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LEARNING OBJECTIVES

• To acquire a deeper understanding of the clinical course of breast cancer.

• To understand biological hypotheses on classification and risk stratification, ongoing/required research in 

therapeutics and knowledge of use of omics technologies for biomarker-enabled precision medicine for breast 

cancer.

• To develop skills and abilities for critical analysis, interpretation of research data and therapeutic strategies.

• To become better equipped for informed, innovative thinking and engagement in ongoing or new research 

projects.
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SCREENING FOR BREAST CANCER
What can we do beyond mammography ?



? SCREENING 

Basic characteristics of a screening test - Mammography

• Find disease ( BC ) when small, not causing symptoms, less likely to have spread beyond the local tumour

• quickly and easily applied 

• cost effective (cheap) 

• widely available 

• detects disease early and reduces ultimately disease related mortality

• Mammography

• proven to reduce mortality 20% over last 30 years, based on age only and related incidence 

• Population Based Screening vs Opportunistic Screening



What has changed ? Why thinking beyond classical screening

• underdiagnosis ( breast density), false positive cases (specificity), 

• overdiagnosis (lead time bias- DCIS)

• Advances in local and systemic treatment made BC a story of success with 

• Nonetheless treatment options are less favourable in advanced disease stages making early detection important



ACR A ACR B ACR C ACR D

Underdiagnosis/ false positive cases- breast density

A,B: non dense

C,D: dense



DENSITY OF THE BREAST

and related difficulties for imaging

Very difficult to spot a small cancer in a dense breast



BREAST DENSITY

Breast Density Notification Law in 2009 in Connecticut/ FDA finalised language in 3/23 

Boyd NF et al. Mammographic density and the risk and detection of breast cancer . N Engl J Med 2007

van der Waal D, Ripping TM, Verbeek AL, Broeders MJ.Breast cancer screening effect across breast density strata: A case-control study. Int J Cancer 2017;140(1):41–49

Brown AL et al Breast Cancer in Dense Breasts: Detection Challenges and Supplemental Screening Opportunities. Radiographics, Vol 42, Nr 10

Case of Dr. Nancy Cappello , diagnosed with lymphnode positive BC at age 51 (2004)

• despite regular ,yearly screening mammograms from the age of 40

• regular, monthly self examination, healthy life style, no family history

• Palpable ridge: US revealed 2.5 cm mass, with 13 positive lymphnodes, Stage III c, died of complication related to 

myelodysplastic syndrome in 2019

Mrs. Cappello campaigned for a law to have patients informed of their breast density and related low diagnostic performance

• low sensitivity of mammography (up to 93% in fatty breast to 30 % in extremely dense breasts ( D category)

• Number of false positive results in fatty breast 11/1000 mammo increases to 24/1000 in dense breast
• Screening reduces relative risk of death from BC in fatty breast to 43 % compared to 13 %

• Density is independent risk factor for developing breast cancer aside age and genetics ( 4-6 fold in D breasts)

http://orcid.org/0000-0001-9177-6098


OVERVIEW

Screening for breast cancer-what to do beyond mammography ?

• Clinical Examination

• Diagnostic Imaging modalities

• 2D mammography – working horse

• Ultrasound - complimentary tool, primary diagnostic tool in young women

• Tomosynthesis – address breast density

• MRI Breast ( abbreviated protocol)

• Contrast enhanced mammography  CESM – alternative to MRI- visualises neovascularisation

• Risk stratification vs One-size fits all

• Risk profile based approach requires patient engagement/choice

• Improve benefit-to-harm-ratio and cost-effectiveness



DIAGNOSTIC ASSESSMENT OF BREAST CANCER

CLINICAL EXAMINATION



DIAGNOSTIC IMAGING CHARACTERISTICS



ULTRASOUND AS ADJUNCT TO SCREENING

Fibroadenoma Invasive ductal carcinoma

Advantage:

Screening US increases detection of small, node negative cancers not detected on clinical examination and mammogram

Decreases interval cancer rate

Disadvantage:

Increases false positive rate ( 134/1000, benchmark mammo 50-120/ 1000) and high negative biopsy rate ( not cost effective)



AI may help improve characterisation

Decrease false positive rate



B-mode depicts a hypoechoic 

inhomogeneous, irregular 

mass lesion.

