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ABSTRACT

The skin of color population has been growing significantly in the United states and globally. This requires specific dermatological atten-
tion and patient care strategies due to unique physiological conditions and clinical manifestations regarding skin of color. Concerning
photoaging, although people with higher Fitzpatrick phototypes (Il and above) in general have fewer visible signs of aging such as lines
and wrinkles, they are more susceptible to certain pigmentary-related conditions including uneven skin tone, ashy skin and blotchiness,
post-inflammatory hyper- and hypo-pigmentation, Melasma, and seborrheic keratosis.

Effective photoprotection against harmful UVA and UVB radiation has been successful in skin cancer prevention as well as protection
against solar damage. However, in skin of color communities, there are high levels of sun seeking behaviors and a lack of photoprotec-
tion with sunscreen, as a result, photoaging with dyschromia is commmon and certain cancer risks are growing. Historically, majority of
clinical evidence for photoprotection was collected based on studies with lower skin phototypes. There is in general a lack of knowl-
edge on the long-term impact of daily photoprotection on skin of color. In this current study, we investigated the skin benefits of daily
sunscreen use with SPF 30/PPD 20 (Persistent Pigmentation Darkening rating = UVA protection) for 12 months, in phototype IV and V
Hispanic females in the US, versus a real life population of the same age and phototypes without daily sunscreen in their routine. This
study is to our knowledge the first one to demonstrate the benefits of long-term daily use of sunscreen on signs of aging and pigmen-
tary concerns in patients with higher phototypes.

J Drugs Dermatol. 2020;19(3):236-242. doi:10.36849/JDD.2020.4836

INTRODUCTION

he demographics of the United states are evolving with
I a large increase in racial and ethnic diversity driven by
international migration of Hispanic, African, and Asian
populations leading to a minority-majority shift in ~2050 to-
wards persons of color (Fitzpatrick lll, 1V, V, and VI)." Specifically,
the Hispanic population is projected to be among the fastest
growing population in the US, projected to increase from 55 mil-
lion in 2014 to 119 million in 2060, a change of +115%."

Subjects with skin of color are heterogeneous with mul-
tiple shades and tones and different reactions to intrinsic and
extrinsic aging factors due to structural and physiologic dif-
ferences.?® Skin of color individuals have fewer visible signs
of aging (deep wrinkles, fine lines, rough surface texture, and
sun spots). However, darker skin tones are more susceptible
to certain skin conditions including post-inflammatory hyper
pigmentation (may occur after acne, eczema, injury, laceration,

melasma, post-inflammatory hypopigmentation, pityriasis alba
(round, light patches covered with fine scales), dry or “ashy”
skin, dermatosis papulosa nigra, and/or greater risk of keloid de-
velopment.??® The incidence of skin cancer among US Hispanics
has also increased 1.3% annually from 1992 to 2008.4

Photodamage is characterized histologically by degeneration
of the connective tissue and abnormalities in keratinocytes and
melanocytes. Clinically, it manifests primarily with wrinkles,
dyschromia, texture changes, and, in more severe cases skin
cancer.® Formulations containing broad spectrum sunscreens
against both UVA and UVB play an essential role in the preven-
tion of photodamage and UV-induced skin cancers.®’® However,
the majority of clinical research on photoprotection has been
conducted on subjects with Fitzpatrick types | to Il skin and have
reported improvements in signs associated with skin aging and
texture.®>'* Verschoore et al was the first to conduct a short-term
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clinical study in India with Phototype IV and VI subjects, and pro-
vided first evidence on the effectiveness of daily sunscreen use
on skin tone and radiance.”™ Similar benefits were observed in
an 8-week study in US."

Although sun protection is highly recommended by derma-
tologists for skin cancer risk-reduction and the prevention of
premature aging or pigmentary disorders, adherence to the
recommendations is not commonly observed among US His-
panics.” Moreover, a large number of US Hispanics reside in
areas with high UV index with a high degree of sun seeking
behavior. Among Hispanic adults who report engaging in sun
protection, they do so mostly by staying in the shade (53.7%)
rather than use of sunscreen (32.3%) or wearing sun protective
clothes (18.1%); while 36.7% of the subjects surveyed indicated
that they never use sunscreen.'® There are sociodemographic
factors that contribute to the adherence to safe sun behaviour
such as education, age, and gender, etc, therefore there is a
need to raise awareness of skin cancer risks, advocate for pre-
ventive measures and educate on benefits of sunscreen and sun
protection among US Hispanics.'®

