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Summary
Certain genetic variants are associatedwith risks of multiple cancers.We investigated breast cancer risk with overall genetic susceptibility

to each of 16 other cancers. We constructed polygenic risk scores (PRS) for 16 cancers using risk variants identified by genome-wide as-

sociation studies. We evaluated the associations of these PRSs with breast cancer risk (overall and by subtypes) using Breast Cancer As-

sociation Consortium data, including 106,278 cases and 91,477 controls of European ancestry. Odds ratios (OR) and 95% confidence

intervals (CIs) were estimated to measure the association of each PRS with breast cancer risk. Data from the UK Biobank, including

4,337 cases and 209,983 non-cases, were used to replicate the findings. A 5%–8% significantly elevated risk of overall breast cancer

was associated with per unit increase of the PRS for glioma and cancers of the corpus uteri, stomach, or colorectum. Analyses by subtype

revealed that the PRS for corpus uteri cancer (OR ¼ 1.09; 95% CI, 1.03–1.15) and stomach cancer (OR ¼ 1.07; 95% CI, 1.03–1.12) were

associated with estrogen receptor-positive breast cancer, while ovarian cancer PRS was associated with triple-negative breast cancer

(OR¼ 1.25; 95%CI, 1.01–1.55). UK Biobank data supported the positive associations of overall breast cancer risk with PRS formelanoma

and cancers of the stomach, colorectum, and ovary. Our study provides strong evidence for shared genetic susceptibility of breast cancer

with several other cancers. Results from our study help uncover the genetic basis for breast and other cancers and identify individuals at

high risk for multiple cancers.
Introduction

Some genome-wide association studies (GWAS)-identified

risk variants are shared across multiple cancers. For

example, genetic variants at chromosome 8q24 were

found to be associated with cancers of prostate (MIM:

176807), colorectum (MIM: 114500), breast (MIM:

114480), bladder (MIM: 109800), and other sites;1–7 and

genetic variants in and near the telomerase reverse tran-

scriptase (TERT) (MIM: 187270) gene were associated

with glioma (MIM: 137800) and cancers of the lung

(MIM: 211980), breast, and colorectum.5,8–11 Several

studies have estimated correlation of genetic risks across

cancer types.12–15 Sampson et al. evaluated 13 cancers in

populations of European ancestry and found four cancer

pairs with marginally significant correlations in genetic

risk (kidney [MIM: 144700] and testes [MIM: 273300];

diffuse large B cell lymphoma [MIM: 605027] and pediatric

osteosarcoma [MIM: 259500]; diffuse large B cell lym-

phoma and chronic lymphocytic leukemia [MIM:

151400]; bladder and lung).12 Jiang et al. observed four sta-

tistically significant correlations in genetic risks (lung and

head/neck cancer [MIM: 275355]; breast and ovarian can-

cer [MIM: 167000]; breast and lung cancer; breast and

colorectal cancer).13 Using polygenic risk score (PRS) as a

measure of the cumulative effect of risk variants identified

for a cancer, we tested the hypothesis that the overall ge-
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netic susceptibility to certain cancers may be related to

breast cancer risk. Given that breast cancer is a molecularly

diverse disease, we evaluated further the association by

breast cancer intrinsic subtypes defined by estrogen recep-

tor (ER), progesterone receptor (PR), and human epidermal

growth factor receptor 2 (HER2), as well as tumor grade.16

We systematically evaluated the association of PRS for each

of 16 major cancers in relation to breast cancer risk, overall

and by subtypes, using data obtained from more than

400,000 women of European ancestry, including more

than 110,000 cases of breast cancer.
Material and methods

Data sources
We acquired summary-level statistics data generated from

197,755 women (106,278 cases of breast cancer) of European

ancestry included in the Breast Cancer Association Consortium

(BCAC) (BCAC Data: http://bcac.ccge.medschl.cam.ac.uk/; Ta-

ble S1). The design and methods of the BCAC have been

described previously.17 We used individual-level data from

214,320 women (4,337 cases of incident breast cancer) of Euro-

pean ancestry from the UK Biobank (UK Biobank Data: https://

www.ukbiobank.ac.uk/), a large prospective population-based

cohort study, to replicate our findings based on the BCAC

data. The design and methods of the UK Biobank study have

been described previously.18 In the UK Biobank, data on the
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diagnosis of cancers was provided by the National Health Ser-