SSI shows a high elasticity 

score > 140 kpA

Helps avoiding unnecessary, 

benign BX’s



TOMOSYNTHESIS AS ADJUNCT TO SCREENING



TOMOSYNTHESIS HELPS MITIGATE DENSITY PROBLEM

Gao Y, Moy L, Heller SL. Digital Breast Tomosynthesis: Update on Technology, Evidence, and Clinical Practice. RadioGraphics 2021;41(2):321–337

• Improved margin 

assessment

• Improved 

characterisation

• Reduces recall rates 
in screening setting

• Increases cancer 

detection rate

• Increases false 

positive rate
• Less effective in 

very dense D breast



TOMOSYNTHESIS

Limitations



CAN MRI HELP ?

Tanja Gagliardi MD



Extensive high grade DCIS 



MRI-SCREENING TOOL IN HIGH RISK WOMEN ?

1909 women, lifetime risk greater or equal 15%

Kriege M et al. Efficacy of MRI and mammography for breast-cancer screening in women with a fimilial or genetic predisposition. N Engl J Med 2004



RISK REDUCTION AND SCREENING OF CANCER IN HEREDITARY 

BREAST-OVARIAN CANCER SYNDROMES 

ESMO Clinical Practice Guideline

   BRCA 1         BRCA 2

Ann Oncol. 2023;34(1):33-47. C. Sessa, J. Balmaña, S.L. Bober, et al, on behalf of the ESMO Guidelines Committee

-no data on cessation date of MRI

-as long as women is in good health

-not recommended to “switch” to mammography once density

decreases with age



Tanja Gagliardi MD



◆ High sensitivity but moderate specificity

◆ True positive : false positive = 1.9 : 1

◆ Pre-operative MRI changes surgical treatment

◆ BCT -> MX 

◆ Delays treatment ( sec. look ultrasound, BX, MRI guided BX)

◆ Costly and time consuming ( ? Abbreviated MRI)

◆ No impact on Overall Survival

◆ Little impact on local recurrent disease

Houssami, N., Turner, R.M. & Morrow, M. Meta-analysis of pre-operative magnetic resonance imaging (MRI) and surgical treatment for breast cancer. Breast Cancer Res Treat 165, 

273–283 (2017)



EUSOBI RECOMMENDATIONS

“In light of the available evidence, in women aged 50 to 70 years with extremely dense breasts (8% of screening 

population), the EUSOBI now recommends offering screening breast MRI every 2 to 4 years “

-Radiology Societies and Policymakers should act on this

- Women should be counselled and informed



OVERVIEW

Screening for breast cancer-what to do beyond mammography ?

• Clinical Examination

• Diagnostic Imaging modalities

• 2D mammography – working horse

• Ultrasound - complimentary tool, primary diagnostic tool in young women

• Tomosynthesis – address breast density

• MRI Breast ( abbreviated protocol)

• Contrast enhanced mammography  CESM – alternative to MRI- visualises neovascularisation

• Risk stratification vs One-size fits all

• Risk profile based approach requires patient engagement/choice

• Improve benefit-to-harm-ratio and cost-effectiveness



WHICH MODALITY IS BETTER FOR BC DIAGNOSIS ?

Mammography vs Contrast Enhanced Mammogram VS MRI

Breast MRI introduced in 1984, CEM in 2011 ( approved by FDA as adjunct modality for BC diagnostic follow up, but 

not screening)

• Mammogram standard for screening and symptomatic services, limitations in dense breast tissue, needs 

supplemented by Ultrasound

• CEM provides functional information similar to MRI visualising tumour vascularisation

• Sensitivity CEM vs mammography: 90.5% vs 52.4%

• Specificity CEM vs Mammography: 76.1 % vs 90.5%

• MRI Sensitivity up to 100%, Specificity 70-98 %

• MRI covers areas not well seen on mammo/CEM: posterior locations, prepectoral area, axilla

• MRI effective in implant diagnosis, no radiation, chemotheraphy assessment



Invasive

Lobular

Cancer

2 D mammography





Contrast enhanced

Mammography

CESM





MRI MIP

Contralateral lesion



Invasive lobular 
cancer bilateral, 
confirmed via 
MRI guided BX



CONTRAST ENHANCED MAMMOGRAPHY CESM

Why would you do it ?

