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ABSTRACT

Introduction: The shortcomings of standard-
ized sunscreen testing have been discussed in
recent years, noting differences between how
sunscreens perform in indoor clinical (in vivo)
laboratory testing compared with real-life con-
ditions. We previously developed an outdoor
clinical method for ranking sunscreens by per-
formance level. We used this method to test the
performance of a new broad-spectrum sun-
screen against International Organization for
Standardization (ISO) reference products P3, P5
and P8.
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Methods: Sixty-five healthy volunteers with
individual typology angle (ITA) > 28° (light to
intermediate skin colour) participated in an
outdoor study in Mauritius. Test areas were
marked on their backs, which were treated with
the different products: one commercially avail-
able broad-spectrum sun protection factor (SPF)
50 sunscreen [investigational product (IP)] and
the three reference products P3 (SPF 15), P5 (SPF
30) and P8 (SPF 50+) from ISO norm
24444:2019 for SPF testing. The test areas were
exposed for 2-3 h, depending on the baseline
skin colour. They were also compared with an
unprotected positive control area and a non-
exposed negative control area. Clinical and
colorimetry assessment of erythema and pig-
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mentation were performed at 24 h and 8 days,
respectively.

Results: Overall, according to this outdoor
clinical testing method, the sunscreens’ efficacy
was ranked in an appropriate order given their
established SPF levels, with higher SPFs giving
greater protection against erythema and pig-
mentation. Between the different levels of SPF,
the differences were statistically significant, for
both clinical and colorimetry assessments. The
new broad-spectrum SPF 50 IP performed simi-
larly to the SPF 50+ (P8) reference product.
Even the highest SPF products, SPF 50 and SPF
50+, had some instances of photoprotection
failure.

Conclusion: These findings confirm the feasi-
bility of this outdoor clinical testing method in
ranking sunscreens and provide further evi-
dence, in addition to standardized SPF and UVA
protection factor (UVAPF) testing, on how this
new broad-spectrum SPF 50 sunscreen performs
in extreme outdoor solar exposure: in line with
reference product P8 (SPF 50+).

Trial Registration No.: ISRCTN95394014.

Keywords: Extreme;  Outdoor
Spectrum; SPF; UV index

conditions;

Key Summary Points

Why carry out this study?

Critics argue that standard indoor testing of
sunscreen efficacy does not include the
whole solar spectrum, wavelengths of which
can also cause skin damage including
erythema and pigmentation. It has been
suggested that indoor SPF determination
methodologies should be developed to give a
more reliable prediction of the sun
protection offered in real-life conditions.

This study aimed to determine the efficacy of
a new broad-spectrum SPF 50 sunscreen in
comparison with reference sunscreen
products in outdoor conditions of high UV
exposure.

What was learned from the study?

The new broad-spectrum SPF 50 (IP)
performed similarly to the SPF 50+ reference
product. Differences between adjacent
sunscreen levels were statistically significant.

This method seems to align well with SPF
categories. The results provide additional
evidence on the quality of the sunscreen
tested in relation to other reference products
and underline the interest of the evaluation
of sunscreens in outdoor conditions. None
of the products protected fully, so protective
measures such as covering with clothes
should be encouraged.

INTRODUCTION

The deleterious effects of solar radiation on the
skin, in particular ultraviolet (UV) B and A, are
well established, and knowledge of the effects of
visible light is also expanding [1]. Sunscreens
form a key part of the various behaviours that
protect against skin damage. To allow con-
sumers to identify levels of protection, sun
protection factor (SPF) is used on labelling,
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mainly as a measure of UVB protection, and
international standardized methods for SPF
testing are in force, such as ISO 24444:2019 [2].
There are also standardized methods for UVA
testing such as ISO 24442:2011 and ISO
24443:2021 [3, 4]. However, there are some
criticisms of the existing methods [5], with
evidence to show that SPFs may overestimate
the protection offered in natural light [6]. SPF
testing has been designed to use only the most
relevant wavelengths of light for testing objec-
tives, and therefore differs from real-life expo-
sure as subjects are not exposed to the full
spectrum of light [6], yet other wavelengths
(namely visible light) have been shown to
induce erythema and pigmentation in the skin
[7, 8]. In addition, despite following the same
standardized methods, inter-laboratory vari-
ability in reported SPF values has been demon-
strated and discussed [9, 10]. This has been
partially attributed to the physical and chemical
characteristics of the products and their UV fil-
ters [9]. So, existing standardized testing meth-
ods are recognized to bear considerable random
variability, in particular between different lab-
oratories performing these tests, and must be
improved [10].

