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kground: Solar elastosis adjacent to melanomas in histologic sections is regarded as an indicator of
posure, although the associations of UV exposure and phenotype with solar elastosis are yet to be
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thods: The study included 2,589 incident primary melanoma patients with assessment of histologic so-
stosis in the population-based Genes, Environment, and Melanoma study. Ambient erythemal UV
at places of residence and sun exposure hours, including body site–specific exposure, were collected.
amined the association of cumulative site-specific and non–site-specific sun exposure hours and ambi-
E with solar elastosis in multivariable models adjusted for age, sex, center, pigmentary characteristics,
nd, where relevant, body site.
ults: Solar elastosis was associated most strongly with site-specific UVE [odds ratio (OR) for top expo-
uartile, 5.20; 95% confidence interval (95% CI), 3.40-7.96; P for trend <0.001] and also with site-specific
posure (OR for top quartile, 5.12; 95% CI, 3.35-7.83; P for trend <0.001). Older age (OR at >70 years,
5% CI, 5.14-11.52; P for trend < 0.001) and having more than 10 back nevi (OR, 0.77; 95% CI, 0.61-0.97;
03) were independently associated with solar elastosis.
clusion: Solar elastosis had a strong association with higher site-specific UVE dose, older age, and
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act: Solar elastosis could be a useful biomarker of lifetime site-specific UV. Future research is needed to
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ent epidemiologic studies have explored environ-
l and personal determinants of skin damage, includ-
hether there are separate effects of chronological
and cumulative sun damage. These studies includ-
ple with basal cell carcinoma (BCC), squamous cell
oma (SCC) (14), or melanoma (5), or those who were
from the general population (15) and examined for
histologic solar elastosis (5, 14) or silicone cast score
though severe solar elastosiswas found to occurmore
ntly on sites that aremore heavily exposed to the sun,
rticular phenotypic determinant was identified in
ation with sun damage. Only one study sought to
fy the most predictive measure of sun exposure (14).
Genes, Environment, and Melanoma (GEM) study
ble to estimate cumulative UV dose at the site of the
oma for all participants by integrating reported
ecific sun exposure behavior with estimated ambi-
V irradiance at residential locations throughout life.
dition to the personal sun exposure histories, a
of pigmentary characteristics for patients and pa-
y information for the melanomas was available.
s article, we aim to identify one or more measure-
of sun exposure and the phenotypic or other per-
characteristics that best predict histologic solar
sis adjacent to the melanoma in incident primary
eous melanoma patients.

rials and Methods

participants in this study were patients with inci-
first or subsequent primary cutaneous melanoma
osed from 1998 through 2003 in the GEM study
). GEM participants were ascertained from eight
lation-based cancer registries: two in Australia
South Wales, Tasmania), two in Canada (British
bia, Ontario), one in Italy (Torino), and three in
nited States (Orange and San Diego Counties in
rnia, New Jersey, and North Carolina).
study protocol was approved by the institutional
board at the coordinating center, Memorial Sloan-

ring Cancer Center, as well as the institutional
boards at each of the participating institutions.

cian approval was sought before contacting eligible
ipants, and all study participants provided in-
d consent. A total of 3,289 patients with incident
ry cutaneous melanoma were enrolled from the
centers. The participation rate was 53%, and parti-
ts tended to be slightly younger and were more
to be female compared with the entire ascertained
ation (17).
h participant provided informed consent to obtain
ostic slides of their melanoma for a standardized
logy review. Expert dermatopathologists scored ad-
solar elastosis on the same slides as the melanomas
ng a grading system (absent, mild/moderate, or se-
that correlated approximately to the chronic sun

ge levels proposed by Landi et al. (8). The κ statis-
ing the three categories, was 0.64 for scoring solar

ent U
and c
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sis in a test set of 19 sections by three dermato-
logists who individually scored 70%, 20%, and
f the total slide collection. For the analyses in this
t, solar elastosis was grouped as two categories,
t (mild, moderate, severe elastosis) versus absent.
notypic variables were assessed by items in a self-
istered questionnaire for participant's natural hair
as a teenager, eye color, and skin color on the inside
upper arm (16), and instructions for a count of nevi
s) on the back, which, for analysis, were catego-
as 0 to 10 and more than 10. Questions in a tele-
e interview asked for propensity to burn on first
ure to sunlight in summer in four categories as
nburn,” “mild burn then peel,” “painful burn then
“severe burn with blistering,” and ability to tan on
ted exposure to sunlight in four categories as “go
brown and deeply tanned” to “get no suntan or
eckled only.” Questions asked the number of each
inful and blistering sunburns at each decade of
each of the warmer and cooler months and wheth-
melanoma site was usually burnt on these occa-

