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Established and probable risk factors for breast cancer

Relative
Factor risk High risk group
Age =10 Elderly
Geographical location 5 Developed country
Age at menarche 3 Menarche before age 11
Age at menopause 2 Menopause after age 54
Age at first full 3 First child in early 40s
pregnancy
Family history =2 Breast cancer in first degree
relative when young
Previous benign disease 45 Atypical hyperplasia
Cancer in other breast >4
Socioeconomic group 2 Groups [ and 11
Diet 1.5 High intake of saturated fat
Body weight:
Premenopausal 0.7 Body mass index =35
Postmenopausal 2 Body mass index =35
Alcohol consumption 1.3 Fxcessive intake
3 Abnormal exposure in

Exposure to ionising
radiation

voung females after age 10

Taking exogenous hormones:

Oral contraceptives 1.24 Current use
Hormone replacement L35 Use for =10 vears
therapy

Diethylstilbestrol 2 Use during pregnancy

K McPherson, CM Steel, JM Dixon. BMJ 2000;321(9):624-8
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An Interactive Tool For Measuring the Risk
of Invasive Breast Cancer

Risk Calculator

(Click a question number for 3 brief explanation, or read all explanaticns.)

1. Does the woman have a medical history of any breast Selact
cancer or of ductal carcinoma in situ (DCIS) or lobular
carcinoma in situ (LCIS)?

<

2. Whatis the woman's age? Salact
This tool only calculates risk for women 35 years of age or
older.

3. What was the woman's age atthe time of her first menstrual Select
period?

4. What was the woman's age atthe time of herfirstlive bith of 8 | gg|act
child?

5. How many of the woman's first-degree relatives - mother, Select

sisters, daughters - have had breast cancer?

|z

. Has the woman ever had a breast biopsy? Select

<

Ga. How many breast hiopsies (positive or negative) has the Select
warman had?

<

Gb. Has the woman had at least one breast biopsy with Select
atypical hyperplasia?

a

<

I

What is the woman's race/ethnicity? Select

Calculate Risk »

IH
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Cumulatively, no more than

60% of women with a BRCA1/2
mutation will develop breast

cancer by age 80.
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Figure 2 | Risk of breast cancer caused by BRCA1 and BRCAZ2 mutations. Risks for carriers
versus non-cariers are shown., The curves show the estimated cumulative lifetinme risk by a
particular age, with 95% confidence intervals. Although cumulative risk does not decrease with age,
the estimation method allows declines, which explains the decrease in cumulative sk for camiers in
the 6570 and 75-80 age intervals'”. The data represented are from 5,318 Ashkenazi Jews. Al
indivicuals wers genotyped for two specific mutations in each of BRCAT and BRCAZ, vielding 120
mutants, which is 2.3% of the sample. Therewas no significant difference in risk between carriers of
EBRCAT and BRCAZ mutations. Modified with penmission from REE. 15 @ (1927) Massachussets
Medical Society.

Frank SA. Nat Rev Genetics 2004;5:764-72
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Box 1 Classes and key features of known breast cancer susceptibility alleles

High-penetrance breast cancer susceptibility genes

Examples: BRCA1, BRCAZ, TP53

* Risk variants: Multiple, different mutations that predominantly cause protein truncation
¢ Frequency: Rare (population carrier frequency <0.1%])

* Risk of breast cancer: 10- to 20-fold relative risk

* Primary strategy for identification: Genome-wide linkage and positional cloning

Moderate-penetrance breast cancer susceptibility genes

Examples: ATM, BRIP1, CHEKZ2, PALBZ

* Risk variants: Multiple, different mutations that predominantly cause protein truncation

*» Frequency: Rare (population carrier frequency <0.6%)

* Risk of breast cancer: two- to fourfold relative risk <:I

* Primary strategy for identification: Direct interrogation of candidate genes for coding variants in large, genetically enriched breast cancer
case series and controls

Low-penetrance breast cancer susceptibility alleles

Examples: rs2981582 (FGFR2, 10q), rs3803662 (TNRCY (recently renamed TOX3), 16q), rs889312 (MAP3K1, bq), rs3817198

(LSP1, 11p), rs13281615 (8q), rs13387042 (2q), rs1045485 (CASP8_D302H)

+ Risk variants: Single-nucleotide polymorphisms that are causal or in linkage disequilibrium with the causal variant(s). May occur in
noncoding, nongenic regions.

