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Abstract
Objective: To develop a self-assessed melanoma risk score to identify high-risk persons for screening
Methods: We used data from a 1997 melanoma case-control study from Washington State, USA, where 386 cases
with invasive cutaneous melanoma and 727 controls were interviewed by telephone. A logistic regression prediction
model was developed on 75% of the data and validated in the remaining 25% by calculating the area under the receiver
operating characteristic curve (AUC), a measure of predictive accuracy from 0.5-1 (higher scores indicating better
prediction). A risk score was calculated for each individual, and sensitivities for various risk cutoffs were calculated.
Results: The final model includedsex, age, hair color, density of freckles, number of severe sunburns in childhood
and adolescence, number of raised moles on the arms, and history of non-melanoma skin cancer. The area under the
receiver operating characteristic curve(AUC) was 0.70 (95% CI: 0.64, 0.77). The top 15% risk group included 50% of
melanomas (sensitivity 50%).
Conclusions: This self-assessed score couldbe used as part of a comprehensive melanoma screening and public
education program to identify high-risk individuals inthe general population. This study suggests it may be possible to
capture a large proportion of melanomas by screening a small high-risk group. Further study is needed to determine
the costs, feasibility, and risks of this approach.

Keywords: Melanoma; Risk; Prediction; Screening
Abbreviations: AUC: Area Under the Receiver Operating

Characteristic Curve; PPV: Positive Predictive Value; NPV: Negative
Predictive Value

Introduction
Melanoma diagnosed at early stages is typically cured by surgical
excision alone [1], while melanoma presenting at advanced stages
is often deadly [2]. For example, the 10-year survival for stage IA
melanoma (localized and <= 1 mm thick without ulceration or high
mitotic rate) is 93%, which differs dramatically from the 39% 10-year
survival for even stage IIC melanoma (still localized but > 4 mm thick
with ulceration) [3]. However, it is unknown whether screening for
early detection of melanoma improves survival [4]. The United States
Preventive Services Task Force has determined that there is insufficient
evidence for or against routine melanoma screening [4] and has
recommended further research to identify individuals at high risk for
developing melanoma [5]. It is generally felt that targeted screening
of high risk individuals, compared to screening the entire population,
would be more feasible, less costly and less prone to false positive
screens, unnecessary procedures, and patient anxiety [5-13].
Self-assessment of melanoma risk status has several potential
advantages over risk assessment by a healthcare provider. Having
individuals perform their own risk assessment could decrease the
burden on health care system in terms of cost and manpower [6-8].
It would also allow for population-based screening [14], potentially
better capturing older menand individuals without a regular primary
care physician, groups at increased risk of presenting with advanced
melanoma [15-17]. The feasibility of such a risk score is enhanced by
the availability of several validated self-assessed risk factors, such as
J Clin Exp Dermatol Res
ISSN:2155-9554 JCEDR, an open access journal

number of nevi on the arms [18,19] and density of freckling [19-25],
which are strong predictors of melanoma.
Our objective was to create a melanoma risk score based entirely
on self-assessed risk factors and to determine the proportion of
melanomas captured using various high-risk cutoffs of the score. We
did this by developing and validating a melanoma prediction model
using data from a population-based case-control study of invasive
cutaneous melanoma in Washington State, USA.

