
3604  |   	﻿�  Cancer Medicine. 2020;9:3604–3612.wileyonlinelibrary.com/journal/cam4

1  |   INTRODUCTION

The worldwide incidence and mortality of cutaneous mela-
noma continue to rise.1 Melanoma is more common in light-
skinned individuals living at lower latitudes.2 Prostate cancer 
(PC) is the second most common cancer in men worldwide, 
with 3.8% of all cancer-related deaths in males.3 PC has the 
highest incidences in Oceania, North America, and Europe 
which overlap with the regions with high melanoma in-
cidence.4 While sun exposure is considered a major envi-
ronmental risk factor for melanoma,5 its role in PC is less 

well-defined. In fact, most studies conducted previously have 
reported a protective role of sun exposure in PC,6,7 although 
a few studies contradict this finding.8,9 For the diagnosis of 
melanoma, the initial clinical suspicion through visual and 
dermoscopic examination is confirmed by histological ex-
amination. PC is usually asymptomatic at an early stage and 
runs an indolent course before being diagnosed by a tissue 
biopsy.4 Early diagnosis of PC can help the clinicians provide 
appropriate prognostic information to the patients, monitor 
for disease progression and recommend therapy based on the 
patient preference and disease prognosis.10
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Several studies have examined the occurrence of subse-
quent primary malignancies in melanoma patients.11-13 Other 
studies have specifically assessed the risk of PC in melanoma 
patients.14-16 A previous meta-analysis found an increased risk 
of PC in melanoma patients.17 However, multiple newer studies 
have been published since then.13,14,18 Two recent studies from 
Australia, where the incidence of both melanoma and PC is 
high, showed an increased risk of PC in melanoma patients.14,18 
A SEER registry-based study from the United States showed 
higher mortality risk in PC patients with a history of melanoma 
and suggested a serious need to consider PC treatment in such 
patients.19 With this growing interest in the association between 
the two conditions and possible clinical implications, we con-
ducted this systematic review and meta-analysis to examine the 
risk of PC in melanoma patients.

2  |   METHODS

We searched the PubMed, Scopus, and Cochrane databases for 
the peer-reviewed published English language articles from 
inception to 20 July 2019 according to the preferred reporting 
items for systematic reviews and meta-analyses (PRISMA) 
guidelines.20 The search terms used were “melanoma” and 
“prostate cancer” or “prostate carcinoma” and “risk” or “sec-
ond” or “subsequent” and “epidemiolog*” or “cohort stud*” 
or “longitudinal stud*” or “case-control stud*” or “registry”. 
One of the authors reviewed the title, abstract, and keywords of 
each resultant study to select potential studies. Full-text of the 
resultant studies were reviewed by the authors. References of 
the retrieved articles were searched for any additional relevant 
studies. In addition, the list of studies citing the retrieved articles 
were extracted using Google Scholar and assessed for inclusion. 
We included cohort studies which reported the risk of develop-
ing PC among patients with melanoma and compared the risk 
with the general population. Studies must have provided the ef-
fect size in the form of standardized incidence ratio (SIR) with 
95% confidence interval (CI) or the raw data required to calcu-
late the SIR and 95% CI using observed and expected cases and 
at least adjusted for age. Studies with insufficient data, over-
lapping cases, reviews, and case reports were excluded. Studies 
exclusively reporting the cases of ocular melanoma were also 
excluded.

Two authors extracted and evaluated the data independently. 
A standardized data-collection protocol was followed to gather 
the data from each study and included the primary outcome 
with the number of observed and expected cases, comparison 
population, publication year, country of study, study period, 
study design, adjustment factors and method of diagnosis of 
melanoma and PC. Both authors assessed the quality of the 
studies using the Newcastle-Ottawa scale (NOS) for cohort 
studies. Any discrepancies between the evaluators regarding the 
inclusion of the studies were resolved by consensus.

