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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 included sex, 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 could be used as part of a comprehensive melanoma
screening and public education program to identify high-risk individuals in the 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.
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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 A 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 11C 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 men
and 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 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 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.

J Clin Exp Dermatol Res. Author manuscript; available in PMC 2012 January 5.
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Statistical analysis

Results

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 non-
significant 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.

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 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% ClI:
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
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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 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 high-
risk 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, and prior 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 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 11 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- and-sex-matched, and risk factors in the
final model included Fitzpatrick skin phototype (I-1V), 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
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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 self-assessed 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 and included in the final model total
number of nevi as counted by a dermatologist [42], 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 provider-assessed 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 self-assessed [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, which have also shown a strong association
between self-assessed freckle density and melanoma [19-25] with a dose-response
relationship [20,21].

J Clin Exp Dermatol Res. Author manuscript; available in PMC 2012 January 5.
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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 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 population-based melanoma screening and
education. As opposed to clinic-based interventions, population-based risk assessment and
education could potentially better capture older 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.

Acknowledgments

This research was supported by National Institutes of Health grant KOSCA154337. We are indebted to Dr. Maryam
Asgari for her assistance in the design of this analysis. The authors have no conflicts of interest to declare.

Abbreviations

AUC Area Under the Receiver Operating Characteristic Curve
PPV Positive Predictive Value
NPV Negative Predictive Value

References

1. Coit DG, Andtbacka R, Bichakjian CK, Dilawari RA, Dimaio D, et al. Melanoma. J Natl Compr
Canc Netw. 2009; 7:250-275. [PubMed: 19401060]

2. Eggermont AM, Testori A, Marsden J, Hersey P, Quirt I, et al. Utility of adjuvant systemic therapy
in melanoma. Ann Oncol. 2009; 20(Suppl 6):30-34.

3. Balch CM, Gershenwald JE, Soong SJ, Thompson JF, Atkins MB, et al. Final version of 2009 AJCC
melanoma staging and classification. Journal of Clinical Oncology: official journal of the American
Society of Clinical Oncology. 2009; 27:6199-6206. [PubMed: 19917835]

J Clin Exp Dermatol Res. Author manuscript; available in PMC 2012 January 5.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Williams et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19

20.

21.

22.

23.

24.

Page 7

. Wolff T, Tai E, Miller T. Screening for skin cancer: an update of the evidence for the U.S.

Preventive Services Task Force. Ann Intern Med. 2009; 150:194-198. [PubMed: 19189909]

. USPSTF . Screening for skin cancer: recommendations and rationale. Am J Prev Med. 2001; 20:44—

46. [PubMed: 11306231]

. Jackson A, Wilkinson C, Ranger M, Pill R, August P. Can primary prevention or selective screening

for melanoma be more precisely targeted through general practice? A prospective study to validate a
self administered risk score. BMJ. 1998; 316:34-38. [PubMed: 9451264]

. Harbauer A, Binder M, Pehamberger H, Wolff K, Kittler H. Validity of an unsupervised self-

administered questionnaire for self-assessment of melanoma risk. Melanoma Res. 2003; 13:537-
542. [PubMed: 14512796]

. Quereux G, Nguyen JM, Volteau C, Lequeux Y, Dreno B. Creation and test of a questionnaire for

self-assessment of melanoma risk factors. Eur J Cancer Prev. 2010; 19:48-54. [PubMed: 19955904]

. English DR, Armstrong BK. Identifying people at high risk of cutaneous malignant melanoma:

results from a case-control study in Western Australia. Br Med J (Clin Res Ed). 1988; 296:1285—
1288.

. Koh HK, Lew RA, Prout MN. Screening for melanoma/skin cancer: theoretic and practical
considerations. J Am Acad Dermatol. 1989; 20:159-172. [PubMed: 2644314]

Cho E, Rosner BA, Feskanich D, Colditz GA. Risk factors and individual probabilities of
melanoma for whites. J Clin Oncol. 2005; 23:2669-2675. [PubMed: 15837981]

Al-Shakhli H, Harcourt D, Kenealy J. Psychological distress surrounding diagnosis of malignant
and nonmalignant skin lesions at a pigmented lesion clinic. J Plast Reconstr Aesthet Surg. 2006;
59:479-486. [PubMed: 16749193]

Melia J, Harland C, Moss S, Eiser JR, Pendry L. Feasibility of targeted early detection for
melanoma: a population-based screening study. Br J Cancer. 2000; 82:1605-1609. [PubMed:
10789732]

