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Abstract
Background Cutaneous melanoma patients have an increased risk of developing other neoplasms, especially cuta-

neous neoplasms and other melanomas. Identifying factors associated with an increased risk might be useful in the

development of melanoma guidelines.

Objectives To identify risk factors related to the development of a second primary melanoma in a series of patients

diagnosed with sporadic melanoma and to establish the estimated incidence rate.

Methods A longitudinal study based on prospective follow-up information of patients diagnosed with sporadic cuta-

neous melanoma at our centre from 2000 to 2015 was performed. Cumulative incidence was estimated based on com-

peting risk models, and the association of characteristics with the risk of a second melanoma was performed by Cox

proportional hazard models.

Results Out of 1447 patients included in the study, after a median follow-up of 61 months, 55 patients (3.8%) devel-

oped a second melanoma. Fair hair colour, more than 100 common melanocytic nevi and the presence of more than 50

cherry angiomas were independently associated with the development of a second melanoma. The site and the histolog-

ical subtype of the first and second melanomas were not consistent. The second melanomas were thinner than the first

ones.

Conclusions Fair-haired and multiple-nevi patients might benefit from more intensive prevention measures. The find-

ing of cherry angiomas as a risk factor suggests that these lesions could be markers of skin sun damage in the setting of

certain degree of genetic susceptibility.
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Introduction
Melanoma is the major cause of death due to cutaneous cancer.1

Nonetheless, its survival rate has increased in recent years thanks

to campaigns of health education, prevention and early detec-

tion2 and the development of new drugs in the treatment of

metastatic melanoma.3,4 This improvement in survival implies

that a higher number of patients live longer after diagnosis and,

therefore, the probability of developing other cancers increases.

It is well known that patients with melanoma have an increased

risk of having other neoplasms, and particularly of other mela-

nomas and of non-melanoma skin cancers.5–11 The incidence of

new melanomas in patients with a previous melanoma varies

widely in the literature and ranges from <1% to over 10% at

5 years.12

Susceptibility to the development of melanoma is very vari-

able and depends on various factors. These include phenotypic

factors such as fair skin, low phototype (I/II), blond or red hair

colour and the number of common and atypical moles, and

environmental factors such as severe sunburn, chronic sun expo-

sure and the use of tanning beds.13–16 In addition, a melanoma

is a polygenic disease. The genomic alterations underlying the

development of melanoma can be of low or high penetrance, the

latter being responsible for a significant number of cases of

familial melanoma. Patients belonging to families with muta-

tions in these genes have an increased risk of melanoma.17 This

explains the need for an increased attention to secondary pre-

vention measures in these patients as compared to patients with

sporadic melanoma.18,19

The population with sporadic melanoma is very heteroge-

neous and has an increased risk of developing new melanomas.

In this study, we aimed to identify characteristics that allow

identifying high-risk groups of patients who might benefit from

specific prevention programs.

Patients and methods

Design and study subjects
A longitudinal case–case study was designed based on the infor-

mation prospectively collected in the melanoma database of the

Department of Dermatology of the Instituto Valenciano de

Oncolog�ıa (IVO) in Val�encia (Spain). In this database, all

patients treated at the centre since January 2000 are included

and include a large number of clinical, histological and epidemi-

ological variables. The characteristics of the database are

described in detail in previous works.11,20 In this study, we

selected patients with melanoma, aged over 18 years old, diag-

nosed from 1 January 2000 to 31 October 2015. We excluded

patients with familial melanoma and those with extracutaneous

melanomas or melanomas of unknown origin. We included syn-

chronous melanomas defined as those diagnosed simultaneously

or within the first 3 months after the diagnosis of the first mela-

noma.

All these patients were followed up in accordance with the

current local protocols, which include whole skin examination

by a dermatologist. Visits were scheduled every 6 months for the

first 3 years after diagnosis and then yearly from the fourth on.

The study was approved by the IVO ethics committee and

conducted in accordance with the Declaration of Helsinki

principles.

