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Abstract: Benzoyl peroxide (BPO) and niacinamide (Niac) are commonly used alone or in combi-
nation with other molecules in the treatment of acne. BPO and Niac in the same product could
exert complementary and synergistic effects improving efficacy in acne. Furthermore, Niac could
reduce some side effects of BPO, such as skin irritation and erythema. A film-forming cream product
containing BPO 4% and Niac 4%, vehiculated in a mixture of polyvinyl alcohol (PVA) and perfluo-
ropolyether (PFPE) has been recently developed (B-N cream). A 28-day, assessor-blinded pilot trial
was conducted to evaluate the clinical efficacy, skin tolerability, sebum production, skin redness,
and skin microbiome modulation of B-N cream in subjects with mild to moderate acne of the face.
Twenty-two adult men and women with mild-to-moderate acne of the face participated in this trial,
after their written informed consent. B-N cream was applied once daily in the evening. The use of
B-N cream was associated with a statistically significant decrease in acne lesions after treatment in
comparison with baseline (non-inflammatory lesions: —40%,; inflammatory lesions: —43% and total
lesions: —41%). The use of the cream was not associated with a skin barrier function alteration. The
skin redness score (—11%) and the sebum production (—42%) were significantly reduced after treat-
ment. The use of B-N cream determined a reduction in the relative abundance of the Actinobacteria
phylum (Corynebacterium and Propionibacterium, from 56% to 47%) and a significant increase in the
abundance of Bacteroidetes phylum (from 3% to 5.2%). In addition, the product was well tolerated. In
conclusion, this film-forming, medical device cream was effective in subjects with mild-to-moderate
acne, reducing acne lesions and sebum production without altering skin barrier function, offering
good skin tolerability. Furthermore, this product exerts positive skin microbiome modulation effects.
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1. Introduction

Acne vulgaris (AV) is a very common skin inflammatory disease affecting the pilose-
baceous unit [1]. It is well known that AV pathogenesis involves an increase in sebum
production, follicular hyperkeratinization with sebaceous follicules obstruction, Propioni-
bacterium acnes (Cutibacterium acnes) proliferation and inflammation [2]. AV is characterized
by an alteration in the skin barrier function even in the absence of anti-acne aggressive
treatments such as oral or topical retinoids [3]. Commonly, AV is treated using topical
products, alone or in combination, such as benzoyl peroxide, retinoids and antibiotics [4].
The clinical success of acne treatments is deeply influenced by adherence or compliance
with the therapy. Low skin tolerability and/or low efficacy are the main reasons for the
lack of compliance [5,6]. Benzoyl peroxide (BPO) and niacinamide (Niac) are commonly
used alone or in combination with other molecules in the treatment of acne. BPO is a very
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effective topical product able to express bactericidal activity against C. acnes [7]. BPO has
also keratolytic effects. However, BPO can have, especially during the initial treatment
phases, a low skin tolerability with skin erythema and a negative effect on skin barrier
function [8]. During treatment with BPO, the transepidermal water loss can increase up
to 80%, demonstrating that BPO can alter skin barrier function. In subjects with acne,
the transepidermal water loss is higher in comparison with normal subjects [9] and the
application of irritative molecules, like BPO and retinoids, could further increase this
parameter [10]. Niacinamide provides potent anti-inflammatory properties without the
risk of bacterial resistance and systemic side effects and this molecule could represent an
interesting treatment modality for acne vulgaris [11]. Several reviews support that the
use of Niac is effective in acne [11,12]. Combination products of BPO (2.5%) and Niac
(5%) have been developed [13]. Combining BPO and Niac in the same product could have
the advantage of expressing complementary and synergistic effects improving efficacy in
acne [13]. Furthermore, Niac could reduce some side effects of BPO, such as skin irritation
and erythema. A film-forming cream product using BPO 4% and Niac 4% (B-N cream) has
been recently developed. In this medical device, BPO 4% and Niac 4% are vehiculated in a
mixture of polyvinyl alcohol (PVA) and perfluoropolyether (PFPE). These two components
of the cream after application form a transparent and non-occlusive film on the skin allow-
ing BPO and Niac to act locally. Topical film-forming systems exert emollient or protective
effects and facilitate the local action or transdermal penetration of actives [14].

PVA and PFPE are color and odorless film-forming polymers [15]. Due to their
inertness and stability, they are generally considered safe and biocompatible. PVA is
able to absorb water and therefore when applied to the skin it could act as a moisturizer.
Both polymers are also effective transdermal drug delivery systems when used in topical
products. PFPE is another kind of special liquid material [16]. It is colorless, tasteless,
non-poisonous, hypo-allergenic, and has excellent handling properties, chemical stability,
lower viscosity, and excellent film-forming ability, so it is suitable for application in the
field of cosmetics. PFPE has been demonstrated to reduce the quantity of sebum on the
skin [17]. So far, no clinical and instrumental data on this medical device are available.
To evaluate the clinical efficacy, skin tolerability, sebum production, and skin microbiome
modulation of B-N cream in subjects with mild to moderate acne of the face, we conducted
a 28-day, prospective, assessor-blinded trial.

