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Risk of Melanoma in Patients with Basal Cell Carcinoma: A

Population-based Cohort Study
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Basal cell carcinoma is the most prevalent cancer in
Caucasians worldwide. The aim of this study was to
examine the overall risk of melanoma among patients
diagnosed with basal cell carcinoma. This population-
based retrospective cohort study included data from
January 2010 to December 2018 from the databases of
the Clalit Health Maintenance Organization and 2 ma-
jor pathology laboratories in North District, Israel. The
incidence and hazard ratio of melanoma in patients
with a diagnosis of basal cell carcinoma were deter-
mined. Of 466,700 participants, 51% were women and
the mean (standard deviation) follow-up was 6.7 (2.9;
range 1-9) years. A total of 3,338 patients were diag-
nosed with basal cell carcinoma during the study pe-
riod, 82 of whom subsequently developed melanoma.
Patients with basal cell carcinoma had a significantly
higher incidence of melanoma than patients without
basal cell carcinoma (2.46% vs 0.37%; p<0.0001).
Univariate Cox regression analysis revealed a ha-
zard ratio of 6.6 (95% confidence interval: 3.6-12.1;
p<0.0001) for melanoma in patients with a diagnosis
of basal cell carcinoma. In conclusion, a diagnosis of
basal cell carcinoma confers a significant risk of me-
lanoma.
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B asal cell carcinoma (BCC) is the most common can-
cer in Caucasians worldwide (1-3). The lifetime risk
of BCC in Americans is estimated to be 30% (4). Limited
information is available in the literature regarding the
epidemiology of BCC, because BCCs are not routinely
documented in most national cancer registries.

Early diagnosis of malignant melanoma is of utmost
importance, as its prognosis dramatically worsens when
the diagnosis is made at later stages of the disease (5).
Predisposing factors for malignant melanoma include
fair skin, history of sun exposure, family history of
melanoma, multiple naevi (6), dysplastic naevi (7), and
genetic factors (8).

SIGNIFICANCE

In this large, population-based, retrospective cohort study
that included 466,700 adults, we found that patients with
a basal-cell carcinoma diagnosis had a 6.6-fold increased
risk of melanoma than those without a basal-cell carcino-
ma diagnosis. In addition to basal-cell carcinoma, male sex
and age =60 years were found to be independent risk fac-
tors for melanoma. Our findings suggest that patients with
basal-cell carcinoma should be considered at high risk for
melanoma and undergo regular screening for melanoma,
especially during the first 2-3 years after basal-cell carci-
noma diagnosis.

Ample evidence suggests that patients with non-
melanoma skin cancer are at increased risk of neoplasia
(9-16), although there is limited evidence regarding the
risk of melanoma associated with BCC. Several studies
on this subject determined a diagnosis of BCC based so-
lely on clinical features, and the validity of the diagnosis
was not supported by pathological findings, suggesting
the possibility of bias (9-12).

The aim of this study was to examine BCC as a risk
factor for melanoma and to define at-risk subpopulations.

MATERIALS AND METHODS

Ethics considerations

This population-based retrospective cohort study was approved
by the ethics committees of Emek Medical Center, Afula, Israel,
and Clalit Health Maintenance Organization (HMO), North Israel
District, Israel. Both committees waived the need for informed
consent.

Participants

The study included patients 18 years or older who were insured
by Clalit HMO Northern Israel District between 1 January 2010
and 31 December 2018. Exclusion criteria were: patients with a
pre-existing diagnosis of melanoma and those who had been diag-
nosed with both melanoma and BCC if their melanoma diagnosis
preceded their BCC diagnosis (n=60). BCC and melanoma were
diagnosed based on the results of pathology reports.