; for analysis, these were dichotomized as any
s none.

easures
h participant was asked in the telephone interview
or her sun exposure hours in the warmer and cooler
s of each decade of life (ages 10, 20, 30, and so on) up
or her last completed decade of age. The warmer
hs in the Northern hemisphere were from April to
mber and the cooler months from October to March,
e opposite is true for the Southern hemisphere. To

ate total exposure hours for a typical week, the hours
summed for outdoor hours reported between 9 a.m.
p.m. on work or school days and on nonworking
cross warmer and cooler months. Additional ques-
at each decade of age asked for the frequency of
ng coverage of the melanoma site and frequency of
ng sunscreen on the sitewhen outdoors in thewarm-
cooler months. The interview also sought a lifetime
y from age 15 years of hours spent in beach and wa-
tivities, which were known to be strongly associated
elanoma risk (16). Exposure hours were summed

ch age interval, and appropriate hourswere assigned
h decade of age. To estimate site-specific total sun
ure hours at each decade of age, we multiplied re-
outdoor hours by the frequency of clothing cover-
follows: 0 (always or almost always covered), 0.25
lways but more than half the time), 0.50 (about half
e), 0.75 (less than half the time), or 1.00 (never or

y ever). Total site-specific sun exposure hours were
ed from age 5 years and analyzed in categories de-
by quartiles of subjects ranked in order by exposure.
asure of sunscreen use to the site was simply dichot-
d as ever use or never use.
ng residential locations for each participant, ambi-

V irradiance values were calculated for the warmer
ooler months at each decade of age. Erythemal UV
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) irradiances were calculated as wavelength inte-
spectral irradiance between 250 and 400 nm,

ted by the Commission Internationale de l'Eclai-
erythemal sensitivity function (19), which gives
r weight to shorter wavelengths. The tropospheric
sible model “TUV” (20) was used to calculate dai-
ation-specific irradiances as a function of solar ze-
ngle, ozone column, and surface elevation, as
bed by Lee-Taylor et al. (21). The model used a
te ordinates method (22) and a pseudospherical
tion (23). Corrections for variations in the Earth-
istance and for cloud cover (24) were applied.
e column and cloud reflectivity data were obtained
the satellite-borne Total Ozone Mapping Spectrom-
5-27) version 7, for November 1978 to June 2000.
ion-specific UVE, UVA (320-400 nm unweighted),
VB (280-320 nm unweighted) irradiance estimates
the 1978 to 1989 climatology were applied to all
ipant exposure dates before 1990, and values from
90 to 2000 climatology were applied to exposure
from 1990 onward.
estimated a cumulative site-specific UV dose for
of UVE, UVA, and UVB as the total ambient UV
assumed average 8 hours a day multiplied by

oportion of total sun exposure hours for which each
ipant reported exposure of the site. The seasonal
s for warmer months and cooler months were

e takes into account both site-specific sun exposure behavior
bient UV irradiance.
ined for an annual dose and totaled over a lifetime
age 5 years. UVE, UVA, and UVB were all highly

by part
an assu
total su

r Epidemiol Biomarkers Prev; 19(11) November 2010
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ated (R2 > 0.99), although ambient UVB irradiance
re sensitive to the slant ozone column amount than
nt UVA. Thus, in this report, we present the analy-
r UVE alone. The median and interquartile range
mulative site-specific UVE in participants in each
center is presented in Fig. 1. Site-specific beach
ater UVE dose was calculated in a similar fashion
l dose, substituting beach and water hours for total
or hours.

