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Ultraviolet radiation and the skin:
Photobiology and

sunscreen photoprotection
Antony R. Young, PhD,a Jo€el Claveau, MD,b and Ana Beatris Rossi, MDc,d

London, United Kingdom; Qu�ebec City, Qu�ebec, Canada; and Toulouse, France
The efficacy of sunscreens can be measured by different methods, involving in vitro, ex vivo, or in vivo
techniques. There is a need for a worldwide standardization of these methods to avoid misunderstanding
and confusion among sunscreen users. The clinical benefits of sunscreens have been demonstrated in
randomized controlled trials that established the role of sunscreens in the prevention of actinic
keratoses, squamous cell carcinomas, nevi, and melanomas. Sunscreens also prevent photoimmuno-
suppression and signs of photoaging. Continued efforts in public education on the proper application
of sunscreens and the practice of photoprotection in general are needed. ( J Am Acad Dermatol
2017;76:S100-9.)
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Abbreviations used:

AK: actinic keratosis
BCC: basal cell carcinoma
CPD: cyclobutane pyrimidine dimer
FDA: Food and Drug Administration
ISO: International Standards Organization
KC: keratinocyte cancer
MED: minimal erythemal dose
MMP: matrix metalloproteinase
SCC: squamous cell carcinoma
SED: standard erythemal dose
SPF: sun-protection factor
UV: ultraviolet
UVR: ultraviolet radiation
T
errestrial solar ultraviolet (UV) radiation
(UVR) (;295-400 nm) comprises UVA (320-
400 nm) and UVB (280-320 nm).1 UVC (100-

280 nm) does not reach the Earth’s surface because it
is completely absorbed by stratospheric ozone. UVB
accounts for no more than about 5% of terrestrial
UVR, but its effects are typically much greater than
those of UVA. The intensity of UVB peaks at around
midday, whereas that of UVA remains fairly
consistent throughout the day. The clinical effects
of UVR on normal-appearing human skin, which are
mostly adverse, may be acute or chronic. The acute
effects include erythema (sunburn), pigmentation
(tanning), suppression of acquired immunity, and
enhancement of innate immunity, all mostly caused
by UVB,2 and reduction of blood pressure by UVA3,4

(Table I). Chronic effects include photocarcinogen-
esis and photoaging.5 All effects are underpinned by
hn’s Institute of Dermatology, King’s College

partment of Dermatology, Melanoma and

Clinic, Centre Hospitalier Universitaire de

ital Hôtel-Dieub; Clinical Skin Research and

Center, Pierre Fabre Dermo-Cosm�etique, Toulou-
artment of Dermatology, Toulouse University

his supplement is supported by Laboratoires

es Av�ene.
ung discloses research funding and honoraria

abre Dermo-Cosm�etique, and research funding

nd Walgreens Boots Alliance (manufacturers

filters and sunscreen products, respectively).

scloses that he is a consultant and speaker for
molecular or cellular effects such as DNA damage,
the generation of reactive oxygen species (singlet
oxygen, superoxide, peroxyl radicals, hydroxyl rad-
icals, and peroxynitrite), melanogenesis, apoptosis,
L’Or�eal and a speaker for Bioderma Laboratoire Dermatologi-

que, Johnson & Johnson, and Pierre-Fabre Dermo-Cosm�etique.

Dr Ana Beatris Rossi is a full-time employee of Pierre Fabre

Dermo-Cosm�etique.
Accepted for publication September 24, 2016.

Reprint requests: Antony R. Young, PhD, St John’s Institute of

Dermatology, Tower Wing (ninth floor), Guy’s Hospital, Great

Maze Pond, London SE1 9RT, UK. E-mail: antony.young@kcl.ac.uk.

Published online December 27, 2016.

0190-9622/$36.00

� 2016 Published by Elsevier on behalf of the American Academy

of Dermatology, Inc.

http://dx.doi.org/10.1016/j.jaad.2016.09.038

Delta:1_given name
Delta:1_surname
Delta:1_given name
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaad.2016.09.038&domain=pdf
mailto:antony.young@kcl.ac.uk
http://dx.doi.org/10.1016/j.jaad.2016.09.038


J AM ACAD DERMATOL

VOLUME 76, NUMBER 3
Young, Claveau, and Rossi S101
depletion of Langerhans cells, and expression
of many genes and related proteins. The only
widely established benefit of UVR in the skin
is the photosynthesis of vitamin D that is initiated
by the UVB-induced conversion of epidermal
7-dehydrocholesterol into previtamin D3.

