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Background: Due to ambient environmental- and lifestyle-associated stressors, the prevalence of acne in
adult women has been increasing. Classical anti-acne treatments using benzoyl peroxide technology are
associated with dehydration of the skin, which may accelerate aging and further reduce treatment com-
pliance. The addition of bio-functional actives intended to replenish hydration and improve barrier func-
tion may hasten the onset of anti-acne benefits while restoring a healthy appearance and counteracting
skin aging effects.
Objective: The objective of this study was to test the safety and efficacy of a new three-step topical anti-
acne regimen designed specifically to improve the overall condition and appearance of the skin in women
with acne.
Methods: Safety and efficacy were tested in an 8-week study of women ages 22 to 44 years with mild to
moderate acne. Skin endpoints were monitored at baseline and weeks 1, 4, and 8 by clinical grading, mea-
surement of sebum secretion using a sebumeter, standardized pictures, and self-validation question-
naires.
Results: A total of 31 women completed the study. Acne severity and lesion counts, including comedones
and papules, improved gradually starting from week 1 and continued to improve throughout the study
period, reaching statistical and clinical relevance at weeks 4 and 8. Moreover, significant improvements
in skin roughness, radiance, overall healthy appearance, and oiliness (further confirmed with decreased
sebum production) were observed. Compared with baseline responses, participants reported noticeable
improvements in acne lesions and overall healthier-looking skin. Participants also noticed overall
younger-looking skin at the end of the study period.
Conclusion: This three-step regimen provided efficacious anti-acne benefits to the skin that were also
gentle, safe, and well tolerated.

� 2020 Published by Elsevier Inc. on behalf of Women’s Dermatologic Society. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Adult acne is a multifactorial inflammatory disease of the
pilosebaceous unit caused by the confluence of several factors that
affect the entire person, although the clinical manifestation is pre-
dominantly cutaneous (Bhate and Williams, 2013; Roosterman
et al., 2006). Adult acne refers to new-onset acne or the persistence
of adolescent acne past the mid-twenties (after 25 years of age)
and presents mainly as inflammatory lesions and comedones on
the neck, jawline, and perioral regions (Addor and Schalka, 2010;
Holzmann and Shakery, 2014; Rocha and Bagatin, 2018). The
prevalence of acne in women (12%-41%) has been increasing in
recent decades, attributable in part to noxious environmental stim-
uli, including ultraviolet light and pollution, as well as lifestyle
stressors (Albuquerque et al., 2014; Do et al., 2009; Goulden
et al., 1999; Knaggs et al., 2004; Krutmann et al., 2017; Rocha
and Bagatin, 2018; Skroza et al., 2018).

Regardless of the timing of acne onset, acne lesions are associ-
ated with postinflammatory erythema and/or postinflammatory
hyperpigmentation (PIH), followed by scarring in the majority of
cases (Capitanio et al., 2010; Poli et al., 2001; Zaenglein et al.,
2016). These visible aspects are intimately associated with the
invisible scars of acne: poor self-image, depression, and anxiety
(Do et al., 2009; Gallitano and Berson, 2018; Hassan et al., 2009).
omen,
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Benzoyl peroxide (BPO) remains the gold standard of topical
acne treatments based on antimicrobial and antiinflammatory
activities that result in the aerobic death of Cutibacterium acnes
(C. acnes) without causing bacterial resistance (Ozolins et al.,
2005; Webster et al., 2009; Zaenglein et al., 2016). However, a
potential limitation of BPO is concentration-dependent dryness
and irritation that aggravates visible signs of aging, such as fine
lines, wrinkles, and redness, further affecting patient compliance
and anti-acne efficacy (Feldman and Chen, 2011). The inclusion
of bio-functional actives intended to soothe the skin, improve
hydration, and restore barrier function can help alleviate the dry-
ing and anti-aging effects attributable to BPO (Ozolins et al., 2005).

