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Abstract

This study aimed to develop and pilot test a brief skin cancer risk assessment tool (BRAT), a self-administered instrument that can be
reliably used to assess skin cancer risk. To develop the BRAT, we critically reviewed published literature on risk factors; formulated a draft
guestionnaire; pilot tested the questionnaire; and retested 1 month later. The BRAT items address the key risk factors for melanoma and
other keratinocyte skin cancers: ethnicity, personal and family history of skin cancer, mole count, freckles, childhood residence, sunburn
history, and sun sensitivity factors (skin color, natural hair color, ease of sunburning and tanning). One hundred sixty-five persons completed
the initial BRAT pilot study, and 52 additional people at moderate- or high-risk completed a second BRAT pilot study. Results were as
follows: using a dichotomous risk measure, about 90% of subjects would be correctly classified at baseline and follow-up. "Weighted
the total BRAT score (0.41-0.68) and for individual items (0.57-0.99) were fair to good, as were correlation coefficients. The BRAT has
acceptable to good reproducibility. Reliability statistics compared favorably with those reported in the literature for similar measures.
© 2003 International Society for Preventive Oncology. Published by Elsevier Ltd. All rights reserved.
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1. Introduction nents[11] have been developed. However, they have either
been incomplete assessments of risk or more suitable for

Skin cancer is the most common form of cancer, and one clinical use than in population interventiofi®,13] For ex-

of the most preventabl§l,2]. Because skin cancer rates ample, these assessments have relied on physical examina-

continue to rise with alarming spedd], development of  tions such as a count of nevi by a nurse interviewer. Up to

effective prevention strategies is a public health priofy now there has not been a tool for efficiently assessing skin

Behaviors recommended for preventing skin cancer and cancer risk in large populations, based on self-reports, so

its sequelae include reducing sun exposure, using broad-that prevention efforts can be focused.

spectrum sunscreen, skin self-examination, seeking shade, The aim of this research, which is part of a randomized

and wearing protective clothing and sunglag8e§]. How- trial of skin cancer prevention strategies, was to develop

ever, a great challenge remains to inform, persuade, and mo-and pilot test an epidemiologically based brief skin can-

tivate most people to routinely practice these habits, which cer risk assessment tool (BRAT), a short self-administered

are not consistently followed in the United Stafés]. instrument that can be reliably used to assess skin cancer
A promising approach to the use of limited health inter- risk. The tool was designed primarily to evaluate the risk

vention resources is to identify persons at increased-risk andfor melanoma, which accounts for most skin cancer deaths

direct prevention efforts toward them. Risk factors for skin [1,3].

cancer include nevi, personal and family history, excess sun

exposure, residing in a locale with high ultraviolet (UV) ra-

diation, and physical characteristics that constitute sun sen-2. Meéthods

sitivity phenotype, and nevi for melanonf@]. In the past,

some tools for assessing melanoma 58] or its compo- 2.1. Context
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randomized trial to evaluate the impact of a mailed, tailored ral hair color, ease of sunburning and tannifggl1,14—-16]
intervention, compared to standard skin cancer educationA scoring system was developed, based on the relative risk
materials, on prevention and early detection of skin cancer of melanoma for each risk factor, because melanoma is the
in moderate- and high-risk adults. Project SCAPE also aims cause of most skin cancer deaths ($able ). The actual
to evaluate the process and impact of a skin cancer prevenBRAT instrument was designed as a scannable form, that fit
tion intervention in diverse ethnic groups and regions, and on one side of a letter-size page. (Copies of the BRAT instru-
to refine skin cancer risk assessment methodologies. ment and scoring details are available from the senior author
The brief skin cancer risk assessment tool was developedon request.) The back of the page included questions about
to provide a short, self-administered instrument to reliably demographic factors (age, gender, and education level). We
assess skin cancer risk. It would then be used both to detertequired the scores of each item to be additive for ease in
mine trial eligibility and to provide tailored risk feedback calculating the overall score. This constraint required that
in participants randomly assigned to receive tailored print the relative risks not be used directly for the score, though

materials. the weighting of each item was based on the relative risk.
We took account of the correlation among multiple factors,

