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Abstract

Background/Aim. The lack of effective therapy for ad-
vanced stages of melanoma emphasizes the importance of
preventive measures and screenings of population at risk.
Identifying individuals at high risk should allow targeted
screenings and follow-up involving those who would bene-
fit most. The aim of this study was to identify most signifi-
cant factors for melanoma prediction in our population and
to create prognostic models for identification and differen-
tiation of individuals at risk. Methods. This case-control
study included 697 participants (341 patients and 356 con-
trols) that underwent extensive interview and skin examina-
tion in order to check risk factors for melanoma. Pairwise
univariate statistical comparison was used for the coarse se-
lection of the most significant risk factors. These factors
were fed into logistic regression (LR) and alternating deci-
sion trees (ADT) prognostic models that were assessed for
their usefulness in identification of patients at risk to de-
velop melanoma. Validation of the LR model was done by
Hosmer and Lemeshow test, whereas the ADT was vali-
dated by 10-fold cross-validation. The achieved sensitivity,
specificity, accuracy and AUC for both models were calcu-
lated. The melanoma risk score (MRS) based on the out-
come of the LR model was presented. Results. The LR
model showed that the following risk factors were associ-
ated with melanoma: sunbeds (OR = 4.018; 95% CI 1.724–
9.366 for those that sometimes used sunbeds), solar damage

of the skin (OR = 8.274; 95% CI 2.661–25.730 for those
with severe solar damage), hair color (OR = 3.222; 95% CI
1.984–5.231 for light brown/blond hair), the number of
common naevi (over 100 naevi had OR = 3.57; 95% CI
1.427-8.931), the number of dysplastic naevi (from 1 to 10
dysplastic naevi OR was 2.672; 95% CI 1.572–4.540; for
more than 10 naevi OR was 6.487; 95%; CI 1.993–21.119),
Fitzpatricks phototype and the presence of congenital naevi.
Red hair, phototype I and large congenital naevi were only
present in melanoma patients and thus were strongly associ-
ated with melanoma. The percentage of correctly classified
subjects in the LR model was 74.9%, sensitivity 71%, speci-
ficity 78.7% and AUC 0.805. For the ADT percentage of
correctly classified instances was 71.9%, sensitivity 71.9%,
specificity 79.4% and AUC 0.808. Conclusion. Application
of different models for risk assessment and prediction of
melanoma should provide efficient and standardized tool in
the hands of clinicians. The presented models offer effec-
tive discrimination of individuals at high risk, transparent
decision making and real-time implementation suitable for
clinical practice. A continuous melanoma database growth
would provide for further adjustments and enhancements in
model accuracy as well as offering a possibility for success-
ful application of more advanced data mining algorithms.
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Apstrakt

Uvod/Cilj. Nedostatak efikasne terapije za kasni stadijum
melanoma upućuje na značaj preventivnih mera i praćenja
(testiranja) populacije pod rizikom. Izdvajanje osoba pod vi-
sokim rizikom trebalo bi da omogući ciljano ispitivanje i da-
lje praćenje osoba koje bi imale najviše koristi od toga. Cilj
ove studije bio je da identifikuje najznačajnije faktore rizika
od melanoma u našoj populaciji i napravi modele za proce-
nu rizika. Metode. Ova anamenestička studija uključila je
697 ispitanika (341 bolesnik operisan zbog melanoma i 356

ispitanika kontrolne grupe) koji su bili pregledani i intervjui-
sani o faktorima rizika od melanoma. Nakon univarijantnog
poređenja grupa urađena su dva prognostička modela bazi-
rana na statistički značajnim faktorima rizika: model logisti-
čke regresije (LR) i alternativno stablo odlučivanja (ADT).
Oba modela su procenjena i utvrđena je njihova tačnost u
proceni rizika od obolevanja od melanoma. Procena slaganja
modela sa podacima za model LR urađena je pomoću Hos-
mer-Lemeshow testa, dok je za ADT korišćena desetostruka
unakrsna procena. Za oba modela data je procena senzitiv-
nosti, specifičnosti, tačnosti i AUC. Rezultati. Logistička
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regresija ukazuje na značajnost sledećih faktora rizika za
melanom: korišćenje solarijuma (OR = 4,018; 95% CI
1,724–9,366 za osobe koje ponekad koriste solarijum), so-
larno oštećenje kože (OR = 8,274; 95% CI 2,661–25,730 za
osobe sa teškim znacima oštećenja kože), boja kose (OR =
3,222; 95% CI 1,984–5,231 za svetlo braon/plavu kosu),
ukupan broj mladeža (više od 100 mladeža karakteriše OR
= 3.57 95% CI 1,427-8,931), broj displastičnih mladeža (od
1 do 10 displastičnih mladeža OR je bio 2.672, 95% CI
1,572-4,540; za više od 10 displastičnih mladeža OR je bio
6.487; 5% CI 1,993–21,119), fototip kože po Fitzpatricku i
kongenitalni mladeži. Crvena kosa, fototip I i veliki konge-
nitalni mladeži bili su prisutni samo u grupi melanoma te su
zato i pokazali visoku značajnost u predviđanju rizika. Pro-
cenat ispravno klasifikovanih osoba u modelu LR bio je
74,9%, senzitivnost 71%, specifičnost 78,7% i AUC 0,805.