vice (NHS) Information Center for participants from England

and Wales (follow-up through 31 March 2016) and by the

NHS Central Register Scotland for participants from Scotland

(follow-up through 31 October 2015). Cancer codes were from

the International Classification of Diseases, Ninth Revision

(ICD-9) or the International Classification of Diseases, Tenth

Revision (ICD-10). Only the first diagnosed malignant tumors

other than non-melanoma skin cancer (C44 in ICD-10, or 173

in ICD-9) were considered in this study. The outcome for this

study is incident breast cancer as the first cancer diagnosis

with codes of ICD-9 ¼ 174 or ICD-10 ¼ C50. The study was

approved by the ethical committee at Vanderbilt University

Medical Center, and all participating studies were approved by

ethical committees of their institutions.
Genotyping and imputation
In the BCAC, details on genotype calling, quality control, and

imputation were described previously.17,19–22 After quality con-

trol, variants were imputed using the 1000 Genomes Project phase

3. We obtained imputed genotype data from 487,154 participants

in the UK Biobank. Samples were genotyped using two arrays

sharing 95% marker content: the UK BiLEVE Axiom (UKBL;

807,411 markers) and the UK Biobank Axiom (UKBB; 825,927

markers). These genotyping data were imputed using reference

panels of the Haplotype Reference Consortium, or UK10K, and

1000 Genomes Project phase 3. European ancestry of study partic-

ipants was determined using the genotype data by projecting all of

the UK Biobank samples on the first two major principal compo-

nents of four populations included in the 1000 Genomes Project

(CEU, YRI, CHB, and JPT).23 Individuals not falling in the CEU

cluster were excluded (n ¼ 23,409). Those self-reporting as non-

European were also excluded (n ¼ 4,916). In the dataset from

the UK Biobank, a kinship coefficient was estimated for each

pair of samples using KING’s robust estimator.24 We excluded sec-

ond-degree (or higher) related individuals (kinship coefficient R

0.0442; n¼ 35,067).We excluded participants who had been diag-

nosed with cancer before the beginning of the study—which was

the baseline (n ¼ 22,759) —and those aged below 40 years (n ¼ 5).

After these exclusions, 400,610 individuals (186,290 men and

214,320 women) remained for the current analysis. We included

214,320 women for replication analyses of the association of 16

cancer-specific PRSs with breast cancer risk.
Selection of known cancer susceptibility variants
Known susceptibility variants associated with breast cancer and 16

other cancers were selected by reviewing the GWAS catalog and

PubMed publications. The 16 other cancers evaluated in this study

included cancers of the bladder, colorectum, corpus uteri (MIM:

608089), esophagus (MIM: 133239), kidney, lung, ovary, pancreas

(MIM: 260350), prostate and stomach (MIM: 613659), glioma,

melanoma (MIM: 155600), and hematologic malignancies

(chronic lymphoid leukemia; diffuse large B cell lymphoma; follic-

ular lymphoma [MIM: 605027]; and multiple myeloma [MIM:

254500]). We selected genetic risk variants, including single-nucle-

otide polymorphisms (SNPs) or small insertions or deletions from

the most recent studies with the largest sample sizes of individuals

of European ancestry (sample size varied from 5,415 to 299,686;

Table S2).25,26 Using the conventional genome-wide significance

threshold (p < 5 3 10�8), variants showing an association with

p values at or below this threshold were included in our study.
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We also included some risk variants with an established associa-

tion at p < 5 3 10�8 from previous studies with the cancer of

interest even if they were not significant at p< 53 10�8 in the lat-

est studies due to small sample sizes. Cancer risk variants on the X

chromosome and those reported exclusively from non-European

populations were excluded from this study. For variants in linkage

disequilibrium (LD) (r2 R 0.2) with each other in European

ancestry populations in the 1000 Genomes Project, only the

variant with the lowest p value was included in this study. In total,

from previously reported GWAS data, we selected 497 unique risk

variants for 16 cancers of interest (Table S3). We further applied

more stringent criteria to select variants (MAF > 0.01, r2 < 0.01

for LD), leaving 456 variants associated with 16 types of cancer

to construct a PRS for each cancer. Variants were selected based

on an imputation quality score >0.8 from both BCAC and UK

Biobank. Final variants used from the BCAC dataset are shown

in Table S4 and final variants used from the UK Biobank dataset

are shown in Table S5.
Statistical analyses
We only included participants of European ancestry from the

BCAC and UK Biobank in this study, as the PRSs were derived us-

ing risk variants for 16 cancers identified fromGWAS conducted in

this population. The overall study design is outlined in Figure 1.