Little P, Keefe M, White J. Self screening for risk of melanoma: validity of self mole counting by
patients in a single general practice. BMJ. 1995; 310:912-916. [PubMed: 7719184]

Di Quinzio ML, Dewar RA, Burge FI, Veugelers PJ. Family physician visits and early recognition
of melanoma. Can J Public Health. 2005; 96:136-139. [PubMed: 15850035]

Geller AC, Elwood M, Swetter SM, Brooks DR, Aitken J, et al. Factors related to the presentation
of thin and thick nodular melanoma from a population-based cancer registry in Queensland
Awustralia. Cancer. 2009; 115:1318-1327. [PubMed: 19189368]

Linos E, Swetter SM, Cockburn MG, Colditz GA, Clarke CA. Increasing burden of melanoma in
the United States. J Invest Dermatol. 2009; 129:1666-1674. [PubMed: 19131946]

Bain C, Colditz GA, Willett WC, Stampfer MJ, Green A, et al. Self-reports of mole counts and
cutaneous malignant melanoma in women: methodological issues and risk of disease. Am J
Epidemiol. 1988; 127:703-712. [PubMed: 3354537]

. White E, Kirkpatrick CS, Lee JA. Case-control study of malignant melanoma in Washington State.
I. Constitutional factors and sun exposure. Am J Epidemiol. 1994; 139:857-868. [PubMed:
8166136]

Marrett LD, King WD, Walter SD, From L. Use of host factors to identify people at high risk for
cutaneous malignant melanoma. CMAJ. 1992; 147:445-453. [PubMed: 1498755]

Osterlind A, Tucker MA, Hou-Jensen K, Stone BJ, Engholm G, et al. The Danish case-control
study of cutaneous malignant melanoma. 1. Importance of host factors. Int J Cancer. 1988; 42:200—
206. [PubMed: 3403065]

Elwood JM, Gallagher RP, Hill GB, Spinelli JJ, Pearson JC, et al. Pigmentation and skin reaction
to sun as risk factors for cutaneous melanoma: Western Canada Melanoma Study. Br Med J. 1984;
288:99-102. [PubMed: 6419839]

Elwood JM, Williamson C, Stapleton PJ. Malignant melanoma in relation to moles, pigmentation,
and exposure to fluorescent and other lighting sources. Br J Cancer. 1986; 53:65—74. [PubMed:
3947517]

Elwood JM, Whitehead SM, Davison J, Stewart M, Galt M. Malignant melanoma in England: risks
associated with naevi, freckles, social class, hair colour, and sunburn. Int J Epidemiol. 1990;
19:801-810. [PubMed: 2084006]

J Clin Exp Dermatol Res. Author manuscript; available in PMC 2012 January 5.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Williams et al.

25

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 8

. Bliss JM, Ford D, Swerdlow AJ, Armstrong BK, Cristofolini M, et al. Risk of cutaneous melanoma

associated with pigmentation characteristics and freckling: systematic overview of 10 case-control
studies. The International Melanoma Analysis Group (IMAGE). Int J Cancer. 1995; 62:367-376.
[PubMed: 7635560]

Shors AR, Solomon C, McTiernan A, White E. Melanoma risk in relation to height, weight, and
exercise (United States). Cancer Causes Control. 2001; 12:599-606. [PubMed: 11552707]
Solomon CC, White E, Kristal AR, Vaughan T. Melanoma and lifetime UV radiation. Cancer
Causes Control. 2004; 15:893-902. [PubMed: 15577291]

Elwood JM, Gallagher RP, Worth AJ, Wood WS, Pearson JC. Etiological differences between
subtypes of cutaneous malignant melanoma: Western Canada Melanoma Study. Journal of the
National Cancer Institute. 1987; 78:37—-44. [PubMed: 3467128]

Yokoyama T, Yokoyama A, Kumagai Y, Omori T, Kato H, et al. Health risk appraisal models for
mass screening of esophageal cancer in Japanese men. Cancer Epidemiol Biomarkers Prev. 2008;
17:2846-2854. [PubMed: 18843030]

Howlader, N.; Noone, A.; Krapcho, M.; Neyman, N.; Aminou, R., et al. SEER Cancer Statistics
Review, 1975-2008. National Cancer Institute; Bethesda, MD: 2011.