Za stablo odlučivanja procenat ispravno klasifikovanih oso-
ba bio je 71,9%, senzitivnost 71,9%, specifičnost 79,4% i
AUC 0,808. Zaključak. Primena različitih modela za pro-
cenu rizika obolevanja od melanoma treba lekarima da pruži
efikasno, jednostavno i standarizovano sredstvo za testiranje
rizika. Predloženi modeli nude brzo otkrivanje osoba pod
visokim rizikom, transparentan algoritam odlučivanja i identi-
fikovanja u realnom vremenu, pogodan za kliničku praksu.
Dalja poboljšanja moguća su sa porastom baze podataka o
obolelima, što će omogućiti ne samo poboljšanje tačnosti
predloženih modela već i primenu naprednijih algoritama
mašinskog učenja.

Ključne reči:
melanom; faktori rizika; testovi, prognostička vrednost;
statistička analiza faktora.

Introduction

Considering the continuons trend of increasing inci-
dence of melanoma in the last 50 years, with the fastest
growing incidence of all malignant diseases in the United
States, melanoma is becoming one of the most urgent prob-
lems of medicine today. Epidemiological data indicate a con-
stant increase in the melanoma incidence, ranging from 4%
to 6% per year 1, 2. A good indicator of our inability to con-
trol this disease is the lifetime risk of getting melanoma. In
the United States in 1935 it was 1: 1,500, in 1980 1 : 250, in
2000 1 : 74, in 2009 1 : 58 and in 2015 the lifetime risk is
expected to be 1:50 3–5. Melanoma makes about 4% of all
malignant tumors of the skin, but is responsible for about
75% of deaths caused by malignancies of the skin. Despite
numerous achievements in the areas of etiology, pathology,
diagnosis and therapy in different fields of medicine, lack of
effective therapy for advanced stages of melanoma empha-
sizes the importance of preventive measures, risk factors and
screenings of population at risk. Identifying persons at risk of
getting melanoma is a prime goal of all preventive strategies.
Persons at risk could be educated in risk factors and involved
in follow-up programs in order to avoid getting melanoma.
Also, targeted screenings of potentially high risk groups in
general population should lead to early detection of the dis-
ease in situ when it is expected to have high survival rate.

There are many factors influencing the melanoma inci-
dence and several meta-analysis have contributed significantly
to their understanding 7–10. In order to be able to reduce mela-
noma incidence we have to be aware of those factors, the way
they influence melanoma development and the modalities to
keep them under control. Most epidemiological studies high-
light the following as key factors for the development of mela-
noma: intermittent UV exposure, sunbeds, blistering sun burns
in childhood, fair skin phototype (Fitzpatrick I and II), a great
number of common naevi, the presence of atypical naevi,
blond hair, blue eyes, freckles, melanoma in family. These
days there are also contradictory data about the association
between melanoma and obesity 11, 12 Parkinson’s disease 13,
vitamin D 14 , immunosuppressive therapy 15–17, ionizing ra-
diation 18 and oral contraceptives 19, 20.

The application of predictive models in medicine de-
veloped as a part of the strategies for the prevention of dif-
ferent malignancies, including melanoma. Many studies deal
with this problem trying to create a model with good sensi-
tivity and useful in clinical practice 21–24. Models are based
on well recognized risk factors for specific disease. Usually
they summarize results of different meta-analyses or multi-
centric studies that involve great number of participants from
different regions in order to overcome bias of some specific
constitutive features in one population or specific environ-
mental characteristic. Universal prognostic models aim at
good generalization emphasizing common melanoma risk
factors. However, the significance and relevance of some
constituting risk factors largely depend on geographic region,
different latitudes and different races. For these reasons,
analysis of risk factor in smaller scale regions yields more
accurate predictive models encompassing both demographic
and regional characteristics. Such smaller scale studies give
an insight into the differences, allowing for the identification
of risk factors that are most important for specific population
as in a study of Fargnoli et al. 25 on Italian population,
Ballester et al. 26 on Spanish population, Bakos et al. 27 on
Brazilian population, Fears et al. 28, Williams et al. 24 and
Cho et al. 8 on North American population, Mar et al. 22 on
Australian population and others. Application of the prog-
nostic models enables efficient and rapid screening and,
therefore, focuses further diagnostic measures on a small
group of high-risk individuals.

