By counting the 

number of raw reads mapped (subsampled 
to 3 million reads each with reformat of the 
BBMap suite) against the reference genome 
using Bowtie 2,27 the relative abundance of 
B. oleronius in the metagenomics samples 
was estimated. The National Center for 
Biotechnology Information currently identi� es 
the reference genome as Heyndrickxia oleronia.

Statistical analysis. The statistical 
analysis plan was � nalized before unblinding 
of study treatments. Data manipulation, 
descriptive statistics, and inferential statistics 
were performed using SAS version 9.4 (SAS 
Institute). All tests were two-tailed; P≤0.05 was 
considered statistically signi� cant.

The sample size for this study is based on 

FIGURE 2. CONSORT Flow Diagram
AE, adverse event; ITT, intent-to-treat
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clinical considerations only and no formal 
sample size calculations were performed a priori
because the in� uence of topical E-BPO on the 
microbiome in rosacea is a novel area with no 
previous preexisting data. An enrollment of 30 
participants aged 18 years or older, allowing 
for a 10-percent dropout rate, with at least 24 
participants completing the study (12 evaluable 
participants in each arm), was considered 
adequate statistical power. 

RESULTS
Participants. Thirty-one participants were 

enrolled and randomly assigned 1:1 to E-BPO 
or vehicle cream. The Treatment 1-2 group 
(n=15) was randomized to E-BPO (8 weeks) and 
then switched to vehicle cream (4 weeks). The 
Treatment 2-1 group (n=16) was randomized 
to vehicle cream (8 weeks) and then switched 
to E-BPO (4 weeks) (Figure 2). Demographic 
characteristics were comparable between 
groups (Table 1). 

Microbiome analysis. Within the Treatment 
1-2 group (E-BPO), a marked reduction in 
the relative abundance of Staphylococcus
(P=0.186) was accompanied by an increase in 
Cutibacterium (P=0.391) from baseline to Week 
8 (Figure 3). A noticeable increase in the treated 
group from baseline to Week 8 was revealed at 
the species level with a relative abundance of C. 
acnes (P=0.338), accompanied by a decrease in 
abundance of S. epidermidis (P=0.652; Figure 
4). No noticeable di� erence in the vehicle group 
was detected at the genus or species level. At 
the bacterial species level, a slight increase in 
microbial richness and evenness of bacterial 
species was observed in E-BPO–treated samples 
versus baseline samples within the Treatment 
1-2 group (not statistically signi� cant) (Figure 
3). Microbiome alterations in other genera and 
species were also detected, but their role is 
unknown.

Comparison of microbiome samples at 
Week 8 did not reveal signi� cant di� erences 

between groups based on the Shannon diversity 
index (Figure 5), a metric used to account for 
the number of species in a habitat (species 
richness). This � nding suggests similar bacterial 
species diversity pro� les for all participants at 
Week 8. 

After crossover of the Treatment 2-1 vehicle 
group at eight weeks to E-BPO, the relative 
abundance of S. epidermidis was markedly 
lowered, and the abundance of C. acnes
was slightly increased. In the Treatment 1-2 
group, after crossing over from eight weeks of 
treatment with E-BPO to treatment with vehicle 
cream, the relative abundance of S. epidermidis
and C. acnes at Weeks 12 and 16 remained at the 
levels observed at Week 8, with S. epidermidis 
reduced and C. acnes increased from baseline.

Identi� cation of enriched metabolic 
pathways. Linear discriminant analysis e� ect 
size (LEfse) was performed to identify metabolic 
pathways that were signi� cantly enriched or 
depleted in response to E-BPO. Based on the 
LEfse results, several signi� cantly enriched 
pathways were identi� ed (Figure 6). The 
histidine degradation III pathway was the most 
signi� cantly enriched pathway in the Treatment 
1-2 group at Week 8. 