Our group previously developed an outdoor
testing method, carried out in conditions of
extreme solar exposure in Mauritius, using
clinical and instrumental assessment of ery-
thema and pigmentation to determine the per-
formance of sunscreen products under these
conditions [11]. The method was able to rank in
order the performance of the products tested on
the basis of the clinical and colorimetric
assessments, and provided a further level of
information to supplement standard SPF and
UVAPF testing. In a second study in Singapore
in 2021, we modified the method slightly [12]
and demonstrated that the method, in particu-
lar the clinical scoring, was able to discriminate
between the three reference products P3 (SPF
15), P5 (SPF 30) and P8 (SPF 50+).

The aim of the present study was to further
fine-tune this method and use it to test a new
broad-spectrum SPF 50 sunscreen [investiga-
tional product (IP)], to provide evidence of how
it actually performs in outdoor conditions of
extreme solar exposure compared with

established reference products from the ISO
norm 24444:2019.

METHODS

Study Design and Population

This was a single-centre, double-blind, ran-
domized, intra-individual clinical study con-
ducted in an outdoor facility in Tamarin,
Mauritius (20.3378°S, 57.3751°E) between
November 2021 and December 2021 (summer).
Seventy-four subjects were enrolled. Inclusion
criteria were age 18-55 years, individual typol-
ogy angle (ITA) > 28°, with uniform skin colour
throughout the investigational area (ITA + 4°
difference between any two zones), and absence
of dermatological disorders affecting the inves-
tigational areas (multiple nevi, freckles, excess
hair or uneven skin tones, tattoos, vitiligo or
other pigmentary disorders). Individuals with a
history of skin cancer, abnormal response to
sun, cosmetic allergies or hypersensitivities, or
those taking medications likely to interfere with
the study outcomes, were excluded.

Products Tested

IP: a sunscreen containing a combination of
lipophilic organic sun filters and a hydrophilic
organic sun filter, formulated in a new water-
rich oil-in-water emulsion. This product is
marketed as a broad-spectrum, SPF 50 on the
basis of standardized SPF testing with a label SPF
of 50 and a UVAPF of 22.8. The reference
products were taken from ISO 24444:2019 SPF
testing method [2]: P3, which has an SPF of 15
and UVAPF of 2.5; P5, which has an SPF 30 and
UVAPF of 13.4; and P8, which has SPF 50+ and
UVAPF 27.5. The UVAPF evaluations were
measured in an external laboratory according to
ISO 24444:2012. Supplementary Table S1 pre-
sents the composition of the products.

Sun Exposure and Protection

Test areas were on subjects’ backs, with six areas
per subject. Each area was treated with a
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Fig. 1 One assessment area, split into two sub-areas of
3 x 3 cm. Each subject had six assessment areas on their
back. In subjects with ITA < 41°, in each test area, one of
the sub-areas was exposed for up to 3 h. In the remaining

Table 1 Clinical scales used for erythema and pigmenta-
tion grading

Erythema

Grade Description

0 No erythema
1 Equivocal reaction, slight, barely perceptible

erythema (not clearly defined or does not cover

the entire exposed area)