◆ To mitigate low sensitivity of dense breast tissue

◆ As alternative to MRI breast if no easy access to MRI or MRI guided facilities, contra-indication to MRI

◆ One –stop – shopping principle ( no new date for MRI needed)



• Regular mammography should be considered mainstay of breast cancer screening NO CHANGE

• High-risk-women and women with extremely dense breast tissue ( BI-RADS D) should use MRI for supplemental 

screening or Ultrasound if MRI is not available

• Women need to participate actively in the decision to undergo personalised screening- risk stratified approach 

early in life

Eur Radiol. 2024 Apr 24. doi: 10.1007/s00330-024-10740-5.



RISK STRATIFICATION VIA RISK PREDICTION MODELLS

Vs One-size-fits all

• Age of menarche and menopause

• Reproductive history ( breast feeding)

• Obesity

• Previous biopsy with atypia

• Previous thoracic radiation therapy ( mantle field radiation: age 20- 35 y)

• Family cancer history, Genetic profile ( BRCA1/ BRCA2 carrier), Low penetrance genes ( CHEK 2,SNP’s )

• Breast density ( 2.9-6 fold increased risk compared to predominantly fatty breasts)



RISK CATEGORIES

Average risk= life time risk of 15 % or less

Intermediate risk= life time risk of 15-20 %

    biopsy with atypical ductal hyperplasia (ADH)

    biopsy with lobular carcinoma in situ (LCIS)

    previous personal history of breast cancer

High risk = life time risk of > 20 %

  - intermediate high : highly pos. family history, but no known mutation; CHEK2 or BARD1 ( low penetr. mut.)

  - very high > 50 % life time risk, due to hereditary mutations in high penetr. genes BRCA1/ BRCA2 (5-10%                          

  of all breast cancer cases



SCREENING FOR BREAST CANCER
What can we do beyond mammography ?



• Speak to your patients early on, 25 years as a start

• Calculate risk ( risk prediction models)

• Deep learning models applied to mammographic images may improve risk prediction

• Establish an individualised protocol / Several trials to investigate implementation of different screening modalities 

and schedules based on personal risk estimation for women not known to be at high risk

• MyPeBS ( My Personal Breast Cancer Screening) Europe

• WISDOM ( Women Informed to Screen Depending On Measures of risk) United States

• Readjust if needed ( becomes symptomatic, receives a biopsy, radiation for other reasons)



Marcon et al. Eur Radiol. 2024 Apr 24. doi: 10.1007/s00330-024-10740-5



Marcon et al. Eur Radiol. 2024 Apr 24. doi: 10.1007/s00330-024-10740-5
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BREAKTHROUGHS IN PERSONALISED, MOLECULARLY-
INFORMED RISK PREDICTION, SCREENING AND EARLY 
DETECTION OF BREAST CANCER

Lifestyle changes: IS PREVENTION POSSIBLE?
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LIFESTYLE CHANGES: IS PREVENTION POSSIBLE?

Towards stratified/personalized breast cancer prevention

◼ How does it work?

◼ Epidemiological data

◼ Interventional results

◼ How and for whom?

◼ Conclusions



LIFESTYLE CHANGES: IS PREVENTION POSSIBLE?

Towards stratified/personalized breast cancer prevention

◼ How does it work?

◼ Epidemiological data

◼ Interventional results

◼ How and for whom?