Skin sebum properties. Within the 
Treatment 1-2 group treated with E-BPO, 
the sebum level signi� cantly increased from 
baseline to Week 8 (31.68 µg/cm2; P=0.0110). 
However, within the Treatment 2-1 group 
treated with vehicle, the sebum level slightly 
decreased (−2.15; P=0.7340; Table 2). The 
di� erence between the groups at Week 8 
was statistically signi� cant (P=0.0087). 
After crossing from vehicle cream to E-BPO, a 
statistically signi� cant increase was observed in 
the Treatment 2-1 group from baseline to Week 
12 (13.42 µg/cm2; P=0.0131), which decreased 
during follow-up (P=0.5893). 

Investigator Global Assessments. Greater 
improvement in IGA was observed from baseline 
with E-BPO versus vehicle cream based on the 
percentage of participants achieving a score of 
“clear”/“almost clear” (Table 3). In the Treatment 
1-2 group, the percentage of participants with 
IGA success remained the same (78.57%) four 
weeks after crossing from E-BPO to vehicle 
cream. In the Treatment 2-1 group, a drastic 
improvement was seen with IGA success (80%) 
four weeks after crossing from vehicle to E-BPO. 
During follow-up, the percentages generally 
remained the same in both groups (78.57% 

FIGURE 3. Relative abundance of major bacterial genera in skin microbiomes of participants with rosacea at baseline 
(untreated) compared with Week 8 in subjects treated with (A) E-BPO or (B) vehicle in the intent-to-treat population. 
Each bar represents the average relative abundance of the top 25 features in each cohort at the genus level. The features 
were selected based on the most abundant organisms relative to each cohort. 
E-BPO: microencapsulated benzoyl peroxide cream, 5%
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[treatment group] vs. 71.43% [vehicle group]).
Facial erythema. More participants 

achieved improvement from baseline in facial 
erythema with E-BPO than with vehicle cream 
based on the percentages of participants who 
had no/mild erythema at Week 8 (Table 4). No 
changes occurred four weeks after switching 
to vehicle cream in the Treatment 1-2 group 
(85.71%). Shifting to E-BPO in the Treatment 
2-1 group showed improvement because 
many participants then presented with no/
mild erythema (80.00%). During follow-up, 
the percentages remained comparable for both 
groups (78.57%).

In� ammatory grade. Greater improvement 
in rosacea in� ammatory grade was observed 
from baseline with E-BPO than with vehicle 
cream based on the percentages of participants 
with no/mild in� ammation (Table 5). In the 
Treatment 1-2 group, the percentages remained 
high four weeks after crossing from E-BPO to 
vehicle treatment (92.86%) and throughout 
the four-week follow-up (85.72%). In the 
Treatment 2-1 group, a noticeable increase 
in the percentages of participants with no/
mild in� ammation was observed four weeks 
after crossing from vehicle to E-BPO (80.00%). 
It remained high throughout the follow-up 
(78.58%).

Safety and tolerability. Three participants 
experienced four AEs when treated with E-BPO 
(viral gastroenteritis [n=1], neuralgia [n=1], 
contact dermatitis [n=2]). Four participants 
experienced � ve AEs when treated with vehicle 
cream (medical device site in� ammation, 
streptococcal pharyngitis, upper respiratory 
tract infection, ankle fracture, and panic attack). 
The AEs were mild or moderate in severity. 
Except for one participant, who was treated 
with E-BPO in the Treatment 1-2 group and 
developed contact dermatitis, AEs were not 
considered treatment related. No serious AEs 
were reported.

DISCUSSION
In this study, microbiome shifts associated 

with E-BPO correlated with rosacea 
improvement. Speci� cally, the relative 
abundance of S. epidermidis was reduced and 
correlated with an improvement in rosacea. 
Our � ndings agree with a previous study 
showing that S. epidermidis was overexpressed 
in rosacea,7,8 suggesting that S. epidermidis
might contribute to rosacea pathogenesis, 

but this remains unclear. Our � ndings that 
S. epidermidis was reduced in correlation 
with clinical improvement further support 
a possible pathogenic role of S. epidermidis. 
However, further mechanistic analyses are 
needed to assess the role of S. epidermidis in 
rosacea, including follicular-based collections, 
because S. epidermidis likely has a di� erent 
response in anaerobic conditions.28 Additionally, 
the relative abundance of C. acnes and 
Cutibacterium increased with an increase in 
sebum excretion rate. While C. acnes has been 
implicated in the pathogenesis of acne, there is 
a sebum production de� ciency with rosacea.12