PHOTOBIOLOGY
CAPSULE SUMMARY

d Acute effects of ultraviolet radiation
exposure include erythema,
pigmentation, suppression of acquired
immunity, enhancement of innate
immunity, and vitamin-D synthesis.
Chronic effects include
photocarcinogenesis and photoaging.

d Photoprotection, including the
application of sunscreens, has been
shown to inhibit many of the acute and
chronic effects of ultraviolet radiation
exposure.
UVR sensitivity
Skin phototype, as

described by the Fitzpatrick
scale,6 is among the most
useful clinical determinants
of UVR sensitivity. Lower
number skin types are more
susceptible to sunburn,
tanning ability is poor, and
skin cancer risk is higher
(Table II).

Personal UVR sensitivity
can be measured by visual
assessment of the minimal
erythemal dose (MED),
which is the amount of
UVR needed to induce just

perceptible erythema after exposure (typically
24 hours). In general, the MED increases with
Fitzpatrick skin type, but there is considerable over-
lap between skin types, so MED may not be consis-
tently predictive of skin type.7 The MED is widely
used in experimental photobiology, phototherapy,
and calculation of a sunscreen’s sun-protection factor
(SPF).

An action spectrum is defined as a plot of
wavelength versus the reciprocal of the dose
required for a given photobiological outcome (usu-
ally expressed on a log scale), such as erythema.
Most international organizations have adopted the
action spectrum proposed by McKinlay and Diffey8

in 1987, including the Commission Internationale de
l’Eclairage.9,10 Using this schema as a weighting
function for solar UVR shows that, when the sun is
high, over 80% of the erythemal response of the skin
is a result of the 5% or less UVB in solar UVR. The
erythema action spectrum is also used as the
biological weighting function for the standard
erythemal dose (SED) that is increasingly used as
the exposure unit in epidemiologic and laboratory
studies. The SED is independent of personal UVR
sensitivity and emission spectrum and is set as an
exposure of 100 J/m2.

Another measure of UVR exposure that is more
easily understood is the UV index, which is used
worldwide to promote public awareness of the risks
of UVR exposure and sun protection.11 The UV
index, which is also based on the erythema action
spectrum, is directly proportional to the intensity of
erythemal UVR. The values vary with sun elevation,
so by time of day, time of year, and latitude, and
also with altitude, ozone, cloud cover, and ground
reflection.
DNA damage
The effects of UVR in

the skin are initiated at a
molecular level involving
epidermal and dermal chro-
mophores that absorb UV or
visible radiation, each with
a characteristic absorption
spectrum. When such
a chromophore absorbs
photon energy, it moves to
a higher energy (‘‘excited’’)
state and becomes unstable.
This may result in either a
structural change, binding to
other molecules that define a
‘‘direct effect,’’ or acting as a
sensitizer generating reactive
oxygen species that damage adjacent biomolecules
such as DNA or proteins (indirect effects). In the
excited state, chromophores are the initiators of all
short- and long-term photobiological responses.2,12

Endogenous skin chromophores include DNA, mel-
anins, and their precursors, urocanic acid, aromatic
amino acids, flavins, and porphyrins. Exogenous
chromophores include photosensitizing drugs, eg,
fluoroquinolones and azathioprine (inadvertent
photosensitization), 8-methoxypsoralen as used in
psoralen plus UVA therapy for psoriasis (deliberate
photosensitization), and sunscreens. DNA, which
absorbs solar UVB and some UVA, is probably the
most important endogenous chromophore. The
most frequent photolesions are cyclobutane pyrim-
idine dimers (CPDs) and pyrimidine (6-4) pyrimi-
dones. These result in structural damage to the DNA
helix inhibiting DNA replication and transcription.
CPDs are the most common and the most damaging
type of lesion. Relatively low and even suberythemal
doses of UVB have been shown to cause a high
amount of DNA damage in the epidermis.13