Glanz K, Schoenfeld E, Weinstock MA, Layi G, Kidd J, et al. Development and reliability of a
brief skin cancer risk assessment tool. Cancer Detect Prev. 2003; 27:311-315. [PubMed:
12893080]

Freedman AN, Seminara D, Gail MH, Hartge P, Colditz GA, et al. Cancer risk prediction models:
a workshop on development, evaluation, and application. J Natl Cancer Inst. 2005; 97:715-723.
[PubMed: 15900041]

Mar V, Wolfe R, Kelly JW. Predicting melanoma risk for the Australian population. The
Australasian Journal of Dermatology. 2011; 52:109-116. [PubMed: 21605094]

Garbe C, Buttner P, Weiss J, Soyer HP, Stocker U, et al. Risk factors for developing cutaneous
melanoma and criteria for identifying persons at risk: multicenter case-control study of the Central
Malignant Melanoma Registry of the German Dermatological Society. J Invest Dermatol. 1994;
102:695-699. [PubMed: 8176250]

Landi MT, Baccarelli A, Calista D, Pesatori A, Fears T, et al. Combined risk factors for melanoma
in a Mediterranean population. Br J Cancer. 2001; 85:1304-1310. [PubMed: 11720465]

MacKie RM, Freudenberger T, Aitchison TC. Personal risk-factor chart for cutaneous melanoma.
Lancet. 1989; 2:487-490. [PubMed: 2570195]

Fears TR, Guerry Dt, Pfeiffer RM, Sagebiel RW, Elder DE, et al. Identifying individuals at high
risk of melanoma: a practical predictor of absolute risk. J Clin Oncol. 2006; 24:3590-3596.
[PubMed: 16728488]

Schneider JS, Moore DH 2nd, Sagebiel RW. Risk factors for melanoma incidence in prospective
follow-up. The importance of atypical (dysplastic) nevi. Arch Dermatol. 1994; 130:1002-1007.
[PubMed: 8053695]

Dwyer T, Stankovich JM, Blizzard L, FitzGerald LM, Dickinson JL, et al. Does the addition of
information on genotype improve prediction of the risk of melanoma and nonmelanoma skin
cancer beyond that obtained from skin phenotype? Am J Epidemiol. 2004; 159:826-833.
[PubMed: 15105175]

Fortes C, Mastroeni S, Bakos L, Antonelli G, Alessandroni L, et al. Identifying individuals at high
risk of melanoma: a simple tool. Eur J Cancer Prev. 2010; 19:393-400. [PubMed: 20520559]
Guther S, Ramrath K, Dyall-Smith D, Landthaler M, Stolz W. Development of a targeted risk-
group model for skin cancer screening based on more than 100 000 total skin examinations.
Journal of the European Academy of Dermatology and Venereology: JEADV. 2011

Fortes C, Mastroeni S, Melchi F, Pilla MA, Antonelli G, et al. A protective effect of the
Mediterranean diet for cutaneous melanoma. Int J Epidemiol. 2008; 37:1018-1029. [PubMed:
18621803]

Green A, Bain C, McLennan R, Siskind V. Risk factors for cutaneous melanoma in Queensland.
Recent Results Cancer Res. 1986; 102:76-97. [PubMed: 3738188]

J Clin Exp Dermatol Res. Author manuscript; available in PMC 2012 January 5.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Williams et al.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Page 9

Holman CD, Armstrong BK, Heenan PJ, Blackwell JB, Cumming FJ, et al. The causes of
malignant melanoma: results from the West Australian Lions Melanoma Research Project. Recent
Results Cancer Res. 1986; 102:18-37. [PubMed: 3738185]

Kruger S, Garbe C, Buttner P, Stadler R, Guggenmoos-Holzmann I, et al. Epidemiologic evidence
for the role of melanocytic nevi as risk markers and direct precursors of cutaneous malignant
melanoma. Results of a case control study in melanoma patients and nonmelanoma control
subjects. J Am Acad Dermatol. 1992; 26:920-926. [PubMed: 1607409]

Swerdlow AJ, English J, MacKie RM, O’Doherty CJ, Hunter JA, et al. Benign naevi associated
with high risk of melanoma. Lancet. 1984; 2:168. [PubMed: 6146067]

Swerdlow AJ, English J, MacKie RM, O’Doherty CJ, Hunter JA, et al. Benign melanocytic naevi
as a risk factor for malignant melanoma. Br Med J (Clin Res Ed). 1986; 292:1555-1559.

