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Abstract: Epidemiological findings on the effects of hormones on melanoma risk have been
inconsistent. We therefore conducted a meta-analysis to examine the relationship between
exogenous hormonal and reproductive factors and the risk of melanoma in women. We
performed a search of PubMed, Web of Science, and the China National Knowledge
Infrastructure (CNKI) database through April 2020 for relevant studies. Based on hetero-
geneity, we performed the meta-analysis of the risk estimates using either fixed effect or
random effect models. We identified 38 studies that met the analytical criteria, involving
3,571,910 participants. The results showed that long-term use of oral contraceptives (OC)
may increase the risk of melanoma in women (>5 years [pooled RR=1.18; 95% CI: 1.07—
1.31; I>=0%] and >10 years [pooled RR=1.25; 95% CI: 1.06-1.48; I>=0%]). Women who
first used OC 15-19 years previously were more likely to develop melanoma (pooled
RR=1.52; 95% CI: 1.03-2.24; 12=0%), while the years since the last use and the age at
first use were not associated with the development of melanoma in women. Hormone
replacement therapy (HRT) increased the incidence of melanoma in women (pooled
RR=1.12, 95% CI: 1.02-1.24; 1>=50%) and was especially associated with an increased
risk of superficial spreading melanoma (SSM) (pooled RR=1.26; 95% CI: 1.17-1.37;
I’=0%), and estrogen and estradiol may be the main active agents that contribute to the
increased risk of melanoma, but these results may be due to a combination of sun exposure
factors. With regard to reproductive factors, decreased parity and being aged >20 years at
first birth may be associated with an increased risk of melanoma in females, while meno-
pausal status and age at menarche are not associated with the incidence of melanoma in
females. Further large-scale prospective studies are necessary to reveal new pathophysiolo-
gical mechanisms and new therapeutic targets for cutaneous melanoma.
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Introduction

In the early 2000s, melanoma was still a potentially fatal malignancy. While the incidence
of many tumor types has declined, the incidence of melanoma continues to increase.’
Several risk factors for melanoma have been identified, including exposure to ultraviolet
light, fair skin and immunosuppression.”> In addition, the incidence trend showed that
the incidence of melanoma in women remained higher than that in men until the age of
45, after which the incidence of melanoma in men increased significantly but leveled off
in women.**® Some studies reported cases of melanoma during pregnancy, pigmenta-
tion during oral contraceptives (OC) use, and blackening and enlargement of nevi during
pregnancy.”'* These descriptive findings raise the possibility that female sex hormones

or reproductive effects may be involved in the etiology of female melanoma.
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Since the 1970s, many epidemiological studies have
focused on the possible relationship between female endo-
crine characteristics and melanoma, but there has been
considerable debate about the potential impact of hor-
mones on melanoma risk. The results of some previous
studies have shown that women who have used OC or
hormone replacement therapy (HRT) have a higher risk of
developing melanoma than women who have never used
OC or HRT,">™"* while other studies have found no addi-
tional risk,'®* and two studies have even found a protec-
tive effect from OC and HRT use.>** In addition, two
studies identified an increased risk of melanoma in women
who have used OC for five years or more.'*~?

Some studies suggest that a woman’s reproductive
history may affect her risk of melanoma, leading to spec-
ulation that the development of female melanoma may
also be influenced by hormonal changes during pregnancy.
However, this hypothesis has not been supported by all
studies that have investigated the relationship between
reproductive history and melanoma risk. Two studies
have shown that women with multiple live births have a
lower risk of melanoma than women with few or no live
births;***! in contrast, one study found a positive correla-
tion between the number of births and the risk of
melanoma.®’ One study also found that women who had
their first child after age 30 had an increased risk of
melanoma after adjusting for oral contraceptive use,*
while another study found that menarche before age 14
also significantly increased the risk of melanoma.?* Two
studies identified an association between early birth and a
reduced risk of melanoma.*'**? However, other studies
have found no link between reproductive factors and mel-
anoma risk, 16:21:23:26.27.29.30.36.43

In this meta-analysis, we investigated the relationship
between the incidence of cutaneous melanoma and the use
of exogenous hormones (including OC and HRT) and
reproductive factors (including parity, age of first child,
age of menarche, and menopausal status).

Materials and Methods

This study was conducted in accordance with PRISMA
guidelines.**

Data Sources and Search Strategy

We performed a literature search to identify relevant arti-
cles available from PubMed, Web of Science and China
National Knowledge Infrastructure (CNKI), from incep-
tion to April 2020, with no restrictions. We used the search

terms “oral contraceptive”, “hormonal replacement ther-

LE RT3

apy,
ity”, “menarche” or “menopause” in combination with

LR N3

menopausal hormone therapy”,

LEINT3

estrogens”, “par-
“melanoma”. Articles/titles/abstracts with these keywords
were screened by two independent reviewers using pre-
established inclusion criteria to identify relevant studies
for inclusion in the systematic review. We additionally
reviewed the reference lists of retrieved studies and recent
reviews for potentially related studies.

Inclusion and Exclusion Criteria
Inclusion criteria were as follows: (1) published as original
articles; (2) studies that evaluated and assessed the associa-
tion between OC or HRT use or reproductive factors and the
incidence melanoma; and (3) studies providing sufficient
data to estimate the hazard ratio (HR), relative risk ratio
(RR), or odds ratio (OR) and corresponding 95% confidence
intervals (Cls). The most recent and complete study was
selected if studies from the same population were repeated.
The exclusion criteria were as follows: (1) studies that
were published in reviews, case reports, editorial letters,
comments, or responses; (2) studies that did not provide
available data to estimate ORs, RRs, or HRs and 95% ClIs;
and (3) studies that were repeated in the same study
population.

Data Extraction and Quality Assessment
The data were independently extracted and cross-checked
by two investigators. Any differences were settled by
consensus.

The following information was extracted from each
study: first author, publication year, type of study design,
country, sample size or the number of cases and controls,
confounders adjusted for, and adjusted or crude ORs, RRs
or HRs (we presented all results as RR for simplicity) with
95% CI for each exposure, including OC use, duration of
use, years since last use, time since the first use, age at first
use, HRT use, age at menarche, parity, age at first birth,
and menopausal status.

The quality of each study was independently assessed
by two researchers using the Newcastle-Ottawa Quality
Assessment Scale (NOS).** Scores ranged from 0 to 9
for quality assessment and studies with scores >6 were
rated as high quality.

Statistical Analysis
Adjusted or crude measures of effect were extracted from
the included studies. Where adjusted measures were
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available, these were preferred. Since melanoma is a rare
disease, ORs were considered an approximation of RR.*
All included studies evaluating HRs adopted the COX
model; therefore, HRs were directly considered as RRs.
The pooled analysis of all reports was performed using the
Inverse Variance method. Forest plots were drawn to sum-
marize the information from individual studies and the
pooled effect size of the study objects. Sensitivity analysis
was performed by omitting one study at a time to evaluate
the potential bias and robustness of the overall risk esti-
mate. Heterogeneity between studies was determined by
Chi-square test, Cochran’s Q test, and I? statistics.’ I?
values <25% indicated no heterogeneity, <50% indicated
minimal heterogeneity, <75% indicated moderate hetero-
geneity, and >75% indicated significant heterogeneity.
Statistical methods for meta-analysis included the fixed
effect model and the random effect model. The analysis
model was selected according to the heterogeneity. The
random effects model was used to account for variation
within and between studies.*’ P-values <0.10 and/or I?
>50% indicated the presence of heterogeneity and the
random-effects model (DerSimonian-Laird method) was
applied to partially eliminate the effects of heterogeneity.
the fixed-effects
method) was used.*® We performed subgroup analyses of

Otherwise, model (Mante-Haenszel
the groups with a high number of studies based on study
design type, geographical area, whether confounders were
corrected for, whether education was corrected for, and
whether daylight exposure was corrected for to assess the
impact of these variables on the results. Nested case-con-
trol studies were classified as case-control studies for the
purpose of analysis. Potential publication bias was
assessed by both the Begg rank correlation test and the
Egger linear regression test.**>°

All analyses were performed using Review Manager
version 5.3 (The Cochrane Collaboration, Copenhagen:
The Nordic Cochrane Centre, 2012) and STATA version
12.0 (STATA Corporation, College Station, TX, USA),

with significance defined as a P-value less than 0.05.

Results

Study Characteristics

Using the search strategy described above, 2461 citations
were initially retrieved. After screening the titles, abstracts,
publication types, and full texts of each article, 66 articles
were identified that investigated the correlation between the
use of OC or HRT or reproductive factors and the incidence

of female melanoma. Of these studies, 28 were excluded,
including 6 for which no data were available, 21 because
they were case reports, reviews, or letters, and one because it
was a study of a repeating population. A final total
of 38 articles were included in the meta-analysis
(Figure 1)."**157 Among these, 11 studies only evaluated
the relationship between OC use and the incidence of mela-
noma in females,'>!7192223:35:3952:53.57 4 gtudies only
investigated HRT,'*?*¥5¢ 4 assessed both OC
and HRT,'*?%*%4% 5 investigated OC and reproductive
factors,zl’23 24,2651 9nd 9 assessed OC, HRT and reproductive
factors.'®?7 323436 A further 5 studies only investigated the
influence of reproductive factors on the incidence of female
melanoma.*'#-*3 A total of 3,571,910 participants from
the United States, Britain, Poland, Australia, Canada,
Denmark, Sweden, Italy, France, Russia, Netherlands,
and the
United Kingdom were enrolled, with patients ranging
from 107 to 1,725,627 in each study. There were 20
case-control studies,“H"’18’20*28’3m32’34’394‘1 14  cohort

studies, !3:2933:35738:42:43.52.53.55°57 3 pegted  case-control

Norway, Finland, Spain, Germany, Greece,

studies,'®>1>4

and 1 study that included both cohort and
case-control studies.!” Details of the 38 studies included in
the analysis are shown in Table 1.