The aim of this study was to identify risk factors in our
population, to measure their respective importance and de-
termine the most significant risk factors for melanoma pre-
diction. Based on the selection of the most important risk
factors, we created two prognostic models based on logistic
regression (LR) and alternating decision trees (ADT) and as-
sessed their usefulness for identification of patients at risk to
develop melanoma. In order to avoid relying on an expert
knowledge, experience and ability to estimate impact of all
environmental and constitutive factors in a patient the pro-
posed predictive models would standardize screening process
and focus the surveillance programs to those who would
benefit most. Both models are intuitive and computationally
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efficient offering transparent and understandable decision
making. Model dissemination and its simple usage could
lead to recognition and prevention of undesirable behavioral
habits and consecutively the reduction in the incidence and
mortality from melanoma.

Methods

Study population

This case-control study included patients operated on
for skin melanoma at the Department of Plastic and Recon-
structive Surgery, Clinical Center of Vojvodina, Novi Sad,
during a 12-year period, 2001–2012. From 542 patients that
were operated on during that period we managed to reach
341 that agreed to participate in this study. All the patients
were Caucasians, both genders, over 18, with histologically
verified diagnose of skin melanoma. The controls were pa-
tients consecutively presenting at the same department that
were Caucasians, both gender, over 18, personal history of
melanoma. The controls were matched with patients by gen-
der and age.

All the participants underwent extensive interview and
skin examination. The interview provided data on gender,
age, education level, medical history (previous skin cancers),
melanoma in family (first-degree relatives), exposure to ul-
traviolet radiation (exposure to sunbeds, intermittent outdoor
UV exposure, occupational UV exposure), use of sunscreens,
blistering sunburns in different periods of life (before 14
years, 15–19 years, after 19 years), hormonal contraceptive
therapy (HCT), immunosuppressive therapy. Intermittent UV
exposure was defined as exposure to UV radiation during
recreational (outdoor activities in warmer weather such as
sport practicing or gardening) and vacation activity.

A single physician interviewed and examined all indi-
viduals and assessed skin phototype (Fitzpatrick), natural
hair color (black/dark brown, blond/light brown, red), eye
color (black/brown, blue/green), the presence of freckles, a
number of common naevi (whole body count), a number of
dysplastic naevi (none, 1–10, more then 10), level of solar
damage on the skin of the shoulders and back (four category
scale-none, mild, moderate, severe).

This study was approved by the Ethical Committee of
Clinical Center of Vojvodina. All the participants signed in-
formed consent.

Statistical analysis

The statistical package SPSS for Windows (version 21)
was used for statistical analysis. To test the significance of
differences between the two groups of patients we used χ2
test and Fisher exact test. Statistical significance was ac-
cepted at the level of p < 0.05. Logistic regression modeling
was done in SPSS, offering full model description, signifi-
cance of coefficients and model validation. Weka 3.6.9,
freely distributable machine learning software, was used for
alternating decision tree modeling and validation.

Upon pairwise univariate comparison, logistic regres-
sion analysis was done using the factors with a statistically
significant difference in distribution among patients and

controls: level of education, intermittent UV exposure, num-
ber of dysplastic naevi (DN), number of common naevi,
congenital naevi, use of HCT, Fitzpatrick phototype, level of
solar damage of the skin, natural hair color, eye color and
use of sunbeds. Logistic regression was used to evaluate pre-
diction level attributable to every risk factor. When building
LR model all of the selected variables entered the model si-
multaneously. Odds ratio (OR), confidence interval (95%
CI), coefficient of regression (β) and two-tailed p- value
were calculated for every variable (risk factor). Use of OR as
an indicator of relative risk is acceptable in case-control
studies, especially where an outcome (disease) can be con-
sidered rare (“rare disease assumption”) as in case of mela-
noma 29. Wald test was used for evaluation of statistical sig-
nificance of a regression coefficient resulting in a two-tailed
p-value. Validation of regression model was done by Hosmer
and Lemeshow (HL) test. The percentage of correctly classi-
fied instances, sensitivity, specificity and the area under the
ROC curve (AUC) were calculated. Sensitivity presents a
true positive rate reflecting the probability that subject is
classified correctly as high risk individual. The higher the
sensitivity the bigger chances to identify high-risk subjects.
Specificity reflects the ability of a model to correctly classify
low risk patients. If AUC is 0.5, classifier performance is on
the level of random classification, which makes the model
useless, AUC > 0.7 indicates good classification, AUC > 0.8
indicates excellent classification, while the model with AUC
above 0.9 is considered extraordinary classifier.

Melanoma risk score (MRS) is defined as likelihood (p)
of getting melanoma given the subject’s specific attributes
according to the obtained logistic regression model. Values
of probability ranges from 0 – meaning that the chance of
getting melanoma is none (minimal) to 1 – chance of getting
melanoma is reaching 100%. The participants were classified
according to the risk level into three categories: low risk
(MRS < 0.25), standard risk (0.25 ≤ MRS ≤ 0.5) and high
risk (MRS > 0.5).