Accordingly, higher levels of C. acnes, as noted 
in this study with E-BPO treatment, were not 
always in� ammatory and might re� ect the 
increased sebum load of the skin. This � nding, 
if repeatable in future studies, could lead to 

a paradigm shift in our understanding of the 
role of C. acnes in in� ammatory follicular 
disorders. No signi� cant shift in the relative 
abundance of B. oleronius was observed in this 
study, indicating that the Demodex-related 
microbiome was not signi� cantly a� ected by 
E-BPO treatment. Demodex was not measured 
directly as its genome was not available in the 
genome libraries used. Although microbiome 
alterations in other genera and species 
were also detected, their roles are currently 
unknown. Overall, the bacterial diversity did 
not signi� cantly change, suggesting that more 
than diversity alone may be needed to assess 
the microbiome. Individual changes in species 
quantity may be more important than overall 
diversity shifts in rosacea. More data are needed 
to de� ne a “balanced” skin microbiome. 

The current study revealed several 

FIGURE 4. Relative abundance of major bacterial species in skin microbiomes of participants with rosacea at baseline 
compared with Week 8 in subjects treated with (A) E-BPO or (B) vehicle in the intent-to-treat population. Each bar 
represents the average relative abundance of the top 25 features in each cohort at the species level. The features were 
selected based on the most abundant organisms relative to each cohort. 
E-BPO: microencapsulated benzoyl peroxide cream, 5%



O R I G I N A L  R E S E A R C H

24 JCAD  JOURNAL OF CLINICAL AND AESTHETIC DERMATOLOGY  August  2024 • Volume 17 • Number 8

signi� cantly enriched pathways in response 
to E-BPO, including the histidine degradation 
III pathway, the most signi� cantly enriched 
pathway in the treatment group at Week 
8, followed by the NAD salvage pathway. 
Enrichment of the histidine degradation 
pathway suggests that the relative proportion 
of microbes engaging in histidine degradation 
was increased, perhaps due to increased 
histidine at the skin surface. Skin histidine 
content has been linked to improved skin 
barrier and skin health. In some patients with 
atopic dermatitis, there are de� ciencies in the 
histidine-rich skin barrier protein, � laggrin.29

An increase in L-histidine increased � laggrin 
in human keratinocytes, improving stratum 
corneum acidity and skin hydration. These 
factors correlated with an improved skin 
barrier in patients with atopic dermatitis.30 An 
intermediate histidine metabolite, urocanic acid 
(UCA), has been shown to accumulate in the 
stratum corneum. There is robust evidence in 
an animal model of a photoprotective role for 
endogenous UCA against the damaging e� ects 
of ultraviolet-B radiation.31 While L-histidine 
was not directly measured in this study, the 
functional analysis suggested skin histidine 
content might be important in rosacea. Further 
studies that speci� cally correlate histidine 
levels with clinical response are warranted. An 
integrative analysis of skin surface samples 
collected from healthy infants identi� ed 
histidine as a core metabolite in the microbiome 
and metabolome of healthy skin.32 This analysis 
also found that nicotinamide, a precursor in the 
NAD salvage pathway, was highly correlated 
with bacterial genera present in the core skin 
microbiome.32,33 Nicotinamide also supports skin 
barrier function, and its application improved 
skin hydration in patients with rosacea.34 The 
relative importance of the identi� ed metabolic 
pathways needs to be clari� ed and requires 
additional investigation.