The benefits of topical agents for reversal of sun damage has
been well established. Use of retinoic acid and its derivatives
or other drugs to reverse and improve sun damaged skin has
been demonstrated in many studies.”'® Long-term sunscreen-
use along with other topical agents have also been shown to
prevent photodamage and hyperpigmentation in fairskinned
subjects.” For effective photoprotection, sunscreen products
containing both SPF and PPD are essential to battle the harm-
ful UVB (skin cancer risks) and UVA (photo-aging risks).? Daily
use of a broad-spectrum sunscreen (SPF 30) over a one-year
period has also been demonstrated to improve clinical param-
eters of photodamage in phototype I-lll subjects.” However, a
comprehensive long-term sunscreen use study in skin of col-
or is lacking. Therefore, this study was designed to assess the
benefits of sunscreen of SPF30/PPD 20 in Hispanic women of
Fitzpatrick skin types IV and V over 12 months in comparison
to a real-life observational group with subjects who did not use
sunscreen regularly.

MATERIALS AND METHODS

Clinical Study Design

The investigation was approved by an independent institution-
al review board, and it was conducted in accordance with the
principles of the 1975 Declaration of Helsinki; written informed
consent was obtained from all study subjects before enrollment.
The study was performed in 2 study centers, one in Los Ange-
les, CA, the other in Washington DC, to observe geographic and
climate variation.

Healthy female Hispanic subjects between the ages of 45-65
with Fitzpatrick phototype IV and V, with mild to moderate signs
of photoaging and pigmentary concerns (fine lines, wrinkles,
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rough texture, uneven skin tone, hyperpigmented spots, and
sun-induced dyschromia) were recruited. Subjects were recruit-
ed on a rolling admission basis and received a SPF 30/PPD 20
formula to add to their daily skin care routine. The Washington,
DC study was conducted from May 2016 to August 2017, while
the Los Angeles (LA) study was conducted from March 2016 to
May 2018. 30 subjects were enrolled in Washington, DC while 22
were enrolled in Los Angeles. The subjects were evaluated at 3,
6, 9, and 12 months at each center for signs of aging and dys-
chromia with clinical grading and instrumental measurements.
In addition, a real-life observation was conducted at the same
centers during the same time, with age- and photo-type matched
subjects of similar skin conditions (n=30 in Washington DC and
n=22 in LA enrolled) who were not regular sunscreen users and
maintained their normal routine.

At the end of 12 months, 24 subjects in the sunscreen study
and 16 subjects in the real-life observation study completed all
evaluations.

Investigational product

A broad spectrum, photo-stable sunscreen with SPF 30/PPD 20
was applied daily in the morning to the entire face, both hands,
and forearms for 12 months. Re-application every 2-3 hours was
recommended during sun exposure. The composition of active
ingredients in the sunscreen formulation was Avobenzone (3%),
Homosalate (12%), Octisalate (5%), Octocrylene (1.7%), and Oxy-
benzone (3%).The use of the study formulation was monitored,
by weighing the product to insure adherence to the daily use
of the formulation across the one-year study. All subjects were
allowed to use a simple moisturizer, without known antiaging
actives, as and when required. Subjects were advised to avoid
excessive sun exposure during the study and were recommend-
ed to apply the sunscreen every 2-3 hours and take shelter/wear
protective clothing when sun exposure was unavoidable.

Clinical evaluations

Clinical evaluations by the dermatologist were carried out at
baseling, 3, 6, 9, and 12-month time points. The assessment
was performed in situ for efficacy parameters using modified
Griffith's scale. Dermatologist grading was conducted by a sin-
gle physician using a scale of 0 (none) to 9 (most severe) and
evaluated the following signs of skin quality and photodamage:
texture, skin tone evenness, overall hyperpigmentation, dark
spots (intensity and number), overall skin quality (smoothness,
radiance, overall imperfections), loss of elasticity, fine lines,
coarse wrinkles, and skin blotchiness. These parameters were
evaluated on the face on the following locations: forehead, tem-
ple, crow’s feet area, under eye, nose, cheeks, and chin; as well
as on the neck and both hands.