◼ Conclusions



REAPPRAISING CARCINOGENESIS: ONE’S INSTANTANEOUS RISK OF 

CANCER IS DEPENDENT ON AGE, TIME, GENETIC BACKGROUND, 

EXPOSURES

Swanton et al Cell 2024 1871589-1616

Many new potential early 

detection and prevention 

targets are arising 



Nishimura et al Nature 2023 and ESMO Breast 2024

THE CLONAL EXPANSION OF HEALTHY MUTANT BREAST CELLS MAKES

THE BED OF  A (NON OBLIGATORY) TRANSFORMATION 

(AND IS EXPOSURE-SENSITIVE)



A REVISITED VISION OF CARCINOGENESIS

7

Weeden, Swanton, Impact of risk factors on early cancer evolution, Cell 2023



IMPACT ON PRIMARY PREVENTION INTERVENTIONS

8

Weeden, Swanton, Impact of risk factors on early cancer evolution, Cell 2023



HOW DOES IT WORK: PHYSICAL ACTIVITY

9

Physical activity

Inflammation

Breast cancer risk
?

Swain et al CEBP 2023

Physical activity has a favorable effect on adiponectin, TNFa, IL6 



10

Metabolism

Drummond et al CEBP 2023

Physical activity has a favorable effect on the 

glucose metabolism

Physical activity Breast cancer risk
?

HOW DOES IT WORK: PHYSICAL ACTIVITY



11
Drummond et al CEBP 2023

The glucose metabolism influences breast cancer risk

Physical activity Breast cancer risk
?

HOW DOES IT WORK: PHYSICAL ACTIVITY

Metabolism



Hormones

Swain et al CEBP 2022 & CEBP 2022

Physical 

activity

regulates

hormone levels

Hormone levels

are associated

with breast

cancer risk

Physical activity Breast cancer risk
?

HOW DOES IT WORK: PHYSICAL ACTIVITY



LIFESTYLE CHANGES: IS PREVENTION POSSIBLE?

Towards stratified/personalized breast cancer prevention

◼ How does it work?

◼ Epidemiological data

◼ Interventional results

◼ How and for whom?

◼ Conclusions



RISK-ATTRIBUTABLE CANCERS

14
Global burden of disease, Lancet 2022

Women – global – risk-attributable Disability-adjusted life years (DALY)



BC INCIDENCE: WHAT IS THE MAGNITUDE OF THE 

EFFECTS IN THE GENERAL POPULATION?

15
IARC Handbook 2014



PHYSICAL ACTIVITY AND BREAST CANCER RISK: 

A LINEAR RELATIONSHIP

Diao et al Cancer Comm 2023



NUTRITION AND BREAST CANCER RISK: HOW BEST TO ASSESS ONE’S

NUTRITIONAL PROFILE?

17

Adherence to the WCRF prevention recommendations

has the highest level of evidence

Shams-White Nutrients 2019



18

Adherence to the WCRF prevention recommendations and breast

cancer risk in the UK Biobank

Macolmson BMC Med 2023

EFFECT OF ADHERENCE TO RECOMMENDATIONS ON BREAST CANCER 

RISK



19

Adherence to the WCRF prevention

recommendations (abbreviated score, 5 points)  

and breast cancer risk in the UK Biobank: effect

on cancer risk by 1 point increment

Macolmson CEBP 2024

EFFECT OF ADHERENCE TO RECOMMENDATIONS ON BREAST CANCER 

RISK



LIFESTYLE INDEX (LI) AND RISK OF BREAST CANCER: EVIDENCE

WHATEVER THE RISK LEVEL

Prospective cohort, by PRS-defined risk level

20

Byrne et al Int J Epidemiol 2023



NUTRITION: EMERGING TARGETS ULTRA PROCESSED FOOD

CONSUMPTION

21

Postmenopausal breast 

cancer NOVA1 vs 4

Multiadjusted  

HR 0·93, 0·90–0·97

De Oliveira Front Nutr 2022

Kliemann 2023 Lancet Planet Health 



NUTRITION: EMERGING TARGETS

Many others emerging but limited evidence so far:

• Emulsifiers Sellem 2024 (HR = 1.24; 95% CI [1.03, 1.51]

• Western diet Castello 2024 (HR (95 % CI) 1.30 (0.98;1.72)

• Artificial sweeteners Debras 2023 HR = 1.22 [95% CI 1.01 to 1.48]

• Sugar drinks  Chazelas 2019 1.22, 1.07 to 1.39

• Organic food....



