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ABSTRACT

Introduction: This study explored a new
method to test sunscreens in outdoor condi-
tions (very high to extreme ultraviolet [UV]
radiation) approximating real-life solar expo-
sure while maintaining scientific standards and
acceptable conditions, and assessed the efficacy
of a water-based sun-protection factor (SPF) 50+
versus a reference SPF15 and two comparator
SPF50+ products.
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Methods: Thirty-five subjects underwent test-
ing in summertime Mauritius. In each subject,
five test areas were marked on the back. One
area was left unprotected, and four sunscreens
were applied to the others: investigational pro-
duct (IP), SPF15 (ISO 24444:2010 reference
standard P3), and two marketed SPF50+ con-
trols. Subjects spent 1-2 h (depending on skin
type) in the sun. After 24 h, erythema was
assessed by clinical scoring (0-5) and colorime-
try (a* L*, and ITA). Secondary endpoints were
correlation between clinical and colorimetry
assessment, product tolerability, and total UV
radiation received.

Results: All subjects were exposed to a very
high UV index (> 8) and 30/35 were exposed to
an extreme UV index (> 11). The IP showed
statistically significant differences in clinical
erythema scoring compared with unprotected
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skin and SPF15, but not with SPF50+ controls.
On colorimetry, differences in a* (redness) and
L* (lightness) reached statistical significance for
the IP vs SPF15 but not vs SPF50+ controls.
Clinical and instrumental erythema assessment
correlated strongly (Spearman’s rtho 0.663). No
tolerability issues were reported.

Conclusion: This exploratory study confirmed
the ability of this outdoor model to discrimi-
nate sunscreens with different SPF using clinical
evaluation as an objective measure. The water-
based sunscreen maintained its efficacy in out-
door conditions of very high to extreme UV
radiation: it was superior to SPF15 and compa-
rable to SPF50+ controls in preventing ery-
thema. The method used represents an option
for sunscreen efficacy comparison outside of the
laboratory.

Funding: Isdin.

Keywords: Outdoor; SPF; Sun protection; Sun-
burn

INTRODUCTION

Solar ultraviolet (UV) radiation is one of the
most important environmental factors affecting
skin physiology, with short- and long-term
consequences including actinic erythema (sun-
burn), inflammatory responses, photoaging,
photo-immunosuppression, and skin cancers
[1, 2]. Recommended protective measures
include seeking shade, wearing protective
clothing, hats, and sunglasses, and using sun-
screens. In reality, sunscreens often form the
mainstay of sun protection strategies, and sun
protection is frequently suboptimal [3].
Standardized methods have been established
for in vivo laboratory testing of sun protection
factor (SPF) [4, 5], which corresponds to the
level of protection against UV-induced ery-
thema. SPF is the main information presented
when labelling sunscreens, but it has some
drawbacks. It is primarily a measure of UVB
protection (and to a lesser extent, UVA2), yet it
is now demonstrated that UVA1, visible, and
infrared (IR) radiation also have potential neg-
ative effects on the skin [2]. The methods
defined in SPF testing guidelines do not fully

reproduce conditions of real solar exposure,
mainly because the solar simulators used do not
replicate the full sunlight spectrum and deliver
high UV intensities over a short time; determi-
nation of protection against UVA radiation
requires additional testing [6].

Besides the radiation conditions, SPF testing
furthermore does not take into account the
effect of two factors known to affect topical
formulations, namely external temperature and
humidity. Outdoor studies to evaluate the
photoprotective effect of sunscreens under real
conditions of exposure are seldom reported.
Such studies are difficult to standardize and
expensive.

We developed a water-based sunscreen
(WBS) designed to avoid leaving unpleasant
greasy or white residues on the skin. The pro-
duct was determined as SPF50+ on in vivo lab-
oratory testing (ISO 24444: 2010) [4]. Since this
novel WBS formulation had fewer supporting
data on its efficacy performance than older,
traditional, oil-based sunscreens, we wanted to
have further information on its photoprotective
properties beside its high laboratory-assessed
SPF. We previously conducted an initial out-
door study on the efficacy of the WBS, which
used a split-face design to assess solar-induced
erythema in a Mediterranean setting [7]. Fol-
lowing on from this, we wanted to assess its
efficacy in a setting with more extreme solar
radiation, incorporating the full solar spectrum,
and in which external temperatures and
humidity could potentially exert an effect, to
assess if the WBS maintained its protective
capacity. We report here on the methodology
used and the efficacy results.