Instrumental measurements
Instrumental measurements were performed with the Minolta
CR-400/410, a reflectance spectrophotometer (chromameter) for
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L*, a* b" measurement for skin brightness and erythema, and a
Mexameter® MX 16 for melanin content and hemoglobin (ery-
thema). The instrumental measurements were performed on
mid-forehead, both cheeks, neck, and on both dorsal forearms.
Digital photographs were captured at baseline, 3, 6, 9, and 12
months with Canfield Scientific's VISIA CR 2.2 booth system
(Washington, DC) or VISIA CR (Los Angeles, CA) with eyes
closed using standard, cross-polarized and UV fluorescence
lightening modes.

Immunohistochemistry and image analysis

2 mm diameter skin biopsies were collected from a small subset
of study subjects from the cheek at baseline and 12 months. At
the end of 12 months, n=3 from real life study and n=6 from sun-
screen study were obtained. Biopsy samples were fixed in 10%
formalin, prepared into tissue sections and stained for Hema-
toxylin and eosin (H&E), Masson’s Trichrome, Fontana Masson,
and Toluidine Blue. Presence of macrophages were immunos-
tained using CD68 antibody (pre-diluted concentration, PM033A
RTU, Biocare Medical, Pacheco, CA) followed by DAB staining
(DAB peroxidase substrate kit, Abcam, Cambridge, MA). Digi-
tal images were captured (DMi8 Fluorescent Microscope, Leica,
Buffalo Grove, IL) and image analysis was performed blindly by
two individual assessors using Image J Analysis software.
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Data analysis

All statistical analyses were carried out using paired t-test to
determine whether there was a change from baseline to 12
months. Wilcoxon signed-rank test was used for Investigator’s
expert assessments, clinical grading of the efficacy parameters
and tolerance parameters, as well as the parameters from im-
age analysis results. The average change from baseline was
calculated at each post-baseline evaluation visit. All differences
were considered to be statistically significant at P<0.05 level.

L* values, ITA values (Chromameter) and melanin values (Mex-
ameter) were calculated for each parameter for sunscreen group
and real life group as mean +/-SD for 3, 6, 9, and 12 months.
Change from baseline and comparison between the two groups
were calculated and expressed as mean difference and the p
values were calculated.

Improvement on Photoaging and Dyschromia Conditions With
12-Month Daily Application Of SPF20/PPD20

Skin conditions especially skin tone and texture tend to vary
based on seasonality and outdoor activities. We observed that
in the real life group, a shift of color and hyperpigmented lesions
towards worsening occurs in the summer with partial recovery

FIGURE 1. Improvement on pigmentary-related clinical parameters with daily application of SPF30/PPD20 over time.
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(a) Clinical grading on improvement of facial skin tone evenness at 3, 6, 9, and 12 months compared to baseline; (b) Clinical grading on improvement of overall skin hyperpigmentation on dif-
ferent facial areas at 3, 6, 9, and 12 months compared to baseline; (c) Clinical improvement of dark spots on different facial areas at 3, 6, 9, and 12 months compared to baseline; (d) Clinical
improvement of skin blotchiness on different facial areas at 3, 6, 9, and 12 months compared to baseline.
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during the winter, in agreement with previous findings.?° With
daily application of sunscreen (SPF 30/PPD 20), significant clini-
cal improvements on skin dyschromia-related parameters (skin
tone, hyperpigmentation, dark spots) were observed over time
at 3, 6, 9, and 12 months compared to baseline (Figure 1), on
multiple areas on the face (forehead, temple, crow’s feet, under
eye, cheeks). Similar improvements were seen on both hands
and neck area (data not shown). Although there is still minor
seasonal variation, especially during the first few month of
product usage, the overall benefits of sunscreen overcome sea-
sonal effect with a strong and progressive global improvement.
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In addition to the improvements on skin tone and hyperpig-
mented areas, significant benefits on skin aging parameters
were demonstrated in the sunscreen group, including fine lines,
texture smoothness, and overall skin quality (Figure 2) for face,
neck, and hands. The improvements were incremental and per-
ceivable. There was minimal improvement on coarse wrinkling
an aging sign that requires deeper acting interventions such as
retinoids to address. The demonstrated improvement by daily
SPF 30/PPD 20 is summarized inTable 1.

