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1Service d’hématologie et Oncologie, Centre Hospitalier de Versailles, Le Chesnay; Université Paris-
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Abstract

Background: Epidemiological studies have demonstrated a positive association between

chronic lymphocytic leukaemia (CLL) and non-melanoma skin cancer (NMSC). We hy-

pothesized that shared genetic risk factors between CLL and NMSC could contribute to

the association observed between these diseases.

Methods: We examined the association between (i) established NMSC susceptibility loci

and CLL risk in a meta-analysis including 3100 CLL cases and 7667 controls and (ii) estab-

lished CLL loci and NMSC risk in a study of 4242 basal cell carcinoma (BCC) cases, 825

squamous cell carcinoma (SCC) cases and 12802 controls. Polygenic risk scores (PRS)
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for CLL, BCC and SCC were constructed using established loci. Logistic regression was

used to estimate odds ratios (ORs) and 95% confidence intervals (CIs).

Results: Higher CLL-PRS was associated with increased BCC risk (OR4th-quartile-vs-1st-

quartile¼1.13, 95% CI: 1.02–1.24, Ptrend¼ 0.009), even after removing the shared 6p25.3 lo-

cus. No association was observed with BCC-PRS and CLL risk (Ptrend¼0.68). These

findings support a contributory role for CLL in BCC risk, but not for BCC in CLL risk.

Increased CLL risk was observed with higher SCC-PRS (OR4th-quartile-vs-1st-quartile¼ 1.22,

95% CI: 1.08–1.38, Ptrend¼1.36�10–5), which was driven by shared genetic susceptibility

at the 6p25.3 locus.

Conclusion: These findings highlight the role of pleiotropy regarding the pathogenesis of

CLL and NMSC and shows that a single pleiotropic locus, 6p25.3, drives the observed

association between genetic susceptibility to SCC and increased CLL risk. The study also

provides evidence that genetic susceptibility for CLL increases BCC risk.

Key words: CLL, NMSC, polygenic risk score, pleiotropy

Introduction

Genome-wide association studies (GWASs) have identified

thousands of genetic variants associated with numerous

traits and diseases.1 These findings provide opportunities

to investigate pleiotropy among multiple diseases.

Seemingly disparate diseases can share common suscepti-

bility single-nucleotide polymorphisms (SNPs) and may

therefore share biological mechanisms or pathways2. The

analysis of shared genetic associations can help explain

previous observations between diseases and provide better

insight into their aetiology.Epidemiological studies have

demonstrated a consistent positive association between

leukaemia, specifically chronic lymphocytic leukaemia

(CLL), and non-melanoma skin cancer (NMSC).3–10 In

registry-based studies, estimates of the risk of developing

CLL following NMSC range from 1.1 to 2.4.4–6 Estimates

of the risk of NMSC following CLL are generally larger

and range between 2.4 and 8.6.3–5 The underlying causes

of the observed association between CLL and NMSC are

not well understood. Several factors, including increased

screening,6 shared environmental or occupational risk fac-

tors, which may have immunotoxic effects,11 genetic

factors or common biological pathways have been hypoth-

esized to play a role. Moreover, the increased risk of

NMSC following CLL is thought to be due in part to im-

munosuppression induced by CLL per se or its treat-

ments.12 There are several types of NMSC with basal cell

carcinoma (BCC) and squamous cell carcinoma (SCC) con-

stituting the majority (�99%) of NMSC. Previous GWAS

of CLL, BCC and SCC have uncovered multiple genetic

loci associated with susceptibility to these diseases.13–29

Established susceptibility loci explain 17–25% of the fa-

milial risk for CLL,13,14 11% for BCC21 and 6% for

SCC.20

In the present study, we evaluated the hypothesis that

shared genetic risk factors between CLL and NMSC, spe-

cifically BCC and SCC, may contribute to the observed as-

sociation between these diseases. Because individual SNPs

only explain a small portion of any shared risk, we con-

structed polygenic risk scores (PRS) to aggregate the ge-

netic burden of disease risk into a single quantitative index

for each disease and evaluated the genetic contribution of

SCC- and BCC-associated SNPs on CLL risk and CLL-

associated SNPs on SCC and BCC risk.

Key Messages

• We explored the hypothesis that shared genetic risk factors between chronic lymphocytic leukaemia (CLL) and non-

melanoma skin cancer (NMSC) could contribute to the association observed between these diseases.

• Our findings provide evidence that genetic susceptibility for CLL increases basal cell carcinoma risk.