The ADT is built in Weka by using the boosting
method to combine decision trees. The basic ADT elements
are decision nodes containing the prediction condition, i.e.
certain attribute value and prediction nodes containing only
the number. For each subject all the paths, depending on pre-
diction condition, are explored and the resulting decision is
brought by summing up the values in prediction nodes. The
input variables to the ADT algorithm were the same selected
variables as in logistic regression. The number of variables is
further reduced by ADT, leaving the eight most important
attributes for decision-making. The model was validated us-
ing 10-fold cross-validation. The achieved sensitivity, speci-
ficity, accuracy and AUC are provided.

Results

There were 697 participants in this study: 341 patients
and 356 controls. The melanoma patients included 165
(48.39%) females and 176 (51.91%) males; the mean age
was 56.44 ± 15.21 years (ranging from 19 to 87 years). The
controls included 180 (50.56%) females and 176 (49.43%)
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men; the mean age was 55.5 ± 15.15 years (ranging from 18
to 88 years). There were no statistically significant differ-
ences between these groups considering age and gender dis-

tribution (p > 0.05). The distribution of risk factors among
patients and controls, with calculation of statistical signifi-
cance by χ2 test (p < 0.05) is shown in Table 1.

Table 1
Distribution of risk factors in the patients and controls and statistical significance analysis

              Groups of participants
Patients ControlsRisk factors

n (%) n (%)
χ2 df p

Level of education
     primary school
     secondary school
     college
     university degree

59
185
16
81

17.3
54.3
4.7
23.8

22
244
15
75

6.2
68.5
4.2
21.1

24.967 3 < 0.0001

Occupational UV exposure
     yes 59 17.3 129 36.2 31.699 1 < 0.0001
Intermittent exposure
     yes 233 68.3 206 57.9 8.179 1 0.005
Use if sunbeds
     never
     sometimes
     often

298
35
8

87.4
10.3
2.3

336
16
4

94.4
4.5
1.1

10.371 2 0.006

Other malignant tumors
     yes 6 1.8 3 0.8 1.149 1 0.284
Malignant tumors of the skin
     yes 20 5.9 48 13.5 11.481 1 0.001
Melanoma in family
     yes 2 0.6 0 0 2.094 1 0.148
Immunosuppressive therapy
     yes 3 0.9 8 2.2 2.097 1 0.148
HCT
    yes 14 4.1 4 1.1 6.156 1 0.013
Sunburns
      < 14 years
     14–19 years
     > 19 years

19
32
32

5.6
9.4
9.4

99
78
72

27.8
21.9
20.2

61.240
20.560
16.123

1
1
1

< 0.0001
< 0.0001
< 0.0001

Solar damage of the skin
     none
     mild
     moderate
     severe

68
117
98
58

19.9
34.3
28.7
17

88
144
119
5

24.7
40.4
33.4
1.4

51.678 3 < 0.0001

Use of sunscreens
     never
     sometimes
     often
     always

156
103
61
21

45.7
30.2
17.9
6.2

193
60
42
61

54.2
16.9
11.8
17.1

37.978 3 < 0.0001

Fitzpatrick phototype
     type I
     type II
     type III

7
157
177

2.1
46

51.9

0
189
167

0
53.1
46.9

9.932 2 0.007

Hair color
     black/brown
     light brown/blond
     red

100
230
11

29.3
67.4
3.2

163
193
0

45.8
54.2

0
29.018 2 < 0.0001

Eye color
     black/brown
     blue/green

167
174

49
51

217
139

61
39

10.106 1 0.002

Freckles
     yes 22 6.5 23 6.5 0.000 1 0.996
Number of common naevi
     <50
     50–100
     >100

112
182
47

32.8
53.4
13.8

263
81
12

73.9
22.8
3.4

120.085 2 < 0.0001

Number of dysplastic naevi
     none
     1–10
     > 10

220
79
42

64.5
23.2
12.3

310
41
5

87.1
11.5
1.4

56.147 2 < 0.0001

Congenital naevi
     none
     small
     medium
     large

315
14
5
7

92.4
4.1
1.5
2.1

293
50
13
0

82.3
14
3.7
0

31.293 3 < 0.0001

HCT – hormonal contraceptive therapy; df – degree of freedom.
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The factors that showed up to be significant in mela-
noma patients based on χ2 test calculation (p < 0.05) are:
level of education, intermittent UV exposure, use of sunbeds,
HCT, level of solar damage (severe), Fitzpatrick phototype
(type I), hair color (red, light brown/blond), eye color
(blue/green), the number of common naevi (over 50), the
number of dysplastic naevi (any), congenital naevi (large).
The factors that were significant for controls in our sample
are occupational UV exposure, blistering sunburns, other
skin cancers, and use of sunscreens. Risk factors, such as
melanoma in the family, freckles, use of immunosuppressive
therapy or other malignant tumors did not show a statistically
significant difference between the two groups.