CPDs provoke cytokine-mediated inflammation
leading to erythema and concomitant immuno-
suppression and transition mutations, such as C
(cytosine) / T (thymine) or even CC / TT, which
can lead to keratinocyte cancers (KCs). Less is
known about the relationship of melanoma with
CPDs, although intense, intermittent UVR exposure
is significantly associated with melanoma risk.14



Table I. Main effects of ultraviolet radiation on normal-appearing human skin

Acute

ChronicMolecular/cellular Clinical

d DNA photodamage (and its repair)/mutation (C/T,
CC/TT)

d Reactive oxygen species
d Gene and protein expression
d Melanogenesis
d Apoptosis
d Langerhans cell depletion
d Vitamin-D photosynthesis
d Nitric oxide release (UVA)

d Erythema
d Tanning
d Suppression of acquired immunity
d Enhancement of innate immunity
d Reduction of blood pressure via nitric oxide

d Skin cancer
d Photoaging

C, Cytosine; T, thymine; UV, ultraviolet.

Table II. Fitzpatrick skin type and ultraviolet radiation response

Skin type Skin color (protected)

Susceptibility

to sunburn 1 MED (as SED) Tanning ability

Susceptibility to

skin cancer

I White Very readily 2-3 Never tans Very high
II White Readily 3-4 Tans minimally Very high
III White Moderately 4-5 Average tanning High
IV Olive Occasionally 5-6 Tans easily Moderate
V Brown Rarely 8-12 Tans easily and substantially Low
VI Black/dark brown Never/rarely 16-24 Tans readily and profusely Low

MED, Minimal erythemal dose; SED, standard erythemal dose.
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Melanoma is a very heterogeneous disease and
investigations are ongoing into other mechanisms
by which it may be induced. It is estimated that UVR
exposure is associated with 65% of melanoma cases
and 90% of KC.15 CPD also triggers the expression of
matrix metalloproteinase (MMP)-1, which degrades
collagen and is responsible for photoaging.16

Epidermal CPDs and pyrimidine (6-4) pyrimidones
are removed mainly through nucleotide excision
repair, a process that plays a vital role in protecting
against DNA damage. This can be seen clearly in
patients with xeroderma pigmentosum, whose
capacity for DNA damage repair is impaired. These
individuals have a more than 10,000-fold greater risk
for KC and greater than 2000-fold increased risk of
melanoma before age 20 years.17 Repair of CPDs is
slow ([24 hours), so damage may accumulate with
repeated UVR daily exposure.

PHOTOPROTECTION BY SUNSCREENS
Sunscreens were originally developed to mini-

mize erythema (sunburn), the action spectrum of
which shows that UVB is about 1000 times more
effective than UVA per unit dose (J/m2). Thus, early
sunscreens were primarily UVB absorbers. Erythema
is the end point of the main index of sunscreen
efficacy, namely the SPF, which is mainly, but not
exclusively, an index of UVB protection. However,
both animal and human studies have shown that
other acute and chronic pathogenic effects may
occur after cumulative exposure to suberythemal
doses of solar UVR, including UVA. It was therefore
recognized that for protection against damage other
than sunburn, an ideal sunscreen should protect
against the entire solar UVB/UVA range.

At the same time, it is necessary to avoid blocking
the beneficial effects of UVR such as vitamin-D
synthesis, photoadaptation (natural protection
for the skin), immunosuppression of acquired
immunity, induction of innate immunity, and more
recently identified benefits such as reduction in
blood pressure by UVA.4

Sunscreen regulation
Regulatory standards for sunscreens differ around

the world. In the United States sunscreens are
regarded as over-the-counter drugs (Table III),18

and in Canada they are considered drugs unless
they contain only titanium dioxide, zinc oxide, or
para-aminobenzoic acid, where they are defined as
‘‘natural health products.’’19 (This policy is currently
under review by Health Canada.) Most sunscreens in
Australia, including primary sunscreens with SPF 4 or
higher, are regarded as ‘‘therapeutic goods’’ and
must be registered with the Australian Register
of Therapeutic Goods.20 Elsewhere, including the



Table III. Ultraviolet filters listed in the US Food
and Drug Administration final monograph18

Active ingredient, USAN

Peak absorption (l max) or

absorption range (nm)

UVB filters
Aminobenzoic acid 283
Padimate O 311
Octinoxate 311
Cinoxate 289
Octisalate 307
Homosalate 306
Trolamine salicylate 260-355
Octocrylene 303
Ensulizole 310

UVA filters
Oxybenzone 288,325
Sulisobenzone 366
Dioxybenzone 352
Avobenzone 360
Meradimate 340

Inorganic filters
Titanium dioxide UVB-UVA*
Zinc oxide UVB-UVA*

USAN, US adopted name; UV, ultraviolet.