2.2. Development of the brief skin cancer risk assessment particularly those indicative of sun sensitivity. We also eval-

tool (BRAT) uated the overall reasonableness of the classification results

in a variety of individual cases to confirm the validity of

To develop the BRAT, we: (1) critically reviewed pub- the final score, though this procedure did not result in any
lished literature on risk factors and their self-assessment; (2)changes to the scoring algorithm.
formulated a draft questionnaire; (3) pilot tested the ques-
tionnaire on a convenience sample of persons at varying lev-2.3. Procedures
els of risk; and (4) retested 1 month later. We then conducted
a second pilot study with persons found to be at moderate- Data collection for the initial BRAT pilot study took place
or high-risk of skin cancer (based on responses to the ini- in the waiting rooms of primary care practices (HMO’s and
tial BRAT), as part of a measurement sub-study to the main group practices) in Honolulu, Hawaii, and on Long Island,
Project SCAPE trial. New York, in March 1999. These two sites were used to
The BRAT items address the key common risk factors include participants from various ethnic groups and geo-
for melanoma and basal cell and squamous cell carcinomasgraphic/climatic regions: the majority of residents in Hawaii
personal and family history of skin cancer, total body mole are non-Caucasians and the climate is tropical, while in New
count &=1/41in.), freckles, childhood residence, sunburn his- York most people are Caucasian but the latitude is further
tory, ethnicity, and sun sensitivity factors (skin color, natu- north of the Equator.

Table 1
Brief skin cancer risk assessment tool: variables, risk ratios, and scoring
Risk variable Risk ratio Scoring
Key common risk factors
(1) Ethnicity Caucasian= 10-1 compared to non-Caucasians Unscored (due to correlation with sun sensitivity)
(2) Prior skin cancer Automatically in high-risk category, exclusion if Yes, 30; no, O
still in treatment (ineligible)
(3) Moles 10-fold risk for high number of molesl1/4in. None, 0; 1-2, 5; 3-5, 10; 6-10, 20; >10, 30
(4) Sun sensitivity (skin 4-5-fold risk in color: 0, dk br/black; 2, med brn; 4, It brn; 16, olive;
color, hair color, ability 18, fair; 20, very fair
to tan, ease of burning) Hair color: 0, black; 1, dk brn; 2, It brn; 3, blonde; 4, red

Burn easily in sun: 0, no; 3, yes
Ability to tan: 0, dark; 1, medium; 2, light; 3, none

(5) Childhood residence 2-3-fold risk for southern/tropical latitude Northern latitude, 0; southern US, 5; Hawaii/Australia/tropics, 10
(sun exposure/latitude)
(6) Sunburn history 2-3-fold risk for many vs. none 0, none; 1-2, 1; 3-5, 2; 6-10, 3; >10, 4
(7) Freckles 2-3-fold risk for many vs. none None, 0; few, 2; many, 4
(8) Family history Confers risk, but unreliable response Unscored risk [i8&h
Other demographics—no direct, significant risk factor role
(9) Gender
(10) Age Increases through life, melanoma is #1 cancer in 25-35 years age group; prior history affects how much risk

“remains”, and squamous CC is uncommon in peopdge 65 years; no simple risk equation
(11) Where born
(12) Length of time lived in
Hawaii/Long Island
(13) Education level
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Research staff posted a sign and brochures to informTable 2
patients about the study, and approached those waiting forCharacteristics of samples

their doctor’'s appointments to invite them to participate. Pilot test #1 Pilot test #2
Those under age 20 or over age 65, and anyone currentlyN 165 52
being 'treated for skin cancer, were excluded. After an ex- yawaii 57 (34.5%) 26 (50.0%)
planation of the study procedures and an informed consentnew York 108 (65.5%) 26 (50.0%)
process, those who were willing to participate were given a Caucasian (%) 72.1 76.9
BRAT form on a clipboard. A part of the consent procedures Female (%) 733 92.3

Mean age 39.9 yearst(1.5) 44.3 years#12.0)

involved asking if they would allow us to call them back 1
month later. A month later, an interviewer re-contacted sub-
jects by telephone and administered the BRAT instrument
verbatim.

