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Objectives

1.Overview of epidemiology and risk factors for developing breast cancer.

2. General principles of breast cancer risk assessment and screening.

3. Overview of strategies to prevent breast cancer in high-risk individuals

4. Where do we go from here?



Breast Cancer is a Common Disease of Women
Incidence of Invasive Breast cancer in the US 246, 660

Incidence of invasive Breast Cancer in the World 1,300,000 per year

Life time Risk 1 in 8 women

Prevalence in the US ~2.7 million

Median Age of Diagnosis 61 

Mortality in US 40,450

Based on Survaillance Epidemiology and End Result Database; American Cancer Society, Cancer Facts & Figures. 2016

Race Incidence

All Races 125/100,000

White 128 per 100,000 women

Black 125 per 100,000 women

Asian/Pacific Islander 97 per 100,000 women

American Indian/Alaska Native 81 per 100,000 women

Hispanic 92 per 100,000 women



RISK FACTORS FOR BREAST CANCER

Prolonged

Estrogen 

Exposure

Age Family History

Other Risk Factors:
✓Exposure to ionizing radiation

✓Abnormal breast biopsies

✓Post-menopausal obesity

✓Alcohol

✓ Early Age of Menarche
✓ Late Age of 

Menopause

✓ Late 1st Pregnancy

✓ Hormone 

Replacement therapy

Female Sex



Known Genetic Predisposition 



Pathogenic/ Likely Pathogenic Germline Variants

High Penetrance Mod Penetrance Insufficient evidence

BRCA1/2 ATM (ER+) BRIP1

TP53 (LFS, HER 2 +) CHEK2 (ER+) NBN

STK11( PJS) BARD1 (TNBC) RAD50

PTEN (COWDEN) NF1 MSH2, MSH6, PMS2, MLH1, 

EPCAM( Lynch)

PALB2 RAD51C/ RAD 51D (TNBC)

CDH1 ( Lobular)

National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology. Genetic/Familial 

High Risk Assessment: Colorectal. V. 2019

The routine use of PRS for breast cancer risk assessment /prevention is discouraged. Further validation 
is required to understand interaction of SNPs with environmental/ hormonal risk factors as well disease 

subtype. Ongoing studies will shed light on utility of PRS in comprehensive risk assessment models to 

guide personalized therapy.
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National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology. Genetic/Familial 

High Risk Assessment: Colorectal. V3. 2022



National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology. Genetic/Familial 

High Risk Assessment: Colorectal. V3. 2022

How do you interpret germline testing results ? 
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13

JCO 2023 Mar 20;41(9):1703-1713



14

JCO 2023 Mar 20;41(9):1703-1713



15
JCO 2023 Mar 20;41(9):1703-1713



16 JCO 2023 Mar 20;41(9):1703-1713



Breast Cancer Risk Assessment 

1. Gail
2. IBIS
3. Claus
4. BRCAPRO
5. BOADICEA

Which one to go with?
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Breast Cancer Risk Assessment - GAIL 

▪ Gail Model predicts life time risk of developing breast cancer 
(http://www.cancer.gov/bcrisktool)

▪ Personal history of breast cancer

▪ Age

▪ Age of 1st Period

▪ Age of 1st life birth

▪ Number of 1st degree relatives with breast cancer

▪ History of breast biopsy

▪ History of pre-malignant changes (atypical ductal hyperplasia)

▪ Limitation: Does not consider family history beyond first-degree relatives with breast cancer. It 
does not factor in any other cancers or any paternal relatives with cancer. NOT useful for making 
recommendations for screening / risk reduction on individual basis

Gail et al. J Natl Cancer Inst 1999 



▪ Tyrer-Cuzick (IBIS)
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What about other risk assessment models? 

-Considers nongenetic risk factors such 

as age at menarche, first term birth, 

biopsy history, height and weight, age at 

menopause, etc.

-Considers a family history of breast and 

ovarian cancer beyond first-degree 

relatives.

-Often predicts breast cancer risks that 

are higher than other mathematic models.

▪ CanRisk (BOADICEA)

-Models the risks of breast and ovarian cancer 
based on family history and genotypes for variants 
in BRCA1/2, PALB2, CHEK2, ATM, BARD1, 
RAD51C, and RAD51D. 

-Incorporates the effects of common genetic 
variants (summarized as polygenic risk scores, 
PRS), 

-Includes lifestyle, hormonal and clinical features, 
breast density, and disease pathology. 

-Prospectively validated, both for the prediction of 
carrier probabilities and prediction of subsequent 
cancer risk.



J Natl Cancer Inst, Volume 102, Issue 10, 19 May 2010, Pages 680–691, https://doi.org/10.1093/jnci/djq088

.

Flowchart of the management of women who are referred to HRB 

Clinic.

https://doi.org/10.1093/jnci/djq088


What can be done to prevent breast cancer in 
individuals with high risk?

▪ Increased screening (breast exams, 
mammograms and breast MRI)

▪ Endocrine Therapy 

▪ Tamoxifen

▪ Raloxifene (post-menopausal 
women)

▪ Exemestane (post-menopausal 
women

▪ Anastrozole

▪ Risk Reducing Mastectomy

▪ Targeting modifiable risk factors



Cuzick, J. et al. J. Natl. Cancer Inst. 2007 99:272-282

Cumulative incidence rates for all breast cancers and invasive 
estrogen receptor (ER)-positive breast cancers according to treatment arm

N = 13,338

Uterine Cancer :

0.5% risk in the tamoxifen group

0.3% risk in the placebo group
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Cancer Prev Res (Phila). 2010;3(6):696-706

STAR, NSABP P2 : Raloxifene vs. Tamoxifen in high risk women
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Cancer Prev Res (Phila). 2010;3(6):696-706. 



Chemoprevention 

▪ SERM’s have shown to reduce breast cancer incidence in high-risk women 
by ~ 40% with greatest benefit in women with intraepithelial neoplasia ( 
ADH/ALH, LCIS/ DCIS) 

▪ Uptake remains low, likely from lack of mortality benefit and poor adherence 
given duration and frequency of AE’s.

Waters , Breast cancer research,  2012

Noonan S et al, CaPR 2018
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Ongoing high-risk studies at OSUCCC
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