METHODS

Tested Products

The investigational product was a water-based
SPF50+ sunscreen (WBS). This was compared
against three control sunscreens: the
[SO2444:2010 reference standard sunscreen P3
and two different commercially available
SPF50+ sunscreens. The UVB and UVA filters
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included in the different products are described
in the supplementary material (Appendix 1).

Subjects

Thirty-five healthy male and female volunteers
were recruited. Participants were required to be
aged 18-4S5 years old, have skin phototype II to
IV [based on individual typology angle (ITA)
measurements] with no pigmentation or pho-
toaging disorders, excess hair or nevi, history of
skin cancer, or intensive sun exposure within
3months prior. Concomitant medications
judged by the investigator as having the
potential to interfere with the study, namely
anti-inflammatories and photosensitizing drugs
(thiazides, quinolones, tetracyclines, fluoro-
quinolones, topical and oral vitamin A deriva-
tives, psoralens, and amino levulinic acid
derivatives) were not allowed.

Study Design

This clinical study was conducted as a single-
center, double-blind, randomized intra-indi-
vidual study, in December (summer) 2018 in
Mauritius. The study was approved (28
November 2018) by an independent ethics
committee (Independent Ethics Committee,
King George V Corner, Floreal). The study was
conducted in line with the principles of the
Declaration of Helsinki and its subsequent
updates, the International Conference on Har-
monization Good Clinical Practices, and local
laws. All subjects provided written informed
consent to participate.

Product Application and Solar Exposure

Five 12 cm? rectangular areas were marked on
volunteers’ backs with medical tape. Thirty
minutes before exposure, a technician applied
four sunscreens (WBS, SPF15, and two SPF50+
controls) to their respective test areas, according
to a randomization list and at a dose of 2 mg/
cm?. The fifth area was left as an untreated
control. The identity of the products applied to
each area was blinded to the technician and the
investigator who scored erythema. The

unprotected area was unblinded to the investi-
gator for safety reasons: any cases of grade 2
erythema before the end of the study period
were to be covered. Non-investigational areas
were protected with hats, sunglasses, and UV-
protective tee shirts (Fig. 1).

Thirty minutes after sunscreen application,
subjects lay down outdoors, face-down with the
test areas on their back exposed to the sun (a
poolside location in Tamarin city). Subjects
with phototype II skin spent 1 h in this position
and those with phototype III or IV spent 2 h.
This difference in exposure times was to mini-
mize the risk of severe sunburn: the original
study design saw subjects exposed for 2 h, but
given that some subjects in the first group of
volunteers developed erythema on all test areas
and thus were not considered sufficiently pro-
tected even with SPF50+ products, a safety
committee organized by the contract research
organization implemented the above limit of
1 h on exposure time for those with skin pho-
totype II.

After the exposure period, no further sun-
light exposure to the back was permitted until
the study assessment at 24 h had been com-
pleted. Subjects were allowed to shower but not
exfoliate or apply cream to the study area.

Fig. 1 Illustration of a study subject lying face-down with
the test arecas marked on the back and non-study areas
protected with clothing
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Evaluation of Erythema: Clinical Scoring

The primary endpoint was clinical erythema
score at 24 h after UV exposure, according to a
6-point scale: 0 = no erythema; 1 = equivocal
reaction, slight, barely perceptible erythema
(not clearly defined); 2 = clearly visible ery-
thema with well-defined borders; 3 = moderate
erythema; 4 = severe erythema; 5 = very severe
erythema with blistering (Appendix 2 in the
supplementary material) [8]. Erythema was
assessed at baseline and at 24 h by a trained
technician under the supervision of a certified
dermatologist. Subjects stayed in a temperature-
and hygrometry-controlled room for at least
15 min before assessment.

Evaluation of Skin Colorimetry

Secondary endpoints of the colorimetry
parameters a* (indicative of redness, higher
values indicating redder skin), L* (indicative of
pigmentation, lower values indicating greater
pigmentation), and ITA (individual typology
angle, calculated according to the following
formula: {arctan [(L* — 50)/b*]} x 180/n) were
analyzed at baseline and at 24 h. The Chroma
Meter CR400 (Konica Minolta, Inc., Tokyo,
Japan) was used in accordance with the manu-
facturer’s instructions, placed gently on the
skin, taking measurements rapidly and reposi-
tioning the device by a few millimeters between
flashes, then calculating the mean of three
readings. Individual b* values (yellow-blue bal-
ance on colorimetry reading) were used only for
ITA calculation.