2. Materials and Methods
2.1. Population and Study Design

Twenty-two adult men (N = 3) and women (N = 19), with a mean age 23 years (range
18-32) participated, after their written informed consent in a 28-day, assessor-blinded
trial. B-N cream (a film-forming cream containing BPO 4% and Niac 4% vehiculated in
a mixture of polyvinyl alcohol and perfluoropolyether) was applied once daily in the
evening. The main inclusion criteria were age between 18 and 40 years old; both females
and males with a clinical diagnosis of mild-to-moderate acne affecting the face. The
main exclusion criteria were (1) personal history of adverse reactions to the same type
of products as the investigational product, (2) under treatment, before the study, able
to interfere with the interpretation of the study results, particularly: systemic retinoids
(isotretinoin per os) within the 6 months, other systemic anti-acne medication within the
3 months, topical retinoids within the 2 months, other topical anti-acne medication within
the month, anti-acne cosmetic products within the 2 weeks, topical or systemic medication
with anti-inflammatory or antihistamine products within the 2 weeks, antibiotics within
the 2 weeks, medication for malignancy (of any kind) within the 5 years, desensitization
treatment within the 6 months. The trial was coordinated by Eurofins Cosmetics & Personal
Care Italy S.rl. (20055 Vimodrone (MI), Italy,). The tested product should be applied
at home by the test subjects under the normal conditions of use: (1) application site:
face; (2) duration and frequency of use: once a day, for 28 consecutive days; and (3) the
Investigational product directions for use were to apply the product in the evening on the
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surfaces to be treated distributing uniformly, after thoroughly cleansing the affected areas.
The cream should be distributed with clean hands. Regarding the cleansing procedures,
the subject was instructed to apply it morning and evening to wet skin, massaging gently
letting it act for 1-2 min, then rinse thoroughly.

2.2. Study Outcomes

Clinical efficacy was evaluated by acne lesion count (non-inflammatory lesions, NI-L,
Inflammatory lesions, I-L, and total lesions, T-L) by comparing baseline values and val-
ues at the end of the treatment period. Skin tolerability was assessed by performing a
transepidermal water loss measurement (TEWL expressed in g/m?/h; Tewameter® TM
Hex, Courage & Khazaka, Cologne, Germany); skin redness was determined using a
dedicated software imaging analysis of the face calculating a skin redness score (Antera®
3D PRO, Miravex, Irland, using a dedicate software for the analysis of the parameters
“redness”); and sebum production was evaluated using Sebumeter SM 815 (Courage &
Khazaka, Germany). TEWL, sebum production, and skin redness were determined at
baseline and after treatment in the same check area. Finally, the determination of the skin
microbiota through skin swabs by skin DNA sequencing was performed to analyze the bac-
terial genes present on the skin and their relative proportions (microbiome). The genomic
DNA from the swab heads is extracted using Ion 165 Metagenomics Kit (ThermoFisher
Scientific, Waltham, MA, USA). The Ion 165™ Metagenomics Kit uses two primer pools to
amplify seven hypervariable regions of bacterial 165 rRNA. The amplified fragments can
then be sequenced on either the Ion S5™ or the Ion PGM™ Systems and analyzed using
the Ion16S metagenomics workflow in Ion Reporter™ Software (ThermoFisher Scientific,
Waltham, MA, USA). Considering the potential variation of skin microbiota according
to the skin area, skin swabs were performed on the right cheek area of each subject. All
the efficacy parameters were performed by an investigator unaware of the type of treat-
ment. All the tests were performed by competent investigators and trained and qualified
technical staff.

2.3. Statistical Analysis

Statistical analysis was performed using Graph-Pad Statistical Software (Version 10,
GraphPad Software, Inc., La Jolla, CA, USA). Continuous variables were expressed as
mean =+ standard deviation (SD). The primary (evolution of AV lesions count) and sec-
ondary outcomes of the study were evaluated using both paired parametric and non-
parametric tests (Student’s ¢-test and Wilcoxon test, respectively) comparing baseline with
end-of-treatment values according to the type of the distribution (normal or not). In relation
to the skin microbiome analysis, the bacterial community was investigated by assessing for
each experimental time (D0/TO0, D28) the average and standard deviation, the variations
versus D0/T0 and the distribution of difference (D28-D0/T0) of each bacterial population
(Shapiro-Wilk normality test, threshold 1%; Student’s t-test set at 5%—Wilcoxon test set
at 5%). In view of the proof-of-concept nature of the present trial, a formal sample size
calculation was not performed. We decided to enroll at least 20 evaluable subjects.