• The results also highlight the pleiotropy between CLL and NMSC, showing that a single locus, 6p25.3, drives the

association between genetic susceptibility to squamous cell carcinoma and increased CLL risk.
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Methods

Study populations

We used data from previous genome-wide association

studies to investigate shared genetic risk factors between

NMSC and CLL.14,20,21 The association between NMSC

loci and CLL risk was evaluated using data from four CLL

GWAS of European ancestry: National Cancer Institute

NHL GWAS (NCI GWAS),15 Utah Chronic Lymphocytic

Leukemia GWAS (Utah), Genetic Epidemiology of CLL

Consortium GWAS (GEC)30 and Molecular Epidemiology

of Non-Hodgkin Lymphoma GWAS (UCSF).31 CLL cases

for these studies were ascertained from clinics or hospitals,

cancer registries or through self-report verified by medical

and pathology reports. For the NCI GWAS, the

International Lymphoma Epidemiology Consortium

(InterLymph) Data Coordinating Center reviewed ICD

codes and other available pathology/medical information

and classified cases according to the hierarchical classifica-

tion of the InterLymph Pathology Working Group based

on the World Health Organization (WHO) classification

(2008).32 Individuals with ICD-O-2/3 morphology codes

9823 and 9670 were classified as CLL cases.

CLL cases and controls were genotyped using the

Illumina OmniExpress or Omni2.5 (NCI GWAS),

Affymetrix 6.0 (GEC), Illumina HumanHap 610 K (Utah)

or Illumina HumanCNV370-Duo (UCSF). After quality-

control metrics, including removal of samples with poor

call rates, non-European ancestry, gender discordance, re-

latedness and abnormal heterozygosity, the genotype data

from each GWAS were imputed separately using

IMPUTE2 and the 1000 Genomes Project (March 2012 re-

lease) reference panel. Only SNPs with an info score >0.3

were considered for analysis. Across these four CLL

GWAS, a total of 3100 CLL cases and 7667 controls were

available for the analysis. This included 2179 cases and

6221 controls from the NCI GWAS, 387 cases and 294

controls from GEC, 213 cases and 747 controls from

UCSF, and 321 cases and 405 controls from Utah

(Supplementary Table 1, available as Supplementary data

at IJE online). All studies obtained informed consent from

their participants and approval from their respective insti-

tutional review boards.

The evaluation of the CLL loci on the risk of NMSC

was conducted using GWAS data from the Nurses’ Health

Study (NHS) and Health Professionals Follow-up Study

(HPFS).20,21 Eligible cases were participants of European

ancestry who self-reported BCC or SCC on one of the bien-

nial questionnaires after enrolment in NHS or HPFS. For

SCC, cases were limited to those with pathologically con-

firmed invasive SCC based on medical-record review. For

BCC, no medical-record review was done; however, be-

cause the participants are health professionals, the validity

of their self-reports is expected to be high.33 For the BCC

case–control study, controls were participants without

reported BCC. For the SCC case–control study, controls

were participants without reported SCC; persons without

available information on SCC diagnosis were excluded.

Only cases and controls with available genotype data from

previous nested case–control GWAS were included in this

study.20,21 Data from these subjects with GWAS data were

compiled into three analytic data sets based on their geno-

typing platform: Affymetrix (Affy 6.0), Illumina

HumanHap (550 K, 610Q, 660) or Illumina Omni

Express. Each data set underwent quality-control metrics

and was imputed using the 1000 Genomes Project ALL

Phase I Integrated Release Version 3 Haplotypes reference

panel and Minimac (v.2012–08015). Only SNPs with a

quality-control score r2> 0.3 were considered for analysis.

There were 1197 BCC cases and 3706 controls genotyped

on the Illumina Omni Express, 1268 BCC cases and 3685

controls with Illumina HumanHap data, and 1777 BCC

cases and 5411 controls with Affymetrix data, resulting in

a total of 4242 BCC cases and 12802 controls for analysis

(Supplementary Table 2, available as Supplementary data

at IJE online). For the SCC analysis, data were available

for 238 SCC cases and 3164 controls genotyped on the

Illumina Omni Express, 220 SCC cases and 2901 controls

with Illumina HumanHap data, and 367 SCC cases and

5453 controls with Affymetrix data, resulting in a total of

825 SCC cases and 11518 controls (Supplementary Table

2, available as Supplementary data at IJE online). The

study was approved by the institutional review boards at

Brigham and Women’s Hospital and the Harvard School

of Public Health, and all participants provided informed

consent.

