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Purpose: We aim to evaluate the effectiveness and tolerability of a sunscreen formulation containing licochalcone A (LicA) and
L-carnitine (LC) as an adjuvant to adapalene in the management of acne and post-acne pigmentation (PAH).

Patients and Methods: A randomized, double-blind, active comparator-controlled trial of 51 patients aged 18 years or older with
a clinical diagnosis of mild-to-moderate acne vulgaris was conducted at the Hospital Sultan Abdul Aziz Shah, Universiti Putra
Malaysia. The efficacy and tolerability of once-daily adapalene 1.0% were assessed during the 2-week run-in period. Subsequently,
patients were randomized to receive either an add-on investigational LicA-containing sunscreen or niacinamide-containing comparator
sunscreen every 4 hourly during daytime for 4 weeks. Patients were followed up at Weeks 2 and 4 to assess for improvement in acne
severity, PAH, calorimetric parameters and cutaneous tolerability.

Results: Two weeks of adapalene usage significantly improved acne severity; however, up to 52% of patients experienced dryness, burning
and stinging. Adding LicA-containing or comparator sunscreens was associated with further improvement in acne severity, PAH and
calorimetric parameters at the study endpoint. No significant differences in the cutaneous tolerability profiles were observed between treatment
groups. Notably, significantly fewer patients receiving LicA-containing sunscreen developed scaliness at Week 4 compared with those in the
comparator group. In addition, more patients receiving LicA-containing sunscreen reported less dryness, burning and stinging reactions than
the comparator group. Importantly, more patients receiving LicA-containing sunscreen agreed that their treatment led to excellent improvement
than the comparator group; of note, one patient reported that their condition worsened with the receipt of the comparator product.
Conclusion: The concurrent use of LicA—containing sunscreen with adapalene may improve the cutaneous tolerance to adapalene
among Malaysian patients.
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Introduction
Acne vulgaris is a common chronic inflammatory pilosebaceous disorder estimated to affect 9.38% of the global
population across all age groups, with almost all adolescents affected at some point in their life." Of those with acne,
66% were categorized as mild, 33% as moderate, and less than 10% as severe.” Acne has a significant psychological
impact on patients that can adversely affect their quality of life (QoL).?

Acne is attributed to hyperseborrhea, abnormal follicular keratinization, proliferation of Cutibacterium acnes and an
inflammatory reaction. Briefly, acne management is aimed at reducing sebum production, reducing bacterial content,
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inflammation and unclogging pores. This includes the usage of benzoyl peroxide (BPO), sulfur, azelaic acid, retinoids
and alpha- or beta-hydroxyl acids.*

Acne is commonly treated according to its severity levels, with various clinical guidelines recommending topical
retinoids as the first-line treatment and maintenance for mild-to-moderate acne.’® However, despite the effectiveness of
the combination of topical retinoids and BPO for mild-to-moderate acne, the high discontinuation rate due to side effects
(SEs) during the early treatment phase limits their clinical use.” Additionally, the fear of retinoid-induced dermatitis,
especially among Asians, further contributes to their underutilization.'® Strategies to improve cutaneous tolerability
(through patient education, moisturizer use, short-contact therapy and alternate-day application method) have all been
shown to enhance adherence to topical retinoids.'®™'?

Post-acne hyperpigmentation (PAH) is a significant acne sequelae and a common cosmetic concern that can persist for
at least 5 years in 22.3% of patients.'* PAH is even more prominent among patients with darker skin color'* Notably,
one-third of patients regard PAH as more problematic than acne lesions.'*"'> While topical retinoids are effective in
addressing PAH, they can also lead to cutaneous intolerance similar to that observed in acne management.'®

The role of cosmeceuticals, a subclass within the domain of drugs and cosmetics, has gained significant traction for
acne management. Therapeutic treatment and a proper skincare routine are integral components of holistic acne
management. The four fundamental skincare routine includes cleansing, moisturizing, medicating and sun protection.'’
However, the increased sebum production that results in oily and greasy skin appearance, common in patients with acne,
could contribute to reduced sunscreen use.'® This can be problematic as many acne therapies (including retinoids) can
compromise the skin barrier and increase susceptibility to ultraviolet damage, thereby contributing to the formation of
free radicals that can cause acne flares.'” Therefore, the use of light and non-occlusive sunscreen instead of moisturizers
for oily skin could provide a dual benefit of moisturizing while providing sun protection.'® Furthermore, some sunscreens
with opacifying agents could also help conceal acne red spots.

