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Association of MCIR variants with melanoma risk and interaction
with sun exposure: An M-SKIP project

Dear Editor,

Natural variation at the melanocortin-1-receptor (MCIR)
locus is associated with increased risk of melanoma. MCIR
also is one of the major genes controlling skin pigmentation.
Red hair (R) alleles result in pheomelanin production and
are associated with fair skin, red hair, freckling, inability to
tan and risk of melanoma. However, not all MCIR variants
are associated with both melanoma risk and cutaneous phe-
notypes, suggesting that MCIR could act both via pigmen-
tary and non-pigmentary pathways.' Ultraviolet radiation
(UVR) is a well-established environmental risk factor for
melanoma. However, the few reports assessing whether sun
exposure influences the association between MCIR variants
and melanoma risk are inconsistent.”™*

The aim of this study was to evaluate whether sun expo-
sure modifies the effect of MCIR variants on melanoma risk
by analysing the MCIR gene-sun exposure interaction. We
used data from nine melanoma case—control studies (4780
melanoma cases and 3541 controls) that were previously
assembled and harmonized for the MCIR, skin cancer and
phenotypic characteristics (M-SKIP) project, described else-
where.” In each study, we assessed the effects of MCIR vari-
ants, chronic or intermittent sun exposure and sunburn (a
surrogate of intermittent sun exposure less affected by recall
bias) and interactions on melanoma risk. Intermittent sun
exposure and sunburn were dichotomized according to their
median. Age, sex, family history of melanoma and nevi (total
number of nevi and presence of clinically atypical nevi) were
included as covariates. A two-stage approach with random-
effects models was adopted to calculate summary odds ratios
(SORs) and 95% confidence intervals (CI). Stratified analy-
sis by age at melanoma diagnosis, phenotype and melanoma
body location was performed. Additive and multiplicative in-
teractions were assessed by calculating the relative excess risk
due to interaction (RERI) and by adding an interaction term
in a logistic regression model, respectively. Heterogeneity
among studies was assessed using the I* statistic.

The main effect of sunburn, but not intermittent or
chronic sun exposure, on risk of melanoma was significant.
Risk estimates for both chronic sun exposure and sunburns
were higher among older (>40 vs. <40years) adults and for
chronically (vs. intermittently) exposed body sites (data not
shown). Carriage of any MCIR variant and only MCIR R
variants was associated with increased risk of melanoma.

© 2024 European Academy of Dermatology and Venereology.

A significant additive interaction was observed for MCIR R
variants and high number of sunburns in eight studies with
this information available (RERI 0.61, 95%CI 0.03; 1.18),
while a multiplicative interaction was not evident (Figure 1).
On the contrary, additive or multiplicative interactions be-
tween MCIR variants and any sun-related measure was not
observed in eight studies with this information available
(Table 1).

Our findings are in line with those of other studies.® There
are reports of greater melanoma risk with cumulative time
outdoors in those who usually develop a deep tan” and with
severe sunburn in those with a sun-resistant phenotype.”®
One study found the association between increased mel-
anoma risk and greater sun exposure was more evident in
participants with a less sun-sensitive phenotype, especially
on continuously sun-exposed sites.* The authors propose
that melanoma risk may saturate as sun exposure increases
in sun-sensitive individuals but continue to increase on sun-
exposed body sites of individuals with lower sun sensitivity
or that sun-sensitive individuals adapt their behaviour by in-
creasing sun protection.” Significance of additive interaction
in our study could help determine at risk subgroups to target
for melanoma prevention and early diagnosis interventions.
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(a) MC1R R variant effect
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(b) Sunburn effect dichotomized according to its median in the M-SKIP dataset
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(c) MC1R+sunburn effect (interaction)
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FIGURE 1 Forest plots for the visualization of between-study estimates for the effect of (a) any R MCIR variant, (b) sunburn and (¢c) MCIR
variant+sunburn on melanoma risk. ‘Summary’ indicates the summary odds ratio with 95% confidence intervals (CI) for each effect estimates. In the
absence of multiplicative interaction, the ORs in panel (c) are expected to be the product between ORs in panels (a) and (b).
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TABLE 1 Pooled melanoma risk estimates for (1) main MCIR effect, (2) main intermittent and chronic sun exposure effects® and (3) interaction

effects (interaction). P-value for the interaction is reported.

Intermittent sun Any variant

exposure effect”

Chronic sun
exposure effect

Any R variant
Any r variant
Any variant

Any R variant

Any r variant

SOR

1.72 (1.28;2.31)
2.24 (1.61; 3.12)
1.23 (0.94; 1.62)
1.62 (1.32; 1.97)
2.08 (1.66; 2.61)
1.17 (0.92; 1.50)

« (95% CI)°

SOR (95% CI)®

sun expo

1.05 (0.75; 1.49)
1.06 (0.74; 1.53)
1.05 (0.77; 1.43)
0.89 (0.67; 1.20)
0.92 (0.68; 1.26)
0.86 (0.63; 1.17)

SOR. . (95% CI)®

int

Expected OR; , p-Value

RERI (95%CI)°

1.66 (1.22;2.25) 1.81 0.93 0.22 (-0.30; 0.73)
2.37 (1.67;3.38)  2.37 0.60 0.37 (-0.19; 0.94)
1.08 (0.81;1.45)  1.29 0.48 0.08 (~0.45; 0.62)
1.59 (1.27;2.00)  1.44 0.73 0.00 (—0.33, 0.33)
2.20 (1.68;2.88)  1.91 0.61 0.08 (~0.36; 0.51)
1.02(0.76;1.37)  1.01 0.91 ~0.07 (~0.40; 0.26)

Note: Statistically significant estimates and p-values are in bold.

Abbreviations: CI, confidence intervals; RERI, relative excess risk due to interaction; SOR, summary odds ratio.

*Dichotomized according to its median in the M-SKIP dataset (3h/day).

®Study-specific ORs are adjusted for the following covariates, where available: age, sex, family history of melanoma, common and atypical naevi.

‘RERI >0 indicates the presence of additive interaction, thus a significant positive additive interaction is suggested when lower limit of 95% CI is above 0.
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