2 Clearly visible erythema with well-defined borders
3 Moderate erythema

4 Severe erythema

5 Very severe erythema with blistering
Pigmentation

Grade Description

0 No difference with surrounding skin

1 Slight increase (barely visible) in pigmentation
2 Mild increase in pigmentation

3 Marked increase in pigmentation

4 Maximal increase in pigmentation

10.C0A
LU CIvVI

subjects, all treated sub-areas were exposed for 2 h. In all
subjects, the untreated exposed area was smaller (1.5 cm?)
and covered after 1 h

different sunscreen, according to a randomiza-
tion list: either the IP (SPF 50), P3, P5 or P8, or
no sunscreen (two areas with no sunscreen).
Products were applied at 2mg/cm? After
application, 15-30 min elapsed before exposure.
One of the no-sunscreen areas was covered and
not exposed at all, acting as a negative control.
The other was exposed for 1 h, acting as a pos-
itive control. This exposure was limited to 1 h to
avoid excessive burns.

The sunscreen-treated areas were exposed for
2 or 3 h, depending on the subject’s baseline
ITA, as follows: each treatment area was subdi-
vided into two (Fig. 1), a left and a right. In
subjects with ITA < 41° (intermediate colour),
one of these sub-areas was covered after 2h
exposure and the other remained uncovered for
a further 1 h. In subjects with ITA > 41° (light
colour), all exposure stopped after 2h. The
expected cumulative dose of erythemally
weighted UVB was 100-250 mJ/cm?.

If at any time an area developed an imme-
diate erythema score of > 2, it was covered.
Subjects lay prone outdoors for the duration of
the study. All non-investigational areas were
protected with clothing, hats and sunglasses.
After exposure, the IP and reference products
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Screened n=74

n=74

Randomized and products applied

Non-sun exposed subjects n=9
ITA distribution per interval:

<41°: 3, >41°to 55°: 5, >55%: 1

h 4

population

Sun exposed n=65

ITT ITA distribution per interval:

<41°:23,>41°t0 55 40, >55°: 2
Females =40 Males=25

Females =8 Male=1

Subjects exposed not reaching in
total 100mJ/cm? n=6

A4

ITA distribution per interval:

A 4

population

Sun exposed with minimum UVB dose
PP of 100 mJ/cm?, n=59
ITA distribution per interval:
<€41°:21,>41°t0 55°: 36, >55°: 2
Females =37 Males= 22

<41°: 2, >41°to 55°: 4, >55°: 0
Females =3 Males=3

Fig. 2 Study population. ITT population # = 65

were removed with water-based wipes. Subjects
were instructed to avoid sun exposure and
application of any topical products to the study
area until the end of the study at day 8.

For each subject, the cumulative UVA and
UVB doses were recorded using a radiometer
(PMA2100, Solar Light Company Inc, PA, USA)
which had UVA and UVB sensors and software
to calculate cumulative UVA (J/cm?) and ery-
themally weighted UVB (mJ/cm?). The UV
index was calculated from the values of ery-
themal UV irradiance measured by the
radiometer. Irradiance was measured every
10 min during exposure. Temperature and
hygrometry were recorded using a calibrated
thermo-hygrometer device (TESTO model
174-H SE & Co-KgaA, Lenzkirch, Germany);
both were measured in the same area where sun
exposure took place.

Outcomes

The primary outcome was clinical erythema
score (grades 0-5, Table 1) at 24 h after
exposure.

Secondary outcomes were delayed pigmen-
tation (grades 0-4, Table 1) [12] and the col-
orimetry parameters a* (redness), L* (lightness)
and ITA (overall colour), measured using a
Chromameter CR-400 (Konica Minolta, Inc.,
Tokyo, Japan). Assessment of clinical pigmen-
tation (delayed tanning) was performed at
1 week after exposure (day 8). Colorimetry was
performed at both 24 h (20 + 4 h) and day 8§;
results are reported for a* at 24 h, and L* and
ITA at day 8.

Photoprotection failure was defined as a
clinical erythema score of 2 or more.