Research has shown that C. acnes induces the secretion of major proinflammatory cytokines implicated in acne
pathogenesis via an inflammasome pathway, specifically the NACHT, LRR and PYD domain-containing protein 3
(NLRP3).?° Licochalcone A (LicA), a chalconoid isolated from the root of Glycyrrhiza inflata, was demonstrated the
ability to suppress the activation of NLRP3 inflammasome and reactive oxygen species both in vitro and in a murine

12! Moreover, LicA has exhibited antibacterial effects against C. acnes.”’ The combination of LicA, L-carnitine

mode
(LC) and other active ingredients in a topical emulsion has been found to be effective in managing mild-to-moderate acne
and preventing relapse, improving retinoid efficacy and tolerability, enhancing photodynamic therapy efficacy, and
suppressing and modifying lipid secretion.** *°

However, the role of sunscreen containing these active substances for acne vulgaris has not been evaluated. Thus, our
aim is to compare the efficacy and safety of a sunscreen formulation containing LicA and LC with a comparator

sunscreen as an adjuvant to adapalene in managing mild-to-moderate acne vulgaris and PAH among Malaysian patients.

Materials and Methods

Study Design

We conducted a 4-week, prospective, double-blind, randomized, active comparator-controlled trial at the Hospital Sultan
Abdul Aziz Shah, Universiti Putra Malaysia, between October 2021 and July 2022. All test formulations were provided
in identical packages to ensure the integrity of the blinding. In addition, an independent third party was responsible for
study randomization, dispensary of study formulations and education on how to apply the formulations. The study was
conducted in accordance to the Declaration of Helsinki. It is registered with the ISRCTN registry (ISRCTN31328643)
and was approved by the Universiti Putra Malaysia Ethics Committee for Human Research Malaysia (NMRR-21-793-
59045). All participants provided written, informed consent prior to study enrolment.

Study Participants
Fifty-six male and female participants aged 18 years or older with clinically diagnosed mild-to-moderate acne vulgaris as
defined by the Comprehensive Acne Severity Scale (CASS) were included. Participants were ineligible if they have other
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forms of acne (such as acne excoriee, acne conglobata and acne fulminans), severe acne and a history of using oral
antibiotic (in the past month), oral isotretinoin (in the last 6 months), or topical antimicrobial or tretinoin (in the previous
2 weeks). Pregnant and lactating women were also excluded (Full details are available as Supplementary Data).

Treatment Regimens

All patients were prescribed adapalene gel 0.1% (T3 Ada, Hoe Pharma) once daily at bedtime during the 2-week run-in
period to assess the efficacy and cutaneous tolerance to adapalene. Subsequently, patients were randomly assigned in
a 1:1 ratio using a chit method to receive either an add-on investigational sunscreen (Eucerin® Sun Dry Touch Oil
Control, Beiersdorf) or niacinamide-containing comparator sunscreen every 4 hourly during daytime for 4 weeks.
Patients were given a cleansing gel and instructed to cleanse their face twice daily before applying a pea-sized amount
of adapalene gel to the whole face. The efficacy and tolerability of investigational and comparator sunscreens were
assessed at Weeks 2 and 4. Patients were advised against using other skincare/cosmetic products or acne medications
throughout the study.