Study variables
The dependent variable of this study was the development of a

second melanoma. The development of this second neoplasm

was evaluated as a time-dependent variable. We selected the fol-

lowing phenotypic, epidemiological and histological characteris-

tics as independent variables: Age (≤45 years, >45 years), sex,

phototype (I–II vs. III–V), hair colour (black/brown, blond and

red), eye colour (dark, light), number of severe sunburns (≤5,
>5), chronic sun exposure (no, ≤10, >10 years), presence of any

clinically atypical nevus (yes, no), presence of common melano-

cytic nevi of at least 2 mm in diameter (<20, 20–50, 51–100,
>100), seborrhoeic keratoses and cherry angiomas [no, <10, 10–
20, 21–50, 51–100, >100; subsequently recoded for cherry angio-

mas, as it was significant in the univariate exploratory study by

Classification and Regression Tree (CART) analysis, in ≤50 and

>50]; personal history of basal cell carcinoma (BCC) or squa-

mous cell carcinoma (SCC) (yes, no), site of melanoma (head

and neck, trunk, upper limbs, lower limbs and acral), histologi-

cal subtypes of melanoma [superficial spreading melanoma

(SSM), lentigo maligna melanoma (LMM), nodular melanoma

(NM), acral lentiginous melanoma (ALM) and other/unspeci-

fied], melanoma stage (in situ, localized, locoregional, dissemi-

nated melanoma) and the presence of neval remnants

contiguous to the melanoma (yes, no).

Severe sunburns were defined as those causing blisters or skin

pain for at least 48 h. A nevus was deemed atypical when having

a macular component and meeting at least three of the following

five criteria: size ≥5 mm, asymmetry, irregular pigmentation,

irregular borders and erythema.21 Seborrhoeic keratosis and

cherry angiomas should be clinically palpable and should have a

2-mm size at least. The background of basal cell and squamous

cell carcinomas was confirmed through pathology reports.

We also evaluated the existence of non-synonymous melano-

cortin 1 receptor (MC1R) gene variants (yes, no) depending on

the presence of any of the following variants: p.V60L, pD84E,

p.V92M, p.R142H, p.R151C, p.I155T, p.V156L, p.R160W,

p.R163Q and p.D294H.

The genetic study of MC1R gene variants was carried out

through direct DNA sequencing according to previously

described methods.22

Statistical analysis
Associations of patient characteristics and melanoma features

with subsequent primary melanoma were assessed using chi-
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squared and Fisher’s exact tests. Cox proportional hazards

regression models were used to estimate hazard ratios (HRs) and

95% confidence intervals (CIs) as measures of association

between risk factors and incidence of second melanoma. Follow-

up time started at time of primary melanoma diagnosis and

ended at the time of diagnosis of the second melanoma or cen-

soring, which ever occurred first. Censoring events were death

or end of follow-up. All models were adjusted for age at diagno-

sis (≤45, >45 years). The ordinal variables were dichotomized

through the CART analysis. We computed 5-year cumulative

incidence based on competing risk models of second melanoma

endpoint using multivariable subdistribution hazard models.

Time since melanoma diagnosis was used as the time scale for

this analysis. Kaplan–Meier method was used to calculate the

estimated cumulative incidence and obtain the curves on the dif-

ferent characteristics studied and significance in the study with

the chi-squared method. The differences between them were

evaluated by means of the log-rank test. In all cases, a level of

statistical significance was established for a value of P < 0.05.

The statistical analysis was performed with the IBM SPSS

Statistics software for Windows (version 20.0; IBM Corp,

Armonk, NY, USA) except for the analysis of competitive risks

carried out with RStudio v0.99.902, using gam 1.12, survival

v2.39-2, prodlim v1.5.7 and cmprsk v2.2-7, crrstep 2015-2.1.

Results
According to the selection criteria, 1447 patients were included

in the study, with a median of 57 years of age at diagnosis of the

first melanoma (interquartile range: 43–69). The characteristics

of the population are displayed in Table 1.

After a median follow-up of 61 months, 55 patients (3.8%)

developed a second melanoma, representing a ratio of 1 in 26

patients. The estimated cumulative incidence of second melano-

mas in the overall population was 1.6%, 2.3%, 3.3% and 6.7% at

years 1, 2, 5 and 10. Table 2 shows the cumulative incidence dif-

ferences of second melanomas at years 1, 2 and 5 for each signifi-

cant variable in the contingency tables.