Prior to any assessment, subjects were accli-
matized for at least 15 min in a temperature-
and hygrometry-controlled room with a tem-
perature of 24 £2°C and hygrometry of
50 £+ 10%. Clinical assessments were performed
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«Fig. 3 Representative photographs of one subject (R039).
A At baseline; B at 24 h; and C at day 8. NTEZ, non-
treated exposed zone; NTNEZ, non-treated non-exposed
zone. Erythema scores at 24 h: SPF 15, grade 3; SPF 30,
grade 2; SPF 50+, grade 0; IP, grade 0; NTEZ, grade 3;
NTNEZ, grade 0. a* at 24 h, change from baseline: SPF
15, 7.11; SPF 30, 5.29; SPF 50+, 1.46; IP, 1.81; NTEZ,
8.64; NTNEZ, 0.57. Pigmentation scores at day 8: SPF 15,
grade 1; SPF 30, grade 1; SPF 504, grade 0; IP, grade 0;
NTEZ, grade 2; NTNEZ, grade 0. L* at day 8, change
from baseline: SPF 15, —4.42; SPF 30, —4.42; SPF S0+,
—2.14; IP, —1.61; NTEZ, —6.21; NTNEZ, —2.76. ITA at
day 8, change from baseline: SPF 15, —8.93; SPF 30,
—7.44; SPF 504, —2.2; IP, —1.62; NTEZ, —12.98;
NTNEZ, 0.23

by a board-certified dermatologist or by a
physician under their supervision.

Ethics

The study was approved by an independent
ethics committee (IBL Life Ltd Ethics Commit-
tee, 8 October 2021, study reference no. EC21-
COS-067-1). The study complied with the gen-
eral principles of Good Clinical Practices (GCP)
issued by the Helsinki Declaration (and its sub-
sequent modifications) and/or 21 CFR part 50
and the GCP defined by ICH E6(11) ref CPMP/
ICH/135/95, 1996, integrated addendum to ICH
Topic E6 (R1): Guideline for Good Clinical
Practice E6 (R2) current step 4 version dated 9
November 2016, and according to local law.

Statistical Analysis

Efficacy was analysed on an intention-to-treat
(ITT) basis, that is, including all subjects who
were exposed to the sun. No dropouts were
recorded. For subjects with ITA > 41° (exposed
for maximum 2 h), the highest values of ery-
thema, pigmentation and corresponding col-
orimetric readings from the two adjacent sub-
areas were used. For those with ITA < 41° (who
had one sub-area exposed for 2 h and one for
3 h), the primary analysis used values from the
3-h exposure, that is, the full scheduled

exposure. A secondary analysis of all 2-h data
was also performed (Supplementary Material).

Quantitative variables were reported using
measures of central tendency (mean or median)
and dispersion (standard deviation). Qualitative
variables were reported as count and percent-
age. Clinical scoring and chromameter param-
eters were analysed using univariate analysis of
variance (ANOVA) with “product” as the fixed
factor and “subject” as the random factor, fol-
lowed by Tukey’s procedure for pairwise com-
parisons. The analysis was conducted on rank-
transformed data (equivalent to a non-para-
metric alternative) for the clinical scores and on
the change from baseline for the chromameter
measurements. In addition to treating the clin-
ical scores of erythema as quantitative, the fre-
quency of each grade was listed, by product,
then grouped into two categories (0-1 and 2-4)
to represent photoprotection success and fail-
ure, respectively. Statistical significance was set
at p < 0.05. Analysis was performed using SPSS
19.0 and Microsoft Excel 2010 or above.

RESULTS

Figure 2 shows the study population. Sixty-five
participants were exposed to the sun and com-
pleted the study (ITT population); 40 women
and 25 men, mean age 28 years (minimum
18 years, maximum 53 years). Mean ITA was
43.03° [standard deviation (SD) 7.90°, mini-
mum 29.18°, maximum 64.85°]. Forty-two
subjects were in the ITA > 41° group, and 23
were in the ITA < 41° group. On the basis of
self-reported information, the majority of par-
ticipants were of white European ethnicity, with
a minority (6/65) being of mixed Mauritian-
white ethnicity (one parent of Mauritian origin
and one parent of European origin); none
reported Chinese ethnicity.