For colorimetry values, results were also
compared against an unexposed area of skin on
the back, which was marked to ensure the same
area at each reading.

Tolerance and Safety

Skin tolerance after a single application of the
products was assessed by a technician under the
supervision of a certified dermatologist with
experience in skin tolerance testing at 1, 2, and
24 h.

Clinical erythema was also scored at 1 and
2 h for safety purposes, and any areas with a
score > 2 were to be covered.

Erythemal Solar Irradiance

Ultraviolet radiation data was analyzed by the
Meteorology Group of the Department of
Applied Physics, University of Barcelona. Esti-
mated solar spectral irradiance was weighted
with the erythemal action spectrum. The solar
spectral irradiance for cloud-free conditions was
estimated through a radiative transfer model
that takes into account the day of the year, time
of day, latitude, longitude, altitude, and thick-
ness of the ozone layer. The dose of UV ery-
themal radiation received in millijoules per
square centimeter was calculated by pairing
solar erythemal irradiance and exposure time.

Statistical Analysis

Analysis was performed on an intention-to-treat
basis, meaning any subjects who received pro-
duct application and UV exposure. Quantitative
variables were reported as measures of central
tendency (mean, median, minimum, and max-
imum) and dispersion (standard deviation
[SD]). Qualitative variables were reported as
frequencies and percentages.

For the parameters derived from clinical
scoring and colorimetry, univariate ANOVA was
performed with “product” as the fixed factor
and “subject” as the random factor, followed by
Tukey’s procedure for pairwise comparisons.
Analyses were conducted on absolute values
and on percentage difference with respect to the
unprotected area at 24 h. Analysis was con-
ducted on rank transformed data whenever the
Shapiro-Wilk test (at 1%) indicated that the
assumption of normality was not met. P values
less than 0.05 were considered significant.

As a measure of the accuracy of the
methodology, we also assessed the correlation
between clinical erythema scores and col-
orimetry (a* parameter) using Spearman’s
ranked correlation coefficient.
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RESULTS

Subject Characteristics

Sixteen men and 19 women participated; all
were Caucasian. Mean (SD) age was 25 (7) years,
minimum 18-maximum 44 years. Based on ITA
values, the distribution by phototype was 1
patient with type I (an inclusion error), 12
patients with type II, 13 with type III, and 9
with type IV (type I, ITA > 55; type II, 42-55;
type III, 29-41; type 1V, 11-28).

Erythemal Solar Irradiance

The mean hourly UV radiation was 103.47 mJ/
cm? The minimum total UV radiation was
89.20 mJ/cm? (1 h of exposure for type II sub-
jects) and the maximum was 256.35 mJ/cm?
(2 h of exposure). All participants were exposed
to a very high UV index (> 8), and 30/35 par-
ticipants were exposed to an extreme UV index
(= 11).

SPF50+ (1)

Erythema: Clinical Scores

Photographs of the five test areas from one
subject are shown in Fig. 2. Mean erythema
scores at 24 h are shown in Fig. 3, with full data
reported in Table 1. There was a statistically
significant difference between the WBS and the
unprotected area (mean difference in score,
— 2.3; P <0.001), and versus the SPF15 (mean
difference, — 0.60; P < 0.001). There was no
statistically significant difference versus either
of the two SPF50+ controls.

Similarly, when we compared products
according to the mean percentage difference
versus unprotected skin, there was a statistically
significant difference between the WBS and the
SPF15 control, but not between the WBS and
either of the SPF50+ controls (Table 1).

Frequency distribution of erythema scoring
is presented in Table 2. The majority of subjects
(> 24) scored O for the areas protected with the
WBS or SPF50+ controls; for the SPF15 areas,
the scores were more spread between 0 and 2;

up WBS

SPF15 (P3)

SPF50+ (2)

Fig. 2 Five skin test areas in one subject. The white dots mark the edges of the test areas in those areas that had milder
erythema. SPF sun protection factor, UP unprotected control, /WBS water-based sunscreen
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Product

Fig. 3 Mean (SD) clinical erythema score at 24 h, for each product. SPF sun protection factor, /WBS water-based sunscreen

for the unprotected area, many subjects (27)
had scores > 3, confirming the high UV index.