*Absorption varied depending on the particle size.
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European Union, China, India, Japan, and members
of Association of Southeast Asian Nations and
Mercado Com�un del Sur in South America,
sunscreens are defined as cosmetics, although by
differing criteria.21 As a result of these differences in
regulatory processes for sunscreens, fewer products
are available in the United States and Canada than in
most of the rest of the world. For example, no new
UVR filters have been approved in North America
since 2002.22,23 In the United States in 2015, the Food
and Drug Administration (FDA) rejected applications
for the use of 8 newUVR filters in sunscreens, despite
those filters already being in use in Europe, without
additional information, including percutaneous
absorption safety data.22 At the time of writing, no
progress has been made on the approval process.

Despite initiatives toward harmonization of
sunscreen testing and labeling, many variations
remain worldwide. SPF, first introduced by
Schulze24 in 1956, is calculated as the ratio of the
doses of solar-simulated radiation causing erythema
with sunscreen applied to that without sunscreen.
Published by the International Standards
Organization (ISO) in 2010,25 the ISO 24444
international standard specifying a method for the
in vivo determination of the SPF of sunscreen
products has been adopted as the SPF evaluation
standard worldwide, including in Europe, Canada,
Australia, and Japan. In the United States, the same
year, the FDA issued its final rule on labeling
and effectiveness testing of ‘‘sunscreen drug
products.’’18,26 The FDA SPF is similar to that of
ISO 24444 and SPF values obtained by 2 methods
are comparable. Both apply a standardized
sunscreen dose of 2 mg/cm2 for in vivo testing.
Both the ISO and FDA standards are accepted by
many countries worldwide in addition to their own
standards (Table IV). An SPF value of 501 is the
maximum allowable SPF on sunscreen product
labels in many countries, including Europe,
Australia, and Japan, although in practice the SPF
may be higher. Of note, the US FDA has not yet
made its final ruling on the maximal allowable SPF
on labels. Despite efforts to harmonize methods for
evaluation of SPF, however, regulations for SPF
claims for sunscreen products vary widely between
different countries. No standardized in vitro method
of SPF testing has been recommended to date.

Both the ISO and the FDA have addressed UVA
testing. In 2011 the ISO issued ISO 24442,27 a
standard for an in vivo method to determine the
UVA protection factor of a sunscreen product using a
persistent pigment-darkening method based on the
recommendation of the Japan Cosmetic Industry
Association.28,29 However, Japan is now the only
region to require a mandatory in vivo test for UVA
protection. ISO 24443, issued in 2012, sets out an
in vitro procedure to create a UVR spectral
absorbance curve as the basis for determining UVA
protection parameters such as the UVA protection
factor, critical wavelength, and UVA absorbance
proportionality.30 Of these parameters, the FDA
chose the in vitro critical wavelength test, defined
as the wavelength below which 90% of the total area
under the absorbance (290-400 nm) curve resides.18

A critical wavelength of 370 nm or greater is required
for sunscreens to be labeled as ‘‘broad spectrum.’’
The European Union recommends both a critical
wavelength ofmore than 370 nm and UVA protection
factor at least one third of the labeled SPF as the
criterion for labeling as either UVA or broad-
spectrum protection.30

Other testing required for sunscreens involves
in vivo determination of water resistance.
‘‘Waterproof’’ claims are no longer accepted because
they imply complete protection while bathing or
perspiring. Methods for testing for water resistance in
Europe and the United States are based on compar-
ison of the SPF of a sunscreen before and after it has
been immersed in water for a specific period. To be
designated as ‘‘water resistant’’ in Europe, the
SPF measured must be 50% or more of its level
measured before two 20-minute periods of water
immersion, according to guideline issued by
Cosmetics Europeethe Personal Care Association