Materials and Methods
Study population
We used data from a case-control study of melanoma from western
Washington State, which is described in detail elsewhere [26,27]. In
this population, we identified all cases of newly diagnosed primary
invasive cutaneous melanoma (excluding lentigo maligna melanoma)
during the calendar year 1997 in the 13-county Seattle-Puget Sound
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Surveillance, Epidemiology, and End Results (SEER) cancer registry
area. Lentigo maligna melanoma was excluded because it is thought
to have etiological differences from other subtypes of melanoma [28].
Of 482 eligible cases, interviews were completed on 386, for a response
rate of 80%. Cases were white and between the ages of 35 to 74.
Controls were identified by random-digit dialing. Of 2787 potentially
eligible controls, interviews were completed in 1751, for a response
rate of 63%. Of these, several individuals were excluded (918 who were
outside of the age range and geographic regions of the cases, 90 who
were non-white race, and 16 with a history of melanoma), leaving 727
controls for the final analysis. Melanoma risk factors, demographics,
and other health factors were collected via telephone survey by trained
interviewers. Examples of key questions are found in the Figure 1. The
institutional review board of the Fred Hutchinson Cancer Research
Center approved the study.
Statistical analysis: We generated a multivariate model to predict
invasive melanoma using unconditional logistic regression in Stata,
Version 10. We used a 75% random sample (i.e., the training set) to
generate the model and tested the predictive ability of the model in
the remaining 25% (i.e., the validation set) by calculating the area
under the receiver operating characteristic curve (AUC). The AUC is
a measure of predictive accuracy ranging from 0.5 to 1, with higher
scores indicating better prediction. We also calculated the AUC on
the training set to compare to other melanoma prediction models that
did not use a validation method. We used the likelihood ratio test at
a significance level of 0.05 for variable selection, testing first the most
reliably measured variables and then the strongest predictors from
exploratory stepwise models. Variables considered for the model
included sex, age, education, income, marital status, tendency to
sunburn, ability to tan, number of severe sunburns ages 2-18, natural
hair color at age 15, density of freckles on arms before age 20, number
of raised moles on both arms, prior mole removal, number of moles
removed, and prior non-melanoma skin cancer. All variables were
categorical. Tested multiplicative interaction terms included sex*age,
sex*hair color, sex*freckles, hair color*sunburns, freckles*hair color,
freckles*sunburns, freckles*moles, and age*moles; all were nonsignificant and thus not included in the final model. An analysis
using conditional logistic regression matching on sex was performed
to explore whether response bias by sex between cases and controls
affected the estimates.
After variable selection using the training sample and calculation
of the AUC in the validation sample, we used the full sample to provide
the most accurate estimates of the coefficients for the final prediction
model and to generate the risk score. The risk score was the sum of the
risk factor values multiplied by the parameter estimates (i.e., betas or
log odds ratios). The betas were simplified into points (i.e., multiplied
by 10 and rounded up or down as appropriate) for ease of use. We
calculated the risk score for each individual in the study and ranked the
participants in the control group by risk score to generate risk strata
[7,9,29]. We calculated the sensitivity and specificity using various
high-risk cutoffs. We also calculated the positive predictive value and
negative predictive value of these cutoffs using various melanoma
prevalence estimates.

Results
There were 1113 participants, 386 cases and 727 controls. Mean
participant age was 50.7 years (range 35-74, sd 10.5). Men comprised
52.1% of cases, whereas 35.9% of controls were men. Additional
participant characteristics are found in Table 1. In age-and-sex-adjusted
analyses, male sex, age, tendency to sunburn, ability to tan, number of
J Clin Exp Dermatol Res
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severe sunburns ages 2-18, natural hair color at age 15, density of freckles
on the arms before age 20, number of raised moles on both arms, prior
mole removal, number of moles removed, and prior non-melanoma
skin cancer were significantly predictive of melanoma (Table 1). In
the final multivariate model developed on the 75% test set, only age,
male sex, number of severe sunburns ages 2-18, natural hair color at
age 15, density of freckles on the arms before age 20, number of raised
moles on both arms, and prior non-melanoma skin cancer remained
significant. The AUC of this model in the 25% validation set was 0.70
(95% CI: 0.64, 0.77), indicating that the model is moderately predictive
of melanoma.The AUC on the test set (calculated for comparison to
unvalidated models of melanoma risk) was 0.77 (95% CI: 0.73, 0.81).
An exploratory analysis using conditional logistic regression matching
on sex showed no appreciable changes in the estimates, suggesting that
response bias by sex between cases and controls did not influence the
results.
To calculate the risk score and estimate sensitivity and specificity
of various risk score cutoffs, we used the entire dataset. The betas (i.e.,
the log odds ratios) of the variables in the final model (Table 2) were
converted to simplified “points” (Figure 2) and used to calculate a risk
score for each participant. The range of possible scores was 0-67. The
actual range for controls was 0-50 (mean 18.5, median 18.0). The actual
range for cases was 1-61 (mean 28.4, median 28.0). The sensitivity,
specificity, relative risk, positive predictive value (PPV), and negative
Severe sunburns: As a child between the ages of 2 and 10, how many sunburns did you have
that were so severe they produced blisters or pain lasting two or more days? Between the ages
of 11 and 18, how many sunburns did you have that were so severe they produced blisters or
pain lasting two or more days?
Natural hair color at age 15: What was your natural hair color at age 15? (red, blond, light
brown, dark brown, black, or don’t know)
Freckles: Before the age of 20, which of the following best describes how many freckles you
had on your arms? (none, few, several, a lot, or don’t know)
Moles on the arms: Look at the skin on your left arm. To do this you may need to remove a
sweater or roll up your sleeves. Starting with your shoulder and moving down to the wrist,
please look at the moles on your left arm. Of those moles, I would like you to determine how
many are raised. A raised mole is a brown or black spot or beauty mark, which may be large or
small, which you can feel with your fingertips. Now run your fingertips over your left arm, and
count any raised moles. Now do the same for your right arm.
Prior non-melanoma skin cancer: Have you ever been told by a doctor that you have skin
cancer other than melanoma? If yes, what type of skin cancer have you had? Squamous cell
(yes, no, or don’t know); basal cell (yes, no, or don’t know); other skin cancer (yes, no, or don’t
know).