tical analysis
in these analyses was the patient's age at diagnosis

e melanoma for which the dermatopathologist
solar elastosis in adjacent skin. GEM-wide quan-
ere used in these analyses to categorize sun expo-
ariables into quarters of exposure for presentation
tables and into eighths for presentation in Fig. 2,
cut points based on the exposure distribution in
rticipants. We examined the association of demo-
ic, phenotypic, and sun exposure variables with so-
astosis and estimated odds ratios (OR) and 95%
ence intervals (95% CI) for the presence of solar
sis with reference to none, calculated in logistic re-
on models adjusted for age as a continuous vari-
sex, and study center, which was included as a
iate to adjust for differences in reviewing patholo-
and percentages of diagnostic slides available in
ent centers. Tests for linear trend used the Wald
nd modeled each covariate as a single continuous
ble. All significance tests were two-sided. SAS
Institute) version 9.2 was used for all analyses.
assessed the strength of the association between
elastosis and total reported hours of sun exposure,
ite-specific hours (when the body site was exposed),
1. Cumulative site-specific UVE dose inMJ/m2: mean, median, and
artile range experienced at the body site by participants in GEM
(NSW, New South Wales; TAS, Tasmania, Australia; S CAL,
rn California; N CAR, North Carolina; NJ, New Jersey, BR COL,
Columbia, Canada; ONT, Ontario, Canada; TOR, Torino, Italy).
ecific UVE dose was calculated as total ambient UVE (estimated by
ional Center for Atmospheric Research (NCAR) for each
ant's place of residence at each decade of age) for an assumed
8 hours a day multiplied by the proportion of total sun exposure

hat the site was exposed for each participant. This sun exposure
2. ORs for solar elastosis on all body sites in 2,304 GEM
ants: cumulative sun exposure measures in eight ordered
ries containing equal numbers of participants in models adjusted
, sex, center, pigmentary characteristics, and nevi. Site-specific
re was also adjusted for body site (head and neck, trunk, arms,
otal hours and site-specific hours of sun exposure were reported
icipants; site-specific UVE was calculated as total ambient UVE for

med average 8 hours a day multiplied by the proportion of the
n exposure hours that the site was exposed for each participant.
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VE), each in quartiles with the lowest quartile as
ference, and site-specific beach and water UVE in
ure tertiles with no exposure as the reference.
ecific hours and UVE were also modeled as con-

us variables, and we present the odds per 1,000
and per megajoule per square meter (MJ/m2) of
ure, respectively. The effect of age was examined
arate analyses as a categorical and a continuous
le. Before modeling with the continuous variables,
nfirmed that there was a linear relationship with
elastosis by plotting each variable in turn against
g odds of solar elastosis (25). The approach to as-
g sun exposure effects was to model each sun ex-
e variable with adjustment for age, sex, and center,
include as covariates the phenotypic characteris-
ck nevi, hair, eye and skin color, ability to tan, and
nsity to burn. Models for site-specific sun exposure
cluded a four-category variable for body site of the
oma as head and neck, arms, legs, and trunk. To
re the extent to which age was an independent
ate of solar elastosis, we compared the estimates
e adjusted only for sex and center and when in-
d in the multivariable model of sun exposure and
typic characteristics.
ddition to examining the size of any change in
for solar elastosis and its statistical significance,
ed the Akaike information criterion (AIC) to com-
odels and select the best-fitting model to explain
served data, given the candidate set of models (28).
lculated the corrected AIC (AICc) values, which
e a bias adjustment for the number of parameters
e to the sample size, and considered the best model
one with the smallest AICc.

lts

the 3,289 participants with incident primary mela-
s in the GEM study, 2,746 (83.5%) had slides avail-
r review. After pathology slide review, participants
excluded if solar elastosis was not scored due to in-
ient adjacent tissue (n = 95) or if the lesion was
d not to be melanoma by the reviewing pathologist
2). The 2,589 (94.3% of 2,746) melanomas included
istologic solar elastosis adjacent to their melanoma
as absent, mild-moderate, or severe; 1,805 (69.7%)

olar elastosis present. The mean age of these 2,589
ipants was 58.9 years, and 56.4% were male. Most
f melanoma were on the trunk (43.0%), whereas the
extremities (19.8%), upper extremities (18.5%), and
and neck (18.1%) had approximately equal propor-
site was unknown for 0.6%.
of solar elastosis increased substantially with age
11.91 at 70+ years, with reference to 11 to 40 years
1). The OR for each year of age was 1.05 (95% CI,
.06). More men than women had solar elastosis
versus 49.0%) although the OR for solar elastosis
n, relative to women, was close to 1.0 when adjust-
age and study center. The odds for solar elastosis