The quality of each study included in our meta-analysis
was evaluated according to the NOS. The highest scores
for case-control and cohort studies were 8 and 9, respec-
tively. Quality scores of the studies ranged from 5 to 9,
with an average of 7.2 (Table 1). All of the studies were

considered adequate for inclusion in this meta-analysis.

Pooled Analyses

The Use of OC

Twenty-nine articles assessed the risk of melanoma in
women who used OC,>1416-3234-36.38-40.51,53.57 e o0
of these were not included in the analysis because the study
population was repeated.***> Of a total of 18 case-control

14,16-18,20.28,30-32.39.40 31d 2 nested case-control

studies
studies,
risk of melanoma associated with OC wuse,'* and
3 showed a reduced risk.?>*%*° Of a total of 7 cohort
studies,13:29-36:38,52:53.57
increased risk.>® Among all case-control studies, the com-
bined melanoma risk for OC use was 0.98 (95% CI: 0.83—
1.15; P=0.77). The combined risk based on all cohort
studies was 1.06 (95% CI: 0.98-1.14; P=0.17), while the
combined pooled risk was 0.99 (95% CI: 0.90-1.10;
P=0.87), with moderate heterogeneity (I’=54%) (Table 2,

1931 1 study showed a significantly increased

only 1 showed a significantly
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Figure | Flowchart of study selection process.

Figure 2). This suggests that the use of OC is not related to
the development of female melanoma.

Six articles evaluated the relationship between the use
of OC and the incidence of different histological subtypes
of female melanoma.?*?!2%26-32:35 Ag shown in Table 2,
all 6 of these manuscripts evaluated the relationship
between OC use and the incidence of superficial spreading
melanoma (SSM) in women, and 4 of them also assessed
the risk of nodular melanoma (NM) in women using
0C.2%212635 Women using OC had a relative risk of
1.01 (95% CI: 0.87-1.18; 1’=27%) for SSM and 0.84
(95% CI: 0.55-1.30; I°=23%) for NM (Supplementary
figure 1). This suggests that the use of OC is independent
of the occurrence of SSM and NM in women.

Twenty-four articles evaluated the relationship between
the duration of OC use and the incidence of melanoma in
women, '>-141072932.3436.38.31753 "gayen of these were not
included in the analysis due to different classification

methods from other literature or lack of available

14,17.23.28,36,52.53 and one article was not included in

data,
the analysis because the study population was repeated
(Table 1).>* As shown in Table 2, there was no statistically
significant risk of melanoma in women with a duration of
use of <2 years (pooled RR: 0.87; 95% CI: 0.66-1.14;
1°=0%) or <5 years (pooled RR: 0.96; 95% CI: 0.82—1.13;
’=59%) (Figure 3A and B). A duration of use >5 years
(pooled RR: 1.18; 95% CI: 1.07-1.31; P=0.001) and >10
years (pooled RR: 1.25; 95% CI: 1.06-1.48, P=0.008)
showed significant risks without heterogeneity (I°=0%
for both) (Figure 3C and D). This suggests that long-
term use of OC may increase the risk of melanoma in
women.

Given that an incubation period of several years is
required to increase the risk of melanoma, we also ana-
lyzed the impact of time since first use, years since last
use, and age at first use on the risk of female melanoma.
Four articles evaluated the relationship between time since

the first use and incidence of female melanoma,m’z“*26 but
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Table |1 The Detailed Characteristics of the Included Studies
First Study Country Sample Size Age Risk Factors Included | Confounders Adjusted NOS
Author, Design or Cases/ Score
Publication Controls
Year
Beral, 1977 '7 | Cohort | US 17,942 17-59 OC use*, Duration of No 7
OC use*
Case- 37174 20-59 OC use No
control
Adam, 1981 Case- Britain 169/507 1549 OC use, duration of OC | No 7
'8 control use
Bain, 1982 '* | Nested | US 141/2820 30-55 OC use, duration of OC | Age at diagnosis, state of 8
case- use residence, parity, age at first
control pregnancy, height, and prior hair
dye use
Holly, 1983 32 | Case- uUs 87/863 37-74 OC use™, duration of Age 8
control OC use, HRT use, age at
first birth*, parity
Beral, 1984 2° | Case- Australia 287/574 15-24 OC use™, duration of No 6
control OC use, HRT use
Holman, Case- Australia 2761276 Mean 44.9 OC use™, duration of No 7
1984 2! control (10-79) OC use, years since last
use, age at menarche,
parity
Helmrich, Case- US, Canada 160/160 20-59 OC use, duration of OC | Age 6
1984 22 control use
Osterlind, Case- Denmark 280/536 20-79 OC use?, duration of OC | *Age at diagnosis, naevi, freckles, | 8
1988 '® control use®, HRT useb, age at hair color and sunbathing; bage at
menarche?, parity?, diagnosis, naevi and sunbathing;
menopausal status® ‘no
Adami, 1989 Cohort | Sweden 23,244 Mean 54.5 HRT use No 7
33
Zanetti, 1990 | Case- Italy 186/205 19-92 OC use™, duration of Age, education, skin reactionto | 8
z control OC use*, parity, age at sun exposure, sunburns in
first birth childhood, and weeks of holiday
on the beach
Le", 1992 % Case- France 91/149 Mean 34.2 OC use?, duration of OC | *Noj; bage at menarche, color of 7
control (SD = 7.6) use®, time since the first | hair, color of eyes, skin
for cases; use®, age at first use®, age | complexion, types of skin, total
34.1 (SD = | at menarche*®, parity® sunlight exposure
7.4) for
controls
Palmer, 1992 | Case- uUs 615/2107 Median 40 OC use?, duration of OC | *No; age, geographic region, year | 7
% control (18-64) use?, years since last of interview, years of education,
use®, time since the first | religion, body mass index,
use®, age at first use® menopausal status, and skin type
(Continued)
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Table | (Continued).

First Study Country Sample Size Age Risk Factors Included | Confounders Adjusted NOS
Author, Design or Cases/ Score
Publication Controls
Year
Zaridze, 1992 | Case- Russia 96/96 NA OC use Skin color, freckles on arms, 6
3 control raised naevi on arms, naevi on
trunk diameter, sunbathing at age
18-20
Holly, 1994 3* | Case- us 452/930 25-59 OC use™, duration of Age and education; °age 8
control OC use™, HRT use?, age
at menarche*®,
menopausal status®
Holly, 1995 % | Case- us 452/930 25-59 OC use™, duration of *No, Page 8
control OC use®, years since last
use®, time since the first
use*®, parity®, age at first
birth*®
Lambe, 1996 Case- Sweden 4779123,888 24-65 Parity, age at first birth Age at first birth and parity 7
4 control
Westerdahl, Case- Sweden 400/640 15-75 OC use?, duration of OC | *Host factors (ie hair color and 8
1996 28 control use*®, HRT use?, parity®, raised naevi) and history of
age at first birth® sunburns; Phost factors, history
of sunburn and age at first birth;
host factors, history of sunburns
and number of live births
Smith, 1998 Case- us 308/233 Mean 53.5 OC use?, duration of OC | *Age, marital status, hair color, 8
B control use?®, age at first OC number of arm nevi and sun
use*®, HRT use®, parity®, exposure Index; ®age, marital
menopausal status® status, socloeconomic status,
freckling, hair color, number of
arm naevi, skin color, sun
exposure index and age at
menopause; “age, marital status,
freckling, hair color, number of
arm naevi, history of severe
sunburn, sun exposure index,
number of pregnancies lasting >6
months.
Feskanich, Cohort us 183,693 30-55 OC use, duration of OC | Age, follow-up cycle, skin 7
1999 '3 (NHS:79,571; use, years since last use, reaction after 2 hours of sun
NHS 11:104,122) time since the first use, exposure during childhood,
age at first use number of sunburns over lifetime
(NHS) or during teenage years
(NHS 11), number of moles on
left arm (NHS) or on lower legs
(NHS 11), hair color, family
history of melanoma, parity,
height, and body mass index
(Continued)
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Table | (Continued).
First Study Country Sample Size Age Risk Factors Included | Confounders Adjusted NOS
Author, Design or Cases/ Score
Publication Controls
Year
Young, 2001 Nested | Australia 14/93 19-46 OC use, duration of OC | Cohort entry year and entry age | 6
3! case- use, age at menarche,
control parity, age at first birth*
Freedman, Cohort | US 68,588 NA OC use, duration of OC | Gender, alcohol intake, years 6
2003 ¥ use, age at first use¥, smoked, skin pigmentation, hair
HRT use, age at color, personal history of non-
menarche*, parity, age at | melanoma skin cancer, decade
first birth, menopausal began work as a technologist,
status education, and proxy measures
for residential childhood and
adult sunlight exposure
Naldi, 2005 Case- Italy 316/308 NA OC use, HRT use, parity, | Age, education, body mass index, | 7
30 control age at first birth*, number of melanocytic nevi,
menopausal status pigmentary traits, history of
sunburns, and reaction to sun
exposure
Neale, 2005 Cohort Sweden 1,234,967 NA Parity*, age at first birth Twinning, number of maternities, | 7
2 age at first birth and date of birth
of the mother
Vessey, 2006 Cohort | UK 17,032 25-39 OC use, duration of OC | Age, social class, smoking, height | 7
52 use*, years since last use*
Hannaford, Cohort | UK 91,893 (Main Mean 29 OC use, duration of OC | Main dataset: age, parity, 7
2007 *3 dataset: 45,923; | +6.6 use*, years since last use | smoking, and social status;
General General practitioner observation
practitioner dataset: age, parity, smoking,
observation social status, and ever use of
dataset:45,970) hormone replacement therapy
Lea, 2007 3' Case- us 318/395 20-79 OC use?, HRT use?, *Age group, education, study 7
control parity® location, dysplastic nevus status,
total number of nevi, extent of
freckling, and never or ever
pregnant; ®age group (20-29,
30-39, 40 years), education,
study location, dysplastic nevus
status, total number of nevi,
extent of freckling, and
exogenous hormone use of any
kind
Hannibal, Nested | Denmark 54,362 NA Parity, age at first birth* Age at cohort entry (18-26; 7
2008 ** case- 27-30; 31-36; 37-55) and
control calendar year of cohort entry
(1963-1977; 1978-1984;
1985-1989; 1990-1996;
1997-1998)
(Continued)
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Table | (Continued).