LIFESTYLE CHANGES: IS PREVENTION POSSIBLE?

Towards stratified/personalized breast cancer prevention

◼ How does it work?

◼ Epidemiological data

◼ Interventional results

◼ How and for whom?

◼ Conclusions



LIFESTYLE CHANGES AT MIDDLE AGE AND SUBSEQUENT 

RISK OF ANY CANCER

Decreased risk whatever the initial lifestyle index

Botteri et al Eur J Epidemiol 2024

EPIC cohort



PRIMARY PREVENTION INTERVENTIONS ON 

EXPOSURE/LIFESTYLE FACTORS

Plenty of epidemiological data, very little prospective intervention data

Studies primarily on surrogates

25
Kudiarasu Cancer 2023



INTERVENTIONS ON EXPOSURE/LIFESTYLE FACTORS

A major prospective study: Women's Health Initiative (WHI) Dietary 

Modification (DM) 

Intervention = low-calorie, low-fat diet versus standard diet 

Co-primary end points = incident 

invasive breast cancer and 

colorectal cancer, to be analysed 

separately.

26

Risk of death from breast cancer

HR, 0.79; 95% CI, 0.64 to 0.97

Chlebowski J Clin Oncol 2020



Chlebowski et al, J Clin Oncol 2020, JOP 2021

A NUTRITIONAL INTERVENTION COULD HAVE MORE EFFECT ON 

BC MORTALITY THAN ENDOCRINE TREATMENTS!!



A MODEL FOR BREAST CANCER INTERCEPTION: LONG-TERM

EFFECT OF 5 YEARS OF TAMOXIFEN IN THE IBIS-1 STUDY

28
Cuzick et al Lancet Oncol 2015; SABCS 2023

Reprogramming breast tissue?



LIFESTYLE CHANGES: IS PREVENTION POSSIBLE?

Towards stratified/personalized breast cancer prevention

◼ How does it work?

◼ Epidemiological data

◼ Interventional results

◼ How and for whom?

◼ Conclusions



INTERNATIONAL RECOMMENDATIONS FOR WOMEN AT 

HIGHER RISK OF BREAST CANCER: NCCN 2024

30



HOW TO DELIVER THIS PREVENTION? 
BEYOND GENERAL INTERVENTIONS: PERSONALISED RISK REDUCTION FOR  HIGH RISK 

INDIVIDUALS

Suzette Delaloge

31

Exposures

Tobacco, alcohol, 
viruses, radiations, sun, 

pollutants, nutrition, 

night work, overweight, 
sedentarity, 

hormones......

Genetics

0 20 6040 80

Identification of a high-

no risk situation few 

years before event
Targeted intervention

Cancer event



HOW TO DELIVER PREVENTION / 

RISK REDUCTION? 

THREE MAJOR ISSUES

Equitable interventions are 

absolutely necessary!

Beware of short-sightedness : biomarkers and 

intermediate objectives are instrumental

Take the environment into account



Positive screening

Suspected cancerCoordinated follow-

up

One Stop shop

Immediate care

Identification of risks Personalized screening and prevention Early management Information, awareness

Identification of 

at risk individuals

ScoRisk

Digital interface My*Interception
Digital front-end 

interface

The full pathway includes 4 indivisible pillars:

Extensive education and 

awareness regarding nutrition 

and physical activity

NEED FOR DEDICATED HEALTH CARE PREVENTION PATHWAYS



EARLY RESULTS OF THE INTERCEPTION PROGRAMME: 1-YEAR 

IMPROVEMENT IN WCRF PROFILE

34

N=324 respondents at 1 year

30% gained 1 WCRF point

Evolution WCRF score



LIFESTYLE CHANGES: IS PREVENTION POSSIBLE?

Towards stratified/personalized breast cancer prevention

◼ How does it work?