2.4. Ethical Issues

The study was performed in the spirit of (1) the general principles of medical ethics
in clinical research coming from the Declaration of Helsinki (June 1964) and its suc-
cessive amendments, (2) the international recommendations relating to Good Clinical
Practices for conducting clinical trials for drugs ICH TOPIC E6 (R2) of November 2016;
CPMP/ICH/135/95), and (3) the Directive of the European Parliament and Council
2001/20/EC concerning the harmonization of legislative, statutory and administrative
provisions of the member States relating to the application of good clinical practices when
conducting clinical trials for drugs for human use—QO]J/EC of 01/05/2001. The study did
not begin without the approval of the Internal Revision Committee. The Internal Revision
Committee gave its opinion on 18 November 2022. The information about the study was
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given to each test subject before the start of the study. This information was accessible,
understandable, and suitable for each test subject. It was orally given and then in a written
specific document. This information was completed, if necessary, by the dermatologist (or
the competent person designated) who answered all the questions asked by the test subject.

3. Results

All the subjects concluded the 28-day treatment period. The use of B-N cream was
associated with a statistically significant decrease in acne lesions after treatment in compar-
ison with the baseline (NI-L: —40%; I-L: —43% and TL: —41%). Table 1 reports numerical
variations of NI-L, I-L and TL from baseline to day 28.

Table 1. Acne lesions evaluated at baseline (T0) and after 28 days (T28) in all the subjects included in
the study (n = 22).

% Variation

Parameter Time Mean Score + SD p-Value *
vs. TO

- i TO 2318 £17.73

Non mﬂammatog lesions 40.39% <0.05
(comedones + microcysts) 28 13.82 + 12.71
i TO 10.68 + 5.62

Inflammatory lesions _43.40% <0.05

(papules + pustules) T28 6.05 +3.12

T0 33.86 £ 20.34

Total acne lesions —41.34% <0.05
T28 19.86 + 14.24

* Student’s t-test, statistically significant variation: p < 0.05/non-significant variation: p > 0.05.

The use of the cream was not associated with a skin barrier function alteration. At
baseline, the TEWL value was 17.3 + 5 and 18.4 £ 4 at day 28 (difference not significant)
(Table 2). The skin redness score was significantly reduced after treatment in comparison
with the baseline (54 & 14 vs. 61 & 15; representing an 11% reduction; p < 0.05). Sebum
production was significantly reduced by 42% after treatment (Table 2).

Table 2. Evolution of Transepidermal water loss measurements, sebum production (skin lipids), and

skin redness.

% Variation

Parameter Time Mean Score + SD vs. TO p-Value *
Transepidermal TO 17.33 £ 4.95 6.48% 0.05
water loss (g/m?/h) T28 18.45 4 4.00 e >
Skin lipids TO 137.05 + 66.89
—41.63% 0.05
(mg/cm?) T28 80.00 -+ 31.34 <
Skin redness TO 61.23 + 15.28 .
(score) T28 54.41 + 14.23 —1114% <005

* Wilcoxon paired test, statistically significant variation: p < 0.05/non-significant variation: p > 0.05.

The skin microbiome evaluation demonstrated that the use of B-N cream was asso-
ciated with a significant reduction in the relative abundance of the Actinobacteria phylum
(Corynebacterium and Propionibacterium) which was reduced from 56.6 =+ 23.5% at baseline
to 47.6 £ 14.5% after treatment. The treatment was also able to increase significantly the
abundance of Bacteroidetes phylum (from 3.1 &£ 3.2% to 5.2 & 3.5%). No other modification
in the skin microbiome was observed (Figure 1).
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Phylum - Relative Abundance (>1%)

60,00% —56,60%

50,00% 47,64%
40,00%
30,00%
23,25% 22,73%
19,90% 19,86%
20,00%
0
10,00% S19%
3,11%
0,00%
T0 128

T0 T28

Actinobacteria Bacteroidetes Firmicutes Proteobacteria

Figure 1. Relative abundance of each phyla detected at a level > 1%, at baseline (T0) and after
28 consecutive days of treatment (T28).

The product was well tolerated. No relevant side effects were recorded.