Figure 1: Example questions from the telephone survey.

Risk Factor

Points

Sex

Female

Male

0

7

35-44

45-54

55-64

65-74

0

5

8

11

None

1-4

5-9

10 or more

0

1

4

7

Age in years
Number of severe
sunburns ages 2-18

Natural hair color at age 15 Dark brown/black Light brown Blond
0

5

Few

Several A lot

4

6

10

1

2

3 or more

0

3

5

11

No

Yes

0

13

Density of freckles on arms
None
before age 20
0
Number of raised moles on
None
both arms
Prior non-melanoma skin
cancer

Red

4

8

Figure 2: Melanoma risk score.
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Male sex
Age in years
35-44
45-54
55-64
65-74
Education
No high school degree
High school degree
Some college
Bachelor degree
Graduate study
Income
Less than $24,000
$25-34,000
$35-49,000
More than $49,000
Marital status
Married
Widowed
Divorced
Separated
Never married
Tendency to sunburn
Tan without burn
Mild burn then tan
Burn and peel
Severe burn
Ability to tan
Deep tan
Moderate tan
Mild tan
Freckle or no tan
Number of severe sunburns ages 2-18
None
1-4
5-9
10 or more
Natural hair color at age 15
Dark brown or black
Light brown
Blond
Red
Density of freckles on arms before age 20
None
Few
Several
A lot
Number of raised moles on both arms
None
1
2
3 or more
Prior mole removal
Number of moles removed
None
1
2
3 or more
Prior non-melanoma skin cancer

Cases (n = 386) n (%)
201 (52.1)

Controls (n = 727) n (%)
261 (35.9)

Age- and sex-adjusted odds ratio (95% CI)
1.89 (1.46, 2.43)

98 (25.4)
134 (34.7)
84 (21.8)
70 (18.1)

281 (38.7)
223 (30.7)
136 (18.7)
87 (12.0)

1
1.62 (1.18, 2.23)
1.73 (1.21, 2.49)
2.24 (1.51, 2.43)

16 (4.2)
70 (18.1)
131 (33.9)
104 (26.9)
65 (16.8)

32 (4.4)
142 (19.6)
247 (34.0)
178 (24.5)
127 (17.5)

1
1.18 (0.59, 2.34)
1.39 (0.71, 2.72)
1.39 (0.70, 2.72)
1.20 (0.59, 2.41)

42 (11.9)
46 (13.0)
60 (17.0)
206 (58.2)

99 (15.2)
95 (14.6)
127 (19.5)
330 (50.7)

1
1.02 (0.61, 1.72)
1.07 (0.66, 1.74)
1.50 (0.98, 2.28)

290 (75.1)
21 (5.4)
45 (11.7)
7 (1.8)
23 (6.0)

458 (63.0)
41 (5.6)
154 (21.2)
20 (2.8)
54 (7.4)