Methods of Assessment

All assessments were performed by two investigators (KNH & WSL). Acne severity was rated by clinical evaluation
using the Global Acne Grading System (GAGS), CASS and lesion-counting methods at each visit. The GAGS score
considered five locations of the face (forehead, nose, left cheek, right cheek and chin), with a factor based roughly on the
surface area, distribution and density of pilosebaceous units. Each of the five locations was graded separately from 0 to 4,
with the most severe lesion within that location determining the local score. The global score is a summation of all local
scores.”’ The CASS graded acne severity at each region into six different categories, from “clear” to “very severe acne”.
The scale also considers the number of comedones, papules, pustules, nodules and cysts and the visibility of lesions from
2.5 m away.”® For the lesion-counting method, the number of inflammatory and non-inflammatory lesions (ILs and NILs)
are individually counted.

Colorimetric melanin and erythema indices (MI and EI) were tested using a skin analysis system (DermaLab Combo,
Cortex Technology). The three most pigmented and erythematous macules were measured at every study visit; the
average of the three most pigmented lesions was then considered for the final analysis. PAHPI was measured using
previously validated methods.? Standard digital photography was taken using a smartphone without flash (Huawei Mate
20); the photographs were taken from the left, right and center of the face using the same angle and lighting.

Evaluation of QoL impairment using the Cardiff Acne Disability Index (CADI) was also carried out at every study
visit, with a total score ranging from 0 to 15. Furthermore, patient satisfaction with their treatment was assessed using
a visual analogue scale (VAS) that has a total score ranging from —1 to 2. The presence of solicited cutaneous reactions
(such as erythema, scaling, dryness, burning/stinging and pruritis) was recorded at Weeks 0, 2 and 4.

Outcome Measures

The primary outcome measure was the improvement in acne severity between the two treatment arms at Week 4,
evaluated using CASS, GAGS and total lesion counts. The secondary outcome measures were objective skin assessment,
tolerability and acceptability evaluation at the study endpoint.

Statistical Analysis

Statistical analysis was performed using SPSS version 26 (Chicago, IL) for Windows. Efficacy analyses were performed
in the per-protocol population. Mean and standard deviation (SD) were used to describe continuous variables, whereas
categorical variables were expressed in counts and percentages. Independent Student’s 7-test was used to determine
baseline variability for continuous variables. Statistical differences between different time points and arms for continuous
variables were calculated using repeated measures ANOVA. The chi-square test was used to compute differences
between treatment arms for categorical variables. A p-value less than 0.05 was considered statistically significant.
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Results

Baseline Demographics and Clinical Characteristics

Participant flow through the study is shown in Figure 1. A total of 51 patients who completed the 2-week run-in
period were randomized and treated (interventional group, n = 26; active comparator group, n = 25), and 49 patients
were included in the final per-protocol analysis. Baseline patient demographic and clinical characteristics are shown
in Table 1. The mean age was 25.5 £ 5.32 years; 35 patients were female. Apart from gender, other patient

Enrolment

v

Assessed for eligibility (n=79) Excluded (n=23)

. Not meeting inclusion criteria (n=23)

A\ 4

. Declined to participate (n=0)

v . Intolerance to tretinoin (n=0)

. Other reason (n=0)

Run-in period (n=56)

Excluded (n=5)
. Intolerance to tretinoin/cleanser (n=2)

v

. Withdrawal of consent (n=3)

v

Randomized (n=51)

Allocation
v v
Intervention Comparator
Allocated to treatment (n=26) Allocated to treatment (n=25)
Follow up
Follow up (n=25) Follow up (n=24)
Lost to follow up (n=1) Lost to follow up (n=1)
Analysis
A 4 4
Analysis (n=25) Analysis (n=24)
Analyzed (n=25) Analyzed (n=24)

Figure | Participant flow through the study.
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Table | Baseline Patient Demographic and Clinical Characteristics in the per-Protocol Analysis

Intervention 25 (51%) | Comparator 24 (49%) | P-value

Age, mean (SD) 25.44 (5.56) 25.58 (5.17) 0.93*

Gender

Male, n (%) 4 (l6) 10 (41.7) 0.05%

Female, n (%) 21 (84) 14 (58.3)