English JS, Swerdlow AJ, Mackie RM, O’Doherty CJ, Hunter JA, et al. Site-specific melanocytic
naevus counts as predictors of whole body naevi. Br J Dermatol. 1988; 118:641-644. [PubMed:
3395562]

Farinas-Alvarez C, Rodenas JM, Herranz MT, Delgado-Rodriguez M. The naevus count on the
arms as a predictor of the number of melanocytic naevi on the whole body. Br J Dermatol. 1999;
140:457-462. [PubMed: 10233266]

Dennis LK, White E, Lee JA, Kristal A, McKnight B, et al. Constitutional factors and sun exposure
in relation to nevi: a population-based cross-sectional study. Am J Epidemiol. 1996; 143:248-256.
[PubMed: 8561158]

Vachon CM, van Gils CH, Sellers TA, Ghosh K, Pruthi S, et al. Mammographic density, breast
cancer risk and risk prediction. Breast Cancer Res. 2007; 9:217. [PubMed: 18190724]

Shariat SF, Karakiewicz PI, Roehrborn CG, Kattan MW. An updated catalog of prostate cancer
predictive tools. Cancer. 2008; 113:3075-3099. [PubMed: 18823041]

Weinstock MA, Brodsky GL. Bias in the assessment of family history of melanoma and its
association with dysplastic nevi in a case-control study. J Clin Epidemiol. 1998; 51:1299-1303.
[PubMed: 10086823]

Buettner PG, Garbe C. Agreement between self-assessment of melanocytic nevi by patients and
dermatologic examination. American journal of epidemiology. 2000; 151:72—77. [PubMed:
10625176]

J Clin Exp Dermatol Res. Author manuscript; available in PMC 2012 January 5.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnue\ Joyiny Vd-HIN

Williams et al.

Page 10

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, | 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.
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Risk Factor Points
Sex Female Male

0 7
Age in years 35-44 45-54 55-64 |65-74

0 5 8 1
Number of severe None 1-4 5-9 10 or more
sunburns ages 2-18

0 1 4 7
Natural hair color at age 15 |Dark brown/black |Light brown |Blond |Red

0 4 5 8
Density of freckles on arms None Few Several | A lot
before age 20

0 4 6 10
Number of raised moles on None 1 2 3 or more
both arms

0 3 5 1
Prior non-melanoma skin No Yes
cancer

0 13

Figure 2.
Melanoma risk score.
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Characteristics of cases and controls with age- and sex-adjusted odds ratios for invasive melanoma.

Table 1

Page 12

Cases (n = 386) n (%)

Controls (n =727) n (%)

o)

Age- and sex-adjusted odds ratio (95%

Male sex | 201 (52.1) | 261 (35.9) | 1.89 (146, 2.43)
Age in years

35-44 98 (25.4) 281 (38.7) 1

45-54 134 (34.7) 223 (30.7) 1.62 (1.18, 2.23)
55-64 84 (21.8) 136 (18.7) 1.73 (1.21, 2.49)
65-74 70 (18.1) 87 (12.0) 2.24 (1.51,2.43)
Education

No high school degree 16 (4.2) 32 (4.9) 1

High school degree 70 (18.1) 142 (19.6) 1.18 (0.59, 2.34)
Some college 131 (33.9) 247 (34.0) 1.39(0.71, 2.72)
Bachelor degree 104 (26.9) 178 (24.5) 1.39(0.70, 2.72)
Graduate study 65 (16.8) 127 (17.5) 1.20 (0.59, 2.41)
Income

Less than $24,000 42 (11.9) 99 (15.2) 1

$25-34,000 46 (13.0) 95 (14.6) 1.02 (0.61, 1.72)
$35-49,000 60 (17.0) 127 (19.5) 1.07 (0.66, 1.74)
More than $49,000 206 (58.2) 330 (50.7) 1.50 (0.98, 2.28)
Marital status

Married 290 (75.1) 458 (63.0) 1

Widowed 21(5.4) 41 (5.6) 0.73(0.41,1.31)
Divorced 45 (11.7) 154 (21.2) 0.51(0.35, 0.74)
Separated 7(1.8) 20 (2.8) 0.58 (0.24, 1.41)
Never married 23 (6.0) 54 (7.4) 0.74 (0.44, 1.26)
Tendency to sunburn