1
0.73 (0.41, 1.31)
0.51 (0.35, 0.74)
0.58 (0.24, 1.41)
0.74 (0.44, 1.26)

38 (9.9)
195 (35.6)
131 (43.4)
20 (5.2)

170 (23.6)
353 (49.0)
171 (23.8)
26 (3.6)

1
2.46 (1.65, 3.67)
3.68 (2.39, 5.67)
3.71 (1.84, 7.46)

77 (20.0)
145 (37.7)
121 (31.4)
42 (10.9)

164 (22.9)
306 (42.7)
192 (26.8)
55 (7.7)

1
1.07 (0.76, 1.52)
1.57 (1.09, 2.27)
1.91 (1.15, 3.15)

68 (18.6)
127 (34.7)
66 (18.0)
105 (28.7)

223 (31.9)
287 (41.0)
106 (15.1)
84 (12.0)

1
1.62 (1.14, 2.30)
2.36 (1.54, 3.62)
4.53 (2.99, 6.85)

107 (27.7)
117 (30.3)
123 (31.9)
39 (10.1)

297 (40.9)
204 (28.1)
192 (26.5)
33 (4.6)

1
1.69 (1.22, 2.34)
1.98 (1.43, 2.75)
3.75 (2.21, 6.35)

63 (16.5)
134 (35.1)
62 (16.2)
123 (32.2)

223 (30.9)
272 (37.7)
99 (13.7)
127 (17.6)

1
1.96 (1.37, 2.80)
2.74 (1.76, 4.26)
4.37 (2.95, 6.48)

159 (41.1)
66 (17.2)
34 (8.9)
125 (32.6)
160 (41.9)

434 (59.9)
144 (19.9)
50 (6.9)
97 (13.4)
218 (30.1)

1
1.42 (0.99, 2.02)
2.04 (1.25, 3.33)
3.89 (2.78, 5.43)
1.84 (1.41, 2.41)

222 (58.1)
57 (14.9)
29 (7.6)
74 (19.4)
69 (18.1)

507 (70.2)
95 (13.2)
41 (5.7)
79 (10.9)
26 (3.6)

1
1.49 (1.02, 2.16)
1.91 (1.14, 3.21)
2.31 (1.60, 3.33)
5.21 (3.22, 8.42)

Column percentages may not add up to 100 due to rounding. Totals may vary due to missing data
Table 1: Characteristics of cases and controls with age- and sex-adjusted odds ratios for invasive melanoma.

J Clin Exp Dermatol Res
ISSN:2155-9554 JCEDR, an open access journal

Volume 2 • Issue 6 • 1000129

Citation: Williams LH, Shors AR, Barlow WE, Solomon C, White E (2011) Identifying Persons at Highest Risk of Melanoma Using Self-Assessed Risk
Factors. J Clin Exp Dermatol Res 2:129. doi:10.4172/2155-9554.1000129

Page 4 of 5
OR (95% CI)

Beta (logOR)a (95% CI)

1.98 (1.48, 2.64)

0.68 (0.39, 0.97)

35-44

1

0

45-54

1.69 (1.18, 2.43)

0.53 (0.17, 0.89)

55-64

2.24 (1.47, 3.40)

0.81 (0.39, 1.23)

65-74

2.92 (1.82, 4.68)

1.07 (0.60, 1.54)

None

1

0

1-4

1.10 (0.75, 1.60)

0.09 (-0.29, 0.47)

5-9

1.46 (0.92, 2.31)

0.38 (-0.09, 0.84)

10 or more

2.07 (1.30, 3.29)

0.73 (0.26, 1.19)

Dark brown or black

1

0

Light brown

1.47 (1.02, 2.12)

0.39 (0.02, 0.75)

Blond

1.57 (1.09, 2.26)

0.45 (0.08, 0.81)

Red

2.23 (1.23, 4.05)

0.80 (0.20, 1.40)

None

1

0

Few

1.56 (1.05, 2.31)

0.44 (0.05, 0.84)

Several

1.87 (1.15, 3.06)

0.63 (0.14, 1.12)

A lot

2.69 (1.71, 4.24)

0.99 (0.54, 1.44)