Age of acne onset, mean (SD) 15.32 (3.47) 15.75 (3.17) 0.65*%

Duration of acne, mean (SD) 11.16 (6.33) 10.75 (5.9) 0.87*

Previous treatment

Isotretinoin, n (%) 2 (8) 2 (8.33) 0.97

Topical tretinoin, n (%) 4(16) 4(16.67) 0.95%

Topical BPO, n (%) I (4) 2 (8.33) 0.28t

Others, n (%) 3(12) 5 (20.83) 0.401

Sun protective habit

Sunblock only, n (%) 7 (28) 4 (16.67) 0.34%

Sunblock and others, n (%) 10 (40) 8 (33.33) 0.681

Others, n (%) 3(12) 8 (33.33) 0.07
Notes: *Independent sample t-test; Tchi-square.

Abbreviations: BPO, benzoyl peroxide; SD, standard deviation.

characteristics at baseline did not differ significantly between the two groups. In addition, there were no differences

in baseline dermatologic scores between groups (Table 2).

Primary Outcome Measures
Acne Severity: CASS, GAGS, IL Count and NIL Count

The mean scores of CASS, GAGS, IL count and NIL count were significantly reduced 2 weeks after adapalene use. Patients

in both the intervention and comparator arms continued to demonstrate statistically significant improvements in their acne

Table 2 Baseline Dermatologic Scores in the per-Protocol Analysis

Dermatologic Score | Intervention 25 (51%) | Comparator 24 (49%) | P-value*
CASS, mean (SD) 2.08 (1.0) 1.83 (0.760 0.337
GAGS, mean (SD) 14.8 (5.16) 15.2 (6.14) 0.802
IL, mean (SD) 9.12 (4.98) Il (8.62) 0.352
NIL, mean (SD) 8.20 (4.87) 7.08 (6.54) 0.500
PAHPI, mean (SD) 9.68 (2.93) 10.21 (3.65) 0.577
CADI, mean (SD) 6.68 (2.81) 6.00 (2.19) 0.351
El, mean (SD) 18.16 (2.94) 18.82 (1.84) 0.372
Pl, mean (SD) 41.38 (5.82) 41.73 (4.58) 0.820

Notes: *Independent sample t-test.
Abbreviations: CASS, Comprehensive Acne Severity Scale; CADI, Cardiff Acne Disability Index; El, melanin
index; GAGS, Global Acne Grading System; IL, inflammatory lesion; NIL, non-inflammatory lesion; PAHPI, Post-
Acne Hyperpigmentation Index; Pl, pigmentation index; SD, standard deviation.
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Figure 2 (A) Mean changes in CASS, (B) mean changes in GAGS, (C) mean changes in IL count and (D) mean changes in NIL count from run-in period until Week 4 of
treatment.

Notes:*Bonferroni-corrected P-values (pair-wise comparison).

Abbreviations: CASS, Comprehensive Acne Severity Scale; GAGS, Global Acne Grading System; IL, inflammatory lesion; NIL, non-inflammatory lesion; SD, standard
deviation.

severity at Week 4 compared with the baseline period (Figures 2A-D and 3A—C). Additionally, mean scores of GAGS and
ILs of both treatment groups were also significantly reduced at Week 2 compared with Week 0 (Figure 2B and C). However,
there were no significant interarm differences in the mean scores of CASS, GAGS, IL count and NIL count.

Secondary Outcome Measures

Skin Color: Ml and El

Similarly, the mean MI score was significantly reduced after 2 weeks of adapalene use; however, the mean EI score of
both groups did not differ significantly. At the study endpoint, the mean scores of MI and EI were significantly reduced in
both arms versus Week 0. The mean MI and EI scores did not show significant interarm differences.

PAH: PAHPI
Although the mean PAHPI remained relatively unchanged after 2 weeks of the adapalene run-in period, there was
a significant reduction in PAHPI observed with both interventional and comparator formulations at Week 4 versus Week
0 (Figures 3A—C and 4). The difference in the mean PAHPI between both treatment arms also did not reach statistical
significance.