◼ Epidemiological data

◼ Interventional results

◼ How and for whom?

◼ Conclusions



Conclusions

36

▪ Up to 25% breast cancers avoidable trhough lifestyle modifications

▪ Lifestyle exposures including BMI, nutritional profile and physical

activity are targets of interest for breast cancer prevention both in the 

general population, and among women at increased risk

▪ Translating from the immense amount of epidemiological data and 

interventions is not obvious....

▪ Personalised prevention of breast cancer is emerging

▪ Simple risk-reduction measures associated with strong levels of 

evidence are good achievable targets associated with demonstrated

benefits☺
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BACKGROUND

Germline pathogenic variants (PV) in ~6*-17^% of contemporary breast cancer (BC) cohorts

Most common germline PVs amongst patients with BC – BRCA1, BRCA2

BRCA1/2 pathogenic variants (PV) - ↑ prevalence in younger women with BC, TNBC, FHx of BC or Ovarian cancer 

(+ other malignancies) and in certain ethnic groups (Ashkenazi Jewish)

A PV in BRCA1/2 confers a lifetime risk of 35-90% of  BC

What we find in terms of hereditary predisposition genes including prevalence will depend on where we look (cohort):

-Age – BRCA1/2 – higher prevalence of early onset breast cancer

-Subtype

-Stage of disease

-Ethnicity

Tung et al JCO 2016; Rosenberg et al, JAMA Onc 2016; Kuchenbacker et al JAMA 2017BC=Breast Cancer   TNBC=Triple Negative Breast Cancer PV=pathogenic variant



THE CHALLENGE

“Other” non-BRCA1/2 moderate-high penetrance genes

↑ use of multi-gene germline panel tests - ↑ identification of other moderate-high penetrance genes

↑ use of genomic testing in ABC - ↑ identification of germline pathogenic variants

For non-BRCA1/2 moderate-high penetrance genes – limited data or evidence on:

- Screening

- Appropriate risk-reducing measures

- Optimal oncological management – surgery, systemic treatment, radiotherapy

For non-BRCA1/2 moderate-high penetrance genes – limited yet growing body of data on phenotype and 

disease course



BACKGROUND

Lifetime risk of breast cancer

BCAC, NEJM, 2021; Hu et al, NEJM, 2021



Cumulative Breast Cancer Risk amongst BRCA1/2 mutation carriers

Kuchenbacker, JAMA 2017CI, confidence interval 



Population BRCA1 BRCA2 ATM CHEK2

(1100delC)

CHEK2 

(I157T)

PALB2

<40 0.5% 24% 13% 1.4% 1.5% 0.8% 4%

40-49 2% 43% 35% 5.6% 5.9% 3.2% 14%

50-59 4.4% 56% 53% 11.8% 12.6% 6.8% 26%

60-69 8% 66% 61% 20.8% 22.1% 12.3% 35%

CLTR (80) 12% 72% 69% 30% 31.8% 18.3% 44%

Tung et al, Nature Rev Clin Oncol, 2016; 

Kuchenbaeker, JAMA 2017

Average estimated cumulative lifetime breast cancer risks



LIFETIME CANCER RISK IN HBOC ASSOCIATED PV

HBOC=hereditary breast & ovarian cancer syndrome; PV=pathogenic variant

Sessa….Paluch-Shimon, Annals of Oncology, 2023



HEREDITARY BREAST CANCER SYNDROME – HOW DOES 

THIS CHANGE PATIENT MANAGEMENT?

Risk management- screening & risk reducing measures (individual, family, population)

Local management

-Lumpectomy vs mastectomy

-Bilateral mastectomy?