2.1  |  Statistical analysis

The reported SIRs and corresponding 95% CIs were used when 
provided. For studies which reported the number of observed 
cases, expected cases, and SIRs, the 95% CI was calculated 
assuming a Poisson distribution. For studies with fewer than 
five observed cases, SIRs were not calculated due to the risk 
of instability.21 These studies were included in the qualitative 
review but were excluded from the meta-analysis. Considering 
the differences in study design and baseline participant char-
acteristics, we used the random-effects model by DerSimonian 
and Laird.22 The 95% prediction interval was calculated to ex-
amine the predicted range for the true effect size if a new study 
is conducted.23 Chi-squared test and I2 statistic were used to 
assess the heterogeneity. I2 value greater than 50% was con-
sidered to denote significant heterogeneity not attributable 
to random error.24 Subgroup analyses were performed based 
on study size, data source, geographical region, and latitude. 
To examine the robustness of the data, a sensitivity analysis 
was performed by removal of a single study at a time, while 
observing the impact on the overall effect size. The potential 
publication bias was assessed visually using the funnel plot 
and statistically using Egger's test and Begg's rank correlation 
test.25,26 A P-value of less than .05 was considered statistically 
significant for all analyses. We used Comprehensive Meta-
Analysis software (version 3; Biostat, Inc) for all statistical 
analyses and generation of graphical plots.

3  |   RESULTS

The initial search identified 1351 records which were screened 
according to the inclusion and exclusion criteria. Seventeen 
studies were finally included in the study of which 15 stud-
ies were used for quantitative analysis.11-16,18,27-36 Of note, one 
study did not provide data for age adjustment and reported odd's 
ratio as the effect size and another study with small sample size 
also lacked data regarding the adjustment.37,38 One study was 
based on the cases of ocular melanoma only and another study 
used nonmelanoma patients as control.39,40 These four studies 
were excluded from the review. The study selection process is 
summarized using the PRISMA flow chart in Figure 1.

3.1  |  Study characteristics

Seventeen studies reported either SIR or the number of ob-
served and expected cases. Two of these studies reported 
fewer than five observed cases and were excluded from 
the meta-analysis.28,35 Among 15 studies (282  592 male 
melanoma patients) included in the meta-analysis, 12 were 
registry-based cohort studies and the remaining three were 
single-center cohort studies. Two of these studies did not 
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provide information regarding the number of male melanoma 
patients.16,34 Four studies specifically assessed the risk of de-
veloping PC in melanoma patients.14-16,34 For three studies 
which did not report the 95% CI for SIRs, the values were 
calculated using the raw data. Significantly increased risk of 
PC in melanoma was reported in 10 of these studies. Two 
studies provided data for in situ melanoma.11,18 Diagnostic 
confirmation for both melanoma and PC was based on 
International Classification of Diseases codes for registry-
based studies and histology for single-center cohorts. Quality 
of the studies examined using NOS ranged from 6 to 8. The 
study characteristics are summarized in Table 1.

3.2  |  Melanoma and risk of prostate cancer

The random-effects meta-analysis of 15 studies revealed 
24% increased risk of prostate cancer in melanoma pa-
tients compared to the general population, with SIR of 
1.24 (95% CI 1.18 to 1.30, I2 = 75%, Figure 2). The 95% 
prediction interval ranged from 1.05 to 1.45. Sensitivity 
analysis performed by excluding a single study at a time 
did not affect the statistical significance of the result. The 
result remained almost unaffected by removing the two 
studies of in situ melanoma (SIR = 1.22, 95% CI 1.15 to 
1.29).

F I G U R E  1   Preferred reporting items for systematic reviews and meta-analyses flow diagram
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3.3  |  Subgroup analyses

Subgroup analyses revealed that larger studies (more than 
5000 male melanoma patients) showed significantly in-
creased risk (SIR  =  1.23, 95% CI 1.17 to 1.28, 8 studies) 
of PC in melanoma while the smaller studies showed a sta-
tistically nonsignificant increased risk (SIR = 1.08, 95% CI 
0.76 to 1.54, 6 studies). Similarly, this effect estimate was 
significant (SIR = 1.24, 95% CI 1.19 to 1.30, 12 studies) for 
registry-based studies and nonsignificant (SIR = 0.72, 95% 
CI 0.28 to 1.85, 3 studies) for single-center cohort studies. 
Analyses according to geographical regions and latitude 
showed statistically significant results in all subgroups. The 
results of subgroup analyses are summarized in Table 2.