ation
odds

Caacrjournals.org
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rtile of age were reasonably similar for men and
n together and separately, although the increase
age was steeper in women than in men (Table 1;
interaction = 0.05). Solar elastosis was more com-
on the head and neck and arms than the trunk or
P < 0.001; Table 1).
k hair (OR, 1.38; 95% CI, 1.08-1.77) and light eye
(OR, 1.37; 95% CI, 1.04-1.80) showed the strongest
nce of a positive association with solar elastosis
all phenotypic variables were fitted together in
odel adjusted for age, sex, and center. There was
er evidence that odds of solar elastosis increased
red hair (OR, 1.21) and skin that sunburned with
ring (OR, 1.47; Table 2). When site-specific UVE
was also included in the multivariable model, the
of hair and eye color weakened. Moreover, there
vidence of a stronger trend in the odds for solar
sis as tanning ability decreased or sunburning in-
d (Table 2). The effects of the pigmentary variables
substantially similar when examined in a multivar-
model of all pigmentary variables (as in Table 2)
hen each variable was examined separately adjust-
ly for age, sex, and center (results not shown).
ing >10 nevi on the back, relative to <10, reduced
ds of solar elastosis (OR, 0.80; 95% CI, 0.65-0.98;

.03) and was little changed when adjusted for pig-
ry variables, except that the P value was 0.07 (data
own). Addition of site-specific UVE dose caused
fect of back nevi to slightly increase to OR 0.77
CI, 0.61-0.97) for >10 nevi (P = 0.03). In additional
ses, we found that the reduced odds for solar elas-
associated with the nevus propensity was mainly
t for the trunk, arms, and legs (OR, 0.75; 95% CI,
.96; P = 0.02) and was not at all evident for the head
eck (OR, 1.12; 95% CI, 0.36-3.49; P = 0.84), but the
e for interaction was 0.61.
was strongly and independently associated with

sis in a model including site-specific UVE, pheno-
variables, and back nevi. The addition of these vari-
however, reduced the odds for age by 1% for each
f age from OR 1.06 to 1.05 (95% CI 1.04-1.06) and
% at 70 years and older from OR 11.91 to 7.69 (95%
4-11.52), relative to 11 to 40 years, for men and
n together and somewhat more in women (−40%)
en (−25%) of this age.

ar elastosis was associated most strongly with esti-
of cumulative sun exposure to the body site. Site-
ic sun exposure hours increased the odds for solar
sis to an OR of 5.12 for the top exposure quartile
for trend <0.001; Table 3), and the OR for the con-
s measure was 1.05 (95% CI, 1.03-1.06; P < 0.001)
ch 1,000 site-specific hours. Inclusion of ambient
in this measure to give site-specific UVE dose in-
d the OR to 5.20 for Q4 (Table 3), and the OR for
ntinuous measure was 1.11 (95% CI, 1.08-1.14; P <
per MJ/m2. Total outdoor hours without consider-

of exposure of the body site or UVE increased the
for solar elastosis to an OR of 2.13 for Q4 (P for
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Age (y
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Fem
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< 0.001), whereas cumulative ambient UVE, as a
ecific measure based only on places of residence,
o evident association with solar elastosis (OR,
or Q4; P for trend = 0.49) although the inclusion
ter as a covariate to account for different pathology
ers in different centers would have substantially

d between-subject variation in UVE in this analysis.
so examined site-specific UV dose for hours spent
ch and water activities as a measure of recreational
xposure. The odds for the highest exposure tertile,
eference to no beach and water activities, was OR
5% CI, 1.70-3.30; P for trend <0.001). All sun expo-
odels were adjusted for age, sex, center, and all
typic variables; site-specific measures were also ad-
for body site.
-specific UVE seems to be the best predictor of solar
sis in these data. For exposure in quartiles (Table 3),
ICc was lowest for site-specific UVE (AICc = 2,006),
gh only slightly different to the value for site-
ic sun exposure hours (AICc = 2,007). Total sun

ure hours without site specificity did not fit the
ell (AICc = 2,279). The evidence that site-specific

the es
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was the best measure of UV exposure was stronger
exposure measures were modeled as continuous
les (AICc = 1,994 for site-specific UVE, 1,999 for
ecific exposure hours, and 2,278 for total exposure
only). This hierarchy of cumulative sun exposure
res is clearly evident when ORs for exposure in
categories are plotted graphically for all body sites
er (Fig. 2).
eparate analyses by body site, the odds for solar
sis were high for site-specific UVE to the head and
(OR, 1.70; 95% CI, 0.26-11.13 for Q2; OR, 4.13; 95%
71-24.14 for Q3; OR, 17.95; 95% CI, 2.52-128.15 for
= 0.002) whereas the odds for the trunk, arms,
gs were overall similar to the estimates in all par-
nts (OR, 1.70; 95% CI, 1.26-2.30 for Q2; OR, 2.24;
I, 1.60-3.12 for Q3; OR, 4.88; 95% CI, 3.13-7.62 for
< 0.001). The P for interaction by body site was
Almost all lesions on the head and neck (94%)
positive for solar elastosis, and most (59%) were
as severe. After excluding head and neck lesions,
1. Age, sex,
(N = 2,589)
y site in relationship to his
tima
simil