FIGURE 2. Improvement on skin aging parameters with daily application of SPF 30/PPD 20 over time.
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Overall skin quality, skin texture (tactile smoothness), fine lines were improved significantly over time after daily sun screen use (3, 6, 9, and 12 months) compared to baseline. Strong improvements

were also observed on the neck and hands.

TABLE 1.

Significant Improvement on Clinical Daily Application of SPF 30/PPD 20

Overall Skin Quality -

SkinTone Evenness and Hyper-pigmentation Eye area
Blotchiness -
Tactile Smoothness Face
Fine lines -

Face Face & Eye Area Face
Face & Eye area; Face & Eye area;
Face & Neck Neck, Hand Neck, Hand
Face Face & Hand Hand
- Face & Hand Face & Hand
Face Face Face

All listed facial/body areas demonstrated significant improvement vs real life group (P<0.05) after daily SPF 30/PPD 20 application for indicated duration (3, 6, 9, and 12

month).
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Instrumental Evaluation of Skin Color and Melanin Index over
12 Months

Objective measurement of color and melanin levels in long-term
clinical studies is challenging, due to many factors including
skin color and undertone variability, seasonality impact on skin,
and external light conditions. Skin of color patients tend to have
higher heterogeneity on facial skin thus increase the complexity
of accurately measurement. Del Bino and Bernard reported on
the effectiveness of using Individual Typology Angle measure-
ments based on Chromameter L*a’b values and the melanin
index recorded with a Mexameter, and good correlation be-
tween these two instruments.21

In the current study, both Chromameter ITA/L" and Mexameter
melanin index were investigated at baseline, 3, 6, 9, and 12
months. Both instruments gave similar measurement trends as
observed in previous studies. Seasonal impact on skin color and
high variability among individuals were observed, as expected.
An increase of skin brightness and reduction of melanin con-
tent in skin were observed over time with daily sunscreen when
compared to the real life group.The effect was most apparent at
12 months (Table 2). These findings support the clinical grading
results of positive impact by daily application of sunscreen.

P. Grimes, R. Halder, M.Verschoore, et al

TABLE 2.

Changes in ITA and Melanin Index for Sunscreen Group

ITA/L* N :

Face
Mel Index " " .
ITA/L* N .

Neck
Mel Index N .
ITA/L* * " .

Hand
Mel Index .

“Indicates Sunscreen group showed improvement compared to Real Life group
(P<0.1)

Biopsy Analysis

The biopsy samples were evaluated for potential histologi-
cal changes between the sunscreen and real-life groups at the
initiation and the conclusion of the 12-month study. Fontana-
Masson staining was used to visualize melanin content of skin
(Figure 4), and CD68 was used as a biomarker for Macrophage
infiltration (Figure 5). The real-life samples at the 12-month
time-point showed a tendency for higher levels of pigmenta-
tion incontinence compared to the sunscreen group with visibly
increase dermal melanin (Figure 4a-d, P=0.086). Indeed, when

FIGURE 3. Representative VISIA images demonstrating the benefits of daily sunscreen application over 12 months.

BASELINE 12 MONTH
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BASELINE 12 MONTH

12 MONTH

BASELINE

Example of overall skin quality improvement after 12-month daily use of sun screen in phototype-IV (a) and phototype-V (c) patients: significant skin tone evenness, brightening, texture roughness
reduction, reduction of mottled pigmentation, increase of clarity, and reduction of fine lines were observed. In phototype-matched real-life group, a slight worsening of skin tone, perioral fine lines,

and forehead wrinkles were observed (b and d).
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FIGURE 4. Fontana — Masson Staining and Pigmentation incontinence.

Fontana Masson staining (A-D) of the biopsy samples taken in this study. This panel compares
the changes between real life group at baseline (A) and 12 month(B) to the changes observed in
the sunscreen group at baseline (C) and 12 month (D). Scale bar: 100 pm.

CD68 (A-D) immunostaining of the biopsy samples taken in this study. This panel compares the
changes between real life group at baseline (A) and 12 month(B) to the changes observed in the
sunscreen group at baseline (C) and 12 month (D). Scale bar: 100 pm.

we examined the corresponding chromameter measurements
of the representative subjects, we noted an improvement in the
L*values of the sunscreen panelist and a decrease in the L" Value
of the real-life control subject on the cheeks indicating a light-
ning and darkening respectively. In the dermis, 2 out of 3 of the
real-life samples showed an increase in CD68 positive macro-
phage cells (Figure 5b) when compared to baseline (Figure 5a),
while such changes were not observed in the biopsies from the
sunscreen group (Figure 5¢, 5d). Between the real life and the
sunscreen groups, there were no observable differences in the
number of sunburn cells, epidermal hyperplasia and changes to
the dermal matrix (data not shown).