Table IV. Worldwide implementation of Food and Drug Administration final monograph (2011)18 and
International Standards Organization standards24,26,29 for sunscreen evaluation

Region SPF in vivo UVA PF in vivo UVA PF in vitro

Europe ISO 24444:2010 ISO 24442:2011 ISO 24443:2012
United States FDA 2011 Not required FDA 2011
Canada ISO 24444:2010

FDA 2011
ISO 24442:2011 FDA 2011

ISO 24443:2012
Mexico ISO 24444:2010

FDA 2011
ISO 24442:2011 FDA 2011

ISO 24443:2012
MERCOSUR* ISO 24444:2010

FDA 2011
ISO 24442:2011 ISO 24443:2012

South Africa ISO 24444:2010 ISO 24442:2011 ISO 24443:2012
India ISO 24444:2010

FDA 2011
ISO 24442:2011 FDA 2011

ISO 24443:2012
Japan ISO 24444:2010 ISO 24442:2011 Not required
Korea ISO 24444:2010 ISO 24442:2011 Not required
ASEANy ISO 24444:2010 ISO 24442:2011 ISO 24443:2012
Australia ISO 24444:2010 Not required ISO 24443:2012

ASEAN, Association of Southeast Asian Nations; FDA, Food and Drug Administration; ISO, International Standards Organization; MERCOSUR,

Mercado Com�un del Sur; PF, protection factor; SPF, sun-protection factor; UV, ultraviolet.

*Argentina, Brazil, Paraguay, Uruguay, and Venezuela.
yBrunei Darussalam, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Vietnam.
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(formerly the European Cosmetic, Toiletry, and
Perfumery Association).31 For a brand to claim to
be ‘‘very water resistant,’’ the test is conducted for 4
periods of 20 minutes. In contrast, to make the above
claims, the FDA requires that the SPF value after
water immersion is the same as the value before
immersion.18

Although it is important to confirm the photo-
stability of a sunscreen over the whole UVA and UVB
ranges, photostability testing is not mandatory in
Europe, Australia, or the United States; however, the
FDA requires the sample to be preirradiated to
establish its photostability for the critical wavelength
test.25,26 Photostability of a product may also be
determined by an in vivo method in which a fixed
amount of sunscreen is applied on the skin of a test
subject followed by irradiation. The UVR filters are
recovered by tape stripping and extracted from the
tapes, and their residual presence is quantified by
high-performance liquid chromatography and
spectrophotometry. The difference between the
amounts of product before and after irradiation is
the basis of this test. In 2004, Cosmetics Europe
issued a comparable in vitro testing guideline, which
was also based on the high-performance liquid
chromatography determination of the UVR filter
amount of a tested sun-protection product before
and after UV irradiation.32
Real-life sunscreen use
Numerous studies have recorded that, in real life,

people typically apply much less sunscreen than the
dose (2 mg/cm2) used in the SPF testing process.33-40

This varies between 0.5 and 1.5 mg/cm2. Most
real-life users probably achieve a mean value of
between 20% and 50% of the labelled SPF.41-43 It has
been said, provocatively, that if sunscreens were
applied appropriately to prevent sunburn there
would be no need for SPFs greater than 15.44 There
have been calls for modification of testing methods42

and for products to be labeled more clearly and
realistically.43 The relation between sunscreen
application thickness and SPF is unclear. Some
investigators have reported that it is linear42,45 and
others that it is exponential.46-48 The reason for the
different findings is unknown, but it may be a result
of variations in formulation (vehicles and properties
of sun filters), and the concentration of active
ingredients.
SUNSCREENS IN SKIN CANCER
PREVENTION

In animal studies, a sunscreen (SPF 12) was
shown to protect against epidermal cell damage
using UVB-induced ‘‘sunburn cells’’ (apoptotic
keratinocytes) as an end point.49 UVR-induced
immunosuppression is important in skin cancer
development. A sunscreen (SPF 15) containing
2-ethylhexyl-p-methoxycinnamate was found to
protect against systemic suppression of contact
hypersensitivity to 2,4-dinitrofluorobenzene, and
induction of susceptibility to transplanted
UVR-induced tumor cells.50,51 Application of
SPF-15 sunscreens to mouse skin nearly abolished
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UVR-induced mutations in the p53 tumor suppressor
gene.52