Risk factors significant for the melanoma patients were
further included in the logistic regression model. For every
variable coefficient of regression (β), standard error (SE), p-
value, OR and 95% CI for OR were calculated (Table 2).

The HL test showed that the observed and expected
values were not significantly different (p > 0.05), meaning
that the model effectively describes data (χ2 = 7.880; df = 8;
p = 0.445; p > 0.05). The percentage of correctly classified
subjects was 74.9%, sensitivity 71%, specificity 78.7% and
AUC was 0.805.

LR analysis showed that the following risk factors were
associated with melanoma: sunbeds, solar damage of the
skin, Fitzpatrick’s phototype, hair color, number of common
naevi, number of dysplastic naevi, and the presence of con-
genital naevi. A 4-fold increase in melanoma risk was ob-
served for those that sometimes used sunbeds compared with
those who never used them (OR = 4.018, 95% CI 1.724–
9.366). The participants with severe solar damage of skin
had 8.3-fold increase in melanoma risk compared with those
that did not have signs of solar damaged skin (OR = 8.274;
95% CI 2.661–25.730). Factors like red hair, phototype I,
and large congenital naevi showed expectably high

Table 2
Logistic regression model of risk factors for melanoma prediction

Risk factors β SE Wald p OR 95% CI

Level of education
     primary school*
     secondary school
     college
     university degree

–
-1.309
-1.295
-1.351

–
0.350
0.564
0.398

–
13.973
5.270
11.534

–
<0.0001

0.022
0.001

–
0.270
0.274
0.259

–
0.136–0.536
0.091–0.829
0.119–0.565

Intermittent exposure
     yes -0.065 0.204 0.102 0.749 0.937 0.627–1.398
Use if sunbeds
     never*
     sometimes
     often

–
1.391
0.957

–
0.432
0.808

–
10.378
1.403

–
0.001
0.236

–
4.018
2.603

–
1.724–9.366

0.535–12.680
HCT*

    yes 0.987 0.708 1.946 0.163 2.683 0.670–10.739
Solar damage of the skin
     none*
     mild
     moderate
     severe

–
0.104
-0.319
2.113

–
0.255
0.275
0.579

–
0.168
1.342
13.325

–
0.682
0.247

< 0.0001

–
1.110
0.727
8.274

–
0.674–1.830
0.424–1.246

2.661–25.730
Fitzpatrick phototype
     type I
     type II
     type III*

18.096
-1.248

–

1.3x104

0.251
–

0.000
24.652

–

1
< 0.0001

–

7.2x107

0.287
–

0.000
0.175–0.470

–
Hair color
     black/brown*
     light brown/blond
     red

–
1.170
21.271

–
0.247

10.2103

–
22.380
0.000

–
< 0.0001

1

–
3.222

1.73109

–
1.984–5.231

0.000
Eye color
     black/brown*
     blue/green

–
0.165

–
0.234

–
0.495

–
0.482

–
1.179

–
0.745–1.866

Number of common
naevi
     < 50*
     50–100
     > 100

–
1.668
1.273

–
0.213
0.468

–
61.373
7.399

–
< 0.0001

0.007

–
5.301
3.570

–
3.493–8.047
1.427–8.931

Number of dysplastic
naevi
     none*
     1–10
     > 10

–
0.983
1.870

–
0.271
0.602

–
13.197
9.641

–
< 0.0001

0.002

–
2.672
6.487

–
1.572–4.540

1.993–21.119

Congenital naevi
     none*
     small
     medium
     large

–
-1.148
-2.191
20.501

–
0.378
0.708

1.36104

–
9.215
9.586
0.000

–
0.002
0.002

1

–
0.317
0.112
8108

–
0.151–0.666
0.028–0.448

0.000
*Reference category; β – coefficient of regression; SE – standard error; OR – odds ratio; 95% CI – confidence interval;
HCT –hormonal contraceptive therapy.
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large congenital naevi showed expectably high association
with melanoma as were only present in the patients. A large
associated standard error is due to the small number of pa-
tients with these attributes. Light brown or blond hair indi-
viduals compared with black/brown hair subjects as refer-
ence category showed 3.2-fold increase in melanoma risk
(OR = 3.222; 95% CI 1.984–5.231).The number of common
naevi over 100 marked 3.6-fold higher melanoma risk over
individuals with less than 50 common naevi (OR = 3.57,
95% CI 1.427–8.931). Also, a subject with 50 to 100 com-
mon naevi had high OR of 5.3 compared with the reference
category of < 50 (OR = 5.301; 95% CI 3.493–8.047). Sub-
jects with following categories: over 10 and 1-10 DN, had
6.5-fold (OR = 6.487, 95% CI 1.993–21.119) and 2.7-fold
(OR = 2.672, 95% CI 1.572–4.540) increase in melanoma
risk respectively compared with a subject without DN.