Colorimetry

At 24 h, there was a statistically significant dif-
ference in mean absolute a* values (redness)
between the WBS (11.38 + 3.25) and the
unprotected area (17.59 £ 3.37) (P < 0.001).
The area treated with SPF15 gave higher a*
values (12.42 + 3.60) than the area treated with
the WBS, indicative of redder skin, but the dif-
ference was not statistically significant.

Assessing the mean percentage differences
from unprotected skin, for a* the WBS
(— 34.51% + 17.46%) was significantly differ-
ent to the SPF15 (- 29.10% £ 16.89%)
(P =0.011), but not to either of the SPF50+
controls (— 36.95% =+ 18.76% and — 36.50% =+
20.58%, respectively) (Fig. 4). There was also a
statistically significant difference in L* (pig-
mentation) between the WBS (+ 8.76% =+
4.98%) and the SPF15 (4 6.95% + 4.63%)
(P =0.030) but again, not with either of the
SPF50+ comparators (4 9.01% £ 5.59% and
+ 9.08% =+ 5.10%, respectively).

For ITA, there was a statistically significant
difference between the WBS and the

unprotected and unexposed areas, but not
between the WBS and any of the control
products.

Correlation Between a* and Clinical
Erythema Score

On the basis of 175 measurements, there was a
positive correlation between a* and clinical
erythema score: the correlation coefficient
(Spearman’s rtho) was 0.663.

Safety Parameters

All products (investigational and control) were
well tolerated with no local tolerance issues.

DISCUSSION

This study was designed to explore a new
methodology to evaluate the photoprotective
effect of sunscreens in outdoor conditions. It
compared a water-based broad-spectrum
SPF50+ against three existing products: a refer-
ence standard SPF15 (P3) and two comparator
SPF50+ products. The comparisons were per-
formed under conditions of very high to
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Table 2 Frequency distribution of erythema scoring at 24 h

Erythema score ~ Number of subjects

Unprotected ~ WBS SPF15 (P3) SPF50+ comparator (1) SPF50+ comparator (2)
0 1 23 12 29 24
1 5 10 3 7
2 4 6 8 2 3
3 15 0 4 0 1
4 12 1 1 1 0
S 0 0 0 0 0
SPF sun protection factor, WBS water-based sunscreen
0
-10
3
g 20
°
Q.
c
5 .30
g
(]
e
Q
5 -40
E=
5
N
-50
P=0.011
-60
WBS SPF15 SPF50+ SPF50+
Product

Fig. 4 Mean (SD) percentage difference in 4* vs unprotected area at 24 h. SPF sun protection factor, #WBS water-based

sunscreen

extreme solar radiation, with all 35 subjects
exposed to a UV index > 8 and 30/35 exposed
toa UV index > 11. We found that the WBS was
consistently superior to the SPF15 reference and
comparable to the two SPF50+ controls, as
shown on clinical erythema score and col-
orimetry parameters a* and L*. This was in line
with the previously reported laboratory findings
of a very high level of sun protection (SPFS0+).
While this finding was anticipated on the basis
of previous laboratory testing and previous
clinical outdoor split-face studies [7], we

confirmed that despite the water-based formu-
lation of the product tested, its efficacy perfor-
mance was similar to that of older, traditional,
oil-based sunscreens. Thus, it is reassuring to
observe that its efficacy is maintained under
these conditions.

As would be expected under such conditions
of very high to extreme UV radiation, all except
one subject had erythema at 24h on the
unprotected area (31/35 subjects scored > 2).
No grade 5 erythema was reported in any of the
test areas, including the unprotected area
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(which was often covered at 1 h). This point is
reassuring from an ethical and medical per-
spective, as it confirms that the study design did
not expose subjects to severe sunburn. Further
improvement of the model would include a
reduction of the unprotected area in order to
limit sunburn to the minimal needed for clini-
cal assessment and colorimetry measurements.

The low erythema scores for the areas treated
with the WBS demonstrated its high photopro-
tection, comparable to the two other SPF50+
products. In contrast, the scores for the SPF15
had a broader distribution and indicate that this
level of photoprotection was insufficient under
such extreme conditions. Interestingly, the
subject who had grade 4 erythema with the
WABS also scored 3-4 for the two SPF50+ control
products. This subject, with phototype 1II skin,
was exposed for 2 h to extreme solar radiation
and was not protected by any test product. This
population represents an ongoing challenge in
skin care, and requires careful user education
regarding other photoprotection measures, as
use of sunscreen alone, despite a high factor, is
likely to leave them unprotected. Interestingly,
in this study the quantity of products applied
was monitored and did meet the recommended
2 mg/cm?. Thus, despite an appropriate quan-
tity, effective protection was not achieved. In
addition to protective clothing and shade
seeking, a higher SPF index should be formu-
lated for fair-skinned individuals exposed to
extreme UV radiation.