Outcome variables included the overall breast cancer risk, as well

as its subtype according to the ER status (ER-positive and ER-nega-

tive), and five intrinsic subtypes based on the combined tumor sta-

tus and grade (luminal A: ERþ and/or PRþ, HER2�, grades 1 and 2;

luminal B/HER2-negative: ERþ and/or PRþ, HER2�, grade 3;

luminal B: ERþ and/or PRþ, HER2þ; HER2-enriched: ER� and

PR�, HER2þ; triple-negative: ER�, PR�, HER2�).17

To study the association between each cancer PRS (trait) and risk

of breast cancer overall and by its subtypes (outcome), inverse-vari-

ance weighted (IVW) meta-analyses with a random-effect model

were performed on each cancer type except for gastric cancer

(which was analyzed with a fixed-effect model because there

were only three variants for gastric cancer).27,28 We obtained

beta coefficients and standard errors for each SNP-trait association

from previous GWAS publications; we extracted the same statistics

for each SNP-outcome (breast cancer risk) association from the

BCAC data (Table S4). We harmonized the variants (matching ef-

fect alleles) across the two datasets counting the allele, which

was associatedwith an increased trait risk. Variant-specificWald es-

timates were calculated (b coefficients for variant-outcome [breast

cancer risk] associations divided by b coefficients for variant-trait

[risk for each of the other 16 cancers] associations) and combined

as an estimate for the effect of the trait (each cancer PRS) on breast

cancer risk using the IVW meta-analysis. Odds ratios (ORs) of

breast cancer risk were estimated per unit of increase in PRS for

each cancer. p for heterogeneity was estimated between ER-posi-

tive and ER-negative and across the five intrinsic subtypes using

Cochran’s Q statistic.

To replicate findings obtained from the BCAC, we analyzed indi-

vidual-level data obtained fromEuropean ancestrywomen included

in the UK Biobank cohort. Since some of the risk variants were not

available in the UK Biobank, variants in high LD (n ¼ 3; r2 R 0.85)

with these previously reported variants were selected as substitutes

for the study. After imputation, no participant had a missing value

for the 497 risk variants associated with the 16 types of cancer

selected for this study (Table S3). We constructed a PRS for each of

the 16 types of cancer using the same set of risk variants. Each
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Figure 1. Flow chart for study design
BCAC, Breast Cancer Association Con-
sortium; GWAS, genome-wide association
study; IVW, inverse-variance weighted;
PRS, polygenic risk score.
cancer-specific PRS was built using risk variants identified in previ-

ous GWAS for that cancer (Table S5). We calculated the PRS by sum-

ming the product of the weight (regression coefficient derived from

previous GWAS) and the number of risk alleles (0, 1, and 2) for each

risk variant across all GWAS-identified risk variants for that cancer.

Details on the derivation of the genetic risk score have been pub-

lished recently.17,25,26 Hazard ratios (HRs) and 95% confidence in-

tervals (CIs) associated with each PRS were estimated by Cox pro-

portional hazard models using age as the underlying timescale

left-truncated at the age of baseline interview and adjusted for age

at enrollment, genotype array type (UKBL or UKBB), the 10 PCs

for ancestry, and stratified by birth cohorts. The assumptions of pro-

portionality were examined using Schoenfeld residuals.

Among 456 variants included in the IVW analysis of BCAC

data, seven were associated with risk of more than one cancer

(Table S4). Therefore, 449 variants remained for the analysis to

evaluate the associations of breast cancer risk with each of

these unique variants included in the 16 cancer-specific PRSs,

with an adjustment of previously reported risk variants for

breast cancer located within 1 Mb. We used genome-wide com-

plex trait analysis (GCTA) software (option, COJO) to perform

the conditional analyses.14 GWAS summary statistics from

BCAC were used in the analyses,17,19 and individuals of Euro-

pean ancestry in the 1000 Genomes Project were used as the

LD reference panel.