When comparing patients with a single melanoma versus

those with at least two, it was observed that in the latter group,

there was a higher number of patients with blond and red hair

(P = 0.001), with a history of severe sunburn (P = 0.049), with

common melanocytic nevi (P < 0.001) and atypical moles

(P < 0.001) and multiple cherry angiomas (P = 0.004). The

presence of at least one MC1R gene variant was also more fre-

quent in patients with second melanomas (P = 0.028).

After the multivariate study, only the colour of light hair

(blond and red hair), the presence of more than 100 common

melanocytic nevi and the presence of more than 50 cherry angio-

mas maintained their statistical significance (Table 3, Fig. 1).

We studied the concordance between the site of the first and

second melanomas (Table 4). The site of a second melanoma

was reported in 46 patients. Only in 15 of them (32.6%), the site

coincided with the first melanoma, a fact that occurred more fre-

quently in melanomas occurring in the trunk (42.9%), followed

by those in head and neck (33.3%).

Similarly, we studied the concordance between the histologi-

cal type of first and second melanomas (Table 5). These data

were known in 54 patients. In 28 patients of them (51.9%), the

histological variant of the first melanoma was the same as in the

second melanoma. In 24 of these 28 patients (85.7%), the type

was SSM.

The tumour thickness of second melanomas was also com-

pared to the first ones (Table 6). In general, the second melano-

mas were thinner than the first ones. Most of the second

melanomas (48.1%) were in situ melanomas, followed by mela-

nomas with a Breslow thickness ≤1 mm (33.3%). No second

melanoma was diagnosed with a thickness above 4 mm.

Discussion
In our study of a series of 1447 patients with melanoma, 3.8%

developed a second melanoma after a median follow-up of

5 years, an incidence similar to that reported in previous

series23–25 although in the literature, the incidence of multiple

melanoma varies from 1% to 10%.12,26–36 The cumulative inci-

dence of a second melanoma in the total population of our study

was 1.6% at year 1 and 3.3% at year 5, values also comparable to

those previously reported.37 However, considerable risk varia-

tions have also been reported, ranging from 1.5% to 11.4% at

year 5.24,31,33,38,39 This variability in the figures can be due to the

lack of homogeneity in the studies.

In our series of patients, red and blond hair, having more than

100 common melanocytic nevi and more than 50 cherry angio-

mas were the features that significantly increased the risk of

developing a second melanoma. The association with light hair

colour and the presence of multiple melanocytic nevi was not

surprising since both features are well-known risk factors for

developing melanoma.21,40 In addition, positive associations

between both features and the development of multiple mela-

noma have also been reported.25,41–43 An unexpected finding

was the association between the occurrence of multiple cherry

angiomas and an increased risk of a second melanoma. This

association has not been reported in the literature. Cherry or

senile angiomas are the most frequent cutaneous vascular

tumours. Despite its frequency, its etiopathogenesis has not been

studied thoroughly. They increase in number with age and have

a familial component.44,45 The development of cherry angiomas

has been described as a consequence of severe skin damage after

exposure to alkylating agents (nitrogen and sulphur mus-

tards)46–48 and other toxic agents (2-butoxyethanol and bro-

mides),49,50 associated with immunosuppression with

cyclosporine,51 with herpes virus 8,52 to graft-versus-host dis-

ease53,54 and to lymphoproliferative disorders such as Castleman

disease.55 The occurrence of cherry angiomas has been associ-

ated with the process of angiogenesis, arising from the increased
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number of proangiogenic molecules such as vascular endothelial

growth factor and other cytokines.46,52,55 The pathogenesis of

cherry angiomas is not clearly known currently and its associa-

tion with other skin tumours and, in particular, with melanoma,

cannot be explained based on the current literature. Borghi

et al.56 conducted a cross-sectional study to identify potential

predisposing factors associated with the development of multiple

cherry angiomas. That study included 1302 patients and found

that advanced age, chronic immunosuppressive therapy, skin

cancers (melanoma and non-melanoma skin cancer) and extra-

cutaneous cancers were significantly associated with the exis-

tence of multiple angiomas in these patients. The second phase

of this study analysed the association between cherry angiomas

and skin cancer.57 Multiple angiomas were significantly more

frequent in patients with melanoma under 70 years old.