UV Radiation Doses

The mean UV index ranged from 5.21 (high) to
10.12 (extreme). The mean cumulative erythe-
mally weighted UVB dose ranged from
83.41 mJ/cm? (in four subjects due to a change
in weather conditions) to 201.09 mJ/cm? after
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«Fig. 4 Erythema at 24 h. A, clinical score; B, colorimetry.
a* difference versus baseline. The height of the bars
indicates the mean, and the error bars indicate the 95%
confidence intervals. *p < 0.05. **p < 0.001. NS not
significant

2h and 260.76 mJ/cm? after 3h. The mean
cumulative UVA dose ranged from 18.69 J/cm?
to 40.75]J/cm? after 2h and 54.11J/cm? after
3 h. Six subjects did not receive the minimum
cumulative erythemally weighted UVB dose of
100 mJ/cm>.

During exposure, the mean external tem-
perature was 31.29-35.46°C with a mean
hygrometry between 46.11% and 65.41%.

Clinical Outcomes

A representative photo of one of the partici-
pants is shown in Fig. 3, at baseline, 24 h and
day 8.

Erythema Clinical Score

At 24 h, the highest erythema scores aligned
with the reported SPF values, that is, the prod-
ucts ranked in the appropriate order. Differ-
ences in mean clinical erythema score reached
statistical significance between adjacent refer-
ence product levels: SPF 15 versus 30 and SPF 30
versus SPF 50+. Differences were also significant
between the SPF 50 IP and the reference stan-
dards SPF 15 and SPF 30 (p < 0.001 for each).
The difference between the IP and the SPF 50+
reference standard product was not statistically
significant (p = 0.136). There were also statisti-
cally significant differences between the IP and

the positive and negative control areas. Fig-
ure 4A shows the clinical erythema scores at
24 h, including by skin colour subgroup. These
subgroups (light and intermediate skin colour)
followed similar patterns to the overall analysis
in ranking the products, but comparisons
between adjacent protection levels did not
always reach statistical significance in these
smaller groups.

There was one instance of protection failure
(erythema score > 2) with the IP [this individ-
ual (RD035) had an ITA > 41° and was exposed
for 2 h, to a cumulative erythemally weighted
UVB dose of 201.09 mJ/cm? and cumulative
UVA dose of 37.91J/cm? mean UV index
10.21]; there were four instances of protection
failure with the reference standard P8 (SPF 50+)
[one individual (RD036) had an ITA > 41° and
was exposed for 2h, to a cumulative erythe-
mally weighted UVB dose of 201.09 mJ/cm? and
a cumulative UVA dose of 37.91]J/cm? and
mean UV index of 10.21; the three other sub-
jects had an ITA < 41°, one of whom was
exposed for only 2h (subject RD050), to a
cumulative erythemally weighted UVB dose of
192.86 mJ/cm? and cumulative UVA dose of
40.75]/cm? with a UV index of 10.50; two
(RD022 and RD047) were exposed for 3 h, to,
respectively, a cumulative erythemally weigh-
ted UVB dose of 202.11 and 192.86 mJ/cm? and
a cumulative UVA dose of 44.02 and 40.75]/
cm? and mean UV index of 7.89 and 10.50].
Table 2 presents the proportion of subjects who
fell into the categories of grade 0-1 ery-
thema/successful protection and grade 2-5 ery-
thema/protection failure, by product. No grade
4 or 5 was recorded.