First Study Country Sample Size Age Risk Factors Included | Confounders Adjusted NOS
Author, Design or Cases/ Score
Publication Controls
Year
Koomen, Case- Netherlands 778/4072 Case: mean | OC use, duration of OC | The total number of unique 7
2009 ' control 53.6; use*, HRT use prescriptions dispensed
Control: (excluding estrogens) and the
54.6 use of nonsteroidal anti-
inflammatory drugs
Kvaskoff, Cohort | France 91,972 40-65 Age at menarche, parity*, | Age, hair color, skin complexion, | 8
2011 age at first birth, number of nevi, number of
menopausal status freckles, skin sensitivity to sun
exposure, mean ultraviolet
radiation dose in regions of birth
and of residence at baseline, and
educational level
De Giorgi, Case- Italy 605/592 Median 50 OC use, HRT use No 5
2017 © control
Botteri, 2017 | Cohort | Norway 684,696 45-79 HRT use Age, number of children, age at | 7
56 first birth, education, marital
status, sun exposure, use of
antihypertensives, antidiabetics,
statins and thyroid therapy
Mueller, 2018 | Cohort | US 77,293 1840 OC use No 5
57
Cervenka, Cohort | France 79,365 40-65 OC use™™, duration of Age, stratified according to year | 8
2018 ** OC use, years since last | of birth, residential UV exposure
use*, age at first use” at birth and at inclusion,
pigmentary traits and family
history of skin cancer.
Donley, 2019 | Cohort us 167,503 50-71 OC use, duration of OC | Age, ambient ultraviolet 8
36 use*, HRT use, age at radiation quartile, education,
menarche*, parity*, age high school, some college,
at first birth college or graduate school,
body mass index, smoking
status, marriage, family history
of cancer, colonoscopy or
sigmoidoscopy, menopausal
hormone therapy
Hicks, 2019 Case- Denmark 8279/165,580 45-85 HRT use Age and calendar time 7
s control
(Continued)
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Table | (Continued).
First Study Country Sample Size Age Risk Factors Included | Confounders Adjusted NOS
Author, Design or Cases/ Score
Publication Controls
Year
Stger, 2019 Cohort | Norway 165,712 Mean 49 Age at menarche*, parity?, | *Age, residential ambient 8
s age at first birth*, ultraviolet (UV) exposure, birth
menopausal status® cohort, host pigmentation (hair
colour, skin color and large
asymmetric naevi), UV exposure,
education; "additionally adjusted
for body surface area (BSA) and
smoking
Cervenka, Cohort | France 75,523 40-65 HRT use® Age, stratified according to year | 9
2019 %7 of birth and adjusted for
residential UV exposure at birth
and at inclusion, pigmentary
traits, and family history of skin
cancer
Cervenka, Cohort | France, Italy, 469,241 (OC: Mean 51.1 OC use, duration of OC | Center, age at recruitment, 8
2020 38 Spain, UK, 334,483; HRT: (SD9.7) use, age at first OC use®, | education, age at menarche,
Netherlands, 134,758) HRT use length of menstrual cycles,
Germany, number of full term pregnancies,
Denmark, menopausal status, height, body
Norway, Greece, mass index and tobacco use
Sweden

Notes: *The data were not included in the summary analysis due to different classification methods from other literature or lack of available data. *The data were not
included in the summary analysis because participants were repeated with other studies. abcAdjusted confounders correspond to specific risk factors. "The relationship with

different pathological types was evaluated.

Abbreviations: OC, oral contraceptives; HRT, hormone replacement therapy; NA, not available; NHS, the Nurses’ Health Study; NOS, the Newcastle-Ottawa Quality

Assessment Scale; UV, ultraviolet.

one of these was not included in the analysis due to
different classification methods from the other literature.?®
There was an increased risk of melanoma in women for
whom 15-19 years had elapsed since the first use (pooled
RR: 1.52; 95% CI: 1.03-2.24; P=0.03), while there was no
statistically significant risk of melanoma in women for
whom <15 years (pooled RR: 0.96; 95% CI: 0.73—1.26;
P=0.75) or >20 years (pooled RR: 1.14; 95% CI: 0.81—
1.61; P=0.44) had elapsed since the first use. There was no
(I>=0% for all)

heterogeneity for any of these

(Supplementary figure 2).

Seven articles assessed the relationship between
elapsed time since last use and incidence of melanoma in
women, 3212326353253 Two of these studies were not
included in the analysis because they employed different
classification methods from the other literature.*>>* The
results showed that there was no statistically significant

difference in the risk of melanoma associated with an

elapsed time of <5 years (pooled RR: 1.00; 95% CI:
0.81-1.23; 1°=0%), 5-9 years (pooled RR: 0.99; 95%
CIL: 0.81-1.21; I’=0%), or >10 years (pooled RR: 0.90;
95% CI: 0.52-1.58; I1°=86%) since the last use
(Supplementary figure 3). Seven articles evaluated the

relationship between age at first use and incidence of

13,24,25,27,29,35,38 Three studies

melanoma in women.
were not included in the analysis because they employed
different the

literatures, and one article was not included in

classification methods from other

27,29,38
the analysis because the study population was repeated
(Table 1).*> Compared to non-users, we found that there
was no statistically significant risk associated with first
use at age 2024 year (pooled RR: 1.26; 95% CI: 0.95-
1.65; I°=0%) or >25 years (pooled RR: 1.00; 95% CI:
0.79-1.27; 1°=0%) (Supplementary figure 4).

These results suggest that women who first used OC

15-19 years ago were more likely to develop melanoma,
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Table 2 Summary Relative Risks Estimates for Melanoma in Women

Risk Factors Total Pooled RR P-value 1%(%)
Oral contraceptive (OC)

Ever versus never 27 0.99(0.90-1.10) 0.87 54
Ever versus never in SSM 6 1.01(0.87-1.18) 0.87 27
Ever versus never in NM 4 0.84(0.55-1.30) 0.44 23
Duration: <2 years versus never 5 0.87(0.66-1.14) 0.31 0
Duration: <5 years versus never 12 0.96(0.82-1.13) 0.64 59
Duration: 25 years versus never 8 1.18(1.07-1.31) 0.001 0
Duration: 210 years versus never 10 1.25(1.06-1.48) 0.008 0
Time since first use: <I5 years versus never 2 0.96(0.73-1.26) 0.75 0
Time since first use: 15-19 years versus never 2 1.52(1.03-2.24) 0.03 0
Time since first use: 220 years versus never 2 1.14(0.81-1.61) 0.44 0
Years since last use: <5 years versus never 5 1.00(0.81-1.23) 0.99 0
Years since last use: 5-9 years versus never 5 0.99(0.81-1.21) 091 0
Years since last use: 210 years versus never 3 0.90(0.52-1.58) 0.72 86
Age at first use: 20-24 years old versus never 2 1.26(0.95-1.65) 0.11 0
Age at first use: 225 years old versus never 3 1.00(0.79-1.27) 0.99 0
Hormonal replacement therapy (HRT)

Ever versus never 16 1.12(1.02-1.24) 0.02 50
Ever versus never in SSM 4 1.26(1.17-1.37) <0.00001 0
Ever versus never in NM 3 1.08(0.87-1.33) 0.49 0
Estrogen user versus never 3 1.44(1.22-1.69) <0.0001 0
Estradiol user versus never 2 1.49(1.26-1.77) <0.00001

Estrogen and progestogen user versus never 3 1.08(0.91-1.27) 0.37 21
Progestogen user versus never 2 1.58(0.89-2.79) 0.12

Reproductive factors

Parity: | birth versus no birth 7 0.94(0.77-1.15) 0.54 53
Parity: 2 births versus no birth 7 1.05(0.85-1.30) 0.64 69
Parity: 3 births versus no birth 5 0.94(0.74-1.18) 0.58 64
Parity: -2 births versus no birth 13 1.02(0.84-1.25) 0.82 77
Parity: 3-4 births versus no birth 4 0.81(0.74-0.88) <0.00001 35
Parity: 23 births versus no birth I 0.87(0.68-1.12) 0.29 57
Parity: 24 births versus no birth 5 0.90(0.64-1.26) 0.53 75
Parity: 25 births versus no birth 4 0.66(0.53-0.83) 0.0002 27
Age at first birth: 25-29 versus <25 5 1.14(0.85-1.53) 0.37 63
Age at first birth: 230 versus <25 4 1.04(0.65-1.65) 0.88 72
Age at first birth: 20-24 versus <20 2 1.16(1.06-1.26) 0.001 15
Age at first birth: 25-29 versus <20 2 1.42(1.30-1.55) <0.00001 0
Age at first birth: 230 versus <20 3 1.34(1.21-1.48) <0.00001 |
Menopausal status: post versus pre 7 0.96(0.82-1.12) 0.57 0
Age at menarche: 13-14 versus <13 4 1.05(0.90-1.23) 0.51 0
Age at menarche: 215 versus <13 4 0.85(0.67-1.07) 0.17 0

Abbreviations: SSM, superficial spreading melanoma; NM, nodular melanoma; RR, relative risk.

and no association was found between either the elapsed
time since last use or the age of first use and the develop-
ment of melanoma in women. However, due to the small
number of studies included in these analyses, these results

may be random.