No remarkable association with melanoma risk was
found for intermittent UV exposure with OR of 0.937 although
previously calculated univariate χ2 test showed statistically
significant difference between the cases and the controls (p <
0.05). HCT showed OR of 2.683 but as 95% CI contains 1 this
difference could not be considered significant. Also, subject
with blue/green eyes had OR of 1.179 compared to reference
category of black/brown eyes, but 95% CI included value 1
meaning that the association is not significant.

Based on the obtained logistic regression model the
likelihood (p) of getting melanoma was calculated for each
participant. Distribution of probabilities in the controls is
presented in Figure 1.

The LR model was built based on both controls and
melanoma patients in order to identify the risk factors and
behavioral habits that lead to melanoma development. If the
attributes of the control subjects match the typical melanoma
patients, it is indicative that those subjects are at high risk of
developing melanoma. According to distribution of MRS
(individual likelihood of getting melanoma) controls were
classified in three groups: low risk (MRS < 0.25) - 188,
(52.81%) standard risk (0.25 ≤ MRS ≤ 0.5) - 92, (25.84%)
high risk (MRS > 0.5) - 58, (21.35%). The sensitivity of this
model, defined as the percentage of individuals among the pa-
tients that the model classified correctly, was 71%. The speci-
ficity of this model, defined as the percentage of individuals in
the controls that the model classified correctly was 78.7%.

All the risk factors included in logistic regression
analysis were included in construction of alternating decision
tree. The selected attributes in decision nodes of ADT and
respective prediction nodes form the possible decision mak-
ing paths.

Based on the subject’s specific attribute values, there
are several paths from the root to the leaves, and the final de-
cision depends on the sign of the sum of all the prediction
nodes passed. The more negative value implies the higher
risk of melanoma (Figure 2).

To illustrate the decision making based on ADT we
give two typical examples. A subject X, that has many risk
factors: primary education, 60 common naevi, 5 dysplastic
naevi, severe sun damage of the skin, Fitzpatrick I phototype,
blond hair, blue eyes, never use sunbed and has none con-
genital naevi, would have final score of -3.608 as the sum of
all the prediction nodes passed. A subject Y, who does not
have many risk factors: secondary education, black hair,
brown eyes, Fitzpatrick phototype III, 20 common naevi, no
dysplastic naevi, never use sunbeds, has none congenital
naevi and mild level of sun damaged skin, would have the fi-
nal score 1.237. The negative final score means high risk for
getting melanoma, whereas the higher positive prediction
score means the lower risk.

The percentage of correctly classified instances by the
ADT tree is 71.9%, average sensitivity 71.9%, specificity
79.4% and AUC was 0.808. It could be noticed that the ADT
achieved almost the same sensitivity and AUC with a sig-
nificant attribute reduction. Decision making in ADT is done

based on eight attributes, offering fast and easily imple-
mentable algorithm for efficient population screening.

Discussion

Our study included 697 participants which is compara-
ble to other case-control studies: Fargnoli et al. 25 study on
Italian population with 300 participants, Ballester et al. 26

study on Spanish population with 415 subject or study of
Fortes et al. 23 with 609 participants. Limitations of our
study, like other case-control studies, should be considered
when interpreting results. Reporting and recall bias in par-
ticipants is limiting possibility to estimate correctly associa-
tions of some risk factors for melanoma. In our study we

Fig. 1 – Distribution of probabilities in controls
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faced that problem while interviewing the participants about
sunburns and sunscreen use.

Although blistering sunburns are considered risk factor
for melanoma our data failed to confirm that, showing no as-
sociation with higher melanoma risk. Lack of this association
was also seen in some other studies 25, 26. There could be sev-
eral explanations for this result. We have to keep in mind
that no objective method exists for retrospective assessment
of age-specific sunburns and that this factor is subject to re-
call bias. Also, the patients already diagnosed with mela-
noma when interviewed by their surgeon about risk behavior
modalities that possibly led to tumor development tended to
report differently in order to deflect blame from themselves.
This problem could be overcome with different study design,
as in prospective cohort studies.

Use of sunscreens was also excluded from further crea-
tion of predictive models as participants were often guessing
about this factor and the answers did not seem reliable. Re-
porting bias should not be underestimated, as the patients are
aware of the fact that they should have avoided exposure to
UV radiation and should have used sunscreens. The extent to
which the use of sunscreen can be considered protective was
difficult to estimate because we had no information about
how often they use sunscreens, they often did not know
which SPF usually had sunscreen they use or the type of sun-
screen (against UVB radiation or including UVA and UVB
protection). The level of education was significantly associ-
ated with the use of sunscreens in both groups as we ex-
pected. In the cases and the controls patients with primary
education mostly answered that never use sunscreens, while
in the group of participants with university degree this per-
centage was much lower.