None

1

0

1

1.29 (0.87, 1.90)

0.25 (-0.14, 0.64)

2

1.67 (0.98, 2.84)

0.51 (-0.02, 1.05)

3 or more

2.93 (2.03, 4.23)

1.08 (0.71, 1.44)

Prior non-melanoma skin cancer

3.81 (2.25, 6.47)

1.34 (0.81, 1.87)

Male sex
Age in years

Number of severe sunburns ages
2-18

Natural hair color at age 15

Density of freckles on arms before
age 20

Number of raised moles on both
arms

The risk score was the sum of the products of the parameter estimates (betas, or
log odds ratios) and the variable values, multiplied by 10 and rounded up or down
as appropriate for ease of calculation
a

Table 2: Odds ratios and betas for melanoma from the final multivariate prediction
model.

predictive value (NPV) for various high-risk cutoffs (e.g., top 5%, top
10%, top 15%) are shown in Table 3. As expected, sensitivity decreased
while specificity increased with higher risk cutoffs. A majority of
melanomas, 50%, were captured in a relatively small high-risk group,
the top 15%. The PPV, or the proportion of persons considered high
risk by the score who would develop melanoma in one year, was fairly
low when applied to the entire population, but it was higher in men
and women age 50 or older, a group at higher risk of melanoma. The
PPV increased even further when considering the proportion of highrisk persons who would develop melanoma in a five-year time period.
Of participants age 50 or older in the top 15% risk group, about 1%
would be expected to develop a new melanoma over 5 years. The NPV,
or the proportion of persons considered low risk who would develop
melanoma, was 99.8% or higher for all groups.

Discussion
We used data from a Washington State melanoma case-control
study with self-assessed risk factors to develop a melanoma risk score.
For white persons ages 35-74, we found that the most predictive risk
factors were male sex, older age, higher number of severe sunburns
between ages 2-18, lighter natural hair color at age 15, higher density
of freckles on the arms before age 20, higher number of raised moles
on both arms,andprior non-melanoma skin cancer. The validated AUC
of 0.70 indicates that the model predicts melanoma moderately well.
Screening for melanoma in the top 15% risk category(with full body
J Clin Exp Dermatol Res
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skin examination by a dermatologist, primary care physician, or other
trained health care professional, for example) could capture a relatively
high proportion of melanomas (up to 50% if the screening examination
was highly sensitive). The one-year PPV, the proportion of persons
with a high-risk score who would be expected to develop melanoma
in the next year, was low, since melanoma is a rare event despite being
the sixth most common cancer in the U.S. in 2004-2008 [30]. However,
the PPV was naturally higher when considering a longer follow-up
period of 5 years. The PPV also increased when the risk score was
applied to a higher risk population (individuals age 50 or older). The
five-year PPV was nearly 1% in the top 15% risk among persons over
age 50, so applying the risk score to individuals over 50 could increase
the melanoma yield while minimizing the cost and clinical burden of
unnecessary screening.
We are aware of only two other comparable self-assessed melanoma
risk prediction models derived from case-control or cohort study data
[7,11], and our model compares favorably to them. One of these studies
[11] used prospective data from three large cohort studies (the Nurses’
Health Studies I and II and the Health Professionals Follow-Up Study)
with 535 incident cases of invasive melanoma. The final model included
age, male sex, family history of melanoma, number of moles larger
than 3 mm on arms or lower legs, and hair color. The AUC was 0.62,
which was lower than our AUC of 0.70 and may be an overestimate,
as it was not clearly validated using data separate from that used to
build the model. The sensitivity was 23% in the top 10% risk and 38%
in the top 20% risk participants, which is lower than our sensitivities at
those cutoffs, 42% and 61% respectively. The other study [7] used data
from a partly clinic-based case-control study in Austria and included
185 invasive melanomas and 17 in situ melanomas. It was age- andsex-matched, and risk factors in the final model included Fitzpatrick
skin phototype (I-IV), skin damage related to solar radiation (absent,
moderate, or severe), and total number of nevi (0-5, 6-10, 11-25, 26-50,
or >50). The AUC was 0.73, but it may be an overestimate as it was
not clearly validated and is lower than the AUC on our training set of
0.77. The sensitivity was 42% for the top 10% risk, which is identical
to our findings. One other self-assessed model is difficult to compare
to our study due to differences in methods and no reported AUC or
sensitivity for high-risk cutoffs [20]. There are several self-assessed
melanoma risk factor questionnaires [6,8,13,14,31], but they were not
derived from statistical models, so we are unable to know how well
these questionnaires predict melanoma [32].
There have been several melanoma risk prediction models that used
clinician-assessed risk factors such as number of total nevi, number of
atypical nevi, or sun damage on the back [9,33-41]. These types of risk
assessments are conceptually different from ours, because a clinic visit
with a dermatologist or primary care provider (which is costly and
time-consuming) is necessary to determine the risk level, while our risk
score can be calculated by a telephone interview or potentially by a selfassessed written questionnaire. Guther et al. created a model to predict
invasive or in situ melanoma from a prospective cohort of patients who
underwent free total-body skin examination by a dermatologist as part
of Germany’s mass skin cancer screening program [41]. Variables in
the final melanoma prediction model included age, red or blond hair
color, past history of melanoma, and suspicious melanocytic lesion on
dermoscopy with an AUC of 0.86 (with validation by bootstrapping
methodology) and unknown sensitivity of the model for melanoma in
the high-risk group (since melanoma and squamous cell carcinoma
models were combined for the risk stratification component). The
model by Fortes et al. was age- and sex-matched andincluded in the
final model total number of nevi as counted by a dermatologist [42],
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Risk level