Identification of susceptibility SNPs and measures

of linkage disequilibrium (LD)

We downloaded the publicly available NHGRI-EBI

Catalog of published GWAS in 201934 and identified the

SNPs that were reported to be associated with CLL or

NMSC at a genome-wide significance level (P< 5� 10–8)

in populations of European descent. We also searched

PubMed for GWAS of CLL and NMSC. The search of

NMSC-associated SNPs used the terms ‘skin cancer’,

‘NMSC’, ‘basal cell carcinoma’ or ‘squamous cell carci-

noma’. Studies of melanoma were excluded. SNPs were as-

sumed to be independent for a particular outcome if they

were >1 Mb away from each other or found to have a

r2< 0.05 or shown to be independent in conditional
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analyses. A total of 43 independent SNPs were identified

for CLL, 35 for BCC and 14 for SCC (Supplementary

Tables 3 and 4, available as Supplementary data at IJE on-

line). One SCC-associated SNP (rs74899442) could not be

found within the data sets for CLL and so a proxy

(rs151267007, D0 ¼ 1.0, r2¼ 0.43) was utilized for analy-

sis. Another SCC-associated SNP (rs192481803) was only

adequately imputed in one of the four GWAS for CLL and

so was not included in the PRS.

To evaluate pairwise LD, we estimated both r2 and jD’j
based on data from the European populations present in

the 1000 Genomes Project Phase 3 data using LDlink.35

We estimated LD using these two metrics because, to-

gether, they provide a fuller picture of the LD structure.

The metric r2 is highly dependent on allele frequency and

may give false negatives, especially with rare variants; al-

though jD’j is robust to differences in allele frequencies, it

may provide more false positives.

Statistical analysis

Individual SNP associations, including odds ratios (ORs)

and 95% confidence intervals (95% CIs), were estimated

for each disease separately by GWAS platform using logis-

tic regression, adjusting for age, sex and principal compo-

nents for ancestry. The PRS were constructed separately

for each disease using the SNPs identified in the literature

as being independently associated with CLL, BCC or SCC.

The PRS for each cancer was calculated by multiplying the

allele dosage for each SNP by the log OR of the SNP as

reported in the literature and summing across all SNPs. In

addition to the BCC- and SCC-specific PRS, an overall

NMSC-PRS was created to capture susceptibility to

NMSC more broadly and covered a total of 45 SNPs, in-

cluding for loci common to both BCC and SCC, both in-

dex SNPs unless the correlation was modest/high

(r2> 0.25). For each PRS, quartiles were constructed

based on the distribution among the controls in each

GWAS. Ptrend was estimated based on the PRS as a contin-

uous variable. GWAS-specific ORs for the PRS were esti-

mated using logistic regression, adjusting for age, sex and

principal components for ancestry. Combined ORs, p-val-

ues and 95% CIs were calculated by combining GWAS-

specific ORs in a fixed-effects meta-analysis; no between-

GWAS heterogeneity was observed for CLL (P> 0.1 for

all). Adjustment for multiple testing was performed using

the Benjamini–Hochberg false discovery rate (FDR)

method.36 Analyses for NMSC were performed using

Plink. Analyses for CLL were conducted using R v3.1.2

and STATA.

Results

Shared chromosomal regions between CLL and

NMSC

Of the 43 established genetic loci for CLL and 45 for

NMSC, eight chromosomal regions contained at least one

SNP associated with CLL and one SNP associated with

NMSC within 1 Mb of each other: 1q42.13, 2q33.1, 3q28,

5p15.33, 6p21.32, 6p25.3, 9q21.3 and 19p13.3. The LD

between the CLL and NMSC loci was weak for most of

these regions (jD’j< 0.5, r2< 0.15), except for 3q28 (LPP)

and 6p25.3 (IRF4/EXOC2). At the 6p25.3 locus, the SNP

associated with SCC (rs12203592) and the SNP associated

with CLL (rs872071) were in modest LD (jD’j ¼ 0.74), al-

though the correlation between them was quite low

(r2¼0.08). The LD between the BCC SNP (rs12210050)

at 6p25.3 and CLL SNP (rs872071) was weaker

(jD’j ¼ 0.36, r2¼ 0.02). At the 3q28 locus, the CLL SNP

(rs9815073) was in strong LD with the BCC SNP

(rs191177147, jD’j ¼ 0.99, r2¼ 0.69) but not with the SCC

SNP (rs6791479, jD’j ¼ 0.07, r2¼ 0.002). Whereas the

SCC risk allele, rs12203592-T, was positively correlated

with the CLL risk allele at 6p25.3 (rs872071-G), the BCC

risk allele at 3q28, rs191177147-T, was negatively corre-

lated with risk allele for CLL, rs9815073-C.