Recently, one study has identified somatic activating mutations

Table 1 Characteristics of the study population (N = 1447)

Characteristics Second melanoma P

No Yes Total

N % N % N %

Age ns

(0.552)≤45 years 406 29.2 14 25.5 420 29.0

>45 years 986 70.8 41 74.5 1027 71.0

Gender ns

(0.206)Male 689 49.5 32 58.2 721 49.8

Female 703 50.5 23 41.8 726 50.2

Eye colour ns

(0.797)Black/brown 816 59.9 32 58.2 848 59.8

Blue/green 546 40.1 23 41.8 569 40.2

Hair colour 0.001

Black/brown 1074 79.1 33 60.0 1107 78.4

Blond 234 17.2 16 29.1 250 17.7

Red 49 3.6 6 10.9 55 3.9

Phototype ns

(0.408)I–II 479 35.2 22 40.7 501 35.5

III–V 880 64.8 32 59.3 912 64.5

Lifetime severe sunburns 0.049

≤5 1099 81.5 39 70.9 1138 81.1

>5 249 18.5 16 29.1 265 18.9

Chronic sun exposure ns

(0.840)No 969 73.8 39 70.9 1008 73.7

≤10 years 74 5.6 4 7.3 78 5.7

>10 years 270 20.6 12 21.8 282 20.6

Common nevi <0.001

<20 907 71.9 28 52.8 935 71.1

20–50 188 14.9 10 18.9 198 15.1

51–100 115 9.1 5 9.4 120 9.1

>100 52 4.1 10 18.9 62 4.7

Atypical nevus <0.001

No 1098 82.2 25 46.3 1123 80.8

Yes 238 17.8 29 53.7 267 19.2

Seborrhoeic keratosis ns

(0.122)No 401 54.2 17 51.5 418 54.1

<10 182 24.6 7 21.2 189 24.5

10–20 47 6.4 2 6.1 49 6.3

21–50 60 8.1 7 21.2 67 8.7

51–100 25 3.4 0 0.0 25 3.2

>100 25 3.4 0 0.0 25 3.2

Senile/cherry angiomas 0.004

No 340 45.8 9 27.3 349 45.0

<10 200 27.0 11 33.3 211 27.2

10–20 65 8.8 2 6.1 67 8.6

21–50 98 13.2 4 12.1 102 13.2

51–100 25 3.4 4 12.1 29 3.7

>100 14 1.9 3 9.1 17 2.2

Personal history of BCC ns

(0.531)No 1296 93.1 50 90.9 1346 93.0

Yes 96 6.9 5 9.1 101 7.0

Table 1 Continued

Characteristics Second melanoma P

No Yes Total

N % N % N %

Personal history of SCC ns

(0.347)No 1370 98.4 55 100 1425 98.5

Yes 22 1.6 0 0 22 1.5

Melanoma site ns (0.535)

Head/neck 305 21.9 10 18.2 315 21.8

Upper extremities 194 13.9 9 16.4 203 14.0

Trunk 504 36.2 25 45.5 529 36.6

Lower extremities 271 19.5 7 12.7 278 19.2

Acral 118 8.5 4 7.3 122 8.4

Histological subtype ns

(0.603)LMM 172 12.4 4 7.3 176 12.2

SSM 808 58.0 36 65.5 844 58.3

NM 264 19.0 11 20.0 275 19.0

ALM 69 5.0 1 1.8 70 4.8

Other 79 5.7 3 5.5 82 5.7

MC1R variants 0.028

No 425 36.7 11 21.6 436 36.0

Yes 734 63.3 40 78.4 774 64.0

Stage of melanoma ns

(0.751)In situ 226 16.5 9 16.4 235 16.5

Localized 920 67.2 35 63.6 955 67.0

Locoregional 213 15.5 11 20.0 224 15.7

Disseminated 11 0.8 0 0.0 11 0.8

Nevus-associated melanoma ns

(0.739)No 941 74.6 37 72.5 978 74.5

Yes 320 25.4 14 27.5 334 25.5

ALM, acral lentiginous melanoma; BCC, basal cell carcinoma; LMM, lentigo
maligna melanoma; MC1R, melanocortin 1 receptor gen; NM, nodular mela-
noma; SCC, squamous cell carcinoma; SSM, superficial spreading mela-
noma.
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in GNAQ and GNA11 in a sample of cherry angiomas that also