Ca

 for
on N
lar elastosis in participants in
tes for exposure categorized in eighths w
ar to those presented for all lesions in Fig.
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Solar el
 nt vs absent solar elastosis
Absent Present OR* (95% CI)
n = 785 n = 1,804
ale 400 728 1.00

e
 0.99 (0.81-1.21)

)

0
 1.00

0
 1.78 (1.30-2.43)

0
 3.50 (2.58-4.76)
181 355
0 102 434 8.18 (5.84-11.45)
7 101 643 11.91 (8.55-16.59) <0.001

) by sex

e

1-50
 1.00
141 151
1-70 172 490 3.32 (2.43-4.55)

1-97
 7.16 (4.96-10.34)

ale

1-50
 1.00
260 221
1-70 111 299 4.10 (2.97-5.65)

1-97
 11.50 (7.18-18.42)

ite

k/pelvis
 1.00

d/neck
 9.26 (6.08-14.11)
ea 30 438

rms 71 409 5.32 (3.84-7.35)
egs 229 283 0.99 (0.76-1.29) <0.001

for sex adjusted for age (continuous) and study center; ORs for age adjusted for sex and center; ORs for age by sex adjusted
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odels were adjusted for age, sex, center, and phe-
ic characteristics.
burn history showed no evidence of an association
solar elastosis in separate analyses of any site-
ic painful sunburn (OR, 1.02; 95% CI, 0.79-1.32;
.88) or blistering sunburn (OR, 0.95; 95% CI, 0.70-
= 0.77) relative to none in each case. Site-specific

reen use similarly had no apparent association with
elastosis (OR for ever use, 1.18; 95% CI, 0.94-1.48;
.15). In separate analyses of site-specific UVE in
and nonusers of sunscreen on the site, ORs in users
lower (OR, 1.32; 95% CI, 0.89-1.98 for Q2; OR, 2.22;
I, 1.40-3.53 for Q3; OR, 4.53; 95% CI, 2.40-8.53 for
for trend < 0.001) than in nonusers for each expo-
ategory, especially Q4 (OR, 2.06; 95% CI, 1.21-3.50
; OR, 2.81; 95% CI, 1.64-4.83 for Q3; OR, 8.47; 95%

6-17.23 for Q4; P for trend < 0.001; P for interaction =
All analyses were adjusted for age, sex, center,

sun-e
lesser
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henotypic variables; the model for sunburn also
ed site-specific UVE and body site, and the model
ining site-specific UVE by sunscreen use also
ed body site.

ssion

found that cumulative site-specific UVE dose had a
positive dose-response relationship with histologic

elastosis adjacent to melanomas. Additionally, site-
ic UVE dose was the best of a number of sun expo-
measurements in accounting for solar elastosis,
ng by the AIC statistic. We also found that solar
sis had a strong positive association with age even
djusting for cumulative site-specific UVE dose, and
lastosis occurred more frequently in skin on the

xposed head and neck and the arms than on the
exposed trunk and legs. Having more than 10 nevi
is i tic
2. Pigmentary characteristi
(n = 2,434)
as correlates of hist
 gic solar elastos
2

6

0

ation.
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lar elasto
 Pre
 nt vs absent P
 nt vs absent P

solar elastosis solar elastosisAbsent Present

n = 740 n = 1,694 OR* (95% CI) OR† (95% CI)
lor

t hair (light brown, blonde) 4
 1
 1.0
 1.0
80 ,011
hair (dark brown/black) 192 508 1.38 (1.08-1.77) 1.32 (1.00-1.73)
1
 (0.90-1.85) 0.0
 1
 (0.83-1.87) 0.1

lor
eyes (brown, black) 1
53 282 1.0 1.00

t eyes (blue, gray, 587 1,412 1.37 (1.04-1.80) 0.02 1.20 (0.89-1.64) 0.24

reen, hazel)

olor

wn/dark olive/light olive
 1.0
 1.00
94 194

503 1,162 1.17 (0.83-1.65) 1.10 (0.76-1.61)

fair 1
 1
 (0.71-1.64) 0.5
 0
 (0.52-1.30) 0.1

to tan

p tan 1
 1.0
 1.00

erate tan 3
 0
 (0.71-1.32)
 1
 (0.79-1.57)
21 666 .97 .11
or occasional tan 218 519 1.11 (0.79-1.57) 1.24 (0.85-1.82)
suntan at all or freckle only
 1
 (0.73-1.80) 0.7
 1
 (0.99-2.71) 0.2

sity to burn
sunburn

burn followed by

ome tanning
3
 1
1.0
(0.69-1.59)
 1
1.00
(0.90-2.28)
e a painful sunburn
ith peeling