The response to E-BPO showed selective 
shifts in speci� c microorganisms rather than 
overall extermination of all species, contrasting 
with the results following treatment with 
unencapsulated BPO in patients with acne. In a 
small study (N=52), the e� ect of BPO, 5%, gel 
on acne and the microbiome was investigated. 
Despite improvements in acne, unencapsulated 
BPO reduced the skin microbiome diversity and 
damaged the skin barrier.35 In another study, a 

FIGURE 6. Metabolic pathways with statistically di� erent abundance in skin microbiomes of subjects with rosacea 
before treatment (baseline) and after treatment with E-BPO (Week 8/Visit 6) (Intent-to-Treat Population). LDA e� ect 
size (LEfse) rank plot of di� erentially abundant pathways in untreated (baseline) versus E-BPO cream, 5%, treated 
samples (Week 8). Computed LDA scores (log10) of the relative abundance di� erence between untreated and treated 
groups are presented. Negative LDA scores (brown) are enriched in the untreated (baseline) group, while positive 
LDA scores (purple) are enriched in the E-BPO cream, 5%, group, and the length is the LDA e� ect size. LDA score ≥2.0 
or ≤–2.0 with a P-value ≤0.05 was considered significantly enriched using Kruskal-Wallis (to detect features with 
signi� cant di� erential abundance) and Wilcoxon tests (for pairwise comparisons).  
E-BPO: microencapsulated benzoyl peroxide cream; LDA: linear discriminant analysis; NAD: nicotinamide adenine 
dinucleotide

FIGURE 5. Comparison of bacterial Shannon diversity in skin microbiomes of participants with rosacea (A) before 
treatment (baseline) and after treatment with E-BPO or (B) E-BPO and vehicle cream at Week 8/Visit 6 (intent-to-treat 
population). Box plot illustrating the comparison of bacterial Shannon alpha diversity in skin microbiomes of E-BPO 
cream, 5%, and vehicle cream–treated participants at Week 8. The line in the box is a median of index scores, the boxes 
represent the interquartile range, the whiskers represent the lowest and highest values, and the dots represent outliers. 
Wilcoxon rank sum test was performed.
E-BPO: microencapsulated benzoyl peroxide cream, 5%; ns: not signi� cant
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similar reduction in microbiome diversity was 
reported in preadolescent patients with acne 
treated with unencapsulated BPO..36 In contrast 
with unencapsulated BPO, E-BPO is released 
slowly onto the skin over time. Safety, e�  cacy, 
and stability may be improved when using 
microencapsulated treatments.37 Further, the 
results reported here indicate that E-BPO had a 
distinct e� ect on the skin microbiome and skin 
barrier that contrasts with the e� ects previously 
reported for unencapsulated BPO. 

Limitations. This study had several 
limitations. First, this was a single-site study 
in a relatively small population of subjects. 
Shifts were seen in relative abundance, but 
a larger population may be necessary to 
con� rm the statistical signi� cance of these 
results. Despite fewer participants, the 
whole-genome sequencing method o� ered 
comprehensive insight into taxonomic and 
functional characteristics of the microbiome in 
rosacea. Shotgun whole-genome sequencing 
provides more information than 16S or internal 
transcribed spacer approaches. Shotgun whole-
genome sequencing can simultaneously assess 
for fungi, archaea, bacteria, speci� c strains, and 
the presence of genes, giving more taxonomic 
and functional insight beyond the typical 16S 
approach. The functional gene results are also 
important in illuminating the critical roles of the 
microbiome. This study also evaluated change 
in speci� c Cutibacterium phylotypes, and future 
work is needed to understand the impact of 
E-BPO to each phylotype. Finally, this study was 
limited by using surface swab collections to 
assess the skin microbiome and did not include 
absolute assessments of microbial burden on 

the skin. While this is similar to other published 
studies on rosacea, the knowledge gained from 
surface swab collections cannot be extended to 
the hair follicle environment. Future researchers 
should consider evaluating the follicular 
microbiome in rosacea in addition to measuring 
the absolute abundance of microbial species. 