Systemic therapy

-Early breast cancer – PARP inhibitors

-Advanced breast cancer –BRCA1/2, PALB2 – PARP inhibitors, platinum agents

Reproductive considerations

Ongoing follow-up & survivorship



IMPORTANT CONSIDERATIONS

Different genes, different risks, different management

• Not all HBOC syndromes are created equal – different gene PVs, different risks

• HBOC syndromes can be divided into high risk & low-moderate risk – the approach to screening and risk-

reduction should be tailored according to risk combined with family history

• Validated risk assessment tools (such as CanRisk (https://www.canrisk.org/) may be used to aid individual risk 

management [C]

• Risk-reducing mastectomy  is most beneficial in women with a high risk PV

• Frequency and modality of breast imaging will be different for the different HBOC syndromes

• RRBSO should not be performed unless there is an associated ovarian cancer risk or a therapeutic indication, 

and should not be performed earlier than clinically indicated – it has far reaching impact on women’s health!!

https://www.canrisk.org/


INDIVIDUALIZING RISK



INDIVIDUALIZING RISK

Same mutation, different individual, different risk

To tailor risk assessment eed to:

• Incorporate risk factors – family history, mammographic breast density, reproductive factors, polygenic risk score

• Use of validated risk prediction models & tools:

 www.Canrisk.org

Sessa….Paluch-Shimon, Annals of Oncology, 2023

http://www.canrisk.org/




POLYGENIC RISK SCORE

• Combined risk from multiple risk inducing single nucleotide polymorphisms (SNPs) from GWAS studies

• Explain approximately 30% of breast cancer hereditability

• Combined with other risk factors & risk prediction models can help tailor risk estimates

 Example – study by Gao et al – was able to classify >30% of CHEK2 & 50% of ATM carriers with an estimated 

lifetime risk <20%

• Limitations? Most GWAS studies on women >50 and Caucasian

• Challenges? Communicating risk

GWAS=genome wide association studies

Gao et al, JCO, 2021, Roberts et al, The Breast, 2023



POLYGENIC RISK SCORE

Gallagher et al, JAMA network open, 2020



Yang et al, Journal of Med Genetics, 2022



INDIVIDUALIZING RISK

Penetrance and prognosis can differ between different types of PVs

• Missense PVs in both functionally important domains (RING and BRCT) in BRCA1 are associated with lower risks 

of BC than protein truncating (PTC) variants

      - Cumulative risk by age 70 for BRCA1 PTC was 70% compared with a missense PV in the BCRT domain

      - Differences less pronounced in BRCA2, but slightly lower risk for missense mutations in families where Dx       

was >50yro

      - For women >50 at Dx with a BRCA missense PV – risk level similar to moderate penetrance PVs

Li et al, Genet Med, 2023



SCREENING & RISK REDUCTION



INTENSIFIED SCREENING FOR BREAST CANCER

• Women with HBOC should be offered intensified screening if they do not opt for RRM [A].

• Breast MRI should be considered the essential component of intensified screening 

programmes [A].

• In the presence of a BRCA1, BRCA2 or PALB2 PV intensified screening should start at age 

30, or 5 years younger than the youngest family member with breast cancer [A].

• Annual screening intervals are recommended, except for BRCA1, where 6-monthly 

screening should be considered [A].

• If half-yearly screening is considered, this may be best achieved by annual MRI and, 

depending on availability, resources and local guidelines, the following imaging may be 

considered in between annual MRI studies: 

◆ in carriers 30-39 years of age, ultrasound with or without mammography [C]

◆ in carriers ≥ 40 years of age, mammography with or without ultrasound [C]

RRM=risk reducing mastectomy



INTENSIFIED SCREENING FOR BREAST CANCER

• Women with PVs in ATM, BARD1, CHEK2 (truncating), RAD51C or RAD51D should have 

comprehensive assessment of breast cancer risk to determine eligibility for breast MRI [C].

• In the presence of CDH1, PTEN or STK11 PVs, intensified breast screening should start at 

age 30, or 5 years younger than the youngest family member with breast cancer and from 

age 20 for TP53 [A].



RISK REDUCING SURGERY – BREAST CANCER

• BRRM is the most effective method for reducing breast cancer risk for BRCA1/2 carriers and 

should be discussed in the context of individually tailored decision making [B].

• BRRM should be discussed in carriers of other high-risk genes alongside family history – 

TP53, PTEN, STK11, CDH1 and PALB2 [C].