share uveal melanoma, blue nevus and melanoma associated

with blue nevus.58 In our study, the finding of cherry angiomas

as a risk factor suggests that these lesions might be markers of

actinic skin damage in patients with some degree of genetic sus-

ceptibility. If this finding is an independent risk factor for the

development of a second melanoma, it needs to be elucidated in

further studies. This might provide a chance finding or it might

be a confounding factor associated with other variables not anal-

ysed in our study.

Most second melanomas did not occur in the same site as the

first melanomas. Only in 32.6% of cases, the sites of the first and

second melanomas were the same, with the trunk being the site

with the highest correlation (9 cases). This finding is comparable

to that reported in other series28,32,41,59 and emphasizes the

importance of full skin examination during the follow-up of

patients with melanoma.

We also did not find a clear correlation between the histologi-

cal subtype of the first and second melanomas. Only in slightly

over half of the patients, the histological type of the first mela-

noma coincided with the second, with SSM being the variant

with the highest agreement and the most frequent in total terms

in the two groups of patients.

61% of the first melanomas had a Breslow thickness ≤1 mm

(16.6% of in situ melanomas) while this percentage increased to

81.4% in the second melanomas (48.1% of in situ melanomas).

This trend towards thickness reduction in the second melano-

mas has been reported in most studies.7,12,23,26,28,32–34,36,38,60–62

One study published just like the opposite, the mean tumour

thickness of the second melanomas was slightly higher than the

mean tumour thickness of the first ones.27 In this study, patients

undergoing rigorous controls had thinner second melanomas

than the rest suggesting that medical surveillance, self-examina-

tion and/or preventive measures taken by increasingly more

aware patients are responsible for this tendency to less invasive

second melanomas. Currently, the role of potential biological

differences between the first and second melanomas cannot be

ruled out either.

Another issue worth highlighting is the diagnosis of second

melanomas beyond 5 years after first diagnosis. The median fol-

low-up in our study was 5 years, and therefore, the data related

to this fact lack sufficient statistical power. However, 16 of the

55 second melanomas (29%) were detected during the follow-up

after the 5th year of diagnosis, which is consistent with those

reported in other studies.25,38,61 Although the risk of developing

a second melanoma is higher in the first 5 years,28,34 cases have

been reported up to 2–3 decades after the first melanoma.23,38

Some studies have shown that the risk of a second melanoma

remains stable and does not diminish with time.12,31,63 All these

data underscore the need to monitor patients throughout their

lives to detect melanomas early, the importance of self-examina-

tion and preventive behaviours.

The main strength of our study is having been based on the

information collected meticulously, homogeneously and prospec-

tively in a single institution, including a large number of variables.

Our work also has some limitations. During the follow-up

period (a median of 5 years), only 55 patients developed a sec-

ond melanoma (3.8%). This fact may have conditioned that

some variables did not reach statistical significance when they

Table 2 Cumulative incidence of second melanoma at 1, 2 and
5 years by significant variables

Characteristics 1 year 2 years 5 years

Hair colour

Dark 1.3 1.8 2.8

Blond 2.0 3.4 4.6

Red 6.1 8.3 8.3

Severe sunburns

≤5 1.5 2.1 3.0

>5 2.4 4.2 4.8

Atypical nevi

No 0.9 1.8 2.0

Yes 4.8 5.7 8.1

Common nevi

≤100 1.7 2.4 3.2

>100 1.7 1.7 4.3

Senile/cherry angiomas

≤50 1.4 1.9 2.8

>50 4.6 7.1 11.2

MC1R variants

No 1.2 1.4 2.2

Yes 2.0 3.2 4.4

Table 3 Univariate and multivariate Cox regression models for
variables associated with the development of a second melanoma
in melanoma patients

Characteristics Univariate analysis Multivariate analysis

HR CI 95%
HR

P HR CI 95%
HR

P

Hair colour 0.002 0.025

Dark Ref. Ref. Ref. Ref.