The Use of HRT
Seventeen articles assessed the risk of melanoma in

16,20,27-34,36,38,40,56 including

women who used HRT,'*
one that was not included in the analysis because the

study population was repeated.’” Of a total of 11 case-
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 Cohort Study
Cervenka, 2020 01156 0059 7.8% 1.12[1.00,1.286] I~
Donley, 2019 0.0198 00673 7.6% 1.02[0.89,1.16] T
Feskanich, 1999-NHS 0.0677 01858 41% 1.07 [0.74,1.54] -
Feskanich, 1999-NHS 1| 0.0953 03093 21% 1.10 [0.60, 2.02] 1T
Freedman, 2003 0.1823 0.2089 3.6% 1.20[0.80,1.80] T
Hannaford, 2007-Main dataset -0.0834 01741 4.4% 0.92 [0.65,1.29] -
Hannaford, 2007-Practitioner ohservation dataset 0.0296 0.2247 3.3% 1.03 [0.66, 1.60] -1
Mueller, 2018 -0.7394 05822 07% 0.48[0.15,1.49] e
Wessey, 2006 -0.2231 02069  3.6% 0.80[0.53,1.20] T
Subtotal (95% CI) 37.1% 1.06 [0.98, 1.14] ]
Heterogeneity: Tau®= 0.00; Chi*=6.04, df=8 (P=064); F=0%
Test for overall effect Z=1.38 (P=017)
1.1.2 Case-control Study
Adam, 1981 01222 02229 33% 1.13[0.73,1.75] T
Bain,1982 -0.1985 02227 3.3% 0.82[0.53,1.27] T
Beral 1977 06131 04248 1.3% 1.85 [0.80, 4.24] T
Beral, 1954 0.0135 01618 47% 1.01 [0.74,1.39] -1
De Giorgi, 2017 -0.9943 02251 3.3% 0.37 [0.24, 0.58] -
Helmrich, 1984 -0.1054 0.2041 37% 0.90 [0.60, 1.34] -
Holly, 1995 -0.41585 01417 52% 0.66 [0.50, 0.87] -
Holly,1983 0.1439 0.2491 2.9% 1.15[0.71,1.88] T
Holman,1984 -0.0305 02578  27% 0.97 [0.59,1.61] -
Koormen, 2009 0.2469 00953 6B7% 1.28[1.06,1.54] ™
Lea, 2007 0.2474 02375 3.0% 1.28 [0.80, 2.04] T
Le", 1992 01178 04384 1.2% 1.13[0.48, 2.66] T
MNaldi, 2005 0.0474 02567 27% 1.05[0.63,1.73] -1
Osterlind, 1988 -0.2231 01468 51% 0.80 [0.60, 1.07] 7
Palmer, 1982 01677 00959 6.7% 1.18[0.98,1.43] I~
Srith, 1998 0.0953 0253 2.8% 1.10 [0.67,1.81] 1
Westerdahl, 1996 047 02836 23% 1.60[0.90, 2.84] T
Young, 2001 -0.0631 11177 0.2% 0.94 [0.11,8.39]
Zanetti, 1990 -0.0202 03485 1.7% 0.98 [0.49,1.94] -1
Zaridze, 1992 -3.2189 13216 01% 0.04[0.00,0583
Subtotal (95% CI) 62.9% 0.98 [0.83, 1.15] ¢
Heterogeneity: Tau®= 0.07; Chi*=53.73, df=19 (P = 0.0001); F= 65%
Test for overall effect Z=0.28 (P=0.77)
Total (95% CI) 100.0% 0.99 [0.90, 1.10] ¢
Heterogeneity: Tau?= 0.03; Chi*= 60.28, df= 28 (P = 0.0004); F= 54% n o1 011 110 mn:

Testfor overall effect Z=0.17 (P = 0.87)
Test for subaroup differences: Chi*=0.74. df=1(P=039. F=0%

Figure 2 Forest plot of OC use and female melanoma risk.

control studies,'*!6-20-2728:3032.3440 5 showed a signifi-

cant risk of melanoma,'*!> and 1 showed a reduced risk.*°

In 5 cohort studies,?’**>%**>¢ no significant risk was
identified. The combined risk of HRT use for all case-
control studies was 1.07 (95% CI: 0.86-1.32; P=0.56).
The combined risk based on all cohort studies was 1.10
(95% CI: 1.02-1.19; P=0.01). The combined pooled risk
was 1.12 (95% CI: 1.02-1.24; P=0.02), with minimal
heterogeneity (I°=50%) (Table 1, Figure 4). This suggests
that HRT use may increase the incidence of female mela-
noma. Four articles evaluated the relationship between
HRT use and the incidence of different histologic subtypes
of female melanoma.'>3%3*37 As shown in Table 2, all
four of the articles evaluated the relationship between HRT

15,32,34
5,32,34,37 and

use and the incidence of SSM in women,
three articles also assessed the risk of NM in women
using HRT.">**37 The relative risk of SSM for women

using HRT was 1.26 (95% CI: 1.17-1.37; P<0.00001)

Favours [OC uset] Favours [nonuser]

(Figure 5A), while the relative risk of NM was 1.08
(95% CI: 0.87-1.33; P=0.49) (Figure 5B), and there was
no heterogeneity (I>=0% for both). This suggests that the
use of HRT may increase the risk of SSM in women but
has no effect on NM.

We also investigated the effect of the active substances
contained in the HRT on the incidence of melanoma in
women. However, only four articles provided the active
substances involved.!>!%383% Ag shown in Table 2, the
relative risk of melanoma for women using estrogen was
1.44 (95% CI: 1.22-1.69; P<0.0001; I’=0%), the relative
risk of melanoma for women using estradiol was 1.49
(95% CIL. 1.26-1.77; P<0.00001; 12=0%), while there
was no statistically significant risk of melanoma in
women with estrogen and progestogen (pooled RR: 1.08;
95% CI: 0.91-1.27; P=0.37; I’=21%) and progestogen
(pooled RR: 1.58; 95% CI: 0.89-2.79; P=0.12; 12:0%)
(Supplementary figure 5). This suggests that the use of
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A Risk Ratio Risk Ratio
Study or Subgroup _logRisk Ratio]  SE _Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
Adam,1981 -0.0764 0.3852 13.4% 0.93(0.44,1.97) —
Bain,1982 -0.1744 0293 23.1% 0.84[0.47,1.49) —
Holman,1984 -0.4155 03022 21.7% 0.66(0.37,1.19) T
Osterlind, 1988 -0.2485 0.3098 20.7% 0.78(0.42,1.43) =
Smith, 1998 02311 03072 21.0% 1.26[0.69, 2.30] T
Total (95% CI) 100.0% 0.87 [0.66, 1.14]

Heterogeneity: Chi*= 2.45, df= 4 (P = 0.65); F=0%
Test for overall effect: Z=1.02 (P=0.31)

0.01 0.1 10 100
Favours [< 2years] Favours [no use]

R

B Risk Ratio Risk Ratio

Study or Subgrou log[Risk Ratio SE Weight IV, Random, 95% Cl ¥, Random, 95% Cl
Adam,1981 -0.0093 0.2814 5.8% 0.99[0.57,1.72] -1
Beral, 1984 -0.0934 01751  9.6% 0.91 [0.65, 1.28] -
Cervenka, 2020 0.1044 0.0662 15.0% 1.11[0.97,1.26] r
Feskanich, 1999-NHS 0.0191 0.1954 87% 1.02[0.69, 1.49] -1
Feskanich, 1899-NHS II -0.0878 0.314 5.0% 0.92[0.49,1.69] I
Freedman, 2003 0.5933 0.4495 2.9% 1.81[0.75, 4.37] T
Helmrich, 1984 -0.2601 0.2113 8.1% 0.77[0.51,1.17] T

Holly, 1995 -0.5798 01527 10.7% 0.56 [0.42,0.76] -
Holly,1983 -0.2371 03775  3.8% 0.79[0.38, 1.65] 1
Osterlind, 1988 -0.2648 0.1852 9.1% 0.77[0.53,1.10] T

Palmer, 1992 01794 01075 13.0% 1.20[0.97,1.48) ™

Smith, 1998 0.3779 0.2145 7.9% 1.46 [0.96, 2.22] —
Young, 2001 06168 11328 05%  1.85([0.20,17.07) —

Total (95% CI) 100.0% 0.96 [0.82, 1.13] 4
Heterogeneity: Tau®= 0.04; Chi*= 29.06, df= 12 (P = 0.004); F= 59% Y o i 700

Test for overall effect: Z=0.47 (P = 0.64)