P. Grimes, R. Halder, M.Verschoore, et al

DISCUSSIONS AND CONCLUSIONS

Effective photoprotection is critical for healthy skin, in pre-
venting skin cancers, reducing photodamage, and improving
aesthetic appearance. A broad spectrum sunscreen protecting
against both UVA and UVB irradiation is essential. Protecting
against the UVA spectrum needs special attention, especially
under daily diffused exposure, as UVA is more penetrating and
less affected by seasonality and impacts photoaging and skin
oxidative stress.?? It has been reported that in order to receive
effective photoprotection on skin, a PPD value of 18 is desired.?°
In this study, the investigational product with SPF 30/PPD 20 is
considered sufficient for daily activity without prolonged direct
sun exposure when applied properly. Concerning skin of color
population, the use of sunscreen is lower than in Caucasians de-
spite high prevalence of sun-related pigmentary disorders and
rising rates of cutaneous cancers.* This study provides strong
evidence to educate and advocate for daily use of a proper sun-
screen product for populations with high phototype skin.

The clinical evaluation demonstrated significant visible im-
provement in sunscreen group starting from 3 months and
progressive increased over time. Benefits on multiple facial
areas and body sites were visible (upper, mid- and lower face,
neck, and hands), not only on pigmentary-related concerns
(skin tone evenness, overall hyperpigmentation, dark spots, and
blotchiness), but also on aging parameters such as fine lines,
skin texture, and overall skin quality. This suggests that beyond
the preventative benefits, long-term persistent use of a proper
sunscreen may also allow the photodamaged skin to self-heal
and repair over time.

Histological observations further supported the clinical findings.
The observation that the real-life group had higher tendency
for pigmentation incontinence is of strong research interest. It
has been reported that UV irradiation can destabilize and dam-
age the dermal-epidermal junction (DEJ), which facilitates the
entrapment of melanin in the dermis.Z The dermal melanin
is extremely difficult to remove, often resulting in stubborn
hyperpigmentation.?* This is especially important for skin of
color population in whom dermal hyperpigmentation lesions
are common and can be worsened with excessive sun expo-
sure. This study provides the first evidence that effective daily
photoprotection can be a strategy to prevent dermal melanin
formation by protecting the DEJ. A larger sample size study with
DEJ biomarkers will help to further elucidate this hypothesis.

Infiltration of CD68-positive Macrophages is a hallmark of the
inflammatory response after UV irradiation. In the dermis, 2 out
of 3 of the real-life biopsy samples showed significant increase
in CD68 positive macrophage cells at 12 months compared to
baseline, while such change was not observed in the sunscreen
group. This suggests the potential preventative benefits of
sunscreen in subclinical skin inflammation induced by chron-
ic exposure to UV. In all of the histological evaluations, the
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geographical location in which the study was conducted (Los
Angeles versus Washington, DC) was not a strong contributing
factor to any of the observed differences. However, the histo-
logical findings in this study are limited by the small number of
biopsies obtained.

In summary, this 12-month study on long-term persistent use
of an SPF30/PPD20 sunscreen on phototype IV and V subjects
demonstrated significant improvement in skin quality and im-
provement in skin color and photoaging parameters. To our
knowledge, this is the first study of this kind in skin of color
and Hispanic population. This study confirms that effective sun-
screen use is not only protective and beneficial for light skin
population but is also critical in improving skin condition for skin
of color patients. Overall, the study demonstrates that daily use
of sunscreen can protect skin from photo related damage and
even reverse some of the photo-damage that has already oc-
curred in skin. In addition to previous studies that demonstrated
the photo-protective properties of sunscreen use in normal and
diseased skin states’®®'° and in view of the fact that good pho-
toprotection behaviors are not common among Hispanics,'516
studies of this type can help educate and stress the importance
of daily use of sunscreen and other sun protection behaviors in
Hispanic and other skin of color populations.
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