3.4  |  Publication bias

Visual examination of the funnel plot to assess the publication 
bias showed symmetry and absence of bias (Figure 3). Begg's 
rank correlation test (P = .18) and Egger's test (P = .28) did 
not show any evidence of publication bias.

4  |   DISCUSSION

This study found that the melanoma patients were at higher 
risk of developing subsequent PC than the general popula-
tion. The results in this study were mainly pooled from pop-
ulation-based registries across various geographical regions. 
A previous meta-analysis which assessed the risk of various 
secondary primary cancers in melanoma patients had also 

reported an increased risk of PC in patients with melanoma 
(SIR = 1.25, 95% CI 1.13 to 1.37, 9 studies).17 This is similar 
to the findings of the current study (SIR = 1.24, 95% CI 1.18 
to 1.30, 15 studies); however, the number of studies included 
in the current meta-analysis were higher and the narrower 
confidence interval of the effect size in this study provides a 
more precise estimate. Furthermore, we also found that the 
elevated risk remained consistent in various subgroup analy-
ses and sensitivity analyses.

The precise pathophysiological mechanism responsi-
ble for the increased risk of PC among patients diagnosed 
with melanoma is currently unknown. Researchers have 
attempted to explain the association using various hypoth-
eses pertaining to environmental, hormonal, and genetic 
aspects, among which, the role of sun exposure is the most 
described one. Exposure to solar radiation, especially in-
termittent sun exposure and a history of sunburn is consid-
ered a leading environmental cause of melanoma.41 High 
incidences of melanoma in fair-skinned individuals living 
at low latitudes further highlights the role of sun expo-
sure in melanoma.2 A recent study from Australia which 
showed an increased risk of PC in melanoma patients de-
scribed sun exposure as the common factor for the devel-
opment of both melanoma and PC.14 This was supported 
by an earlier study by the authors from the same location 
which reported an increased risk of PC with increased sun 
exposure.8 In a genetic study, the same authors found an 
association between melanoma-associated pigmentary 
genes (SNPs—rs1805007 and rs4911414) and increased 
PSA levels (considered a biomarker of PC) in Australia and 
New Zealand born males.42 While this may possibly ex-
plain the association in certain geographical regions with 

F I G U R E  2   Forest plots showing an increased risk of prostate cancer in melanoma patients (SIR = 1.24, 95% confidence interval 1.18 to 
1.30)



3610  |      ACHARYA and MATHUR

high UV exposures where risk of PC is positively related 
with sun exposure, majority of studies from other regions 
and a systematic review have shown inverse relation be-
tween sun exposure and the risk of PC.6,7,43 Studies have 
attributed this protective role of UV exposure in PC to the 
formation of vitamin D.6,43 Although some studies have re-
ported lowered risk of PC in NMSC and attributed it to 
the protective effect of sun exposure, the observed cases of 
PC were still higher than the expected cases for melanoma 
in those studies.15,31 Additionally, Tuohimaa et al31 found 
no significant difference in risk of PC among melanoma 
patients in sunny countries and less sunny countries. Our 
current analysis also found similar risks of PC in melanoma 
patients living at higher and lower latitudes. These incon-
clusive findings regarding the role of sun exposure and 

vitamin D in the increased risk of PC in melanoma patients 
have led to the researchers proposing alternate pathways 
for the association.7,34

Androgen dependency of both melanoma and PC may ex-
plain the relationship between the two tumors. The role of 
androgens in the carcinogenesis is well known. Androgens 
have also been found to play an important role in the devel-
opment of melanoma through multiple mechanisms which 
include increased melanoma cell proliferation, stimulation of 
telomerase activity, and suppression of the immune system.40 
In a genetic study, Cooper et al44 studied multiple PC risk 
alleles in patients of European ancestry and found that certain 
single nucleotide polymorphisms (SNPs) such as rs1512268 
and rs5759167 may be associated with increased risk of mel-
anoma in PC patients.