Risk score cutoff

RRa

Sensitivityb (%)

Specificityc (%)

5-yr PPV all agesd,g (%)

5-yr PPV age 50d,h(%)

5-yr NPV age ≥ 50d,I(%)

Top 20%

25

5.41

61

80

0.35

0.89

99.9

Top 15%

28

5.42

50

85

0.38

0.98

99.8

Top 10%

30

6.20

42

90

0.48

1.23

99.8

Top 5%

34

7.35

29

95

0.66

1.69

99.8

RR:Relative risk of melanoma comparing those considered high risk (those with a score at or above the cutoff value) to those considered low risk (those with a score below
the cutoff value)
b
Sensitivity: Proportion of melanoma cases in the study classified as high risk
c
Specificity: Proportion of controls in the study classified as low risk
d
All prevalence estimates obtained from http://seer.cancer.gov/csr/1975_2006/, accessed 13 July 2010.
e
1-yrPPV all ages: Estimated proportion of U.S. whites considered high risk who would be diagnosed with melanoma in the same year, assuming a prevalence of newly
diagnosed cases of 23/100,000 (the 2006 age-adjusted incidence in U.S. whites)
f
1-yrPPV age 50 or older: Estimated proportion of U.S. whites over age 50 considered high risk who would be diagnosed with melanoma in the same year, assuming a
prevalence of newly diagnosed cases of 59/100,000 (the 2006 age-adjusted incidence in U.S. whites age 50 or older)
g
5-yrPPV all ages: Estimated proportion of U.S. whites considered high risk who would be diagnosed with melanoma in the next 5 years, assuming a prevalence of newly
diagnosed cases of 115/100,000 (the 2006 age-adjusted incidence in U.S. whitesmultiplied by 5)
h
5-yrPPV age 50 or older: Estimated proportion of U.S. whites over age 50 considered high risk who would be diagnosed with melanoma in the next 5 years, assuming a
prevalence of newly diagnosed cases of 295/100,000 (the 2006 age-adjusted incidence in U.S. whites age 50 or oldermultiplied by 5)
i
5-yr NPV age 50 or older: Estimated proportion of U.S. whites over age 50 considered low risk who would not be diagnosed with melanoma in the next 5 years, assuming
a prevalence of newly diagnosed cases of 295/100,000 (the 2006 age-adjusted incidence in U.S. whites age 50 or oldermultiplied by 5)
a

Table 3: Relative risk (RR), sensitivity, and specificity for various risk score cutoffs and estimated positive predictive value (PPV) and negative predictive value (NPV)
calculated for various populations and time periods.