Immunosuppression
In a United Kingdom study in 119 white

volunteers, solar-simulated radiation exposure of
previously unexposed buttock skin with and without
sunscreen (SPF 15) induced a UVR dose-dependent
suppression of the contact hypersensitivity response,
but for a given UVR dose, contact hypersensitivity
responses were higher with than without sun-
screen.53 The sunscreen also protected against ery-
thema, but protection against immunosuppression
was less than half that for erythema, which the
investigators concluded was probably a result of
immunosuppression by UVA, because the sunscreen
was primarily a UVB absorber. Evaluation of 2 broad-
spectrum SPF 15 sunscreens showed an unaltered
local delayed-type hypersensitivity response to recall
antigens after a single solar-simulated radiation
exposure in the group pretreated with the sunscreen
product with higher protection in the UVA range but
was significantly suppressed by 55.7% in the group
pretreated with sunscreen with a much lower UVA
protection, indicating that UVA is highly involved in
immunosuppression.54

DNA photodamage
The efficacy of daily application of a broad-

spectrum SPF 15 sunscreen in protecting against
UVR-induced epidermal DNA damage (CPD) was
demonstrated by its application on buttock sites of 18
women 30 minutes before exposure to 2 MED of
solar-simulated radiation over 4 days.55 One site was
treated daily, 3 sites were treated on 3 irradiation
days, and 1 site was not irradiated (control). There
was no significant difference in CPD between
nonirradiated and irradiated skin when sunscreen
application preceded each irradiation, but when
sunscreen application was omitted even once before
irradiation, there was a statistically significant in-
crease in CPD. This study showed that regular use of
a broad-spectrum sunscreen is effective in prevent-
ing UVR-induced DNA damage, but that irregular
and inadequate use of sunscreen during exposure to
UVR results in CPD formation, which may lead to
mutation and subsequent cancer development. The
ability of a broad-spectrum, SPF 30 sunscreen to
protect against UVR-induced tissue alterations and
DNA damage was investigated using engineered
human skin exposed to increasing doses of
solar-simulated radiation.56 Sunscreen significantly
reduced the frequencies of CPDs, pyrimidine (6-4)
pyrimidones, and photo-oxidative damage to DNA.
A recent study (Young et al, unpublished data, 2016)
evaluated DNA protection by sunscreen in 16
subjects with sun-sensitive skin after application of
a broad-spectrum sunscreen SPF 501 at 0.75, 1.3,
and 2.0 mg/cm2. Topically treated sites were
exposed to 30 SED (corresponding to 3 hours of
sun exposure during summer in Brazil or Australia),
and compared with 4 SED with no sunscreen, in an
acute exposure group. Holiday sun behavior
simulated by 5 consecutive days of exposure to 15
and 30 SED with sunscreen was compared with 1
SED with no sunscreen. In all cases the sunscreen-
treated sites had fewer CPD than nonprotected sites
and DNA protection was dependent on sunscreen
application thickness.

Actinic keratoses
Actinic keratoses (AKs) are markers of chronic

photodamage of the skin. The major associated
factors are male sex, advanced age, sun-sensitive
complexion, high lifetime sun exposure, and pro-
longed immunosuppression. Primary prevention of
AKs is achieved by limiting intense sun exposure.
Several randomized controlled trials have demon-
strated that regular use of sunscreens prevents AKs,
potentially reducing the risk of skin cancer over the
long term. The effect of broad-spectrum sunscreen
(SPF 17) was tested in a landmark Australian summer
study in 588 adults aged 40 years or older with AKs.57

The patients applied either a sunscreen or base
cream only to the head, neck, forearms, and hands.
The mean number of AKs increased by 1.0 per
patient in the base-cream group and decreased by
0.6 in the sunscreen group, with fewer new lesions
and more remissions in the latter. There was a
sunscreen dose-response effect: the amount of sun-
screen used was related to both the development of
new lesions and the remission of existing ones. A US
study, undertaken in a high-risk population in Texas,
investigated daily application of sunscreen (SPF 29)
vs placebo over a 2-year period.58 The 53 partici-
pants had previously demonstrated AK or KC,
continuing sun exposure, and were not regular
sunscreen users. At the end of study, the rate of
appearance of new precancerous skin lesions was
less for the treatment group than for the control
group. The Nambour Skin Cancer Prevention Trial,
carried out in an Australian community in a subtrop-
ical environment (Queensland, Australia) showed
that AKs can be prevented by regular sunscreen
application to the head, neck, hands, and forearms.59