Other group of factors, like melanoma in the family,
freckles, use of immunosuppressive therapy and other malig-

nant tumors did not appear to be significantly different be-
tween the two groups. We decided not to include them in risk
models as, besides the fact that there were no significant dif-
ference in distribution between the patients and the controls,
the number of patients with these factors was very small so
further analyzes would not be reliable. This does not mean
that melanoma in the family is not important factor, but
rather that our sample was small for analyzing this specific
factor. Immunosuppressive therapy was also excluded as be-
sides the fact that this factor was also present in few partici-
pants, data from the literature about this factor are limited to
specific groups in population such as transplant patients 15–17.

The factors that were more significant in the controls
such as: occupational UV exposure, blistering sunburns,
other skin cancers and use of sunscreens were excluded from
further model creation.

In our sample occupational UV exposure was more
prevalent in the controls and thus not significant for mela-
noma. Similar results could be seen in other studies that em-
phasize importance of occupational UV exposure dominantly
for non-melanoma skin cancers (NMSC) 30–33. This causal
relation between chronic UV exposure and NMSC coincides
with our results where more NMSC was detected in controls
where occupational UV exposure was dominant. A study of
Chang et al. 34, which included 5,700 patients with mela-
noma at different latitudes, confirms the importance of occu-
pational UV exposure in the development of melanoma only
in low latitudes and in the cases of melanoma localized on
exposed parts of the body. Bearing this in mind, it is ex-
pected that in central Europe, which is a zone of high lati-
tude, occupational exposure may not be as important for the
development of melanoma as intermittent exposure. Inter-
mittent UV exposure was more present in patients, but in
multivariate logistic regression setting the distribution of this

Fig. 2 – Alternating decision tree
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feature among the subjects did not lead to strong association
with increased risk of melanoma. This could be explained
partly by a greater prevalence of subjects with primary edu-
cation than in the cases. They are expected to have lower
economic status, thus traveling to warmer climates, vacations
with sunbathing and intermittent UV exposure in general are
not as achievable for them. This bias could be overcome if
the controls and the patients were matched also according to
economic status.

Logistic regression on the selected factors showed
strong association between the use of sunbeds and melanoma
risk in those who reported to sometimes use sunbeds com-
pared to those that never used them. This coincides with re-
sults of some other studies in the literature. Meta-analyzes of
Boniol et al. 35 based on 27 studies showed 20% higher risk
for ever use of sunbeds. Lazovich et al. 36 confirmed this re-
sults showing 74% greater risk in those who ever used sun-
beds with differentiating between UVB devices and primar-
ily UVA devices. In many studies on melanoma risk predic-
tion this factor was not included as data about association
between artificial UV radiation and melanoma in literature
were inconsistent. International Agency for Research on
Cancer (IARC) published a large review in 2007 based on 19
studies considering carcinogenic effect of indoor tanning
where they underline that ever use of sunbeds is associated
with melanoma risk 37. If exposure was before 35 years, risk
to get melanoma was 75% higher. This study led to a deci-
sion of IARC to classify sunbeds as group I devices (car-
cinogenic to humans) so we can expect that this factor is
going to be addressed more in further studies.

Considering constitutive features like hair color, eye
color and phototype we marked red or blond/light brown hair
and phototype I as strongly associated with increasing risk of
melanoma. Data in the literature coincide with our results.
Although there were statistically significant differences in
distribution of blue/green eyes in the patients and the con-
trols, based on χ2 test analyzes, association with melanoma
risk could not be considered significant according to logistic
regression as they were underrepresented in data sets which
caused problems in associated β coefficients estimation.
Freckles were also one of the features evenly distributed
between patients and controls (6.5%), so in our sample did
not appear to be important predictor. This could be explained
with specific phenotypic characteristics of nations present in
Vojvodina (Hungarian, Slovakian) which typically have fair
hair, blue/green eyes, pale skin, so this features were not so
specific for melanoma patients. Data confirming these spe-
cific phenotypic characteristics of Hungarian and Slovakian
population we saw in a study of Csoma et al. 38 on school-
children population in South Hungary, which included 1320
participants. In this study phototype I/II was represented in
76.61% and blue/green eyes in 38.9% of children. According
to other study on Hungarian population made by Fehér et
al. 39 fair skin is present in 42.2%, blue/green eyes in 47.3%
and blond/red hair in 66.3% of school children participating
in the study. In Pesch et al. 40 study on Slovakian population,
dealing with NMSC, blue/green eyes was noticed in 47.2%
of men and 48.6% of women in the control group. In a

Ballester et al. 26 study on Spanish population phototype I/II
was present in 29.4%, blond/red hair in 40.5%, blue/green
eyes in 31.8%. In Fargnoli et al. 25 study on Italian population
phototype I/II was present in 30% of participants, fair hair in
12.5% and blue/green eyes in 33.5%. These data on Hun-
garian and Slovakian population differ from phenotypic
characteristics seen in Spanish or Italian population and we
consider this important in analyzing phenotypic characteris-
tics in our multinational population in Vojvodina. The ab-
sence of association of blue eyes and freckles with mela-
noma risk was also seen in a Ballester et al. 26 study.