C Risk Ratio

Study or Subgroup __log[Risk Ratio] SE_Weight IV, Fixed, 95% CI
1.59[0.83, 3.03]
1.22[0.83,1.78]
1.20[1.04,1.37]
1.20 [0.60, 2.40] ]
0.87 [0.48,1.57] —
1.50 [0.85, 2.67] b
1.13[0.62, 2.04] —
0.92 [0.63, 1.33] —
1.22[0.92,1.63) 1
1.44 [0.74, 2.80] ]
0.32[0.03, 3.99]

Adam,1981
Beral, 1984
Cervenka, 2020
Freedman, 2003
Helmrich, 1984

0.4637 0.3298 2.5%
0.1958 0.1951 7.2%
01811 0.07 558%
01823 0.3537 2.2%
-0.1371 0.2997 3.0%

Holly,1983 0.4078 0.2938 3.2%
Holman,1984 01222 0.3022 3.0%
Osterlind, 1988 -0.084 0.1894 7.6%
Palmer, 1992 0.2008 0.1457 12.9%
Smith, 1998 0.3646 0.3397 2.4%
Young, 2001 -1.1451 1.2806 0.2%

Total (95% Cl)
Heterogeneity: Chi*=5.78, df=10 (P = 0.83); F=0%
Test for overall effect: Z= 3.24 (P = 0.001)

100.0% 1.18[1.07, 1.31]

Favours [< 5§ years] Favours [no use]

Risk Ratio
IV, Fixed, 95% CI

[

->

0.01 01 10 100
Favours [= 5 years] Favours [no use)

D Risk Ratio Risk Ratio

Study or Subgroup log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Beral, 1984 04481 02871 88% 157(0.89,2.75) =

Cervenka, 2018 02822 01419 36.2% 1.33[1.00,1.75) — -

Feskanich, 1999-NHS 02111 03945 47% 1.24[0.57,2.68)] e B —
Feskanich, 1999-NHS Il 05333 03891 4.8% 1.70(0.80,3.65] S B —
Helmrich, 1984 00296 05224 27% 1.03[0.37,287)

Holly, 1995 -01815 02265 14.2% 0.83([0.54,1.30] —_—

Holly,1983 06916 04017 45% 2.00[0.91,4.39) T
Le", 1992 0.8734 09005 0.9% 2.40[0.41,13.99) >
Osterlind, 1988 0.0049 0.2673 10.2% 1.00(0.60,1.70] S —

Palmer, 1992 0277 02394 127% 1.32[0.83,2.11] -1

Young, 2001 -06388 15169 0.3% 053(0.03,10.32) * »
Total (95% CI) 100.0% 1.25[1.06, 1.48] <>

Heterogeneity: Chi*= 7.67, df= 10 (P = 0.66); F= 0% 015 0:7 1=5 2

Test for overall effect: Z= 2.64 (P = 0.008)

Favours [=10vyears] Favours [ho use]

Figure 3 Forest plot of duration of OC use and female melanoma risk. (A) <2 years, (B) <5 years, (C) 25 years, (D) 210 years.

estrogen and estradiol may increase the risk of SSM in
women, while progestogen does not.

Reproductive Factors

A total of 19 studies assessed the relationship between

reproductive factors and female melanoma.'®-?!-23-24-26-

32,34,36,41-43,51,54,55

Eighteen articles assessed the effect of parity on female

16,21,23,24,26-28,30,32,36,41-43,51,54,55 : :
R »2U,34,30, 59 L5905, lncludll’lg

melanoma,
three that were not included in the analysis because their
classifications were different from the other studies or no
data was available.>***> As shown in Table 2, compared
with a parity of 0, the relative risk of melanoma in women

with 1 (pooled RR: 0.94; 95% CI: 0.77-1.15; 12:53%),
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Risk Ratio Risk Ratio

Study or Subgroup  log[Risk Ratio] SE Weight [V, Random, 95% CI I, Random, 95% CI

2.1.1 Cohort Study

Adami, 1989 0.3598 01862 5.2% 1.43[0.99, 2.06] —

Botteri, 2017 01133 0.0609 16.0% 1.12[0.99, 1.26] *

Cervenka, 2020 0131 0085 13.0% 1.14 [0.97,1.35] I~

Donley, 2019 0.0164 0.0651 155% 1.02[0.89,1.15] T

Freedman, 2003 01823 0.2069 4.4% 1.20 [0.80, 1.80] 7]

Subtotal (95% CI) 54.1% 1.10 [1.02, 1.19] ’

Heterogeneity: Tau®= 0.00; Chi*= 393, df=4 {(P=042); F=0%

Test for overall effect: £= 255 (P = 0.01)

2.1.2 Case-control Study

Beral 1984 0.3554 0.3081 2.3% 1.43[0.78, 2.61] T

De Giorgi, 2017 -1.2062 0.3877 1.5% 0.30 [0.14, 0.64] e

Hicks, 2018 01655 0.0239 20.3% 1.18[1.13,1.24] "

Hally, 1894 -0.1274 02886 2.5% 0.88 [0.50, 1.55] —T

Holly, 1883 0.0447 02251  3.9% 1.05 [0.67, 1.63] -

Koomen, 2009 0732 0.21M 4.3% 2.081[1.37,3.14] —

Lea, 2007 -0.2287 0.249 2.5% 0.80[0.45,1.40] I

Maldi, 2005 0.051 0.349 1.5% 1.05[0.49, 2.26] I —

Osterlind, 1988 0.091 02249  3.9% 1.40[0.70,1.70] T

Srnith, 1998 -0.0108 0.4371 1.2% 0.89[0.42 233 1

YWesterdahl, 1996 -0.0032 03127 2.2% 1.00[0.54,1.84] I

Subtotal (95% Cl) 45.9% 1.07 [0.86, 1.32] L 2

Heterogeneity: Tau®= 0.06; Chi*= 23.86, df=10 (P = 0.008); F=58%

Test for overall effect: 2= 0.59 (P = 0.56)

Total {95% Clj 100.0% 1.12[1.02, 1.24] |0

Heterogeneity: Tau®= 0.01; Chi*= 29.85, df= 15 (P = 0.01); F= 50% =n o u=1 1 1=n mu=

Test for overall effect: Z= 238 (P =0.02) ’ )

Testfor subaroun diffierences: Chi#= 0.08. df= 1 (P = 0.77). F= 0% Favours [HRT user] Favours [nonuser]

Figure 4 Forest plot of HRT use and female melanoma risk.

A Risk Ratio Risk Ratio

Study or Subgroup  log[Risk Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Cervenka, 2019 0.3506 0.1574 6.5% 1.42[1.04,1.93)

Hicks, 2019 0.2316 0.0424 89.8% 1.26[1.16,1.37)

Holly, 1994 0.0327 0.3357 1.4% 1.03[0.54,2.00] I

Holly,1983 01465 0265 23% 1.16([0.69,1.95) T

Total (95% CI) 100.0% 1.26 [1.17, 1.37] '

Heterogeneity: Chi*=1.02, df= 3 (P = 0.80); F= 0% ; f f {

Test for overall effect: Z=5.84 (P < 0.00001) 0.0 Favm?r; (HRT use]1 Favours [n100use] 100

B Risk Ratio Risk Ratio

Study or Subgroup  log[Risk Ratio] SE Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI

Cervenka, 2019 -0.5752 06745 26% 056015, 2.11) -1

Hicks, 2019 -0.1958 05874  3.4% 0.82[0.26, 2.60) —

Holly, 1994 01028 01119 94.0% 1.11[0.89,1.38)

Total (95% CI) 100.0% 1.08[0.87, 1.33]

Heterogeneity: Chi*=1.20, df= 2 (P = 0.55); F= 0% U 21 0*1 3 1=0 100’

Test for overall effect: Z= 0.69 (P = 0.49)

Favours [HRT use] Favours [no use]

Figure 5 Forest plot of HRT use and different histological subtypes of female melanoma risk. (A) SSM, (B) NM.

two (pooled RR: 1.05; 95% CI: 0.85-1.30; 12:69%), three
(pooled RR: 0.94; 95% CI: 0.74-1.18; I’=64%), 1-2
(pooled RR: 1.02; 95% CI: 0.84-1.25; 12:77%), >3