In an attempt to overcome the disadvantages of traditional
BPO-based regimens, we developed a novel anti-acne regimen that
features potent blemish-reducing technologies fortified with care-
fully selected bio-functional ingredients tailored to aged skin dis-
tributed across three products: 1) a gentle exfoliating cleanser
containing colloidal sulfur, salicylic acid, and vitamin E; 2) a
pore-clarifying toner with glycolic acid, gluconolactone, and pan-
thenol; and 3) an innovative dual-chamber BPO leave-on lotion
treatment with niacinamide, allantoin, and a blend of ceramides.
All constituents of the regimen were designed specifically to
reduce skin sensitivity and improve barrier function with concomi-
tant hydration and firmness for anti-aging benefits (Sacchidanand
et al., 2017; Zaenglein et al., 2016).

The aim of this study was to assess the efficacy, safety, and tol-
erability of this new anti-acne regimen designed specifically for
women with acne-associated blemishes.

Methods

Study design

All participants gave written informed consent before enroll-
ment. The study was approved by an independent institutional
review board and adhered to Good Clinical Practice and Interna-
tional Conference on Harmonization standards. The efficacy of this
three-step adult acne regimen was evaluated in an 8-week, open-
label clinical study conducted at a single site over four visits: base-
line, week 1, week 4, and week 8. Eligible participants were
between the ages of 22 and 45 years, had any Fitzpatrick Skin Type
I to VI, and could be from any ethnic group. Additionally, partici-
pants were required to have mild to moderate acne as defined by
the six-point Investigator’s Global Assessment (IGA) scale for acne
severity. This inclusion criterion required an IGA score of 2 to 3,
where 0 = clear and 5 = very severe. Furthermore, participants
had to have a minimum of five inflammatory lesions on the face
(jawline to hairline) and mild to moderate crow’s feet and wrin-
kles, as determined by a score of 1 to 6 on a 10-point scale where
0 = none and 9 = severe.

The exclusion criteria were having used topical over-the-
counter products that contain BPO, sulfur, or salicylic acid in the
past 2 weeks and/or any prescription systemic acne treatment
within the past 2 months.

Participants received the three study products at baseline and
week 4, as needed, and were instructed to use the products twice
daily (morning and evening) in a stepwise manner, washing with
the exfoliating cleanser, followed by applying the pore clarifying
toner, and lastly administering the innovative dual-chamber BPO
leave-on lotion treatment. The BPO lotion used a dual-chamber dis-
penser designed to keep the BPO-containing fluid separate until the
moment of use to retain its activity and deliver a precise dose of
2.5% BPO. Lastly, participants applied a facial sun protection factor
(SPF) product as they normally would. A shine-free SPF lotion was
provided; however, use of the sponsor-supplied SPF was optional,
and participants were permitted to use a product of their choice.
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Biophysical instrumentation

Sebum on the face was quantified with a Sebumeter 815 (Cour-
age + Khazaka Electronic GmbH, Cologne, Germany), which uses
grease spot photometry to measure oiliness on the skin. Two read-
ings were taken at all four study visits: one on the forehead and
one on the left cheek. All postbaseline measurements were com-
pared with the baseline values.

Clinical grading

Fourteen anti-aging parameters were assessed at all four study
visits by clinical grading using a 10-point scale (0 = none, 1–
3 = mild, 4–6 = moderate, 7–9 = severe) for overall healthy appear-
ance of skin condition, skin roughness (tactile), pore appearance,
skin clarity, radiance, oiliness, plumpness/fullness, even skin tone,
crow’s feet fine lines, crow’s feet wrinkles, under-eye fine lines and
wrinkles, skin firmness (tactile), and suborbital elasticity/resiliency
(pinch recoil). All postbaseline scores were compared with the
baseline. Improvements based on clinical grading were indicated
by a decreased score for each of the 14 attributes. Acne severity
was clinically graded at all four study visits using a six-point IGA
scale (0 = clear, 1 = almost clear, 2 = mild, 3 = moderate, 4 = severe,
5 = very severe). The number of inflammatory and noninflamma-
tory lesions on the entire surface of the face were also counted at
all four study visits. Additionally, all participants completed a
self-assessment questionnaire while examining their skin in a mir-
ror at each of the four study visits. Study questionnaires also eval-
uated participant satisfaction with skin condition and study
products.