Table 2 Erythema grade at 24 h grouped into photoprotection success and failure

Clinical erythema grade SPF 15 P3 SPF30P5 SPF50+ P8 SPFS0IP NTEZ NTNEZ
0-1 N (%) 19 (29.23) 35 (53.85) 62 (95.38) 64 (9846) 1 (1.54) 65 (100.00)
2-4 N (%) 46 (70.77) 30 (46.15) 3 (4.62) 1 (1.54) 64 (98.46) 0 (0.00)

IP, investigational product; NTEZ, non-treated exposed zone, NTNEZ, non-treated non-exposed zone; SPF, sun protection

factor
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Colorimetry: a* reference product levels: SPF 15 versus SPF 30
In line with the clinical erythema scoring, dif- (p=0.038), and SPF 30 wversus SPF50+
ferences in a* from baseline also showed a sta- (p < 0.001). The SPF 50 IP was significantly dif-

tistically significant difference between adjacent ferent from the SPF 15 and the SPF 30 (p < 0.001
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for both), but not from the reference standard
SPF 50+ (p = 0.991). Again, by skin colour sub-
group, similar ranking patterns were observed.
Figure 4B shows differences in a* versus baseline
at 24 h.

Clinical pigmentation

At day 8, significant differences were present
between adjacent protection levels SPF 15 ver-
sus 30 and SPF 30 versus 50+ (p < 0.001 for
both). The SPF 50 IP was significantly different
from the SPF 15 (p <0.001) and SPF 30
(p <0.001) but not the SPF 50+ (p = 1.000).
This was the case overall, and for both light and
intermediate subgroups (Fig. 5A).

Colorimetry: L*, ITA®

Overall, L* (difference at day 8 versus baseline)
was significantly different for SPF 15 versus SPF
30 (p=0.012) and SPF 30 versus SPF 50+
(p <0.001). The IP was significantly different
from SPF 15 and SPF 30 (p < 0.001 for both) but
not SPF 50+ (p = 1.000). The IP was significantly
different from both the positive and negative
control areas (p < 0.001 for both) (Fig. 5B).

For ITA (difference at day 8 versus baseline),
the same pattern was seen: statistically signifi-
cant differences between SPF 15 versus 30 and
SPF 30 versus SPF 50+ (p < 0.001 for both), and
between IP versus SPF 15 and 30 (p < 0.001 for
both) but not IP versus SPF 50+ (p = 1.000). The
IP was significantly different from the positive
and negative control areas (p < 0.001 for both)
(Fig. 5C).

The clinical scores correlated well with the
colorimetry values, both a* with clinical ery-
thema at 24 h and L* with clinical pigmentation
at day 8 (Fig. 6).

Secondary Analyses

Results of the secondary analysis after 2h of
exposure are provided in Supplementary Mate-
rial. Overall patterns were similar, in that the
ranking did not change, but it was not always
possible to distinguish statistically significant
differences between adjacent SPF levels, espe-
cially in the intermediate colour group (though
this was a smaller sample).

Reduction of Risk of Severe Burns

In multiple subjects there were areas that had to
be covered (27 subjects; 35 areas) before the 2 h
period had elapsed owing to immediate grade
> 2 erythema. Most of these (23/35) were in the
SPF 15 area, and most were in subjects with an
ITA > 41° (15/27).

DISCUSSION

The two main findings of this study were, firstly,
that it confirmed the capacity of this outdoor
clinical efficacy model to discriminate between
the three reference standard products (P3/
SPF 15, P5/SPF 30 and P8/SPF 50+), supporting
the reliability of this method. Secondly, in this
model, the new broad-spectrum SPF50 IP
showed better efficacy than reference standards
P3 (SPF 15) and PS5 (SPF 30) and similar efficacy
to reference standard P8 (SPF 50+).