Data extraction

Data were extracted from the databases of the Clalit HMO and 2
major pathology laboratories in Northern District, Israel: Emek
Pathology Laboratories and Patho-Lab Diagnostics. Clalit HMO
is the largest health insurance provider in Israel; 70% of the po-
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pulation of Northern District is insured by Clalit. Data regarding
the demographic characteristics of the patients and controls were
extracted from medical records using a standardized data collec-
tion tool. Data regarding BCC or melanoma diagnosis, if any, were
extracted from the digital database of the pathology laboratories.
The dates of BCC diagnosis and/or melanoma diagnosis (if any)
were obtained for each eligible patient. The year of enrolment
was defined as the year in which BCC was first diagnosed in that
patient.

Statistical analyses

Statistical analyses and data management were performed using
SAS 9.4 software (SAS Institute Inc., Cary, NC, USA). Propensity
score matching (PSM) according to age, sex, place of birth, smo-
king status, socioeconomic status, and religious background was
performed to identify a control group. The PSM was conducted to
minimize differences in the demographic characteristics between
the study and control groups and to equalize the group sizes. The
year of enrolment was matched between the control and BCC
diagnosis groups.

Continuous variables are presented as a mean (standard de-
viation; SD) or a median (range), while categorical variables are
presented as frequency and percentage. The groups were compared
using a y” test or Fisher’s exact test for categorical variables and
t-test or Wilcoxon rank-sum test for continuous variables. Univa-
riate and multivariable Cox regression analyses were performed
to explore the associations between potential risk factors and
melanoma incidence. Hazard ratios (HRs) and 95% confidence
intervals (95% ClIs) were calculated. Statistical significance was
set at p<0.05.

RESULTS

A total of 466,700 individuals were included in the
study; 60 participants were excluded as their diagnosis
of melanoma preceded their diagnosis of BCC. A total
of 3,338 patients were diagnosed with BCC during the
study period, of whom 82 (2.46%) subsequently de-
veloped melanoma (Fig. 1). The PSM was conducted
with 1:1 greedy matching. There was a 96% (n=3,207)
propensity score match between the BCC diagnosis and
control groups (Table I). Patients’ data for a mean (stan-
dard deviation; SD) of 6.7 (2.9) years (range 1-9 years)

Israel North district Clalit HMO
insured adult (age=18) population
1 January 2010 to 31 December 2018

l
I 1

Had BCC diagnosis No BCC diagnosis
N=3,338 (0.72%)* N=463,362 (99.28%)
Melanoma cases = 82 (2.46%) Melanoma cases = 566 (0.12%)

PSM - Had BCC diagnosis PSM - No BCC diagnosis
N=3,207 N=3,207
Melanoma cases = 79 (2.46%) Melanoma cases = 12 (0.37%)

Fig. 1. Study flowchart. *Sixty patients were excluded as their melanoma
diagnosis preceded their BCC diagnosis. HMO: Health Maintenance
Organization; BCC: basal cell carcinoma; PSM: propensity score matching.
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were available, and 51% of the participants were women.
The mean (SD) times to melanoma were 1.7 (1.9) years
and 3.1 (2.4) years in patients with and without a BCC
diagnosis, respectively (p=0.0136), reflecting a signi-
ficantly shorter time to melanoma diagnosis in patients
with a BCC diagnosis than in those without a BCC diag-
nosis. In addition, patients with a BCC diagnosis had a
significantly higher incidence of melanoma than patients
without a BCC diagnosis (2.46% vs 0.37%; p<0.0001).
The Kaplan—Meier survival curve of the comparison of
melanoma incidence between the 2 groups is shown in
Fig. 2. Twenty-one patients (0.7%) were simultaneously
diagnosed with BCC and melanoma. The results of the
log-rank test indicated that there was a significant dif-
ference between the 2 groups (p>0.0001), reflecting
a higher melanoma incidence in patients with a BCC
diagnosis than in patients without a BCC diagnosis.
Univariate Cox regression analysis revealed a HR of
6.6 (95% CI 3.6-12.1; p<0.0001) for melanoma after
BCC diagnosis, indicating that, in patients with a BCC
diagnosis, the risk of melanoma is 6.6 times higher than
that in patients without a BCC diagnosis. Although we
created similar groups in terms of demographic cha-
racteristics using PSM, a multivariable Cox regression
model was also applied (Table II). After adjusting for
potential risk factors, only age > 60 years, male sex, and
BCC diagnosis were found to be independent risk fac-