A total of 1621 adults aged 25 to 74 years were
randomized to daily use of a provided sunscreen
(application of an SPF 16 sunscreen every morning)
or application of their own sunscreen at their usual
discretionary rate. The ratio of AK counts over 2-year
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period was 24% lower, and the rate of AK acquisition
was 44% lower in people randomized to daily
sunscreen use than in those randomized to discre-
tionary sunscreen use, equivalent to the prevention
of an average of 1 additional AK per person during
that time.

Keratinocyte cancer
KC is themost common cancer worldwide and the

most frequently observed malignancy in people with
white skin. Approximately 75% to 80% of KCs are
basal cell carcinomas (BCCs) and 20% to 25% are
squamous cell carcinomas (SCCs), the majority of
cases occur on the head and neck, and solar UVR is
the predominant causative agent. The Nambour Skin
Cancer Prevention Trial showed that regular sun-
screen use can inhibit SCC but not BCC. Among 1383
participants who underwent a full skin examination
by a dermatologist, 250 developed 758 new skin
cancers during the follow-up period of 4.5 years.60

There were no significant differences in the inci-
dence of first new skin cancers (BCC or SCC)
between groups randomly assigned daily sunscreen
and discretionary sunscreen use. However, the num-
ber of SCC tumors was significantly lower (39%) in
the sunscreen group than in the discretionary sun-
screen group (P\ .05), with an even greater (52%)
reduction when only histologically confirmed tu-
mors were analyzed. As part of the 232 factorial
design of the study some patients were also ran-
domized to b-carotene supplementation (30 mg/d)
vs placebo tablets, but no beneficial or harmful
effects of b-carotene were noted. After completion
of the trial, participants were followed up for a
further 8 years and during this time, BCC tumor rates
tended to decrease but not significantly in people
formerly randomized to daily sunscreen use
compared with the discretionary use group.61 In
contrast, corresponding SCC tumor rates decreased
significantly by almost 40% during the entire follow-
up period, confirming the prolonged preventive
effects of sunscreen use on SCC but no clear benefit
in reducing BCC.

In a single-center study of 120 organ transplant
recipients, 60 recipients of a liver, kidney, or heart
transplant used a broad-spectrum sunscreen (SPF
$50, high UVA protection) for daily application to
the head, neck, forearms, and hands for 24 months.62

At the same time 60 control subjects matched for age,
type of transplant, and time since transplantation
were given only standard advice about sun protec-
tion and told to use commercially available
sunscreens of their own choice. Patients in the sun-
protection intervention group had a partial remission
of AKs (�120 lesions vs 182 in the control group,
P\.01) and less frequent development of SCC (0 vs
8, P \ .01) and BCC (2 vs 9, not statistically signif-
icant). Daily application of sunscreen is now a
standard recommendation for immunosuppressed
patients.

Melanoma
High melanocytic nevus density has been estab-

lished as a strong predictor of melanoma in a number
of studies using different methods of evaluation.63-69

In adults younger than 30 years, 50% of cutaneous
melanomas are associated with a melanocytic nevus
precursor.70 The regular use of sunscreen (broad-
spectrum, SPF 30) was first shown to reduce the
number of nevi in children in a randomized,
controlled study in 2000.71 The study included 309
white schoolchildren age 6 to 10 years who either
regularly used SPF 30 sunscreen (sunscreen group)
or received no sunscreen or advice about sunscreen
(control group). After 3 years, the median number of
nevi was 24 in the sunscreen group vs 28 in the
control group (P = .048). Modeling of the data
suggested that regular use of sunscreen in this group
would prevent 30% to 40% of nevi compared with no
sunscreen use. Further analysis showed that children
randomized to the sunscreen group had significantly
fewer new nevi on the trunk, and fewer nevi on the
lower limbs compared with children in the control
group, supporting the hypothesis of site-specific
differences in nevus potential and the sunscreen’s
protective effect.72