In contrast to previous studies by this group
with a similar methodology [11, 12], and
therefore somewhat of an unexpected finding,
there were also significant differences between
the SPF50 IP area and the unexposed area
(negative control), and between the SPF 50+
reference and unexposed area; in our previous
studies [11, 12], these high levels of SPF were
indistinguishable from the unexposed area. The
finding in the present study may be indicative
of the strength of the solar exposure in these
conditions—the UV index reached a high of
14—and demonstrates the limitations of sun-
screens even at high protection levels; covering
up was still superior to the highest SPF sun-
screens. Indeed, there were instances of sun-
burn even with these high SPFs, including the
SPF 50 IP (one instance for a subject with light
skin/ITA > 41°) and the SPF 50+ standard ref-
erence product P8 (four instances, one subject
with light skin/ITA > 41° and three with inter-
mediate skin colour/ITA < 41°). Clearly this
reinforces the importance of not relying solely
on sunscreens for protection and avoiding pro-
longed sun exposure at peak irradiation times;
this advice must not be disregarded. It is also
curious to note that there were more instances
of burn with the SPF 50+ P8 than the SPF 50 IP,
although with such small numbers it is difficult
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to draw meaningful conclusions on this point.
Those cases of burn despite the use of SPF 50+
suggest it may be more appropriate to use an
SPF higher than 50 for fair skin when exposed to
extreme UV index, particularly when we take
into account that users frequently do not apply
the recommended 2mg/cm?® of sunscreen
[13, 14]; in addition, these findings reinforce
the recommendation to re-apply sunscreen at
least every 2 h and probably more frequently for
fair skin. Most importantly, photoprotection
with clothes and seeking shade are paramount
in such extreme conditions, in addition to
avoidance of sun exposure in the peak hours,
typically 11 am to 4 pm, whenever possible.
Regarding investigation by other groups in
this area, a recent interesting study by Hughes
et al. evaluated, in an outdoor setting in Are-
quipa (Peru), the protection against natural
sunlight provided by ten high-SPF (30-110)
sunscreens, when exposed to approximately 2 h
of natural sunlight [15]. That study, more akin
to outdoor SPF testing (despite the fact that
natural light is not limited to UVB as in the
indoor SPF measurement) than our study, con-
firmed a significant discrepancy between the
actual natural sunlight protection and the SPF
and broad-spectrum claims of the sunscreens
tested. Like us, Hughes etal. found that SPF
correlated well with erythema protection, but
the intensity of persistent pigment darkening
(PPD) was also higher with higher SPFs. In
contrast, in our study, both erythema and pig-
mentation correlated well (and inversely) with
SPF levels. It should be noted that, among other
methodological differences, their pigmentation
assessments were taken at 24 h, representing
PPD, whereas ours were taken at 1 week, repre-
senting delayed tanning, so they are not a direct
comparison as such. Hughes etal. also noted
that 2 h exposure was enough to measure dif-
ferences in erythema and pigmentation. In the
present study, as in a previous study of ours
[12], we exposed those with intermediate skin
colour for up to 3 h, as we hypothesized that
this group may require stronger exposure to
allow differentiation between protection levels.
In the overall analysis this was true only for one
comparison (SPF 15 versus 30, for a*), but in the
analysis of the subgroup of intermediate skin

colour only, many of the between-level differ-
ences were not significant, although the smaller
sample size may have been the cause of this.
This point will need further monitoring and
reflection when planning future studies. We did
not find the SPF 50+ P8 to be superior to the SPF
50 IP (in fact, there were more instances of burn
with the SPF 50+, though only four in total
versus one with the SPF 50 IP, so interpretation
of this is limited). A lot has been said about
whether to recommend an SPF higher than 30
or 50 [16, 17]: while some argue that the added
benefit is low, as the proportion of UV blocked
by higher SPFs is relatively small, some investi-
gators have looked at this in outdoor condi-
tions. Williams etal. found, in an outdoor
skiing study, that SPF 100 was superior to SPF
50+ for preventing erythema on the face [18],
and Russak etal. found a similar pattern of
better efficacy beyond SPF 50 [19]. Our findings
do not appear to follow this trend, although we
used different SPF levels: the SPF 50+ ISO ref-
erence product (P8) in our study was deter-
mined as having an SPF of 63 in indoor
laboratory testing; we cannot rule out that we
may have seen a difference had this been an
even higher SPF.