Standardized pictures were obtained at each of the four study
visits with the Visia CR facial imaging system (Gen 2.2, Canfield
Scientific, Inc.; Parsippany, NJ). Three angled images were taken,
each using five high-resolution lighting modes (regular flash with
strobe, regular flash with flat lighting, parallel polarized, cross
polarized, and ultraviolet fluorescence) for visual documentation.

Safety and tolerability

To determine safety of the products tested, erythema, edema,
dryness, and scaling/peeling skin were assessed at each of the four
study visits using a four-point scale (0 = none, 1 = mild, 2 = moder-
ate, and 3 = severe).

Statistical analysis

For continuous variables, descriptive statistics including num-
ber of participants and mean and standard deviation values were
calculated. For categorical variables, the frequency and percentage
of each category were calculated. For the clinical grading and non-
image instrumentation values, paired t tests were used to compare
change from baseline to zero (no change). Paired t tests were also
used to evaluate the instrumentation measurements, which were
analyzed to identify participants who improved, remained the
same, or worsened compared with baseline. Binomial tests were
used to evaluate participant self-assessment questionnaires. The
level of statistical significance was set at p < .05 for all analyses.
Results

Demography

A total of 32 women with mild to moderate adult acne were
enrolled, and 31 completed the study. Data collected from one par-
ticipant were not analyzed due to noncompliance (per-protocol
f a novel three-step anti-acne regimen formulated specifically for women,
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population: n = 30). The majority of participants were Caucasian
(90%; n = 28), and 10% (n = 3) were African American. The average
age of the participants was 29.5 years.
Efficacy

The overall improvement in acne severity was significant
(p < .001) as demonstrated by a mean decline in IGA scores by
D > .5 points (perceivable clinical relevance). In addition, this
improvement was observed from week 1 and increased by weeks
4 and 8 compared with the baseline measures (Fig. 1A). Lesion
counts represented by total papules (Fig. 1B) and closed come-
dones (Fig. 1C) also dropped gradually starting from week 1 of
treatment, with further improvements observed at weeks 4 and
8, reaching statistical significance (p � .001) and clinical (D > 4
points) relevance. The overall appearance of the skin was improved
significantly at week 1 and continued to improve throughout the
entire study period (Fig. 1D). Reductions in PIH and pore appear-
ance were also observed; however, these measures did not reach
the level of statistical significance (Fig. 1E and F, respectively).

Skin roughness (tactile) was statistically (p < .001) and perceiv-
ably (D = .83) improved as soon as week 1 (Fig. 1G). A trend in skin
radiance/luminosity (visual) improvement was observed from
week 1 with further clinical relevance gained at weeks 4
(D = .68; p < .001) and 8 (D = .9; Fig. 1H). Even skin tone, as
assessed by the appearance of redness, blotchiness, and hyperpig-
mented discoloration was first statistically (p < .001) and perceiv-
ably (D > .5) improved at week 4 and continued through the end
of the study period (Fig. 1I). Improvement in the appearance of fine
lines was observed as early as week 1 and continued to improve,
reaching statistical (p � .005) significance at the end of the study
(Fig. 1J).