Table I. Comparison of the demographic characteristics of the basal
cell carcinoma (BCC) diagnosis and control groups

Propensity score matching

No BCC diagnosis BCC diagnosis

n=3,207 n=3,207 p-value
Age, n (%) >0.99
18-59 years 570 (17.77) 570 (17.77)
>60 years 2,637 (82.23) 2,637 (82.23)
Female sex, n (%) 1,419 (44.25) 1,414 (44.09) 0.9000
BMIindex, kg/mz, mean (SD) 27.7 (5.4) 27.8 (4.7)

[range] [27.1, 14.2-74.6] [27.1, 14.4-54.3] 0.1149
Obese (BMI 230), n (%) 844 (28.38) 872 (27.31) 0.3490
Smokers, n (%) 990 (39.86) 1,067 (38.63) 0.3647
Born in Israel, n (%) 1,226 (38.2%) 1,674 (52.2) <0.0001
Born in the USSR/North 948 (29.56%) 1,000 (31.18) 0.1580

America/Europe
Socioeconomic status, n (%) <0.0001

High 499 (15.77) 400 (12.48)
Medium 1,900 (60.05) 1,900 (59.3)
Low 765 (24.18) 904 (28.21)
Start follow-up year, n (%) 0.9985
2010 448 (13.97) 448 (13.97)
2011 322 (10.04) 330 (10.29)
2012 296 (9.23) 300 (9.35)
2013 269 (8.39) 272 (8.48)
2014 247 (7.7) 247 (7.7)
2015 284 (8.86) 284 (8.86)
2016 279 (8.7) 279 (8.7)
2017 420 (13.1) 433 (13.5)
2018 642 (20.02) 614 (19.15)
Duration of follow-up (years), 3.6 (2.8) 3.6 (2.7) 0.4177

mean (SD) [range] [2,0.1-9] [3, 0-9]

Melanoma incidence, n (%) 12 (0.37%) 79 (2.46%) <0.0001
Years till melanoma diagnosis, 3.1 (2.4) 1.7 (1.9) 0.0136
mean (SD) [range] [2.2,0.1-6.6] [1, 0-7.8]

BMI: body mass index SD: standard deviation; USSR: Union of Soviet Socialist
Republics.
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Fig. 2. Kaplan—-Meier survival curve of melanoma incidence. Kaplan-Meier curve
demonstrating survival-analysis of the incidence of melanoma among patient with and
without a prior diagnosis of basal cell carcinoma (BCC).

Table II. Results of the univariate and multivariable Cox regression analyses
of melanoma incidence

Univariate Cox regression Multivariable Cox regression

95% CI 95% CI
Lower Upper Adj. Lower  Upper
HR limit limit p-value HR limit limit  p-value

BCC diagnosis 6.6 3.6 12.1  <0.0001 6.08 3.11 11.87 <0.0001
Age 260 years 2.54 123 5.24 0.0121 2.48 1.18 5.19 0.0163
Male sex 2.00 1.27 3.16 0.0027 1.67 1.02 2.75 0.0436
Obese 0.55 0.32 0.94 0.0276 0.68 0.39 1.18 0.1715
Smoker 1.18 0.75 1.84 0.4806 1.13 0.71 1.79 0.6059
Not immigrant 1.55 1.02 2.35 0.0388 1.17 0.73 1.87 0.5181
Socioeconomic status

Low 1.00 1.00

Medium 1.53 0.88 2.65 0.1318 1.68 0.90 3.12 0.1016

High 1.57 0.78 3.18 0.2090 1.69 0.76 3.77 0.2002

95% CI: 95% confidence interval; Adj.HR: adjusted hazard ratio; BCC: basal cell carcinoma;
Obese: body mass index 230.