The Nambour trial was the first randomized study
to show that the daily application of a broad-
spectrum sunscreen (SPF 16) can reduce the risk of
melanoma in 1621 participants aged 25 to 75 years.73

Ten years after the treatment phase of the trial ended,
11 new primary melanomas had been identified in
the daily sunscreen group, and 22 had been identi-
fied in the discretionary group, a reduction of 50% in
the daily sunscreen group compared with discre-
tionary use (hazard ratio 0.50, 95% confidence inter-
val, 0.24-1.02; P = .051). The effect was even greater
for invasive melanomas by 73% (hazard ratio 0.27,
95% confidence interval 0.08-0.97; P = .045). The
decrease in melanoma was seen across all body sites,
not only prescribed application sites. Given the
results of the earlier study in children, the Nambour
investigators suggest that a long-term sunscreen
intervention among children and adolescents may
yield even greater benefits in cancer prevention than
seen in adults.

Photoaging
Photoaging, clinically and histologically distinct

intrinsic skin aging, is associated with increased
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elastosis and collagen fragmentation below the
dermoepidermal junction. There are few data on
the role of sunscreens in preventing photoaging for
which both UVA and UVB have been implicated.
One human study has shown that the erythema
action spectrum predicts the induction of MMP-1
messenger RNA, which suggested that UVB is much
more important.74 In a study of 35 adults given a
diagnosis of AKs, skin cancer, or both, solar elastosis
was significantly diminished by at least twice-daily
application of a sunscreen consisting of 7% octyle-
thoxycinnamate, 6% oxybenzone, and 5% octyl sa-
licylate, blocking UVB and short-wavelength UVA
compared with a vehicle placebo over 2 years.75 A
highly photostable sunscreen (high UVA protection
factor 22) was shown to provide high protection
against multiple cellular markers of photoaging
(MMP-1 and MMP-9) and sunburn cells,
Langerhans cell depletion, CPD, and p53 expres-
sion.76 These markers were evaluated in biopsy
specimens from 12 subjects after 4 treatments: un-
protected exposed to 0, 1, or 3 MED solar-simulated
radiation and sunscreen (SPF 55) protected exposed
to 55 MED. All the markers showed significantly
more damage with 3 MED-untreated sites compared
with nonirradiated control, and most showed
marked damage after unprotected 1 MED exposure.
After 55 MEDs, sunscreen-protected sites showed
significantly less p53 and MMP-9 in keratinocytes
than the 1 MED-exposed unprotected sites, suggest-
ing that the sunscreen provided better protection
against cellular damage than its SPF indicated. The
other biomarkers in sunscreen protected sites
showed no statistical differences from 1 MED-
exposed unprotected sites, indicating that significant
protection was present at cellular and molecular
levels evenwith a very high solar-simulated radiation
exposure. The Nambour trial (see above) was the
first to show the effect of daily sunscreen use over
4.5 years on skin aging in human beings with respect
to clinical signs of photoaging and in a large patient
group.77 Skin aging from baseline to the end of the
trial was 24% less in the daily sunscreen group than
in the discretionary sunscreen group (relative odds
0.76, 95% confidence interval 0.59-0.98).

Summary
There is ample evidence to demonstrate the acute

and chronic skin alterations caused by solar range
UVR, and the benefits that sunscreens afford in the
reduction and even prevention of such changes.

The efficacy of sunscreens can be assessed by
different methods, more or less robust, involving
in vitro, ex vivo, or in vivo measurements. There is a
need for a worldwide standardization of these
methods to avoid misunderstanding and confusion
among sunscreen users. Despite the development of
new filters systems and broad-spectrum products,
education of consumers and patients regarding the
application of sunscreens, both in terms of quantity
and quality, should be a priority for dermatologists
and public health organizations. Many questions
remain regarding the exact level of protection for
each hazardous sun effect on our skin. New robust
methods for evaluation of sunscreens efficacy have
been developed in recent years, including quantita-
tive analysis of UVR damage (transcriptomic and
proteomic analyses, 2-photon fluorescence micro-
scopy, immunohistochemistry) and may help to
differentiate the efficacies of different sunscreens
formulations in the future.
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