E-BPO was well tolerated, and the results 

reported here suggest that it may improve 
the overall microbial environment in rosacea, 
shifting toward a more balanced cutaneous 
microbiome in correlation with clinical 
improvement. Importantly, E-BPO should be 
di� erentiated from conventionally available, 
unencapsulated BPO, which may have adverse 
e� ects on the skin microbiome and is more 

TABLE 2. Mean absolute changes from baseline in sebum excretion (µg/cm2) of left and right cheek by randomization 
sequence (intent-to-treat population)

VISITa

TREATMENT 1-2 TREATMENT 2-1
NO. OF 

PATIENTS
MEAN SD P-VALUEb NO. OF 

PATIENTS
MEAN SD P-VALUEb Pr > |t|c

Visit 3: 
period 1, 
Week 1

14 9.91 15.81 0.0355 16 1.49 25.25 0.8166 0.2913

Visit 4: 
period 1, 
Week 2

14 3.64 11.85 0.2708 16 9.19 26.79 0.1901 0.4805

Visit 5: 
period 1, 
Week 4

14 16.97 31.28 0.0634 16 2.08 32.82 0.8029 0.2158

Visit 6: 
period 1, 
EOT, Week 8

14 31.68 39.98 0.0110 16 −2.15 24.84 0.7340 0.0087

Visit 7: 
period 2 
(crossover), 
EOT, 
Week 12

14 30.23 47.80 0.0342 15 13.42 18.31 0.0131 0.2159

Visit 8: FU, 
Week 16,
EOS/early 
termination

14 28.41 47.20 0.0422 14 5.76 38.91 0.5893 0.1776

aBaseline used was Day 1
bP-value is from a paired t-test
cThe 2-sample t-test was used 
EOS: end of study; EOT: end of treatment; FU: follow-up; SD: standard deviation

TABLE 3. IGA from baseline to Week 16 with E-BPO 
versus vehicle cream: Percent of patients achieving a score 
of “clear” or “almost clear”

TIME POINT
TREATMENT 1-2 

(n=15)
TREATMENT 2-1 

(n=16)
Baseline 0 0
Week 2 64.29 12.50

Week 4 85.71 31.25
Week 8 78.57 37.50 
Week 12 78.57 80.00

Week 16 78.57 71.43

Range 0–85.71 0–80.00

E-BPO: microencapsulated benzoyl peroxide cream, 5%; 
IGA: Investigator Global Assessment

TABLE 4. Facial erythema from baseline to Week 16 with 
E-BPO versus vehicle cream: Percent of patients achieving 
no or mild erythema

TIME POINT
TREATMENT 1-2 

(n=15)
TREATMENT 2-1 

(n=16)
Baseline 0 0
Week 2 71.43 25.00

Week 4 71.43 25.00
Week 8 85.71 43.75
Week 12 85.71 80.00

Week 16 78.57 78.57

Range 21.43–85.71 25.00–80.00

E-BPO: microencapsulated benzoyl peroxide cream, 5%; 
IGA: Investigator Global Assessment

TABLE 5. In� ammatory grades from baseline to Week 
16 with E-BPO versus vehicle cream: Percent of patients 
achieving no or mild in� ammation

TIME POINT
TREATMENT 1-2 

(n=15)
TREATMENT 2-1 

(n=16)
Baseline 0 0
Week 2 71.43 18.75 

Week 4 92.85 50
Week 8 92.85 37.50 
Week 12 92.86 80.00

Week 16 85.72 78.58

Range 0–92.86 0–80.00

E-BPO: microencapsulated benzoyl peroxide cream, 5%; 
IGA: Investigator Global Assessment
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irritating than E-BPO.  
Meeting presentations. Part of the data 

included in this article were presented at Fall 
Clinical 2022, October 20-23, in Las Vegas, 
Nevada; Maui Derm 2023, January 23-27, 
in Maui, Hawaii; and the World Congress of 
Dermatology 2023, July 3-8. Part of the data 
included in this article will be presented at 
DERM 2023, August 3-6, in Las Vegas, Nevada.

Availability of data and material. The 
data that support the � ndings of this study 
are not openly available due to capacity and 
the company proprietary information and are 
available from the corresponding author upon 
reasonable request.
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