(pooled RR: 0.87; 95% CI: 0.68-1.12; 12257%), or >4
(pooled RR=0.90; 95% CI: 0.64-1.26; 1°=75%) births
had no statistical significance (Figure 6A-D, F and G).
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Risk Ratio Risk Ratio
Study or Subgrouy log[Risk Ratio SE Weight IV, Random, 95% CI IV, Random, 95% CI
Freedman, 2003 -0.3771 0.2502 11.1% 0.69([0.42,1.12) .
Hannibal, 2008 -0.1827 0.2346 12.1% 0.83[0.53,1.32) ™
Lambe, 1996 -0.204 0.0531 30.7% 0.82[0.73,0.90] -
Lea, 2007 0.4085 0.2975 8.7% 1.50[0.84, 2.70] T
Naldi, 2005 0.062 0.2714 10.0% 1.06 [0.63,1.81] -1
Smith, 1998 0.96 0.432 4.8% 2.61[1.12,6.09] -
Steer, 2019 -0.1072 01237 225% 0.90[0.70,1.14) -
Total (95% CI) 100.0% 0.94 [0.77, 1.15] 4
Heterogeneity: Tau®= 0.03; Chi*= 12.67, df= 6 (P = 0.05); F= 53% Ly Y] P 100
Test for overall effect: Z= 0.62 (P = 0.54) . Fav&urs [1 birth]  Favours [no birth]
B Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight IV, 95% ClI s, 95% CI
Freedman, 2003 0.0192 0.1954 14.3% 1.02 [0.70, 1.50] -1
Hannibal, 2008 -0.1508 0.2567 10.8% 0.86 [0.52,1.42] 1
Lambe, 1996 -0.1623 0.0453 254% 0.85[0.78,0.93] -
Lea, 2007 0.7821 0.2574 10.7% 2.19[1.32, 3.62) .
Naldi, 2005 -0.2107 0.2564 10.8% 0.81 [0.49, 1.34]
Smith, 1998 0.5129 0.3853 6.2% 1.67 [0.78, 3.55]
Steer, 2019 0.0587 0.088 21.9% 1.06 [0.88, 1.29] T
Total (95% CI) 100.0% 1.05 [0.85, 1.30] <>
Heterogeneity: Tau®= 0.04; Chi*= 19.36, df= 6 (P = 0.004); F= 69% 501 oh o 100
Test for overall effect: Z= 0.47 (P = 0.64) Favours [2 births] Favours [no birth]
Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratiol SE_Weight IV, 95% ClI s, 95% ClI
Smith, 1998 0.38928 0.4055 7.0% 1.48 [0.67, 3.28] ]
Freedman, 2003 -0.1972 0.2686 13.0% 0.82[0.48,1.39] B
Osterlind, 1988 -0.0619 0.2643 13.3% 0.94 [0.56, 1.58] -
Stger, 2019 01058 0.1048 30.2% 1.11 [0.91, 1.37) o
Lambe, 1996 -0.248 0.0555 36.4% 0.78 [0.70, 0.87) =
Total (95% CI) 100.0% 0.94 [0.74, 1.18] <
H terogeneity: Tau®= 0.04; Chi*= 10.96, df= 4 (P = 0.03); F= 64% ot o 0 100
Testfor overall effect: Z= 0.55 (P = 0.58) Favours [3 birthsl Favours no hirthl
Risk Ratio isk Rati
Study or Subaroup __loa[Risk Ratiol SE_Weight IV, 95% CI v, 95% CI
Hannibal, 2008 -0.2551 0.2054  8.8% 0.77 [0.52,1.186) —
Holly, 1995 0.2041 01357 10.9% 1.23 [0.94, 1.60] ™
Holly,1983 0.2259 0.3473  5.3% 1.25 [0.63, 2.48) -1
Holman,1984 -0.0853 0.2671 71% 0.92 [0.54, 1.55] —
Lambe, 1996 -0.1299 0.0392 13.2% 0.88 [0.81, 0.95] -
Lea, 2007 05123 0.0855 12.3% 1.67 [1.41,1.97) -
Le", 1992 -0.0459 05196  3.0% 0.96 [0.34, 2.64] T
Naldi, 2005 0.0349 01983  9.0% 1.04 [0.70,1.53] 1
Osterlind, 1988 0.0919 0.2253  8.2% 1.10[0.70,1.70) -1
Smith, 1998 -0.1029 0.2514  7.5% 0.90 [0.55, 1.48) —
wWesterdahl, 1996 -0.1052 0295 6.4% 0.90 [0.50, 1.60) — T
Young, 2001 -0.7519 06573  21% 0.47 [0.13,1.71] —
Zanetti, 1990 -0.126 0.2944  6.4% .57] i
Total (95% CI) 100.0% 1.02 [0.84, 1.25] <
Heterogeneity: Tau®= 0.08; Chi*= 53.05, df= 12 (P < 0.00001); I*= 77% 5ot oh o 100
Testfor overall effect: Z= 0.22 (P = 0.82) Favours (1-2 births]  Favours [no births]
E Risk Ratio Risk Ratio
Study or Subgrou log[Risk Ratio SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Holly, 1995 0.0671 01743 6.8% 1.07 [0.76,1.50] T
Holly,1983 0.0338 0.362 1.6% 1.03[0.51,2.10]
Holman, 1984 01019 0.3042 2.2% 1.11[0.61,2.01) —
Lambe, 1996 -0.2478 0.0481 89.4% 0.78(0.71,0.86] -
Total (95% CI) 100.0% 0.81[0.74, 0.88] +
Heterogeneity: Chi*= 4.64, df= 3 (P = 0.20); F= 35% :u o1 041 140 mu‘
Test for overall effect: Z= 4.71 (P < 0.00001) : Favour‘s (3-4 births] Favours [no births)
Risk Ratio Risk Ratio
Study or Subgroup Ratio] SE N, 95% CI 95% CI
Hannibal, 2008 -0.2556 0.4525 5.8% 0.77 [0.32,1.88] [
Holly,1983 01117 0.3457 8.3% 1.12[0.57, 2.20] 1
Lambe, 1996 -0.2701 0.0471 20.4% 0.76 [0.70, 0.84]
Lea, 2007 0.9223 0.2688 10.9% 2.52[1.49, 4.286) -
Le",1992 -0.1278 0.7073 2.8% 0.88 [0.22, 3.52]
Naldi, 2005 -0.0951 0.2754 10.6% 0.91 [0.53, 1.56] 1
Osterlind, 1988 -0.1148 0.2379 12.1% 0.89 [0.56, 1.42] 1
Smith, 1998 -0.4916 0.2491 11.7% 0.61 [0.38, 1.00] 1
Westerdahl, 1996 -0.5252 0.323 9.0% 0.59 [0.31,1.11] - 1
Young, 2001 -0.6872 1.1579 1.1% 0.50 [0.05, 4.87])
Zanetti, 1990 -0.4771 03812 7.3% 0.62[0.29,1.31) [~
Total (95% CI) 100.0% 0.87 [0.68, 1.12] <>
Heterogeneity: Tau®= 0.08; Chi*= 23.05,df= 10 (P = 0.01); I*= 57% D01 01 10 100
Testfor overall effect: Z= 1.06 (P = 0.29) Favours [ 3 births] Favours [no birth]
G Risk Ratio Risk Ratio
Study or Subarou IoalRisk Ratio] SE_Weight IV, Random, 95% CI I/, Random, 95% CI
Freedman, 2003 0.2167 0.3265 15.0% 1.24 [0.65, 2.36] —
Lambe, 1996 -0.4492 0.0733 30.8% 0.64 [0.55, 0.74] -
Osterlind, 1988 -0.3147 0.3331  14.7% 0.73 [0.38, 1.40] —
Smith, 1998 0.2778 0.4032 11.7% 1.32 [0.60, 2.91] i
Steer, 2019 0.0391 01256 27.8% 1.04 [0.81,1.33] -+
Total (95% CI) 100.0% 0.90 [0.64, 1.26] -
Heterogeneity: Tau®= 0.09; Chi*= 15.98, df= 4 (P = 0.003); F= 75% 501 ) e 700
Testfor overall effect: Z= 0.63 (P = 0.53) Favours [ 4 births] Favours [no birth]
Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Holly, 1995 -0.1452 0.3448 10.4% 0.86[0.44,1.70] I
Holly,1983 0.3221 0.4388 6.4% 1.38[0.58, 3.26] ]
Holman,1984 -0.3094 0.4124 7.3% 0.73[0.33,1.65] ——
Lambe, 1996 -0.5162 0.1274 76.0% 0.60[0.46,0.77] =
Total (95% CI) 100.0% 0.66 [0.53, 0.83]
Heterogeneity: Chi®= 4.13,df=3 (P=0.25); F=27% 0.01 0.1 10 100

Test for overall effect: Z= 3.

.68 (P =0.0002)

Favuuré [= 5 births] Favours [no birth]

Figure 6 Forest plot of parity and female melanoma risk. (A) | birth, (B) 2 births, (C) 3 births, (D) 1-2 births, (E) 3—4 births, (F) 23 births, (G) 24 births,

(H) =5 births.
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However, women with 3—4 births (pooled RR: 0.81; 95%
CL: 0.74-0.88; I°=35%) (Figure 6E) and >5 births
(pooled RR: 0.66; 95% CI: 0.53-0.83; I1°=27%)
(Figure 6H) had a reduced risk of melanoma. This sug-
gests that women with more births may be less likely to
develop melanoma.

Thirteen articles assessed the effect of age at first birth

six that were not included in the analysis because their
classification was different from the other studies or no
data were available.?®303243315% A5 shown in Table 2,
there was no statistically significant risk of melanoma in
women aged 25-29 years (pooled RR: 1.14; 95% CI:
0.85-1.53; 1’=63%) and >30 years (pooled RR: 1.04;
95% CI: 0.65-1.65; 1>=72%) compared with those aged

on female melanoma,”?2%303236417435L3%55 including <25 at their first birth (Figure 7A and B). However,
A Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% ClI
Freedman, 2003 -0.2485 02219 20.0% 0.78[0.50,1.20) T
Hannihal, 2008 07713 0343 124% 216[1.10, 4.24) -
Lambe, 1996 0.2949 0.04 348% 1.34[1.24,1.45) u
Westerdahl, 1996 -0.0148 0.2489 18.0% 0.99 [0.60, 1.60] I
Zanetti, 1990 -0.0834 0298 148% 0.92 [0.51, 1.65) .
Total (95% CI) 100.0% 1.14 [0.85, 1.53] ?