CLL risk associated with individual NMSC loci and

PRS

Of the 35 established susceptibility loci for BCC and 14

reported loci for SCC, eight index SNPs for BCC and one

SNP for SCC were nominally associated with CLL risk

(Supplementary Table 3, available as Supplementary data at

IJE online). After adjustment for multiple testing, three BCC

SNPs and one SCC SNP remained associated with CLL risk

at a FDR< 5%: rs191177147 at 3q28 (LPP), rs12203592

and rs12210050 at 6p25.3 (IRF4/EXOC2), rs78378222 at

17p13.1 (TP53) (Supplementary Figure 1, available as

Supplementary data at IJE online). Although chromosomes

3q28 and 6p25.3 are established CLL loci,14,18 17p13.1 has

not been previously reported to be associated with CLL risk.

For rs78378222 at 17p13.1, the BCC risk allele was

associated with an increased risk of CLL (OR¼ 1.92, 95%

CI: 1.45–2.55, P¼ 6.30� 10–6).

No association was observed with the BCC-PRS

(OR4th-quartile-vs-1st-quartile¼ 1.02, 95% CI: 0.90–1.16), but

a higher SCC-PRS was associated with an increased risk of

CLL (OR4th-quartile-vs-1st-quartile¼ 1.22, 95% CI: 1.08–1.38)

(Table 1 and Supplementary Table 5, available as

Supplementary data at IJE online). To determine whether

the association was driven by one or more chromosomal

regions shared between SCC and CLL, we conducted
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sensitivity analyses. After removal of the SNPs at 6p25.3,

no association was observed with CLL risk for the SCC-

PRS (OR4th-quartile-vs-1st-quartile¼ 1.01, 95% CI: 0.89–1.14).

Similar results were observed after removal of all SNPs lo-

cated within 1 Mb of established CLL loci (OR4th-quartile-vs-

1st-quartile¼ 0.97, 95% CI: 0.86–1.10). We explored the

combined contribution of SCC and BCC by creating a

NMSC-PRS using loci for both BCC and SCC. An in-

creased risk of CLL was observed with higher NMSC-PRS

(OR4th-quartile-vs-1st-quartile¼ 1.17, 95% CI: 1.03–1.33).

NMSC risk associated with individual CLL loci and

PRS

Of the 43 established susceptibility loci for CLL, two SNPs

(4q24 and 18q21.3) were nominally associated with risk of

both BCC and SCC and five SNPs (1q42.13, 5p15.33,

6p21.32, 6p25.3 and 11q23.2) with either BCC or SCC

risk (Supplementary Table 4, available as Supplementary

data at IJE online), but none had a FDR<5%. Higher

CLL-PRS was associated with increased risk of BCC

(Table 2, OR4th-quartile-vs-1st-quartile¼ 1.13, 95% CI: 1.02–

1.24, P¼0.02). Removal of 6p25.3 (IRF4/EXOC2) SNP

or the 3q28 (LPP) SNP from the CLL-PRS did substan-

tially not modify these results (OR4th-quartile-vs-1st-

quartile¼ 1.11, 95% CI: 1.00–1.22; and OR4th-quartile-vs-1st-

quartile¼ 1.14, 95% CI: 1.03–1.26, respectively). Although

the ORs were elevated, no trend was observed between in-

creased CLL-PRS and SCC risk (Ptrend¼ 0.45).

Discussion

We investigated the extent to which genetic factors may

contribute to the observed association between CLL and

NMSC. Using data from several large GWAS, we identified

multiple shared loci and constructed PRS of established

loci for the diseases. We found that higher CLL-PRS was

associated with an increased risk of BCC providing evi-

dence that increased genetic susceptibility to CLL contrib-

utes to higher BCC risk. We also discovered that higher

SCC-PRS was associated with increased CLL risk; interest-

ingly, a single pleiotropic locus, the 6p25.3 locus, appeared

to be the main determinant of the association.