Blond 2.3 1.1–3.6 0.026 2.2 1.0–4.7 0.048

Red 3.4 1.7–9.7 0.002 3.5 1.2–10.4 0.022

Common nevi
>100

4.9 2.5–9.8 <0.001 5.6 2.5–12.5 <0.001

Some atypical
nevus

4.5 2.7–7.7 <0.001 NS NS NS

Senile/cherry
angiomas >50

3.3 1.4–8.0 0.010 3.9 1.7–9.1 0.001

Any MC1R variant 2.1 1.1–4.1 0.031 NS NS NS

Severe sunburns
>5

1.7 1.0–3.1 0.071 NS NS NS

CI, Confidence interval; HR, Hazard ratio; NS, not significant; Ref., reference
category.
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actually have a risk value. In addition, no reliable estimates of

long-term risk can be obtained in this monitoring period. The

data come from a referral centre in the treatment of cancer.

Therefore, we cannot rule out a possible selection bias and we

cannot ignore a possible memory bias when collecting variables

related to sun exposure.

In conclusion, being red haired or blond haired, having more

than 100 common melanocytic nevi and more than 50 cherry

angiomas were significantly associated with the risk of develop-

ing a second primary melanoma in patients with a first

Figure 1 Cumulative incidence curves for variables with statistical significance in the multivariate analysis: (a) hair colour, (b) number of
common melanocytic nevi and (c) number or senile angiomas.

Table 4 Site of first and second melanomas

Site First melanoma

Second melanoma Head/neck Upper extremity Trunk Lower extremity Acral Total

Head/neck 3 (33.3%) 1 (12.5%) 3 (14.3%) 0 (0%) 1 (33.3%) 8 (17.4%)

Upper extremity 0 (0%) 1 (12.5%) 7 (33.3%) 1 (20%) 0 (0%) 9 (19.6%)

Trunk 2 (22.2%) 5 (62.5%) 9 (42.9%) 1 (20%) 2 (66.7%) 19 (41.3%)

Lower estremity 2 (22.2%) 0 (0%) 2 (9.5%) 2 (40%) 0 (0%) 6 (13%)

Acral 2 (22.2%) 1 (12.5%) 0 (0%) 1 (20%) 0 (0%) 4 (8.7%)

Total 9 (100%) 8 (100%) 21 (100%) 5 (100%) 3 (100%) 46 (100%)

Color shade enhance diagonal cells which refer to concordant cases.

Table 5 Histological subtype of first and second melanomas

Second melanoma First melanoma

LMM SSM NM ALM Other Total

LMM 3 (75%) 5 (14.3%) 2 (18.2%) 1 (100%) 0 (0%) 11 (20.4%)

SSM 1 (25%) 24 (68.6%) 8 (72.7%) 0 (0%) 3 (100%) 36 (66.7%)

NM 0 (0%) 5 (14.3%) 1 (9.1%) 0 (0%) 0 (0%) 6 (11.1%)

ALM 0 (0%) 1 (2.9%) 0 (0%) 0 (0%) 0 (0%) 1 (1.9%)

Total 4 (100%) 35 (100%) 11 (100%) 1 (100%) 3 (100%) 54 (100%)

Color shade enhance diagonal cells which refer to concordant cases.
ALM, acral lentiginous melanoma; LMM, lentigo maligna melanoma; NM, nodular melanoma; SSM, superficial spreading melanoma.

Table 6 Breslow of first and second melanomas

Tumour thickness First melanoma Second
melanoma

N % N %

In situ 9 16.6 26 48.1

≤1.00 mm 24 44.4 18 33.3

1.01–2.00 mm 5 9.3 5 9.3

2.01–4.00 mm 11 20.4 5 9.3

>4 mm 5 9.3 0 0
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melanoma. Further studies should corroborate the association

with cherry angiomas. Our findings can help identify a subgroup

of high-risk patients who might benefit from preventive mea-

sures, particularly education programs on self-examination and

photoprotection. They can also contribute to the implementa-

tion of specific monitoring protocols in this population.
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