Subjects for the second pilot study were recruited at the
beginning of recruitment for the main trial (from April to
May 1999). We were able to include these individuals in
this analysis, because the instrument remained the same
originally designed. The only difference was that this group
included only persons found to be at moderate- or high-risk
of skin cancer upon completion of the BRAT. They were
recruited in the same setting as the first pilot study, and
agreed to be part of a measurement sub-study for the Projec
SCAPE trial. These subjects received a mailed packet in-
cluding a questionnaire (Sun Habits Survey) and a 4-day
Sun Exposure Diary. They were asked to complete and re- o
turn the survey first, and then complete the Sun Exposure Scores on the initial BRAT ranged from 0 to 89. We de-
Diary over 4 days, including 2 weekend ddg]. A sec- termined that ethnicity should not be assigned a separate
ond mailed packet was sent out about 4 weeks later, andScore because its contribution was adequately reflected by
the second survey included a re-administration of the BRAT the items indicative of sun sensitivity. Data from both study
items. The second surveys were returned to the study officeSites were used to determine the lower, middle, and high ter-

>College graduates (%) 32.1 53.8

(73.3%), with an average age of 39.9 years of age and nearly
one-third being college graduates. In the second pilot test,
118 people were enrolled in the measurement sub-study and
a62 of these (52.5%) completed the first set of surveys and
diaries. Of those 62, 83.9% (= 52) completed the sec-

ond survey, diary, and BRAT assessment. These respondents
were also predominantly Caucasian (76.9%), nearly all fe-
male (92.3%), and slightly older and more educated than
Fubjects in the first pilot test (s@able 9.

3.2. Cut-points for risk categories

6-8 weeks after the first BRAT assessment. tile of risk scores. The data were distributed relatively evenly
across the range of possible scores, and visual inspection
2.4. Satigtical analysis showed that distinct groupings in three categories would re-

sult in suitable clusters of scores. As a result, individuals

Only subjects with two completed BRAT'’s were included scoring 26 or below were placed in the low-risk category;
in data analyses. Descriptive analyses were completed to apSCcores of 27-35 were considered moderate-risk; and scores
p|y the Scoring System to the baseline BRAT responses in of 36 and hlgher were classified as hlgh-rlSk Because of their
the first pilot study. These data were used to establish cut-offhigher contribution to melanoma risk, the items accounting
points for risk tertiles (low, moderate, high). Next, we com- for the greatest proportion of risk scores were: personal his-
p|eted item ana|yses for each item by Comparing base"netory of skin cancer, number of moles Iarger than 1/4|n, skin
and follow-up responses, examining stability or change in color, sunburn history, and childhood residence {&eze J).
both individuals’ and grouped data by percent change, mag- For example, someone with medium brown skin; no
nitude of changex statistics[18] and Spearmam corre- moles, skin cancer history, or history of sunburn; and who
lations. To assess reproducibility of the BRAT in assigning 9rew up in New York would have a risk score of “7” and be
risk Categories to individua|s1 we used thestatistic and classified as low-risk. Someone with fair Skin, 3-5 mOles,
Spearmarp correlation on risk category scores. Weighted 1—2 blistering sunburns as a child, and who grew up in
«'s and correlations were used for non-categorical items. ~ California would have a risk score of 33 and be deemed

moderate-risk. Lastly, an individual with very fair skin who
grew up in Hawaii, has 6-10 large moles, more than six

3. Results severe sunburns in childhood, and was previously treated
for skin cancer, would have a score of 87 and be in the
3.1. Samples high-risk category.

For the first pilot test, 173 persons completed the initial 3.3. Test—retest reliability
BRAT and 165 (95.4%) completed the second administra-
tion. Characteristics of the samples are showTable 2 Table 3shows the test—retest reliability (reproducibility)
They were predominantly Caucasian (72.1%) and female findings for the BRAT scoring system for the first pilot
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Table 3 Table 5
Reliability findings: risk categories—pilot test #& £ 165) Reliability of individual item&**
Risk category Risk category at follow-up Total Iltem Pilot test #1 Pilot test #2
i 0, — —
at baseline Low (%) Moderate (%) High (%) (%) (N = 165) (N =52)
IS Spearmarp IS Spearmarp
Low 847 (n=50 153 Hh=9) 100 - -
Moderate 200I’( — 15) 69.3 (n — 52) 10.7 h — 8) 100 Ch!ldhOOd residence 0.97 0.97 0.90 0.89
High 200 ('I — 9) 71.0 (ﬂ — 22) 100 Hair color 0.84 0.88 0.80 0.86
Freckles 0.83 0.86 0.69 0.74