Epidemiological studies have shown a consistent associ-

ation between NMSC and CLL.3–6 Although the underly-

ing aetiology for this association is largely unknown,

several hypotheses have been put forward. One early hy-

pothesis was that the association was due to increased ex-

posure to ultraviolet radiation among individuals

developing skin cancer, but large population-based studies

have largely rebuked the hypothesis that there is an associ-

ation between sun exposure and CLL risk.37,38 A second

hypothesis is that the increased risk of NMSC after CLL is

due to immune suppression induced by CLL or its

Table 1 Risk of CLL associated with polygenic risk scores of established NMSC locia

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

OR ORb (95% CI) P ORb (95% CI) P ORb (95% CI) P

BCC-PRS 1.0 (ref.) 1.10 (0.98–1.25) 0.11 1.03 (0.91–1.17) 0.64 1.02 (0.90–1.16) 0.72 0.68

SCC-PRS 1.0 (ref.) 0.97 (0.85–1.09) 0.58 1.09 (0.96–1.24) 0.17 1.22 (1.08–1.38) 0.002 1.36�10–5

NMSC-PRS 1.0 (ref.) 1.04 (0.92–1.18) 0.55 1.12 (0.99–1.26) 0.08 1.17 (1.03–1.33) 0.01 0.002

aPolygeneic risk scores (PRS) are based on previously published loci for basal cell carcinoma (BCC), squamous cell carcinoma (SCC) or any type of non-mela-

noma skin cancer (NMSC).
bOdds ratios (ORs) and 95% confidence intervals (95% CIs) for chronic lymphocytic leukemia (CLL) are based on fixed-effect meta-analysis (N¼ 3100 cases,

7667 controls) and are adjusted for age, sex and principal components.

Table 2 Risk of NMSC associated with polygenic risk score of established CLL locia

Quartile 1 Quartile 2 Quartile 3 Quartile 4 Ptrend

OR ORb (95% CI) P ORb (95% CI) P ORb (95% CI) P

Basal cell carcinoma

CLL-PRS 1.0 (ref.) 1.03 (0.93–1.13) 0.62 1.09 (0.98–1.20) 0.10 1.13 (1.02–1.24) 0.02 0.009

Squamous cell carcinoma

CLL-PRS 1.0 (ref.) 1.38 (1.06–1.81) 0.02 1.06 (0.80–1.40) 0.70 1.23 (0.94–1.62) 0.14 0.45

aPolygeneic risk scores (PRS) are based on established loci for chronic lymphocytic leukaemia (CLL).
bOdds ratios (ORs) and 95% confidence intervals (95% CIs) for basal cell carcinoma (N¼ 4242 cases, 12 802 controls) and squamous cell carcinoma (N¼ 449

cases, 11 518 controls) are adjusted for age, sex and principal components.

NMSC, non-melanoma skin cancer.
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treatment. Immune suppression is a known risk factor for

NMSC12 and CLL can lead to reduced cancer recognition

and antitumor immune activity.39 Evidence suggests that

the incidence of secondary cancers is similar in treated and

untreated CLL patients,40 but some chemotherapy agents,

such as fludarabine, may also lead to immunosuppression.

Immunosuppression is an attractive hypothesis for explain-

ing the higher risk of NMSC after CLL; however, it may

not explain the increased risk of CLL observed following a

diagnosis of NMSC. Other hypotheses include increased

detection of these cancers due to reinforced medical sur-

veillance after the diagnosis of a first cancer.

We evaluated the hypothesis of shared genetic suscepti-

bility between BCC, SCC and CLL. Although we observed

several BCC loci to be individually associated with CLL

risk, the BCC-PRS was not associated CLL risk. Of the 35

BCC loci evaluated, the allele that increases BCC risk was

only positively associated with CLL risk (e.g. OR� 1) for

17 SNPs. For the remainder, the BCC risk allele was asso-

ciated with a reduced risk of CLL (OR< 1). Even among

the three SNPs with a FDR< 5%, the BCC risk allele was

only positively associated with CLL risk for two SNPs

[rs12210050 (EXOC2), rs78378222 (TP53)]; the third

SNP [rs191177147 (LPP)] was negatively associated with

CLL risk. Thus, when the SNPs were combined together in

a PRS, there was no association with CLL risk, suggesting

that genetic susceptibility to BCC, as a whole, does not in-

crease CLL risk, even though individual variants may be

associated with risk.

We did, however, find that elevated genetic susceptibil-

ity to SCC was associated with an increased risk of CLL.