Heterogeneity: Tau®*= 0.06; Chi*=10.70, df= 4 (P =0.03);, F=63%

T

10 100

0.01 0.1
Testfor overall effect: 2= 0.88 (P = 0.37) Favours [25-29years old] Favours [=25 years old]
B Risk Ratio Risk Ratio
Study or Subgroup __log[Risk Ratio] SE _Weight IV, Random, 95% CI Y, Random, 95% CI
Freedman, 2003 -0.5447 0.2971 23.3% 0.58[0.32,1.04) —]
Hannibal, 2008 0.709 0.3474 205% 2.03[1.03, 4.01) -
Lambe, 1996 0.2285 0.0603 36.0% 1.26[1.12,1.41) =
Zanetti, 1990 -0.3285 0.3537 20.2% 0.72[0.36, 1.44) 1
Total (95% CI) 100.0% 1.04 [0.65, 1.65] ?
Heterogeneity: Tau®= 0.15; Chi*= 10.88, df= 3 (P = 0.01); F= 72% =u o1 0=1 1 1=0 100:

Test for overall effect: Z=0.15 (P = 0.88)

C Risk Ratio
IV, Fixed, 95% CI

Favours [ 30] Favours [< 25]

Risk Ratio
IV, Fixed, 95% CI

Study or Subgroup log[Risk Ratio] SE Weight
Lamhe, 1996 0.1044 00584 58.0%
Neale, 2005 0.2021 0.0686 42.0%
Total (95% CI) 100.0%

Heterogeneity: Chi*=1.18,df=1 {(P=0.28); F=15%
Test for overall effect: Z= 3.27 (P = 0.001)

D Risk Ratio

1.11[0.99,1.24]
1.22[1.07,1.40]

1.16 [1.06, 1.26]

0.01 0.1 1 10 100
Favours [20-24]) Favours [=20]

Risk Ratio

Study or Subgroup __log[Risk Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Lambe, 1996 0.3293 0.0583 59.3% 1.39[1.24,1.56) O

Neale, 2005 0.3771 0.0704 40.7% 1.46[1.27,1.67) a

Total (95% Cl) 100.0% 1.42[1.30, 1.55] )

Heterogeneity: Chi*= 0.27, df=1 (P = 0.60); F= 0% f t t |
Test for overall effect. Z=7.77 (P < 0.00001) s Fax?dlrs [25_29]1 Favours [<1200] 100
E Risk Ratio Risk Ratio

Study or Subgroup __log[Risk Ratio] SE_Weight IV, Fixed, 95% CI IV, Fixed, 95% CI

Donley, 2019 0.0742 01627 9.9% 1.08[0.78,1.48) -

Lambe, 1996 0.3197 0.0721 50.4% 1.38[1.20,1.59)] |

Neale, 2005 0.3163 0.0813 39.7% 1.37[1.17,1.61] =

Total (95% Cl) 100.0% 1.34[1.21, 1.48] 4

Heterogeneity: Chi*= 2.03, df= 2 (P = 0.36); F= 1% f |

Test for overall effect: Z=5.74 (P < 0.00001)

0.01 01 1 10 100

Favours [=30] Favours [< 20]

Figure 7 Forest plot of age at first birth and femalemelanoma risk. (A) 25-29 vs. <25, (B) 230 vs. <25, (C) 20-24 vs. <20, (D) 25-29 vs. <20, (E) 230 vs. <20.
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Table 3 Heterogeneity Analyses: Relative Risks (RR) Estimates by Subgroup Analyses

Groups OC User (“Ever Use”) HRT User (“Ever Use”)
No. of RR (95% CI) P-value | 12 (%) | No. of RR (95% CI) | P-value | I* (%)
Studies Studies
Total 27 0.99(0.90-1.10) | 0.87 54 16 1.12(1.02-1.24) | 0.02 50
Study design
Cohort 7 1.06(0.98-1.14) | 0.17 0 5 1.10(1.02-1.19) | 0.0l 0
Case-control 20 0.98(0.83-1.15) | 0.77 65 11 1.07(0.86-1.32) | 0.56 58
Geographic area
us I 1.03(0.90-1.18) | 0.7 40 1.02(0.91-1.14) | 0.79 0
UK(OC user) or Sweden(HRT user) 3 0.95(0.78-1.16) | 0.62 0 1.30(0.95-1.78) | 0.1 0
Australia(OC user) or Denmark(HRT 3 1.00(0.77-1.31) | | 0 1.18(1.13-1.24) | <0.00001 | O
user)
Italy 3 0.71(0.34-1.47) | 0.35 82 2 0.56(0.33-0.96) | 0.03 8l
Other countries 7 1.07(0.87-1.31) | 0.55 63 1.17(1.06-1.28) | 0.001 64
Whether the confounders were
corrected for
Adjusted RRs 18 1.05(0.97-1.14) | 0.2 16 13 1.13(1.05-1.21) | 0.0007 25
Crude RRs 9 0.88(0.66-1.18) | 0.39 77 3 0.89(0.38-2.11) | 0.8 86
Whether education was corrected
for
Yes 6 1.09(1.00-1.18) | 0.05 0 6 1.07(1.00-1.16) | 0.06 0
No 21 0.95(0.83-1.09) | 0.48 6l 10 1.17(0.96-1.43) | O.11 59
Whether the daylight exposure
factor was corrected for
Yes 9 1.03(0.89-1.19) | 0.72 25 1.07(0.99-1.17) | 0.09 0
No 18 0.97(0.84-1.11) | 0.62 63 9 1.14(0.95-1.37) | 0.15 67

Abbreviations: OC, oral contraceptives; HRT, hormone replacement therapy.

women aged 20-24 years (pooled RR: 1.16; 95% CI:
1.06-1.26; I’=15%), 25-29 years (pooled RR: 1.42; 95%
CI: 1.30-1.55; I’=0%), and >30 years (pooled RR: 1.34;
95% CI: 1.21-1.48; 1°=1%) showed significant risk com-
pared to those aged less than 20 years at first birth
(Figure 7C-E). This suggests that women who give birth
for the first time at >20 years of age have an increased risk
of melanoma compared to those who first give birth aged
<20 years.

Seven articles evaluated the effects of menopausal
status,'0-27:29-30:3443.55 A g shown in Table 2, the combined
risk of melanoma in postmenopausal women was 0.96
(95% CI: 0.82—1.12; I>=0) compared with premenopausal
women (Supplementary figure 6). This suggests that

menopause has no effect on the incidence of melanoma
in women.
Nine articles evaluated the effect

menarche, 6:21:24:29:34.36.43.5L55 e of which were not

of age at

. S . . . 2429.34,36,43
included in this analysis due to stratification.”""">>

As shown in Table 2, the risk of melanoma in women
with menarche aged 13—14 years (pooled RR: 1.05; 95%
CI: 0.90-1.23; I°=0%) and >15 years (pooled RR: 0.85;
95% CI: 0.67-1.07; 1’=0%) was not statistically signifi-
cant compared with menarche age <13 (Supplementary
figure 7). This suggests that age at menarche has no
effect on melanoma in women.

Heterogeneity Analysis
Investigation of heterogeneity was carried out for factors
with the highest number of studies that allowed subgroup
analyses, including the use of OC and HRT, to identify
factors that could have an impact on the inter-study
heterogeneity.

Table 3 shows the results of subgroup analyses, stratified
by study design type, geographic area, whether confounders
were corrected for, whether education was corrected for, and
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whether daylight exposure was corrected for. The use of OC
was not associated with a risk of melanoma in women in
most subgroups, and only after adjustment for education was
there a critical statistical significance for an increased risk of
melanoma (RR: 1.09; 95% CT: 1.00—1.18; I°=0%). The use of
HRT showed an increased risk of melanoma in cohort studies
(RR: 1.10; 95% CI: 1.02-1.19; P=0.01), and heterogeneity
between cohort studies (I’=0%) was significantly lower than
case-control studies (I’=58%). There was no statistically
significant difference in the US (RR: 1.02; 95% CI: 0.91—
1.14; 1220%) and Sweden (RR: 1.30; 95% CI: 0.95-1.78;
I°=0%), but we have observed a protective effect of HRT on
melanoma in women in Italy (RR: 0.56; 95% CI: 0.33-0.96;
°=81%), the risk of melanoma increased significantly after
HRT use in Denmark (RR: 1.18; 95% CI. 1.13-1.24;
1°<0.00001) and other countries (RR: 1.17; 95% CI: 1.06—
1.28; 1°=64%). In addition, by looking at the types of adjust-
ments, we found that after adjusting for confounders, HRT
users had a higher risk of melanoma (RR: 1.13; 95% CI:
1.05-1.21; 12=25%). However, we observed that there was
no increased risk of melanoma in women who used HRT
after adjusting for educational (RR: 1.07; 95% CI: 1.00-1.16;
1’=0%) or daylight factors (RR: 1.07; 95% CI: 0.99-1.17;
1°=0%). These results suggest that educational factors and
daylight factors may be the sources of heterogeneity.