Note: Weightedx = 0.68 (P < 0.001), Spearmamn correlation= 0.76 Sunburn history 0.77 0.83 0.62 0.90
(P < 0.001). Prior skin cancer 074  0.77 091 092

a80verall, 75.2% of respondents did not change risk categories Ability to tan 0.72 0.80 0.64 0.75
(124/165; diagonal/bold values); 10.3% changed to a higher category (low Skin color 0.71 0.77 0.69 0.73
to moderate/moderate to high; 17/165); and 14.5% changed to a lower Tendency to burn 0.70 0.70 0.57 0.58
category (high to moderate/moderate to low; 24/165). Large moles 0.61 0.65 b 0.69

*** P < 0.001 for all associations.
aWeighted« used for non-categorical items.

test. As shown within the rows, the proportion of subjects  °Could not calculate due to uneven cell sizes.
who did not change categories was 84.7, 69.3, and 71.0
for low-, moderate-, and high-risk categories at baseline. 4. Discussion
Overall, 75.2% of respondents did not change risk cate-
gories between the first and second risk assessment, while The brief skin cancer risk assessment tool for adults was
14.5% changed to a lower category and 10.3% changed to &ound to have acceptable to good reproducibility in two
higher category. Eighty-six percent would still be classified separate pilot studies, including subjects from two different
as moderate- or high-risk using a dichotomous risk measure.locations. Thec's in the range of 0.40-0.65 are generally
The weightedc was 0.68 and the Spearmancorrelation considered “acceptable,” and those above 0.65 are consid-
was 0.76, both highly statistically significant and moderate ered “good” [19,20] Reproducibility was slightly lower
in magnitude. with a longer interval between administrations, but was still

In the second pilot test, which only included persons rated significant and yielded no change in risk category in nearly
at moderate- or high-risk at baseline, 75.0% of those in the three-quarters of respondents.
moderate-risk category and 62.5% in the high-risk category The reliability statistics found in this study compared
did not changeTable 4. 71.2% were in the same risk cate- favorably with those reported in the literature for similar
gory at the second assessment (37 out of 52, based on boldetheasures, although only one other study reports on the re-
values). Ther was 0.41 and the Spearmarorrelation was  producibility of a self-administered questionnaire to assess
0.44, both highly significant. melanoma risk, among residents in Sweden. In their report,

Table 5 gives the reliability of individual items com- Westerdahl and others repeated the survey 1-3 years later,
prising the skin cancer risk score, arranged from most to and foundk’s for classification between 0.52 and 0.83, and
least reproducible. All associations showed relatively high somewhat lower for raised nevi (0.4[4].
correlations over time, ranging from 0.57 to 0.97. The Several other studies have examined reliability in terms
most reliable item was childhood residence, followed by of inter-observer agreement between self-assessments and
natural hair color; and the least reliable were the num- dermatologists’ assessments. Jackson et al. fousdof
ber of large moles, tendency to sunburn, and skin color. 0.67 for freckles, 0.60 for moles, and 0.43 for atypical
The two pilot studies yielded similar reliabilities on most nevi [21]; Melia et al. found somewhat lower associations
items; however, prior skin cancer was more reproducible between self- and dermatologist assessments: 0.67 for hair
in the second study and freckles, skin color, and tendencycolor, 0.34-0.36 for skin type, and 0.13-0.19 for freck-
to burn were somewhat less reliable in the second pilot ling [22]. Many other investigations have concentrated on
study. using physician examinations or physical measures to val-

idate measures of sun sensitiv[tyl,23] and nevus counts
[16,24—-29] Depending on the specific test and study meth-

Table 4 ods, associations among these variables have varied widely:
Reliability findings: risk categories—pilot test #2 & 52) from 0.14 to 0.96 for repeated counts, all versus large nevi,
Risk category Risk category at follow-up Total and physician versus self-count. . L .
at baseline : (%) For the purposes of cancer prevention education in a pri-
Moderate (%) High (%) mary care or preventive oncology clinic, the brief skin cancer
Moderate 75.0 (n = 27) 25.0 h=09) 100 risk assessment tool appears to have sufficient reproducibil-
High 37.5 1 =6) 62.5 (n = 10) 100 ity to both classify and provide patients and consumers