Statistical inferences were based on two-sided tests at a signifi-

cance level of 0.05 unless otherwise specified using SAS software,

v.9.4 (SAS Institute, Cary, NC) and R v.3.6.0 software.
Human Genetics and Genomic
Results

Associations of 16 cancer-specific

PRSs with breast cancer risk: Results

based on the BCAC dataset

We found a 5%–8% significantly

elevated risk of overall breast cancer

associated with the PRS for glioma or

cancer of the corpus uteri, stomach,

or colorectum based on the BCAC da-

taset. The positive associations with

PRS of corpus uteri (OR ¼ 1.09; 95%

CI, 1.03–1.15; p ¼ 0.002) or stomach

(OR ¼ 1.07; 95% CI, 1.03–1.12;

p ¼ 0.001) were statistically signifi-

cant only for ER-positive cancer. On

the other hand, the positive associa-

tions with the PRSs of colorectal and

lung cancers were statistically signifi-

cant only for ER-negative breast can-

cer risk (colorectum: OR ¼ 1.08; 95%

CI, 1.01–1.15; p ¼ 0.033; lung: OR ¼
1.14; 95% CI, 1.00–1.30; p ¼ 0.048)

(Figure 2). Heterogeneity tests, how-
ever, were not statistically significant by ER status for any

of the associations mentioned above.

Analyses by intrinsic subtype revealed associations for spe-

cific breast cancer subtypes, including a positive association

of colorectal, corpus uteri, and stomach cancer PRSs with

luminal A breast cancer risk (colorectum: OR ¼ 1.06; 95%

CI, 1.01–1.11; p ¼ 0.018; corpus uteri: OR ¼ 1.10; 95% CI,

1.03–1.17; p ¼ 0.003; stomach: OR ¼ 1.10; 95% CI, 1.05–

1.15; p< 0.0001).We also found other subtype-specific asso-

ciations, which included luminal B/HER2-negative breast

cancer with the PRS for melanoma (OR ¼ 1.11; 95% CI,

1.04–1.19; p ¼ 0.004); HER2-enriched breast cancer

with colorectal cancer PRS (OR ¼ 1.13; 95% CI, 1.03–1.25;

p ¼ 0.013) and kidney cancer PRS (OR ¼ 1.11; 95% CI,

1.01–1.23; p ¼ 0.033); and triple-negative breast cancer

with ovarian cancer PRS (OR ¼ 1.25; 95% CI, 1.01–1.55;

p ¼ 0.040) (Figure 3; Table S7). The stomach cancer PRS

was primarily associated with luminal A breast cancer (p for

heterogeneity ¼ 0.01), while melanoma PRS was limited

to luminal B/HER2-negative breast cancer (p for heterogene-

ity ¼ 0.05) (Figure 3).

Replication analyses using UK Biobank data

We used the data from the UK Biobank to replicate our

findings (Figure 4). We compared the overall breast cancer

risk among individuals with the top 10% PRS versus the
s Advances 3, 100077, January 13, 2022 3



Figure 2. Association between the polygenic risk scores for 16 types of cancer and risk of breast cancer overall, ER-positive, and ER-
negative
White rhombus indicates p < 0.05. Odds ratios of breast cancer risk were estimated per unit of increase in PRS for each cancer. p for het-
erogeneity was tested between ER-positive and ER-negative. CI, confidence interval; ER, estrogen receptor; OR, odds ratio.
bottom 10% PRS using the Cox proportional hazard regres-

sion models. The positive associations of overall breast

cancer risk with PRS for cancers of the stomach, lung, col-

orectum, ovary, and melanoma were replicated using UK

Biobank data, with an OR ranging from 1.14 to 1.19. The

HR for overall breast cancer per standard deviation of PRS

is also shown in Table S8.

Associations of individual variants with breast cancer

risk

We further examined the association of individual variants

included in the 16 cancer PRSs with overall breast cancer

and its subtypes using BCAC data (Figure S1). Of the 449
Figure 3. Association between the polygenic risk scores for 16 typ
White rhombus indicates p < 0.05. Odds ratios of breast cancer risk w
erogeneity was tested across five intrinsic breast cancer subtypes. CI, c
2; OR, odds ratio.
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unique risk variants, 45 variants were associated with over-