Sensitivity Analysis

Sensitivity analyses investigated the impact of a single
study on overall risk estimates by omitting one study in
each turn, to demonstrate that most overall risk estimates
were not significantly modified by any single study.
However, we identified one study®” that had a significant
impact on the overall relative risk associated with using OC
for a duration >10 years. After excluding this study, the
overall relative risk changed from 1.25 (95% CI: 1.06-1.48;
1’=0%) to 1.21 (95% CI: 0.98-1.49; I’=0%), and the het-
erogeneity remained at 0. We also identified one study that
had a significant impact on the overall relative risk of HRT
use.'> When this study was excluded, the overall relative
risk changed from 1.12 (95% CI: 1.02-1.24; I°=50%) to
1.11 (95% CI: 0.98-1.26; 1’=48%). One study had a sig-
nificant impact on the overall relative risk associated with 1
birth.?” After excluding this study, the overall relative risk
changed from 0.94 (95% CI: 0.77-1.15; ’=53%) to 0.84
(95% CI: 0.77-0.92; I’=15%). One study had a significant
impact on the overall relative risk of 3 births.* After
excluding this study, the overall relative risk changed from
0.94 (95% CI: 0.74—1.18; I’=64%) to 0.80 (95% CI: 0.72—

0.88; 1’=0%). One study had a significant impact on the
overall relative risk of 1-2 births and >3 births.*' After
excluding this study, the overall relative risk changed from
1.02 (95% CI: 0.84-1.25, I’=77%) to 0.91 (95% CI: 0.85—
0.97; I’=0%) and from 0.87 (95% CI: 0.68—1.12; I’=57%)
to 0.76 (95% CI: 0.70-0.83; 1’=0%), respectively. One
study had a significant impact on the overall relative risks
of 3—4 births and >5 births.*' After excluding this study, the
overall relative risks were changed from 0.81 (95% CI:
0.74-0.88; 1°=35%) to 1.07 (95% CI: 0.82-1.41; I’=0%)
and from 0.66 (95% CI: 0.53-0.83; I’=27%) to 0.93 (95%
CI: 0.60-1.45; I’=0%), respectively.

Publication Bias

There was no evidence of publication bias with regard to
OC use, HRT use, or reproductive factors in relation to
melanoma risk, as assessed by the Begg rank correlation
test and the Egger linear regression test (all P>0.05)
(Figures 8 and 9).

Begg's funnel plot with pseudo 95% confidence limits

Inrr
o

Il

A

s.e. of: Inrr

Figure 8 The funnel plot of OC use and female melanoma risk.
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Inrr
/

s.e. of: Inrr

Figure 9 The funnel plot of HRT use and female melanoma risk.
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Discussion

Estrogen has long been thought to play a role in the
development of female melanoma, but the results from
observational studies are controversial. These studies
included questions about the use of OC and HRT, age at
menarche, parity, age at first birth, and menopausal status,
all of which reflect the effects of exogenous and endogen-
ous hormones. This meta-analysis of all available prospec-
tive cohort and case-control studies suggests that using OC
for more than 5 years, OC use 1519 years prior to study
enrollment, HRT use, and age at first birth of >20 years
may be associated with an increased risk of melanoma in
women. We also observed that HRT use was particularly
associated with an increased risk of SSM, but not NM, and
estrogen and estradiol may be the main active agents that
contribute to the increased risk of melanoma. Our analysis
further indicated that an increased number of births may
reduce a woman’s risk of melanoma. However, any use of
OC, years since the last use of OC, age at the first use of
OC, menopausal status, and age at menarche were not
associated with the incidence of melanoma in women.

Three previous meta-analyses of case-control studies
concluded that OC use does not affect a woman’s risk of
melanoma.”®* A meta-analysis by Gandini et al con-
cluded that OC and HRT do not increase the risk of
melanoma, and that exogenous female hormones do not
increase the risk of melanoma. In this analysis, there was a
significant correlation between melanoma and parity and
age at first birth.®!

Our meta-analysis, updating the previous summary
analysis, confirmed that OC use does not increase the
risk of melanoma, and that the occurrence of melanoma
is associated with parity and age at first birth. In addition,
we observed that women who first used OC 15-19 years
prior to the study were more likely to develop melanoma,
while the age at first OC use, years since the last use, age
at menarche, and menopausal status were not associated
with an increased risk of melanoma. However, the sensi-
tivity analysis showed that the results of many subgroups
related to parity were sensitive, so the reliability of the
conclusions from this part of the analysis was insufficient.
Further large prospective studies are necessary to clarify
the relationship between parity and melanoma. Although
our pooled results showed an increased risk of melanoma
in women for whom 15-19 years had elapsed since first
OC use, the result was only a summary of two studies, so
the result was not conclusive. In contrast to the results of

the previous meta-analysis, we found that women using
OC for >5 years and >10 years have an increased risk of
melanoma; however, sensitivity analysis showed that one
study had a strong impact on the results of the summary
analysis for duration of OC use >10 years.*> Therefore, the
reliability of these results is questionable and deserves
further large-scale prospective studies to verify these
findings.

We also found that the use of HRT increased the risk of
melanoma in women, especially SSM, and estrogen and
estradiol may be the main active agents that contribute to
the increased risk of melanoma, but that the effect of HRT
was not statistically significant in the subgroup analysis of
case-control studies, the US, the UK, and subgroups that
adjusted for sun exposure factors. We therefore speculate
that the results may be due to a combination of sun
exposure factors. Moreover, recent studies have shown
that endogenous hormone exposure and its correlation
with UV exposure in women from menarche to menopause
is an important research area.*®

Our study pooled all available studies to date, includ-
ing cohort studies and case-control studies. Risk factors
considered in our analysis included the use of OC, dura-
tion of use, years since last use, time since the first use,
age at first use, the use of HRT, age at menarche, parity,
age at first birth, and menopausal status, which makes our
meta-analysis more comprehensive, specific, and detailed
than previous meta-analyses. Another advantage of this
meta-analysis is the inclusion of a multivariate adjusted
risk model, and that we performed subgroup analysis for
the two groups with the largest number of articles, includ-
ing study design type, geographic area, whether confoun-
ders were corrected for, whether education was corrected
for, and whether daylight exposure was corrected for, to
minimize the influence of potential confounders on the
results so as to more truly reflect the influence of target
risk factors on the outcome.

Although the high-quality assessment scores indicate
that most of the included studies were of high quality, we
acknowledge that this meta-analysis has some limitations
and the results should therefore be interpreted with cau-
tion. We hypothesize that the potential sources of bias are
as follows: (1) the inheritance of unmeasured or uncon-
trolled confounders from the original study was a concern
in this meta-analysis. Although most risk estimates are
derived from multivariate models, these studies do not
consistently adjust for potential risk factors. Some of the
risk estimates are not adjusted for multivariate factors or
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calculated directly from the raw data in the paper. It is
therefore uncertain whether the observed increase in risk
estimates is merely a response to the target risk factors
and not to other confounders; (2) research based on study
design also has inherent limitations. The type of study
design included both prospective and retrospective stu-
dies. There is a possibility of recall bias in retrospective
studies because information about the use of OC or HRT
was collected after the onset of the disease; (3) another
limitation of this meta-analysis was the fact that we
combined ORs, RRs and HRs because of the small num-
ber of studies included. The presenting risk estimates for
ORs and HRs were combined in the meta-analysis on an
assumption of constant risk over time and acknowledging
that, despite melanoma being a rare disease, the ORs will
slightly overestimate the true relative risk; (4) large het-
different
Heterogeneity may be due to differences in exposure

erogeneity  exists  between studies.
definitions, exposure ranges, assessment methods, and
population characteristics between studies. For example,
there are differences in the type, dose, duration, and
frequency of use of OC or HRT. The studies included in
this meta-analysis were mainly conducted in Europe, the
United States and Oceania, and studies on Asian popula-
tions were lacking. Therefore, the results may not be
generalized to other populations with different baseline
risks for melanoma. The ability to correct for confoun-
ders is limited, although we performed subgroup analyses
for geographic areas, sun exposure factors, and so on. In
addition, our subgroup analysis suggests that daylight
exposure factors may contribute to changes in the inten-
sity of the association; (5) potential publication bias may
influence the research results, but as shown in the funnel
plot, little evidence of publication bias was found in this
meta-analysis.

The association between melanoma risk and hormo-
nal/reproductive factors requires further investigation. In
vitro, sex hormones stimulate melanogenesis with direct
action on the melanocytes. Sex hormones such as estro-
gen act through their cognate receptors: Estrogen
Receptor alfa (ERa) and Estrogen Receptor beta
(ERP). ERa is widely accepted to play a role in tumor-
igenesis by stimulating cell proliferation, while ER
seem to have a significant antitumor activity.®> Recent
studies concluded that estrogen signaling depends pri-
marily on the balance between expression of ERa and
ERp. Depending on the predominant estrogen receptor,

the overall effect in a specific tissue will be to stimulate

cell growth and proliferation, or conversely, to inhibit
their growth.®> Another estrogen receptor, G protein-
coupled estrogen receptor (GPER), which is an integral
membrane protein expressed by melanoma cells, has
been recently reported to mediate both tumor-promoting
and antitumor effects. GPER agonists inhibit the prolif-
eration of melanoma cells in vitro.** However, the use
of estrogen-receptor modulators in the treatment of mel-
anoma still remains controversial, such as the tamoxifen
(TAM). The antitumor and pro-survival effects of
tamoxifen may depend on the different ERo/ERp ratios
in a given tissue.®>®® Therefore, further studies are
required and may reveal new pathophysiological
mechanisms and new therapeutic targets for cutaneous

melanoma in the future.

Conclusion

In conclusion, the results of this meta-analysis suggest that
long-term use of OC may increase the risk of melanoma in
women, and that an incubation period of 15 to 19 years
may be required to increase the risk of melanoma.
However, the age at first use of OC and years since last
use of OC is not associated with melanoma. HRT use is
associated with an increased incidence of melanoma in
women, especially with an increased risk of SSM, and
estrogen and estradiol may be the main active agents that
contribute to the increased risk of melanoma, but these
results may be due to a combination of sun exposure
factors. Decreased number of parity and age >20 years at
the first birth were associated with an increased risk of
melanoma in women, while menopausal status, and age at
menarche were not associated with the incidence of mel-
anoma in women. However, the results may be contingent
or due to different active ingredients acting on different
signaling pathways. Therefore, further large-scale prospec-
tive studies are necessary to reveal new pathophysiological
mechanisms and new therapeutic targets for cutaneous

melanoma.
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