hair color, skin color, presence of freckles, and history of at least one
sunburn in childhood [40]. The model was derived from an Italian
case-control study and validated in a Brazilian population with an AUC
of 0.79, and the sensitivity was 49.9% for the top 12.5% risk, which is
similar to our findings. English et al. included number of raised moles
on arms as assessed by a study nurse, age on arrival in Australia, history
of non-melanoma skin cancer, mean hours per week spent outdoors in
the summer between ages 10-24, and family history of melanoma [9].
No AUC was given, but the sensitivity was 54% in the top 16% risk,
which is again similar to our findings. Other models with providerassessed risk factors are difficult to compare to our study, as they did
not calculate AUC and the sensitivity of high-risk cutoffs [33-39].
The number of nevi on the arm is a strong predictor of melanoma,
when counted by an examiner [20,21,24,43-47] and when selfassessed [18,19]. There is evidence that nevus counts on the arms are
representative of total body nevi [18,47-49] and that self-counting of
arm nevi is reliable when compared to examination by a dermatologist
[14,50]. Focusing on this limited and easily accessible part of the
body is ideal for population-based risk assessment and may improve
compliance with and precision of self-counting of nevi [18,24,50].
Limiting the counts to raised moles can prevent the inclusion of freckles
or solar lentigines [18], but there is the potential for misclassification
due to the counting as nevi of seborrheic keratoses, which are common
on the arms in older individuals [50]. Our study included individuals
up to age 75, and the number of nevi on the arms was still a very strong
risk factor for melanoma (OR 2.93 for 3 or more compared to none),
despite this possibility of misclassification.
In our study, the association of melanoma with self-assessed
freckle density was strong (OR 2.69 for “a lot” of freckles compared
to none), with a positive dose-response relationship(increasing odds
of melanoma with increasing density of freckles). These two factors
support the validity of self-assessed freckle density as a melanoma risk
factor. Further support is provided by other studies, whichhave also
showna strong association between self-assessed freckle density and
melanoma [19-25] with a dose-response relationship [20,21].
Our study has several strengths. It was a large population-based
study. We used well-validated risk factors that were self-assessed,
making our score easy to use in a broad array of settings. The predictive
ability as measured by the AUC is strong compared to other melanoma
J Clin Exp Dermatol Res
ISSN:2155-9554 JCEDR, an open access journal

models and other cancer prediction models. (For example, the AUC
range is 0.58-0.64 for breast cancer [51] and 0.70-0.76 for prostate
cancer [52]. Unlike many prior melanoma risk prediction studies, we
calculated the AUC on data separate from that used to develop the
model, thus validating it.
Our study may have been limited by response differences by sex, as
only 36% of controls were men. Nevertheless, the odds ratio of 2.0 for
male sex in our risk model is consistent with current estimates of the
relatively higher incidence of melanoma in men compared to women,
particularly for whites age 55 and older [30]. Also, a secondary analysis
matching on sex gave very similar results, indicating that response bias
is not likely affecting the estimates to a great extent. Another limitation
is the potential for recall bias, as with all case control studies. We also
did not assess family history of melanoma, but this risk factor has been
variably predictive in other studies [7,41] and is prone to unreliable
measurement [53]. We did not collect data on the number of dysplastic
nevi, but this variableis difficult for patients to assess themselves [54].
Finally, our participants were from western Washington State only,
where melanoma incidence is somewhat surprisingly higher than
the overall U.S. incidence [30], thus generalizability to other areas is
unknown.
In summary, our study suggests that melanoma risk assessment
could be performed via self-assessed questionnaire and that screening
the 15% highest risk persons could detect about 50% of melanomas,
assuming moderate fit of the model. This self-assessed risk score
could be used as part of a comprehensive program of populationbased melanoma screening and education. As opposed to clinicbased interventions, population-based risk assessmentand education
couldpotentially bettercaptureolder men and persons without a
primary care physician, groups at highrisk for presenting with
advanced melanoma [15-17]. Further study is needed to validate this
score in other populations, develop and validate a self-administered
written questionnaire from the current telephone-based survey, and
to determine the costs, feasibility, and risks of screening a high-risk
group.
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