The three-step regimen lead to a significant improvement in
skin oiliness in 76% of participants starting from week 1, with fur-
ther reductions observed through the end of the study period (in
97% of participants compared with baseline). These perceivable
Fig. 1. Gradual and consistent improvements in skin attributes related to acne and aging
regimen. (A) Investigator’s Global Acne Assessment; (B) total papules; (C) total close com
pore appearance; (G) skin roughness (tactile); (H) skin radiance; (I) even skin tone; (J) fi
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improvements were measured with clinical grading (D = .9 at week
1; D = 1.55 at week 4; and D = 1.9 at week 8; Fig. 1K) and with a
Sebumeter on the forehead, confirming a significant reduction in
sebum excretion rate at each visit compared with the baseline
measures (Fig. 1L).

The clinical grading and self-assessed improvements in overall
skin qualities were visualized by the standardized pictures taken
at baseline and week 8 (Fig. 2A). Participant self-assessments
demonstrated significant improvements in most attributes related
to acne and healthy- and younger-looking skin at week 8. Depend-
ing on the skin attribute, improvements ranged from being per-
ceived in 42% for younger-looking skin up to 77% for skin being
less oily (Fig. 2B).

The majority of aging-related skin characteristics self-assessed
by the study participants improved gradually and significantly in
a large subset of the participants. These included skin tone even-
ness at week 1 (51.7%; p = .034) and week 8 (67.7%; p < .001), radi-
ance at week 1 (58.6%; p = .003) and week 8 (64.5%; p < .001), and
smoothness at week 1 (62.1%; p = .002), week 4 (67.7%; p = .005),
and week 8 (51.6%; p = .005).
Safety

All three study products were well tolerated and safe in general.
There were no reports of erythema or edema and only very slight
increases (no statistically significant worsening) in dryness
(D = .05) and scaling/peeling (D = .02), both recorded at week 4.
These symptoms self-resolved and did not require any additional
treatment or change of study product usage. All safety parameters
had returned to baseline scores (0 = none) by week 8.

Six adverse events (conjunctivitis, stomach virus, common cold,
corneal abrasion, alopecia, dermatitis) occurred during the study,
none of which were serious or considered related to the study
products, and none required a change in study product usage. Four
adverse events were resolved by the end of the study, and two
signs assessed by clinical grading over 8 weeks of topical treatment with three-step
edones; (D) overall skin appearance; (E) postinflammatory hyperpigmentation; (F)
ne lines; (K) skin oiliness; and (L) sebum production (Sebumeter). n = 30.
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Fig. 2. (A) Visual improvements (regular flash with flat lighting mode) of overall skin quality represented by the decreased acne lesions and improved hydration. Self-
assessed improvements in skin attributes expressed as percentage of participants in agreement at week 8 compared with baseline.
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events (alopecia and dermatitis) were considered ongoing at the
end of the study.

Discussion

This 8-week study demonstrated that the novel three-step reg-
imen designed specifically for women with mild to moderate acne
led to a significant improvement in the signs and sequelae of acne,
as well as in the overall appearance and condition of the skin. The
high compliance (only one dropout) indicates a great safety profile,
tolerability, and fast onset of benefits, much higher compared with
other studies using similar technology (Webster et al., 2009). The
most dramatic improvements involved the reduction of acne
lesions and their severity and skin oiliness, the latter being vali-
dated by both clinical and biophysical measurements. Additionally,
significant improvements in selected lesion counts and trending
reductions in redness and PIH demonstrated the effectiveness of
the regimen in treating acne.

Furthermore, a majority of the study participants experienced
moderate to significant benefits in overall healthy appearance, skin
radiance, and clarity, attributes commonly related to healthy- and
younger-looking skin. These perceived benefits were likely due to a
combination of fewer acne lesions and more homogenous skin
tone and texture due to stronger barrier function capable of retain-
ing hydration. Although wrinkle reduction and elasticity enhance-
ment were observed, these measurements did not rise to the level
of statistical or clinical relevance.