QoL Impairment

Patients in the intervention and comparator arms reported significant improvement in their mean CADI scores after the
run-in period to Week 0 and continued to Week 4 of treatment (Figure 5). Nonetheless, the degree of improvements in
CADI observed with both treatment modalities was not significantly different.

Acceptability and Tolerability Profiles
At Week 4, more patients receiving LicA-containing sunscreen agreed that their treatment led to excellent improvement
compared with those receiving a comparator product (13 versus 10 patients). Similar number of patients reported mild
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Figure 3 Digital photographs of a representative patient receiving LicA-containing sunscreen taken at (A) Week 0, (B) Week 2 and (C) Week 4 follow-up visits. (A) There
were obvious erythematous papules, pustules and even some small nodules 2 weeks after the run-in period, (B) which were noticeably reduced at Week 2. However,
erythema and PAH were still in situ. (C) Although pustules and papules were still present, they were significantly reduced compared with the baseline period. A similar
observation was noted for both erythema and PAH.
Abbreviation: PAH, post-acne hyperpigmentation.
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Figure 4 Mean changes in PAHPI from baseline until Week 4 of treatment.
Notes: *Bonferroni-corrected P-values (pair-wise comparison).
Abbreviations: PAHPI, Post-Acne Hyperpigmentation Index; SD, standard deviation.

improvement with investigational and comparator sunscreens at the study endpoint. Interestingly, one patient claimed
their condition worsened after receiving a comparator sunscreen.

Erythema, dryness, scaliness, burning/stinging, and pruritus emerged as the prevailing adverse events reported during the
initial 2-week trial phase involving adapalene. Additional adverse events associated with the utilization of adapalene
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Figure 5 Mean changes in CADI from baseline until Week 4 of treatment.
Notes: *Bonferroni-corrected P-values (pair-wise comparison).
Abbreviations: CADI, Cardiff Acne Disability Index; SD, standard deviation.
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Figure 6 Proportion of patients with skin reactions before and after the receipt of (A) investigational and (B) comparator sunscreens. Note: Significant distinction in
between group was only noted for scaliness, p= 0.017.
Notes: *Chi-Square test; TOthers include worsening of acne (n = 7), oily (n = 5), urticaria (n = 1), and eczema (n = ).

encompassed acne eruption (n = 5) and oily skin (n = 2). Notably, following a 4-week period of employing sunscreen,
a statistically significant disparity in the reduction of erythema, stinging/burning, scaliness, and dryness was observed within
the investigator group (Figure 6). These discernible changes were not mirrored in the comparator group. However, upon
comparing these two groups, only with regards to scaliness (p = 0.017), were significant distinctions detected. Intriguingly, at
the culmination of the study, one patient each within the comparator group exhibited occurrences of urticaria and eczema.
Nevertheless, establishing a direct correlation between these incidents and the treatment remains uncertain.

Discussion
Retinoids are effective in managing acne vulgaris, making them the mainstay in acne treatment. However, local irritations
are common in the first few weeks of treatment regardless of which generation of retinoids is used, often leading to
treatment discontinuation.*® In our study, more than 50% of our patients experienced at least one cutaneous intolerance
during the first 2 weeks of the adapalene run-in period. Cutaneous irritations are thought to occur as a result of retinoid
normalizing desquamation, during which corneocyte arrangement is disrupted, leading to the loss of cohesion. Irritations
generally resolve within 1-2 weeks of continuous treatment after the completion of epidermal rearrangement.”
Several approaches, such as short contact therapy and alternate-day application have been found to improve
cutaneous tolerability.'""'? In addition, moisturizer use (alongside adapalene therapy) has been shown to yield greater
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skin tolerability without compromising treatment efficacy. Chularojanamontri et al conducted an 8-week randomized
controlled trial evaluating the tolerability and efficacy of a moisturizer formulation containing LicA and LC in Asian
patients with mild-to-moderate acne receiving adapalene treatment. They showed that patients receiving LicA-containing
moisturizer had significantly better skin tolerance than those using adapalene alone at Week 8 (0.60 + 0.39 vs 0.85 +
0.52; p = 0.048).%¢