Regarding the methodology of the study,
other authors have assessed the reliability of
colorimetry and visual assessment: Wright et al.
[9] assessed visual assessment of skin color by
clinicians and instrumental colorimetry, find-
ing a strong correlation, while Basketter et al.
reported that visual erythema assessment was
sensitive and reproducible [10]. We found a
strong correlation between clinically assessed
erythema and instrumentally measured ery-
thema (a*), as demonstrated by Spearman’s rho
(0.663)—a value of 1.0 would represent a perfect
positive correlation and a value of zero would
indicate no association. This lends support to
the methods used, suggesting that they are
meaningful and consistent with real solar-in-
duced skin damage. To provide further data, an

addition to future studies could be to integrate
assessment of early and late induced pigmen-
tation to discriminate small differences among
several sunscreens.

The location of the study, in Tamarin, Mau-
ritius, at 20°9’ south of the equator in the
southern Indian ocean, was chosen to test the
product under more intense solar radiation. Of
course, the efficacy results observed should not
be used to encourage sun exposure in such
conditions, and sun safety recommendations in
their respective national and international ver-
sions should still be followed [11, 12], taking
into account habits and behaviors that may
affect exposure intensity [13]. Of note, we can
infer from the results that individuals with
phototype II (or lower) are unlikely to be suffi-
ciently protected by SPF50 and SPF50+ products
in such extreme conditions at the recom-
mended 2-hourly application rate, even when
application technique is optimal. Instead, we
must consider what specific recommendations
should be given to this population on their UV
response.

The design of this study, being intra-indi-
vidual, ensured that variability was reduced. We
further wanted to address some of the weak-
nesses inherent to standard SPF testing, by per-
forming an outdoor study that would expose
subjects to the full solar spectrum, thus making
the results more representative of real-life solar
exposure. Few studies using outdoor methods
have been published [14-17]. The approach
used in this study bears resemblance to estab-
lished methods used for other dermatological
assessments: variations of Dumas and Scholtz’s
plaque test [18-20] are frequently used to assess
the efficacy of multiple topical treatments while
minimizing variability by comparing intra-in-
dividual outcomes. Here we wanted to utilize
the benefits of this approach, and we judge that
the results add robustness to the product’s effi-
cacy claims. The limitations of the study relate
to those aspects of real-life outdoor conditions
that are highly difficult to control for, including
weather conditions, accurate recording of solar
exposure, and activities performed by users.

Although the product was designed to be
used on the face, we tested it on the back to
allow space for all the test areas. Testing of

I\ Adis



598

Dermatol Ther (Heidelb) (2019) 9:589-599

similar-sized areas on the face would have posed
some practical problems, since intra-individual
variation in skin type (oily, dry, or sensitive
areas in different facial zones) may have affected
responses to both sun exposure and product
tolerability. We would like to mention, though,
that the product has previously been tested in
an outdoor study with a split-face design [7].

Correct use of sunscreens and protective mea-
sures in real life requires ongoing public education,
but key to ensuring adequate use of sunscreens is
the creation of products that are pleasant to use.
This product, designed with this in mind, has been
demonstrated in this study to sustain a very high
level of solar protection in conditions more repre-
sentative of real-life exposure.

This study did not assess the effects of user
education or cosmetic formulation on sun-
screen application in real life, although clearly
these are important areas in which further
investigation may be warranted.

CONCLUSION

The methodology presented represents an
interesting design with good correlation of
clinical and instrumental assessments. It pro-
vides a closer approximation of real-life solar
exposure, circumventing some of the limita-
tions inherent to standardized SPF testing and
allowing a relative ranking of multiple products
simultaneously, which may help guide con-
sumers’ and dermatologists’ choice of sun-
screen. In outdoor conditions of very high to
extreme solar radiation, the investigational
water-based broad-spectrum SPFS50+ was sig-
nificantly superior to the reference standard
SPF15 and similar to the SPF50+ control prod-
ucts in terms of photoprotection.
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