This association was driven by the shared 6p25.3 (IRF4/

EXOC2) risk locus and no association was observed after

its removal from the PRS. In addition to NMSC and CLL,

previous studies have reported SNPs at IRF4/EXOC2 to

be associated with skin and hair colour.41,42 Consistently

with our findings, a previous study based on a systematic

search for similarity between traits and diseases through a

SNP association database reported a connection between

pigmentary characteristics and both CLL and NMSC ge-

netic networks and highlighted the IRF4 gene as the com-

mon pathway.2 The members of the interferon regulatory

factor (IRF) family are transcriptional regulators with mul-

tiple biologic functions. IRF4 is broadly expressed in lym-

phocytes and skin cells. It is a key factor in the regulation

of the differentiation and activation of lymphocytes, and

IRF–/–Vh11 mice have been shown to develop CLL.43

IRF4 polymorphisms may play a role in NMSC by curtail-

ing the host immune response against atypical keratino-

cytes in the skin.28 The SCC risk allele rs12203592-T has

been shown to reduce IRF4 transcription in melanocytes44

and the CLL risk allele rs872071-G has been reported to

be associated with reduced IRF4 mRNA expression in

EBV-transformed lymphocytes.18 Although both risk

alleles reduce expression, evidence suggests that IRF4 ex-

pression is regulated by different sets of regulatory ele-

ments in lymphocytes and melanocytes.44 Thus, the shared

genetic risk observed at the 6p25.3 locus may be due to LD

between the two variants as opposed to a single functional

variant.

In contrast to the findings for SCC and CLL risk, the

positive association between CLL-PRS and BCC risk was

maintained after removal of the shared 6p25.3 locus.

Although we did not observe an association between the

CLL-PRS and SCC risk, the OR estimate was >1 and the

lack of statistically significant association may have been

due to a lack of power with the smaller sample size. These

results provide evidence that CLL confers an increased risk

of NMSC. In population-based studies, an increased inci-

dence of both BCC and SCC has been observed after CLL

diagnosis.5 More broadly, CLL has been associated with

an increased risk of bladder, breast, kidney, lung and pros-

tate cancers, and a 1.2- to 2-fold increased risk of second

cancers in general.3,45–48 Although some of the excess risk

could be due to increased cancer screening and surveil-

lance, the association between CLL and multiple cancers

suggests that shared genetic factors may play a role.

Variants at many of the known CLL loci, such as

CDKN2B, which encodes for the multiple tumour suppres-

sor 2, and TERT, the telomerase reverse transcriptase, are

also known to be associated with multiple cancers.49,50

Although CLL and NMSC share some genetic loci, the fact

that we observed a positive association with CLL-PRS and

BCC risk even after removal of known loci suggests that

genetic susceptibility to CLL contributes to increased risk

of BCC. The proportion of BCC risk that can be attributed

to genetic susceptibility to CLL is likely small, but it would

be worthwhile to examine it in more depth as better ge-

netic prediction models are developed in the future.

Our study had several strengths and weaknesses. Our

sample size for SCC was relatively small and so our power

to detect association with SCC was limited; however, we

had larger sample sizes for CLL and BCC. The validity of

using PRS to account for the cumulative effect of genetic

exposure has been discussed previously51 and PRS have

been used successfully to investigate the genetic contribu-

tions of different traits and diseases, such as height and co-

lorectal cancer.52 The PRS approach has the advantage

that genotypes are randomly distributed at birth and there-

fore unlikely to be confounded by lifestyle, environmental

or CLL treatment; however, it is possible that individuals

modified some aspects of their behaviour, such as unpro-

tected sun exposure, in response to their skin colour and

genetic determinants of pigmentation. Finally, the PRS

1330 International Journal of Epidemiology, 2021, Vol. 50, No. 4

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/50/4/1325/6179512 by U

niversiteitsbibliotheek U
trecht user on 21 January 2022



used only explain a fraction of the genetic risk of NMSC

and CLL, and do not account for the possible impact of

rare variants on the risk of these diseases. Despite these

limitations, PRS can still provide insight into observed

associations between complex diseases and suggest under-

lying biological mechanisms.53

In conclusion, we found evidence that genetic suscepti-

bility to SCC was associated with CLL risk and that the as-

sociation was driven by a single pleiotropic locus, 6p25.3.

However, we found no association between BCC suscepti-

bility and CLL risk. In contrast, we observed that genetic

susceptibility to CLL is associated with an increased risk of

BCC, providing evidence that CLL increases subsequent

NMSC risk and that risk is due in part to underlying ge-

netic factors. As our knowledge of the genetic architecture

of CLL grows, we will be able to gain further insight into

the underlying biological pathways that contribute to sub-

sequent NMSC risk.
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