Table III. Association between diagnosis of basal cell carcinoma (BCC) and
incidence of melanoma stratified by sex and age

95% CI 95% CI
Lower Upper Lower Upper
Adj.HR limit  limit  p-value Adj.HR limit limit p-value
Sex: Male (n=3,581) Sex: Female (n=2,833)
BCC diagnosis 7.2 3.5 15.2 <0.0001 5.23 1.8 15.2 0.0024
Age 260 years 1.9 0.8 4.5 0.1224 3.66 0.86 15.5 0.0784
Age: 18-59 years (n=1,140) Age: 260 years (n=5,274)
BCC diagnosis 7.5 0.9 60.8 0.0601 6.5 3.4 12.2  <0.0001
Male sex 3.2 0.6 15.8 0.1563 1.8 1.1 3.0 0.0124

Adj.HR: adjusted hazard ratio; 95% CI: 95% confidence interval.
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tors for melanoma. The interactions between
these 3 variables were not significant (data not
shown). The results of the stratified analyses
are shown in Table I11. After adjusting for age
and sex, strong effect sizes were observed bet-
ween BCC diagnosis and melanoma incidence
among all stratified groups. The results were
not significant (»=0.0601) for the age group
18-59 years, as this group only included 8
patients with melanoma, of whom 7 belonged
to the BCC diagnosis group.

DISCUSSION

A higher incidence of melanoma was obser-
ved in patients diagnosed with BCC than in
those who had not been diagnosed with BCC
(2.46% vs 0.37%; p<0.0001). Furthermore,
patients with BCC had a 6.6-fold higher risk
of melanoma than those without BCC. This
was consistent with the findings of Rees et al.,
who reported an HR of 5.24 for melanoma
after BCC diagnosis in patients aged >60
years (15). In addition to BCC diagnosis, age
> 60 years and male sex were found to be
independent risk factors for melanoma. The
incidence of melanoma is higher in men than
in women (17-19); Ries et al. (19) reported
that men are 1.5 times more likely than wo-
men to develop melanoma. The current study
found that the risk of melanoma in men was
twice that in women.

The current study found that obesity may
have a protective affect against melanoma.
In contrast, Sergentanis et al. (20) found
that obesity was associated with a slightly
increased risk of melanoma in men, and
another study found no association between
melanoma and obesity (21). A possible ex-
planation for the current finding might be that
obese individuals tend to avoid activities that
involve sun exposure.

No significant association was found bet-
ween smoking and melanoma risk, which was
consistent with the findings of Westerdahl et
al. (22). However, other studies have repor-
ted that chronic smoking is inversely related
to melanoma risk (23-25). Patients in this
study developed melanoma a mean of 1.7
years after BCC diagnosis, and this relatively
short time interval might be explained by the
high frequency of screening in patients with
a BCC diagnosis.

The strengths of this study include its size,
the inclusion of a control group, and the fact
that BCC and melanoma were diagnosed
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based on the results of pathology reports. Its limitations
include the possibility of information bias due to the
retrospective study design and possible underestimation
of the incidence of BCC or melanoma. Although the
study data included age, sex, place of birth, socioecono-
mic status, smoking history, and religious background, no
patient data was included regarding history of exposure to
ultraviolet radiation and skin phototype, which are known
risk factors for both BCC and melanoma (26). However,
it has been shown that BCC is an independent risk factor
for melanoma even when taking these 2 confounding
factors into account (15).

In conclusion, BCC is a risk factor for melanoma,
and patients with BCC should be carefully screened for
melanoma, especially during the first 2-3 years after
diagnosis of BCC. Male sex and age over 60 years are 2
important risk factors for melanoma.
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