T A B L E  2   Subgroup analyses for the risk of prostate cancer in melanoma patients

Subgroup Number of studies
Random effects meta-analysis 
SIR (95% CI) P value I2 value

Study location

Australia 2 1.30 [1.20, 1.40] <.001 78%

Europe 8 1.27 [1.14, 1.42] <.001 55%

North America 4 1.16 [1.07, 1.26] <.001 78%

Latitude

Low (<45 degree) 7 1.20 [1.13, 1.29] <.001 83%

High (>45 degree) 7 1.29 [1.15, 1.45] <.001 54%

Study type

Registry-based 12 1.24 [1.19, 1.30] <.001 73%

Single center cohort 3 0.72 [0.28, 1.85] .494 84%

Study size

Large 8 1.23 [1.17, 1.28] <.001 75%

Small 6 1.08 [0.76, 1.54] .664 78%

The values in bold denote statistically significant findings.
Abbreviations: CI, confidence interval; SIR, standardized incidence ratio.

F I G U R E  3   Funnel plot for the risk of 
prostate cancer in melanoma patients
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Detection bias is an important factor to consider while 
analyzing the results of epidemiological studies. Detection 
of one type of cancer may lead to the increased surveil-
lance for the cancers occurring elsewhere. Similar phe-
nomenon may have played a role for the increased risk of 
PC in melanoma patients seen across the included studies. 
Except for the study by Kok et al,34 all other studies which 
reported the period-wise detection of PC following the 
diagnosis of melanoma found the highest risk within the 
first year of diagnosis.11,14,31,32 This is attributed to the in-
creased surveillance for other cancers using screening pro-
cedures and the increased vigilance of the patients about 
their health following the diagnosis of melanoma.14,31 
This seems to be a logical explanation because patients 
diagnosed with one form of invasive cancer are commonly 
screened for other health problems and undergo imaging 
tests for metastasis.

In subgroup analyses, we found that larger studies and 
registry-based studies (almost overlapping with each other) 
showed significantly increased risk while smaller and 
single-center cohort studies showed nonsignificant risk. 
Subgroup analyses also showed higher risk in European 
studies compared to the studies from Australia and North 
America; however, the confidence range was comparatively 
wider for the analysis, which limited the possibility of deriv-
ing any conclusions. Although we did not perform a formal 
analysis due to limited data, we observed that the risk of de-
veloping PC was lower for head and neck melanoma com-
pared to the melanomas at other sites.15,16,18 Head and neck 
melanomas, compared to other melanomas, are assumed to 
be more associated with chronic sun exposure.15 Adequate 
sun exposure, in turn, generally results in sufficient vita-
min D levels. If vitamin D is assumed to protect against PC, 
the lowered risk of PC in head and neck melanomas can be 
explained.

The limitation of our study include a considerable het-
erogeneity due to the variation in effect estimates of the 
included studies, which could be attributed to the base-
line differences among included subjects. We attempted to 
address this limitation through various approaches. First, 
we performed subgroup analyses according to various cat-
egorical variables. We used a random-effects model for 
the analysis and also calculated the prediction interval. 
The role of I2 value as a sole measure of heterogeneity has 
been questioned and prediction interval is recommended 
to assess heterogeneity in random-effects meta-analyses.23 
Based on the value of the prediction interval, we can be 
confident that the true SIR in the studies conducted in the 
future will fall in the approximate range of 1.05-1.45 in 
95% of the population. This can be considered as a strength 
of our study. Sensitivity analyses were also performed to 
assess the statistical stability of the results. A large sam-
ple population was available for the analysis and most of 

the included studies used population-based registries as the 
data source, reducing the risk of bias encountered in small 
studies. Moreover no evidence of publication bias was ob-
served based on graphical and statistical tests.

This study based on available evidence showed an in-
creased risk of PC in melanoma patients. However, it is still 
unclear whether melanoma is a causal risk factor for PC or 
weather the detection bias resulted in the increased incidence 
of PC in melanoma patients. Future studies should consider 
assessing whether the melanoma patients actually benefit 
from screening for PC.
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