all breast cancer at p < 1.11 3 10�4 (0.05/449 variants, the

Bonferroni corrected significance threshold) with a

positive association direction found for 35 variants and

negative association direction found for 10 variants

(Figure S1A). Statistically significant associations were

found for 26 variants with ER-positive cancer and 5 vari-

ants with ER-negative cancer (Figures S1B and S1C). In

addition, we also found statistically significant associa-

tions for 28 variants with luminal A cancer, 3 variants

with luminal B/HER2-negative cancer, 4 variants with

luminal B cancer, 1 variant with HER2-enriched cancer,

and 14 variants with triple-negative cancer (Figure S1D).
es of cancer and risk of intrinsic breast cancer subtypes
ere estimated per unit of increase in PRS for each cancer. p for het-
onfidence interval; HER2, human epidermal growth factor receptor
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Figure 4. Hazard ratios of breast cancer associated with the top
10% versus bottom 10% of PRS from each of the 16 types of can-
cer, UK Biobank
White rhombus indicates p < 0.05. Hazard ratios were estimated
using Cox regression and adjusted for age, genotyping array, and
top 10 PCs for ancestry, and stratified by birth cohort. We per-
formed all analyses only in women. CI, confidence interval; HR,
hazards ratio; PRS, polygenic risk scores.
Conditional analyses adjusting for previously identified

breast cancer risk variants within 1 Mb revealed seven var-

iants not yet been reported in association with breast can-

cer risk previously (Table 1).
Discussion

This is the first large study to evaluate PRSs of major can-

cers in association with breast cancer risk. Our findings
Table 1. Associations of breast cancer risk with seven genetic variant

SNP Chr Position Nearest gene
Associated
cancer

EA/
RA EA

rs1321311 6 36622900 none colorectum A/C 0.2

rs2811710 9 21991923 CDKN2A multiple
myeloma

C/T 0.6

rs7931342 11 68994497 none prostate G/T 0.5

rs11214775 11 113807181 HTR3B prostate G/A 0.7

rs4924487 15 40922915 KNL1 prostate C/G 0.8

rs111572611 15 66755923 MAP2K1 prostate T/C 0.2

rs17601876 15 51553909 CYP19A1,
MIR4713HG

corpus uteri G/A 0.4

BCAC, Breast Cancer Association Consortium; Chr, chromosome; CI, confidence
OR, odds ratio.
aSignificance threshold was set at p < 1.1 3 10�4 with the adjustment of 449 va

Human
provided evidence that the PRS for glioma and cancers

of the corpus uteri, stomach, and colorectum are associ-

ated with overall breast cancer risk. Of note, some PRS

associations differed by subtypes of breast cancer, sup-

porting the notion that there are some differences in

genetic susceptibility across breast cancer subtypes.

Our findings are supported, in part, by previous studies

regarding cancer genetic pleiotropy. A previous study of

six solid cancers found moderate genetic correlations of

breast cancer with both lung and colorectal cancers.29

Furthermore, a recent study by the same research group

with an increased sample size demonstrated that ovarian,

colorectal, and lung cancers shared genetic susceptibility

with breast cancer.13 That study also observed a signifi-

cantly higher genetic correlation of lung cancer with ER-

negative than ER-positive breast cancer, which is consis-

tent with the findings of our study. Another study found

that breast cancer had a positive genetic correlation with

bladder and esophageal/stomach cancers.30 However, in a

previous study that evaluated 13 different cancers, no sig-

nificant genetic correlations between breast cancer and

other cancers were observed, although a marginally signif-

icant genetic correlation was found for four cancer pairs.12

Recently, Graff et al. evaluated potential pleiotropic effects

of PRSs for 16 cancers and found a significant association

between melanoma PRS and breast cancer risk (OR ¼
1.04; p ¼ 6.33 3 10�7).31 This finding is consistent with

our result for a significant association of melanoma PRS

with luminal B/HER2-negative breast cancer. Instead of

estimating genetic correlation of breast cancer with other

cancers, we used cancer-specific PRSs derived using risk

variants identified from GWAS to quantify the risk of

breast cancer in association with genetic susceptibility to

other cancers, which provides additional insights into

the genetics and etiology of breast and other cancers.
s not previously reported in association with breast cancer risk

F

Original GWAS (BCAC) Conditional analysis

AssociationsOR (95% CI) pa OR (95% CI) pa

40 1.03 (1.02–
1.05)

1.203 10�5 1.03 (1.02–
1.04)

2.07 3
10�5

overall

41 0.95 (0.94–
0.96)