2
 1
 (0.72-1.73)
 1
 (1.04-2.77)

w
et a severe sunburn
with blistering

48 169 1.47 (0.83-2.58) 0.47 1.97 (1.05-3.68) 0.12

justed for age (continuous), sex, study center, and all variables in the table.
justed for age (continuous), sex, study center, and all other variables in the table, including site-specific sun exposure; also
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back reduced the overall chance of solar elastosis.
ition to high cumulative sun exposure, our results
te that older age and a tendency to fewer nevi were
rsonal characteristics that increased the chance of
elastosis.
strong positive association of histologic solar elas-
with cumulative sun exposure in GEM supports
r findings in previous studies that examined histo-

solar elastosis in skin cancer patients (5, 14) or
aging ratings in silicone skin casts in the general

of we
broad
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lation (15). The link to cumulative exposure was
tent across sunlight environments from high levels
eensland sun (5) to low levels in New Hampshire
across a wide latitude range at 27°S to 43°S (15),
ow internationally in our study. All studies
red sun exposure behavior individually in partici-
, but only GEM and the New Hampshire study (14)
site-specific measurements; others used a composite
3. The relationships b
ipants in the GEM stu
een solar elastosis and li
n = 2,304)
ekend ou
categor

Cancer
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on Nove
ulative sun exposure measures in
Solar el
 Present vs absen
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ies of cumulative exposure
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tosis
n = 697 n = 1,607
No OR* (95% CI) Yes OR† (95% CI)
ecific measurement‡
-specific sun exposure hour

uartile 1
 1.00
 1.00

uartile 2
 (1.24-2.21)
 (1.34-2.41)

uartile 3
 (1.24-2.31)
 (1.35-2.56)
171 406 1.69 1.86
uartile 4 49 534 4.33 (2.87-6.53) 5.12 (3.35-7.83)

P for trend
 0.001
 0.001
-specific beach and water U
 ose

one
 1.00
 1.00

ertile 1
 (0.93-1.66)
 (0.99-1.78)

ertile 2
 (1.23-2.26)
 (1.35-2.53)
138 393 1.66 1.85
ertile 3 104 443 2.06 (1.50-2.83) 2.37 (1.70-3.30)

P for trend
 0.001
 0.001

ecific UVE dose

uartile 1
 1.00
 1.00

uartile 2
 (1.15-2.04)
 (1.24-2.23)

uartile 3
 (1.40-2.61)
 (1.53-2.91)
154 427 1.91 2.11
uartile 4 46 540 4.41 (2.91-6.69) 5.20 (3.40-7.96)
P for trend <0.001 <0.001

ite-specific measurement

l sun exposure hours
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 1.00
 1.00

uartile 2
 (1.05-1.88)
 (1.10-1.98)

uartile 3
 (1.20-2.29)
 (1.26-2.43)
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uartile 4 91 481 1.96 (1.34-2.86) 2.13 (1.45-3.12)

P for trend
 0.001
 0.001

ient UVE

uartile 1
 1.00
 1.00

uartile 2
 (0.72-1.54)
 (0.73-1.58)

uartile 3
 (0.65-1.93)
 (0.67-2.01)
Q 120 471 1.12 1.16

Quartile 4 69 536 1.23 (0.59-2.55) 1.29 (0.61-2.70)
P for trend 0.56 0.49

justed for age (continuous) sex, and center.
justed for age (continuous), sex, center, pigmentary characteristics (hair, eye and skin color, ability to tan, propensity to burn),
back nevi.
l UVE (15) or
(5). Rates of
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amage were high, with moderate or severe elastosis
of Queensland (5) and GEM melanoma patients,

0% or more of New Hampshire BCC and SCC
ts (14). Australian residents also had high skin
ge scores (3.9 and 4.9 for each hand on a scale of
15). The finding in GEM that high levels of sun
ure increased the chance of solar elastosis more
e head and neck than at other body sites was in
ent with studies that directly measured sun expo-