This regimen uses BPO, an effective agent with a fast onset of
action and broad range of benefits against acne (Ozolins et al.,
2005; Russell, 2000; Webster et al., 2009). BPO has both bacterici-
dal and comedolytic activities (Rodan et al., 2017), which con-
tribute to a decrease in inflammatory (papules, pustules) and
Please cite this article as: T. Falla, K. Rodan, K. Fields et al., Safety and efficacy o
International Journal of Women’s Dermatology, https://doi.org/10.1016/j.ijwd.
noninflammatory (comedones) lesions (Russell, 2000). Addition-
ally, the use of BPO does not induce bacterial resistance, unlike
other anti-bacterial therapies where resistance may reach up to
90% and contribute to decreased efficacy and compliance
(Okamoto et al., 2016; Ozolins et al., 2005; Snyder et al., 2014).
However, BPO is known to be poorly solubilized in cosmetic for-
mulations and tends to crystallize, leading to the formation of con-
gregates with higher BPO percentages that can result in local
irritation (Okamoto et al., 2016; Weber et al., 2009)..

The study product features an innovative dual-chamber dis-
penser that delivers BPO in a precise 2.5% concentration, ensuring
anti-acne effectiveness (Weber et al., 2009) while being gentle and
nonirritating (Snyder et al., 2014). The highly precise BPO dose,
carefully formulated to deliver mild yet effective treatment, con-
tributed to both high levels of efficacy and compliance compared
with other regimens using similar technologies, as assessed by
the study participants (Kawashima et al., 2017). The clinical grad-
ing, sebum excretion rate measured by Sebumeter, and participant
self-assessment results confirmed a significant reduction in sebum
production at each visit. The improvement in skin oiliness may be
attributable not only to BPO, but also to sebum-controlling alpha-
and beta-hydroxy acids featured in the exfoliating wash (Dreno
et al., 2013; Zaenglein et al., 2016).

Nevertheless, BPO, acting as an oxidizer, tends to have a drying
effect with concomitant epidermal barrier disruption. Collectively,
these effects may accelerate skin aging, expressed as fine lines,
winkles, and loss of elasticity (Chularojanamontri et al., 2014;
Lodén, 2003; 2009;; McCook, 2016; Papakonstantinou et al.,
2012). The addition of hydrating (sodium hyaluronate, zinc PCA,
gluconolactone) and barrier-improving (niacinamide) bio-
functional actives may counteract the dehydration associated with
the use of BPO (Majewski et al., 2017; Papakonstantinou et al.,
f a novel three-step anti-acne regimen formulated specifically for women,
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2012; Raab et al., 2017; Rawlings et al., 1995). Moreover, the high
content of vitamin E, panthenol, and phenolic extract of C. sinensis,
featuring epigallocatechin-3-gallate, contributed to a reduction in
inflammation and elastin degradation, improving skin firmness
and elasticity (Bucay and Day, 2013; Lodén, 2009). With age, the
ceramide composition of the stratum corneum diminishes, jeopar-
dizing barrier function integrity (Tessema et al., 2017; Verdier-
Sevrain and Bonte, 2007). The regimen formulas tested in this
study replenish the skin with a ceramide blend, cholesterol, and
fatty acids to restore barrier function and reduce water loss
(Lebwohl and Herrmann, 2005; Verdier-Sevrain and Bonte, 2007).
Postinflammatory erythema, PIH, and irritation are some of the
most troubling consequences of acne and can reduce quality of life
in patients.

A limitation of the study was its open-label design, which did
not allow for a comparison with other regimens. Nevertheless, sta-
tistically significant improvements in several attributes were cor-
roborated by clinical grading, instrumental measurements, and
participant assessments that collectively confirmed the findings.
Conclusion

This study demonstrated the ability of a new anti-acne regimen
tailored for adult female skin that has withstood the drying effects
of intrinsic/extrinsic aging to improve both the signs of acne and
the condition and appearance of the skin. Its efficacy and tolerabil-
ity likely stem from the use of gentle formulations fortified with
actives that replenish lost endogenous compounds, as well as plant
extracts possessing a wide spectrum of activities.
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