* Frequency: Common (population frequency 5-50%)

* Risk of breast cancer: up to ~1.25-fold (heterozygous) or 1.65-fold (homozygous) relative risk <:I

* Primary strategy for identification: Genome-wide association studies of hundreds of thousands of SNPs in large breast cancer case-
control series

Stratton & Rahman. Nat Genet 2008;40(1):17-21
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Table 1. Single-nucleotide polymorphisms associated with risk for breast cancer?®

Chremosome locus Candidate genes SNPs Per-allele ORs (95% Cls) MAF Reference
1p11.2 Pericentric NOTCHZ, FCGRI1B rs112494331 1.161(1.09 10 1.24) 0.39 1
2g35 Intergenic rs133870421 1.20{1.14 10 1.26) 0.50 2
rs13387042 1.12{1.09101.15) 0.51 14
3p24.1 SLC4AT7, NEKT0 rs4973768 1.11{1.08101.13) 0.46 3
5gl11.2 MAF3KIT, MIER3, Chorf35 rs880312 113011010 1.16) 0.28 4.6
rsd44150841 1.23(1.16 10 1.30) 0.44 5
rs109416791 1.27 (1.19 10 1.35) 0.29 5
5p12 Intergenic MRPS30 rs7 703618 1.13{1.0810 1.18) 0.37 5
6g22.33 RNF146, ECHDC1 rs2180341 1.41 {1.25 10 1.59) 0.21 7t
6g25.1 ESR1T rs2046210 1.291(1.21 10 1.37) 0.35 85
8g24 Intergenic rs1328161571 1.08 (1.0510 1.11) 0.40 4
1026 FGFRZ rs2981582 1.261{1.23 10 1.30) 0.38 4
rs1219648 1.20 (1.07 10 1.42) 0.39 9
rs1078806 1.26(1.13 10 1.40) 0.40 7t
11p15.5 LSFT rs3817198 1.07 1.04 10 1.11) 0.30 4
14241 RADSTLT rs98e737 1.06 (1.01 10 1.14) 0.76 1
16p13.3 AZBPTIFOXT) rs7203563 1.321.11 10 1.57) 0.11 7t
16g12 TNRCS (TOX3) LOCE43714 rs3803662 1.20(1.16 10 1.24) 0.25 4
1.281{(1.21 10 1.35) 0.27 2
1723 STXEBP4 rs65049501 1.05 (1.03 10 1.09) 0.27 3

Breast Cancer Single-Nucleotide Polymorphisms: Statistical
Significance and Clinical Utility
Kenneth Offit

Editorials | JMNCI Vol. 101, Issue 14 | July 15, 2002
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Table 3. Interactions between SNPs and established risk factors*®

Location,

SNP Gene Chr bp*

rs11249433 NOTCHZ 1 120,982,136
rs 1045485 CASF8 2 201,857,834
rs 13387042 Intergenic 2 217,614,077
rs4973768 SLC4A7 3 27,391,017
rs4415084*** Intergenic 5 44 698,272
rs10941679 Intergenic 5 44 742,255
rsB889312 MAP3K1 5 56,067,641
rs2180341 ANF146 6 127,642,323
rs2046210 Intergenic 6 151,990,059
rs13281615 Intergenic 8 128,424 801
rs2981582 FGFRZ 10 123,342,308
rs3750817 FGFRZ 10 123,322,567
rs3817198 LSPT 11 1,865,583
rs9997371tt RADSILT 14 68,104,435
rs3803662 TNRCS 16 51,143,843
rs2075555 COLTAT 17 45,629,290
rs6504950 COX11 17 50,411,470

Interactions Between Genetic Variants and Breast Cancer Risk
Fact in the Breast and Prostate Cancer Cohort Consortium
aks, Christ A. Haman, Ruth C. Travis, Christine D. Berg, Julie E. Buring,

J Natl Cancer Inst 2011;103:1252-1263
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Table 1. Established Common Breast-Cancer Susceptibility Alleles.*

dbSNP No.

rs2081582

rs3803662
rs880312
rs3817198
rs13281615
rs13387042
rs1053485

Genej

FGFRZ

TNRCY, LOCG643714
MAP3K1

LSP1

None known

Mone known

CASPS

Chromosome

10g

lég

Risk-Allele
Frequency::

0.38

0.25
0.28
0.30
0.40
0.50
0.86

1.26

1.20
1.13
1.07
1.08
1.20
1.13

Fraction of Total
Relative Risk Variance in Risk Attributable
per Alleles:

Explainedf

1.7

0.9
0.4
0.1
0.2
1.2
0.3

Risk(

96
19

10
7
4
6

19

20

Population

Study

Easton et al.,2®
Hunter et al 27

Easton et al.2®
Easton et al 28
| 26

Easton eta

Easton et al.?®

Stacey et al.**

Cox et al.2®

* CASP8 denotes caspase 8, dbSNP database of single-nucleotide polymorphisms, FGFRZ the fibroblast growth factor receptor 2 gene, LOCG643714
a hypothetical protein LOC643714, LSP1 lymphocyte-specific protein 1, MAP3K1 mitogen-activated protein kinase kinase kinase 1, and

TNRC9 trinucleotide repeat containing 9.

1 These genes are within the linkage-disequilibrium block or blocks defined by the associated variant and are plausible candidates for the

causal gene.
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