5, 14) or examined tissue (5, 12, 29) at different
sites. Unlike the very strong and consistent associ-
with cumulative sun exposure, site-specific lifetime
tional sun exposure increased the odds for solar
sis but not strongly in our study, and only for inter-
te exposure levels in the New Hampshire study
r not significantly in Queensland patients (5).
agas et al. (14) were the first to report the strong
ation of solar elastosis with cumulative sun expo-
o the site, but did not present results for nonspecific
res and did not incorporate ambient UV as we did.
trong associations we observed in GEM for site-
ic exposure can be ascribed to reducing exposure
ssification and giving weight to the environment
orporating ambient UV and site-specific exposure
into a single measure. We have shown that adding
nmental UVE to self-reported sun exposure hours
prove site-specific sun exposure measurement.
sults of our study support the use of solar elastosis
iomarker of cumulative sun exposure in epidemio-
studies that collect skin tissue.
positive correlation of age with solar elastosis
with the greater prevalence at older ages in New
shire, especially in women (14), and in Australia
, 30). Both age and cumulative sun exposure were
endently associated with solar elastosis in our study
otentially also in the United States and Australian
s, which both mention that adjusting for age did
eaken the relationship with cumulative sun expo-
They do not, however, report estimates for age
adjusted for sun exposure (14, 15). The strong asso-
with age may be due to a contribution of intrinsic
to solar elastosis or to the accumulation of UV ex-
e with age that is not fully addressed by adjusting
n exposure in the epidemiologic studies or to other
asured variables. We expect that future studies,
ps incorporating site-specific UVE measurements,
ttempt to disentangle the contributions of aging
un exposure in causing sun-related conditions such
ar elastosis or skin cancer.
observation that a high nevus count on the back
GEM study reduced the odds of solar elastosis
% is consistent with the Queensland study in
there was some evidence that greater numbers
i may have reduced the odds for solar elastosis,
on patient numbers (5), and the Australian

al population study in which having any nevi

ed the odds of sun damage to 0.39 (95% CI,
.66; ref. 15).

that i
in the
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exposure is positively associated with both nevus
(31) and the presence of solar elastosis. Thus, we
reasonably expect the nevus propensity to be as-
ed with a greater likelihood of solar elastosis. In-
, the available evidence indicates that solar
sis was less likely in the presence of a higher ne-
ount (5) even after controlling for sun exposure
un sensitivity (see Table 3; ref. 15). Because nevi
enetically determined (32-34), there may be a ge-
component to the resistance to solar elastosis. In
udy, the reduced OR for solar elastosis associated
he nevus propensity was due mainly to solar elas-
on the trunk, arms, and legs. We suggest that be-
ss prone to solar elastosis and possibly other forms
damage such as solar keratoses (14) may be an-
element in the dual pathway hypothesis under
a person predisposed to nevi requires less sun ex-
e to develop melanoma (35, 36). The hypothesis
not currently specify an element of resistance to
amage in this pathway.
r results for phenotype are moderately supportive
importance of a sun-sensitive phenotype for solar
sis (15). Reduced tanning ability and a severe sun-
response to unprotected exposure were each asso-
with solar elastosis in our study and strengthened
justment for sun exposure, although not signifi-
so; however, there was no strong and consistent
of skin or hair color. Similarly, tanning and skin
(assessed by colorimeter) had no evident effect ei-
ay on solar elastosis in BCC and SCC patients (14),
as the Queensland study did not report on pig-
ry characteristics (5). There may not yet be suffi-
evidence for the role of host phenotype in the
opment of skin damage. The lack of prominence
enotype, especially fair skin, in association with so-
stosis in studies of normal skin in skin cancer pa-
may be due to most patients having fair skin (88%
air or very fair skin in GEM).
burn is considered to be a measure of intermittent
xposure. Unlike the strong relationship with cumu-
site-specific UVE, sunburn had no evident associ-
with solar elastosis in our study or the New
shire study (14). A possible explanation is that
e who burn readily may accumulate less time in
n and thus are less likely to experience marked so-
astosis. Having sunburns or blistering sunburns,
ver, had a 2-fold or more increased odds of sun
ge after adjusting for cumulative whole-body sun
ure, but not pigmentary characteristics, in the Aus-
general population study (15). There is no ready