4. Discussion

In our trial, we demonstrated that a film-forming cream containing BPP 4% and
Niacinamide 4% is effective and well tolerated in the treatment of AV. This product does not
alter skin barrier function and is also able to reduce skin inflammation. This combination
reduces sebum production and can positively modulate the skin microbiome. Benzoyl
peroxide is available in various strengths (2.5-20%) and vehicles (gels, lotions, solutions,
creams, soap bars, pads, masks, and washes), as well as in combination formulation with
the topical antibiotic erythromycin or clindamycin phosphate [18]. It is also combined with
the topical retinoid adapalene. BPO is an effective antibacterial compound reducing the
risk of selected resistant bacterial strains. However, BPO can alter skin barrier function
and cause skin irritation. Part of the mechanism of action of BPO could be ascribed to the
formation of reactive oxygen species (ROS) which can exert bactericidal activity but also
skin irritation [4,7,19]. Niacinamide is also a common topical product used in different skin
inflammatory diseases, such as AV [12]. Topical Niac induced a significant reduction in the
sebum excretion rate and decreased the casual sebum levels (sebum on the skin surface)
after 4 weeks of treatment [20]. Niac helps protect the natural barrier of the skin and may
have a bacteriostatic effect on C. acnes. Finally, in vitro data show that Niac decreases the
secretion of interleukin-8, a cytokine produced by keratinocytes in response to pathogens
(including C. acnes) [21]. Niac therefore can exert an anti-inflammatory effect through the
inhibition of leukocyte chemotaxis. There is a strong rational to use BPO and Niacinamide
in combination due to the fact that these two molecules have different anti-acne mechanisms
of action. Furthermore, niacinamide can in part reduce the negative effects of BPO on skin
barrier function with the advantage of increasing skin tolerability. It is relevant to point out
that in our study the TEWL measured values are in line with published data supporting
the fact that TEWL in acne subjects is higher, even before the use of specific products, in
comparison with healthy subjects [9]. In addition, quite recently a relevant role of the
WNT-Bcatenin and AKT/mTORC systems have been demonstrated in the pathogenesis of
acne [22,23]. Aberrant Wnt-fcatenin signaling is involved in the formation of comedons.
Akt/mTORC is activated in acne subjects and can be involved in hypersebhorrea and
comedogenesis [24]. Both BPO and niacinamide have been demonstrated to attenuate Wnt-
Bcatenin and Akt/mTORC signaling [25]; therefore, the composition of the tested product
could be interesting also for this aspect and rationale. This B-N film-forming cream is at
the moment the only medical device using an equal concentration (4%) of both products
in a film-forming cream formulation. Our trial supports the data that this combination
vehiculated with two specific film-forming substances such as polyvinyl alcohol (PVA)
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and perfluoropolyether (PFPE) is very effective in reducing acne lesions with good skin
tolerability. It is interesting to note that in our study we observed a reduction in acne total
lesions of 41%.

The use of BPO as monotherapy in a recent network metanalysis of 221 trials assessing
the efficacy of different topical anti-acne products, was associated with a 20% reduction
(95% CI: 17-25%). When used in combination with adapalene, BPO reduces total acne
lesions by 25%. When used in combination with retinoid and topical antibiotics, BPO can
reduce total acne lesion number by 33% (95% CI: 25-41%). However, the fixed combination
of BPO and retinoids is associated with a significant odd ratio of discontinuation due to
adverse events compared to the placebo of 4.4 [26].

The tested product of this trial was very well tolerated with a reduction in skin ir-
ritation and a lack of skin barrier alteration function. Another interesting effect of this
medical device was the relevant reduction in sebum production observed after 28 days
of treatment (—42%). This effect was not observed so far for BPO. A sebum regulatory
effect could be performed by the film-forming components of the tested cream (PFPE or
PVA). This latter aspect can further underline the peculiarity of this medical device as
an interesting therapeutic approach in subjects with mild to moderate acne. Finally, we
observed that the use of this cream was associated with positive modulating effects on
the face microbiome, with a significant reduction in the Acinetobacter group (to which
C. acnes belongs to). Recent data have shown that even if a clinical improvement is regis-
tered, after oral retinoids treatment or topical BPO, a negative effect on the skin microbiome
is observed [27]. In this view, our data can support the concept that B-N film-forming cream
could be an interesting first-line treatment in mild to moderate acne but also an interesting
coadjuvant treatment strategy in severe forms. Some study limitations should be taken
into account by evaluating the study results. This was not a double-blind trial, and there
was not a control group. However, the present study was a pilot proof-of-concept trial. The
study duration was only 28 days. To assess the full efficacy of an anti-acne regimen, in
general 12 weeks is considered the most appropriate treatment period. However, one of the
main outcomes of our study was to evaluate the skin tolerability of this combination, and 4
weeks in this regard could be considered sufficient. Further larger prospective controlled
studies are warranted to evaluate whether this therapeutic strategy could be helpful in the
management of common acne.

5. Conclusions

This film-forming, medical device cream containing BPO 4% and Niacinamide 4% in
subjects with mild-to-moderate acne has shown to be effective in reducing acne lesions, and
sebum production without altering skin barrier function, offering good skin tolerability.
Furthermore, the use of this product was also associated with positive skin microbiome
modulation effects.
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