The number of common naevi and dysplastic naevi in
our data coincide with results of other studies confirming
that the higher number of naevi, the higher risk of melanoma.
One of the largest meta-analysis on naevi as a risk factor
done by Gandini et al. 41 and based on 47 case-control and
cohort studies highlights DN as one of the most important
predictor of increased risk for melanoma. They presented
data on increased risk that ranged from RR = 1.6 for one DN,
to RR = 10.5 for more than 5 DN. Our results also confirm
this observation showing that less that 10 DN mark 2.7 in-
crease in risk, while for subjects that have more than 10 DN
we noticed 6.5-fold increase in risk. Considering the number
of common naevi Fortes et al. 23, as Gandini et al. 41, had RR
of 6.89 for more than 100 naevi, while we had 3.6-fold in-
crease in melanoma risk. Comparing data about moles as risk
predictor can be confusing as there are studies where the
count of common naevi is limited on specific parts of body
(trunk, arms) and those where answers are only dichotomous
without a precise number of DN, but they all agree that DN
and more than 50 common naevi increase risk for melanoma.

Both models for prediction of melanoma risk showed
good classification performances with AUC over 0.8. Based
on the learned classification scheme, they are successfully
utilized for melanoma risk prediction. These results were
better than results seen in some risk models in the literature:
AUC = 0.79 in Fortes et al. 23, 0.77 in training set model of
Williams et al. 24, 0.62 in Cho et al. 8, but lower than AUC in
Bakos et al. 27 five-variable model that achieved AUC of
0.85. Using data mining techniques in cancer prediction has
proven to be a helpful tool in identifying persons at risk in
many diseases such as lung cancer 42, glioblastoma multi-
forme 43, hepatocellular carcinoma in chronic hepatitis C 44,
stroke 45, Alzheimer’s disease 46 and others. According to our
knowledge, so far only LR was used for melanoma risk pre-
diction, so proposed ADT based on eight variables could be
seen as a useful contribution to the screening process in
melanoma detection.

As multiple studies showed that specific combinations
of risk factors are associated with elevated risk for mela-
noma, further analysis could be oriented on increasing the
melanoma patients database and follow-up studies in order to
verify the relations between some factors. Also, in order to
analyze the association of some age specific factors like use
of tanning devices or HCT, future studies should be focused
on specific age groups (younger) as analyzing those factors
in general population often leads to underestimation of their
association with melanoma.
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The advantage of our study is the use of different ap-
proaches in melanoma risk prediction and a wide range of
assessed risk factors. So far, to our knowledge, no study was
done on melanoma risk prediction on Vojvodina population
based on data mining techniques. For these reason, inclusion
of ADT as prediction tool is important contribution of our
study. Additionally, this study offers scoring system based
on probability of getting melanoma (MRS) that allows good
discrimination of individuals at risk and could be readily
used in clinical practice.

The main limitations are related to case-control design
that is prone to recall bias. Better selection of controls could be
done by avoiding patients from plastic surgery department in
order to avoid bias of reporting due to preselection of subjects.
As Gandini et al. 41 concluded, after comparing different study
designs, when controls were drown from hospitals calculated
risks were lower than in population-based studies. Also, as
noticed in the same study, ORs from case-control studies were
significantly lower than RRs from cohort studies. Other limit
to consider is failure to estimate association between sunburns
and melanoma. This could be attributed to dichotomous an-
swer modality (ever/never) as most studies that confirm the

strength of this association are limiting this association to
higher number of sunburn episodes.

Conclusion

Facing the rising melanoma incidence and considering
that dealing with this disease in advanced stages is rather dif-
ficult with not so favorable results, medicine turns its focus
to prevention and to risk factors. Application of different
models for risk assessment and prediction of the disease
should provide efficient and standardized tool in the hands of
doctors. The presented models offer effective discrimination
of individuals at high risk, transparent decision making and
real-time implementation suitable for clinical practice. Fur-
ther model improvement is possible by increasing the mela-
noma database, which will allow for better representation of
all attributes. Bigger sample sizes would enable successful
use of more advances data mining algorithms. Control sub-
jects identified as high risk according to the proposed models
could be followed which might offer the insight into some
risk factor associations of special importance for melanoma
development.
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