A well-formulated, water-in-oil emulsion sunscreen with the dual benefit of hydration and sun protection could be
a promising alternative for oily skin. Our study showed that receipt of LicA-containing sunscreen for 4 weeks was
equally as effective as the comparator sunscreen in improving acne severity across all parameters, including CASS,
GAGS, IL count and NIL count. Nevertheless, despite significant improvement in acne severity with adapalene, our
study revealed no significant interarm differences between the intervention and comparator groups.

In contrast, previous studies showed that the application of active formulation containing LicA and LC resulted in
a significant reduction in acne severity compared with the respective control groups.?**®>! This may be explained by the
fact that our study has a relatively shorter follow-up period than the previous three studies, with a follow-up duration
ranging from 8 to 12 weeks.”****! The difference in the study design employed in our study could also account for the
conflicting results. For example, the three prior studies used a placebo vehicle without active ingredients as

24,26,31
control,”=>

whilst we utilized an active comparator sunscreen containing niacinamide — a potent whitening and anti-
inflammatory agent.

In general, sunscreen use in our study was associated with significant overall improvements in cutaneous tolerability.
Specifically, patients receiving LicA-containing sunscreen consistently reported better skin tolerability than those
receiving the comparator product at Week 4. Notably, significantly more patients who used LicA-containing sunscreen
showed a reduction in scaliness than those in the comparator group at the study endpoint, corroborating with findings by
Kulthanan et al.** In their study, patients receiving LicA-containing moisturizer reported significantly less erythema at
the study endpoint.”* Of equal importance, our trial revealed that more patients in the intervention group agreed that
receipt of LicA-containing sunscreen led to excellent improvement compared with the comparator group.

Retinoids not only stimulate desquamation and melanocyte disbursal, but they also directly affect pigmentation by
blocking melanosome transfer to the keratinocyte while increasing epidermal turnover. Moreover, irritation due to
retinoid use may potentially worsen post-inflammatory hyperpigmentation (PIH). Therefore, regular sunscreen use is
recommended to minimize retinoid-induced photodermatitis.'”'> A study by Puaratanaarunkon and Asawanonda demon-
strated that LicA-containing sunscreen for 6 weeks effectively reduced PIH after picosecond laser treatment.’
Specifically, our study demonstrated the effectiveness of LicA-containing sunscreen in reducing PAH. In addition, two
pilot studies conducted in Thailand showed that LicA-containing sunscreen use for 4 weeks was associated with
a significant reduction in PAH (unpublished data). Together, these findings support the role of LicA-containing sunscreen
in reducing PAH — a major consideration when treating acne in Asian patients, as they are at higher risk of developing
PAH and often regard PAH as more bothersome than acne itself.'*

Our study is limited by a small sample population, the inclusion of only patients with mild-to-moderate acne and
a short follow-up period. Besides, our study excluded patients who are on standard of care, such as adapalene, benzoyl
peroxide, doxycycline and oral isotretinoin. This might potentially affects the diversity of our samples. Lastly, this study
was conducted only among Malaysian patients. Therefore, caution should be exercised when applying our findings to
populations outside of Malaysia. Despite these limitation, our study lays the groundwork for future research. Larger-scale
multi-center studies involving diverse populations, with longer follow-up periods could provide more comprehensive
insights into the potential benefits and limitations of LicA-containing sunscreen in acne management.

Conclusion

Although adapalene is efficacious in acne management, intolerance is common. The concurrent use of adapalene and
LicA-containing sunscreen effectively reduced acne severity and PAH among Malaysian patients. Crucially, receipt of
LicA-containing sunscreen improved the tolerability of adapalene, thus representing an important adjunct to the

therapeutic management of mild-to-moderate acne.
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