Note: Weightedx = 0.41 (P < 0.001; x used without weighting due to  With information and tools to promote skin cancer protec-
only two levels), Spearmap correlation= 0.44 (P < 0.001). tion practices among at-risk individuals. Its reproducibility
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among adults appears to meet general standards in the liter-[6] Weinstock MA. Issues in the epidemiology of melanoma. Hematol

ature, based on other available data. Validation with clinical 7 82r?toelrsc,:lfi(;]r ’I\Dli:\en;stggg;njirzc;?giaggr.evention Sun protection behaviors

exams may further suppo_rt t.he.usefumes.s of this measure. 7 used by adults for their children: Unitea Stafes, 1997. JAMA
There are noteworthy limitations resulting from the use 1998:280:317-8.

of this particular study population, as opposed of a random [8] Koh HK, Bak SM, Geller AC. Sunbathing habits and sunscreen use

sample of the general population. We were unable to char- among white adults: results of a national survey. Am J Publ Health

; i} ; ; ; ia. 1997,87:1214-7.
acterize non reSpondems in the patient populatlon. Relia [9] MacKie RM. Incidence, risk factors and prevention of melanoma.

pility data from the two pilot tests suggest that the BRAT Eur J Cancer 1998:34:S3—6.
instrument is not clearly problematic in less well-educated [10] MacKie RM, Freudenberger T, Aitchison TC. Personal risk-factor
subjects than in those who have more formal education. chart for cutaneous melanoma. Lancet 1989;8661:487-90.
In addition, this approach does not include a score related [t Weinstock MA. Assessment of sun sensitivity by questionnaire:
. . . L validity of items and formulation of a prediction rule. J Clin
to family history as a risk factor due to the unreliability of Epidemiol 1992;44:547—52.

self-report. Nor does it include clinical or direct dermato- [12] Dick DC. Melanoma risk assessment. Lancet 1989;8666:799.

logic measures of nevi and dysplastic nevi, which might be [13] RhOd?Sk/?Rr We'f”Stf’Ck MA, F'thf‘t”Ck T8, Mihm l\fIC, Shf’t;erf

further limitations to the accuracy of the BRAT score. These A\ Risk factors for cutaneous melanoma: a practical method for
. . . recognizing predisposed individuals. JAMA 1987;258:3146-54.

flow directly from the neeq for a self-administered instru- (14} westerdahl J, Anderson H, Olsson H, Ingvar C. Reproducibility of

ment, and cannot be readily avoided. a self-administered questionnaire for assessment of melanoma risk.

Another limitation of this tool is that it does not attempt Int hJ Epidemﬁlol 1996:2512I45—51H A
to measure risk factors for some of the many other types of [1°] Kahn H, Tatham L, Patel A, Thun M, Heath C. Increased cancer

. . mortality following a history of honmelanoma skin cancer. JAMA
skin cancers, which are much more ri@g 1998:280:910-2.

The risk assessment developed in this study was meanfieé] Little P, Keefe M, White J. Self-screening for risk of melanoma:
to identify individuals for preventive interventions, rather validity of self mole counting by patients in a single general practice.
than for skin cancer detection or screening. To our knowl- _ Br Med J 1995,310:912-6. . .

. . . . . [17] Glanz K, Silverio R, Farmer A. Diary reveals sun protective practices.
edge, this is the first brief skin cancer risk assessment tool™ * g ca Fdn J 1996:14:27—8. 86.
that has been developed primarily for use in such public [18] Armstrong BK, White E, Saracci R. Principles of exposure mea-
health-oriented prevention efforts. It builds on the epidemi- surement in epidemiology. Monographs in epidemiology and biosta-
ological literature to date, most of which focuses on risk tistics, vol. 21. Oxford: Oxford University Press; 1991. p. 77-114.
. . . [19] Landis JR, Koch G. The measurement of observer agreement for
assessment for the purpose of understanding disease etiol- ~ .,eqorical data. Biometrics 1997:33:159-73.

ogy. In view of the pressing need to reverse the rise in skin [20] Fleiss J. Statistical methods for rates and proportions. New York:

cancer across the United Stafék the BRAT has great po- Wiliy: 1981. P_ik_212—35- " _

tential to help better target preventive interventions to those (2] Jackson A, Wilkinson C, Ranger M, Pill R, August P. Can primary
h iah fit th prevention or selective screening for melanoma be more precisely

who might benefit the most. targeted through general practice? A prospective study to validate a

self-administered risk score. Br Med J 1998;316:34-8.
[22] Melia J, Harland C, Moss S, Eiser JR, Pendry L. Feasibility of
Acknowledgements targeted early detection for melanoma: a population-based screening
study. Br J Cancer 2000;82:1605-9.
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