3.69 3
10�15

0.97 (0.96–
0.98)

1.43 3
10�6

overall

06 1.03 (1.01–
1.04)

2.953 10�5 1.03 (1.02–
1.04)

2.00 3
10�6

overall

12 1.03 (1.02–
1.05)

1.043 10�6 1.03 (1.02–
1.05)

9.48 3
10�7

overall

41 1.04 (1.02–
1.06)

1.603 10�6 1.04 (1.02–
1.06)

1.60 3
10�6

overall

57 1.03 (1.01–
1.04)

3.813 10�5 1.03 (1.02–
1.04)

7.97 3
10�6

overall

80 1.03 (1.02–
1.05)

5.473 10�5 1.03 (1.02–
1.05)

5.47 3
10�5

luminal A

interval; EA/RA, effective allele/reference allele; EAF, effective allele frequency;

riants evaluated in this analysis.
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A unique strength of our study is the ability to evaluate

genetic associations according to breast cancer subtypes.

Cumulative evidence supports the notion that there are

some differences in the etiology across breast cancer by

subtypes. For example, ER-negative cancer shows a weaker

association with reproductive risk factors than ER-positive

cancer.32,33 In our study, we found that colorectal and lung

cancer PRSs showed significant associations with ER-nega-

tive but not ER-positive breast cancer, although heteroge-

neity test was not statistically significant. Furthermore,

we observed a significant association between ovarian can-

cer PRS and triple-negative breast cancer. It is well estab-

lished that BRCA1 (MIM: 113705) pathogenetic mutation

carriers have a high risk of ovarian cancer and are more

likely to develop triple-negative or basal-like breast cancer

than other types.34–36 In addition, other germline patho-

genic mutations were also detected in triple-negative

breast cancer patients, with the majority observed in genes

involved in homologous recombination, including PALB2

(MIM: 610355), BARD1 (MIM: 601593), RAD51C (MIM:

602774), and RAD51D (MIM: 602954).37–40 The delete-

rious germline mutations of these genes are also associated

with ovarian cancer risk.41,42 Our study expanded the

knowledge regarding shared rare pathogenetic germline

mutations between triple-negative breast cancer and

ovarian cancer and suggests that these two cancers may

also share certain common genetic risk variants.

Rather than a genome-wide search, we conducted a

focused study evaluating 449 unique variants included in

the 16 cancer-specific PRSs. With a reduced number of

comparisons, we identified seven variants associated with

breast cancer risk that had not been reported from previous

studies. There is some biological evidence to support the

association of breast cancer risk with these newly identified

genetic variants. For example, several studies suggested

that cyclin-dependent kinase inhibitor 2A (CDKN2A

gene, encoding for tumor suppressor proteins, MIM:

600160), well known as a susceptibility gene for melanoma

and pancreatic cancer, may also be involved in breast

tumorigenesis.43–45 Activation of mitogen-activated pro-

tein kinases (MAPK) in breast cancer leads to increased pro-

liferation, invasion, and metastasis of breast cancer.46–48

The CYP19A1 (MIM: 107910) gene encodes the enzyme

responsible for biosynthesis of estrogen, a sex hormone

that plays a central role in the etiology of breast can-

cer.49–52 In our study, one variant (rs17601876 nearest to

CYP19A1 gene) showed a significant association with

luminal A breast cancer. These findings need to be repli-

cated in future studies with a larger sample size.

Our study systematically collected the most recent

GWAS-identified risk variants and used the data from the

BCAC, a consortium using a case-control study design,

and the UK Biobank, with a cohort study design. Both

studies have a very large sample size, and the findings

from these two datasets supported each other. We used

IVW meta-analyses, a well-accepted two-sample analytic

approach in Mendelian randomization analyses using
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summary-level data. Our results support the hypothesis

that overall genetic susceptibility to certain cancers may

be causally related to breast cancer risk. We replicated our

results from the BCAC using individual-level data from

the UK Biobank. However, as the number of breast cancer

cases in the UK Biobank is relatively small, we could not

evaluate the associations by breast cancer subtypes.

In conclusion, our study provides strong evidence that

there is shared genetic susceptibility between breast cancer

and several other cancers. The shared genetic susceptibility

may differ by breast cancer subtype. Results from our study

help uncover the genetic basis for breast and other cancers

and identify individuals at high risk for multiple cancers.
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