Tan without burn 38 (9.9) 170 (23.6) 1

Mild burn then tan 195 (35.6) 353 (49.0) 2.46 (1.65, 3.67)
Burn and peel 131 (43.4) 171 (23.8) 3.68(2.39, 5.67)
Severe burn 20 (5.2) 26 (3.6) 3.71(1.84,7.46)
Ability to tan

Deep tan 77 (20.0) 164 (22.9) 1
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Age- and sex-adjusted odds ratio (95%
Cases (n =386) n (%) | Controls (n=727)n (%) | Cl)
Moderate tan 145 (37.7) 306 (42.7) 1.07 (0.76, 1.52)
Mild tan 121 (31.4) 192 (26.8) 1.57 (1.09, 2.27)
Freckle or no tan 42 (10.9) 55 (7.7) 1.91 (1.15, 3.15)
Number of severe sunburns ages 2-18
None 68 (18.6) 223(31.9) 1
1-4 127 (34.7) 287 (41.0) 1.62 (1.14, 2.30)
5-9 66 (18.0) 106 (15.1) 2.36 (1.54, 3.62)
10 or more 105 (28.7) 84 (12.0) 4.53 (2.99, 6.85)
Natural hair color at age 15
Dark brown or black 107 (27.7) 297 (40.9) 1
Light brown 117 (30.3) 204 (28.1) 1.69 (1.22,2.34)
Blond 123 (31.9) 192 (26.5) 1.98 (1.43, 2.75)
Red 39 (10.1) 33(4.6) 3.75 (2.21, 6.35)
Density of freckles on arms before age 20
None 63 (16.5) 223(30.9) 1
Few 134 (35.1) 272 (37.7) 1.96 (1.37, 2.80)
Several 62 (16.2) 99 (13.7) 2.74 (1.76, 4.26)
A lot 123 (32.2) 127 (17.6) 4.37 (2.95, 6.48)
Number of raised moles on both arms
None 159 (41.1) 434 (59.9) 1
1 66 (17.2) 144 (19.9) 1.42(0.99, 2.02)
2 34 (8.9) 50 (6.9) 2.04 (1.25, 3.33)
3 or more 125 (32.6) 97 (13.4) 3.89 (2.78,5.43)
Prior mole removal 160 (41.9) 218 (30.1) 1.84(1.41,2.41)
Number of moles removed
None 222 (58.1) 507 (70.2) 1
1 57 (14.9) 95 (13.2) 1.49 (1.02, 2.16)
2 29 (7.6) 41 (5.7) 1.91(1.14,3.21)
3 or more 74 (19.4) 79 (10.9) 2.31(1.60, 3.33)
Prior non-melanoma skin cancer 69 (18.1) 26 (3.6) 5.21(3.22,8.42)

Column percentages may not add up to 100 due to rounding. Totals may vary due to missing data
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Odds ratios and betas for melanoma from the final multivariate prediction model.

Table 2

| OR (95% CI) | Beta (log OR)& (95% CI)

Male sex

| 1.98 (148, 2.64)

| 0.68 (0.39, 0.97)

Age in years

35-44

| 1

| 0

45-54
55-64
65-74

1.69 (1.18, 2.43)
2.24 (1.47, 3.40)
2.92 (1.82, 4.68)

0.53 (0.17, 0.89)
0.81 (0.39, 1.23)
1.07 (0.60, 1.54)

Number of severe sunburns ages

2-18

Natural hair color at age 15

Dark brown or black

None 1 0

1-4 | 1.10 (0.75, 1.60) | 0.09 (~0.29, 0.47)
59 | 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)

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

Density of freckles on arms before age 20

2.23 (1.23, 4.05)

0.80 (0.20, 1.40)

None
Few

Several

1
1.56 (1.05, 2.31)
1.87 (1.15, 3.06)

0
0.44 (0.05, 0.84)
0.63 (0.14, 1.12)

A lot

2,69 (1.71, 4.24)

| 0.99 (0.54, 1.44)

Number of raised moles on both arms

None

| 0

1.29 (0.87, 1.90)

| 0.25 (~0.14, 0.64)

2

3 or more

1.67 (0.98, 2.84)
2.93 (2.03, 4.23)

0.51 (~0.02, 1.05)

1.08 (0.71, 1.44)

Prior non-melanoma skin cancer

3.81(2.25, 6.47)

1.34(0.81, 1.87)

Page 14

aThe 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
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