Sayre etal. found that protection level in
outdoor conditions differed from SPF label, and
that this difference was most pronounced when
the sun was low in the sky, which was attributed
to being due to the changing ratio of UVA to
UVB radiation [20]. Our study was carried out
close to midday, when UVB is at his highest, but
it could be interesting to see if the performance
of these products changes with differences in
solar height.

Limitations and Strengths

The limitations of this study include the fact
that several participants required covering up of
test areas before full planned exposure time had
elapsed. This may have had an effect on the
results, as it would have limited the severity of
erythema, but it was done for reasons of safety
as allowing them to continue to burn could
have been considered a questionable approach.
In addition, as the recommendation for
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sunscreen use is to re-apply at least every 2h
irrespective of skin colour or phototype, the
continuation to 3 h could be criticized. Our
rationale for keeping this group exposed for
longer than 2 h was that we considered them
likely to require stronger exposure to observe
significant changes; one alternative would be to
include more subjects, although this would also
have the potential limitation of introducing
more variability between groups, for example
with changes in weather conditions on different
days of the study. Clearly the conditions of this
study differ from those in a laboratory in terms
of environmental factors such as temperature
control, and, as reported in the results, the
mean UV index values ranged from high to
extreme; furthermore, the time and costs
involved in such a study compared with labo-
ratory methods are not inconsiderable. The
reporting of ethnicity was subjective, based on
subject-reported descriptions, with the limita-
tions that this entails.

The key strengths are that both clinical and
colorimetric assessments appeared to correlate
well, in that they ranked the products in the
same order, with differences between product
levels reaching statistical significance (Fig. 6). It
provides additional evidence on the IP and the
three reference standard products, confirming
that the three reference standard products were
correctly ranked in protection level; in these
outdoor conditions, we could not differentiate
between the SPF 50 IP and the SPF 50+ P8 (with
SPF 63). The information provided here con-
tributes to a more holistic view of the products’
protection, something which has been called
for by leading investigators in the field [21].

Areas for Future Study

Future considerations for improvement of this
outdoor clinical efficacy testing model may
include modification of the exposure time for
the protected areas in order to rank in a statis-
tically significant way the SPF 50 IP and the SPF
50+ reference standard P8.

The model could also be modified regarding
the unprotected, exposed area: exposure time
for the unprotected area could be reduced to,

for example, half an hour, or when the cumu-
lative erythemally weighted UVB dose reaches
50-60 mJ/cm?, as, at this dose, changes in a*
versus baseline were observed for both popula-
tions (Supplementary Fig. 3), and all subjects
had clinical erythema a score > 1. Indeed,
rather than consider duration of sun exposure,
we could consider the cumulative dose reached,
and this could be different for skin with ITA >
41° and < 41°.

The definition of the positive control could
be changed to consider grade 1 clinical ery-
thema at 24 h a positive control, rather than
grade 2. Some researchers already used this
definition in their work, with grade 1 erythema
or pigmentation being considered indicative of
sun-induced skin injury [15]. However, chang-
ing this criterion, and reducing the time of
exposure, could carry the risk of some subjects
being excluded from the analysis: in our study,
only one subject obtained a clinical erythema
score of 1 after 1 h. Another option could be to
not use an unprotected “positive control” area
at all, maintaining the objective of ranking the
sunscreens and comparing only the IP versus
the reference products SPF 15/P3, SPF 30/PS and
SPF 50+/P8.

CONCLUSION

This study confirms the ability of this outdoor
clinical efficacy testing method to rank in order
the efficacy of sunscreens tested in conditions
of high to extreme natural sun exposure from
P3 (SPF 15) to P8 (SPF 50+) and to position a
new broad-spectrum SPF 50 IP as no different to
the reference standard P8 (SPF 50+) and supe-
rior to PS (SPF 30). This information on perfor-
mance in natural sun exposure is intended to be
taken as supplementary to the established lab-
oratory-determined values. The instances of
burn even with high levels of protection
underscore the need for topical photoprotec-
tion to be combined with other established
protective behaviours such as seeking shade and
using protective clothing, hats and sunglasses.
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