nation for this inconsistency. Possibilities include
ences in the nature of skin damage when measured
in cast or histologic assessment, differences due to
dy site examined because the back of the hand is
usceptible to skin cancer, or the possibility of con-
ing with an underlying genetic component (37)

s more common in people with skin cancer than
general population. Another possibility is that
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  for Cancer Research
on November 21, 2012

http://cebp.aacrjournals.org/
http://www.aacr.org/


the hi
offere
(87%
ref. 15
sunbu
ref. 1
on so
suppo
and n
Our

for si
screen
of an
this ty
a stro
amou
of new
(38), a
use of
Am

ized h
melan
the st
ing fo
tailed
with o
expos
All pa
aware
minim
The

have
hours
have
posur
ambie
and c
UVE
Var

missin
tion, w
of pa
view.
and t
more
strong
dama
ports
We

with
lation
first t
evalu
solar
and,
sulted
that s
mulat

collec
tosis w
nation
over t
with n
netic
dama
genet
relate

Discl

No p

Ackn

The
Center
Marian
of New
Mujum
Nandit
Pampa
techni
(labora
includ
Counci
Anne K
Centre
Austra
Institu
(derma
Columb
Teresa
Lorain
(derma
(coordi
for CA
Robert
(coordi
(PI), N
Univer
Bonne
Depart
Homer
Carolin
investi
technic
Philad
investi
(labora
of Cal
Labora
SashaM

Grant

Nat
CA1122
versity
Nation
Founda
and Lin
(R.C. M

The
paymen
advertis
this fac

Thomas et al.

Cance2940

Published OnlineFirst August 27, 2010; DOI:10.1158/1055-9965.EPI-10-0686
gh UV environment of the Australian population
d a greater opportunity to experience sunburn
reported any sunburn, 66% blistering sunburn;
) than in GEM (64% any sunburn, 45% blistering
rn) or New Hampshire (57% painful sunburn;

4). We interpret the lack of an effect of sunburn
lar elastosis in the skin cancer studies as further
rt for the contribution of cumulative sun exposure,
ot intermittent sun exposure, to solar elastosis.
finding that the risk of solar elastosis was higher

te-specific UVE in people who reported no sun-
use on the body site than in users is the first report
apparently protective effect of sunscreens against
pe of sun damage. It is, however, consistent with
ng inverse dose-response relationship between
nt of sunscreen used regularly and development

solar keratoses and remission of existing ones
nd with prevention of SCC, but not BCC, by recent
sunscreens (39).
ong the advantages of this report are the standard-
istopathology review by expert pathologists of all
oma slides, including the scoring of solar elastosis;
udy's large international population base, account-
r potential confounding by phenotype; and the de-
sun exposure measurements integrating behavior
bjective ambient UV measurements and restricting
ure to times when the site was exposed to the sun.
rticipants had melanoma and were unlikely to be
of whether they had solar elastosis or not, thus
izing the potential for recall bias.
measures incorporating behavior, however, may

inaccuracies due to error in self-reported exposure
over a lifetime. Our site-specific UVE dose may

other sources of error because it included only ex-
e hours between 9 a.m. and 5 p.m. (up to 15% of
nt UVE falls outside of 9 a.m.–5 p.m.; see ref. 40)
ould make no allowance for variation in ambient
irradiance between 9 a.m. and 5 p.m.
iables used in the modeling were not predictive of
g data for solar elastosis, except for center loca-
hich was mainly due to the different percentages

rticipants with diagnostic slides available for re-
Although all study participants had melanoma
hus our results might be considered not to apply
widely, the consistency of our results with the
association of cumulative UVR dose and skin

ge reported in the general population (15) sup-
their wider applicability.
found that solar elastosis was strongly associated
cumulative lifetime site-specific UV dose. This re-
ship is biologically plausible. Our study was the
o show the extent of the improvement gained in
ating the relationship between sun exposure and
elastosis by using site-specific measurements
additionally, the stronger effect estimates that re-
from accounting for ambient UV. We conclude
olar elastosis could be a useful biomarker of cu-
ive sun exposure in epidemiologic studies that
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t skin biopsies. The strong relationship of solar elas-
ith age could indicate the possibility of an expla-
other than a simple accumulation of sun exposure
ime. Finally, the inverse, independent relationship
umber of nevi may suggest that people with a ge-
predisposition to nevi may be less prone to sun
ge. Future studies would usefully include possible
ic markers of relevance, including any that may be
d to solar elastosis.
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