• NSM is a reasonable alternative to TM [C].

• Immediate reconstruction is safe and should be offered [C].

• In women with stage I-III high-risk PV-associated breast cancer (not including TP53), breast-

conservation with therapeutic radiation is a safe alternative to RRM. RRM should be 

considered within the context of disease prognosis, risks and benefits, and patient 

preference [C]. 

BRRM=bilateral risk-reducing mastectomy; NSM-nipple-sparing mastectomy; TM=total 

mastectomy; PV=pathogenic variant



RISK REDUCING MASTECTOMY – UNAFFECTED CARRIERS

• Conflicting data whether risk reducing mastectomy impacts survival  in unaffected carriers

Heemskerk-Gerritsen et al, BCRT, 2019

BRCA1 BRCA2



RISK REDUCING MEDICATION IN BRCA CARRIERS

Tamoxifen

• NSABP-P1 sub-study – too small to draw conclusions

• Some retrospective studies suggesting benefit

• Self-reporting study on Tamoxifen use – suggested reduced risk of BC in BRCA carriers 

Aromatase inhibitors

• LIBER study – under-powered – no benefit of Letrozole vs placebo

• Retrospective study, in women with BC, aromatase inhibitors reduce the risk of CBC in BRCA carriers

King et al, JAMA 2001; Phillips et al, JCO, 2013; Shafaee et al, BCRT, 2022; Pujol et al, JCO 2020; Kostopoulos, BRT, 2023

No data in non-BRCA pathogenic variants, 

strong rationale exists – for example ATM & CHEK2 mostly associated wit hormone positive breast cancers!



OVARIAN CANCER RISK-REDUCTION

• The most effective strategy for ovarian cancer risk reduction in BRCA1/2 PV carriers is RRBSO [A]. 

• RRBSO should be carried out in women who have completed childbearing, at age 35-40 for BRCA1 PV carriers and at age 
40-45 for women with BRCA2 PVs. Timing of surgery should take into consideration family history [B]

• Risk-reducing salpingectomy (bilateral salpingectomy alone or bilateral salpingectomy followed by delayed oophorectomy) are 

not recommended outside the setting of a clinical trial [C].

• RRBSO should be considered in women who have completed childbearing who are carriers of PVs in BRIP1, RAD51C, 

RAD51D at age 45-50. RRBSO may be considered for post-menopausal women with a PALB2 PV [C].

PV=pathogenic variant , RRBSO=risk-reducing bilateral salpingo-oophorectomy



OVARIAN CANCER RISK-REDUCTION

• The PV type, patient’s preferences and family history should be taken into consideration when deciding the timing of RRBSO. 

• It should be delayed until an age when ovarian cancer risk is increased above that of the general population. 

• Performing RRBSO before the necessary age can have a negative impact on a woman’s health including all the 
consequences of premature menopause (increased risk of osteoporosis, cognitive dysfunction, cardiovascular disease and 

early mortality) thus appropriate timing is critical.

PV=pathogenic variant , RRBSO=risk-reducing bilateral salpingo-oophorectomy



MANAGEMENT OF RISK IN AFFECTED 
CARRIERS



BCS vs Mastectomy

◆ BCS is a legitimate and safe choice

◆ Therapeutic radiation is safe:

- Reduces local ipsilateral recurrence

- Does not increase contra-lateral disease

◆ Contralateral radiation?

◆ Contralateral mastectomy – some studies suggest that there may be a long 

term survival benefit

◆ Decision must be tailored to individual’s needs
 



Risk of contralateral breast cancer?

ATM BRCA1 BRCA2

CHEK2 - all CHEK2 – 1100delc PALB2





RISK OF CONTRALATERAL BC BY SUBTYPE & GERMLINE PV

Yadav et al, JCO, 2023



RISK OF CONTRALATERAL BC BY GERMLINE PV, SUBTYPE & MENOPAUSAL STATUS

Yadav et al, JCO, 2023



DOES CRRM IMPROVE SURVIVAL?

Stage 1 & 2 at Dx

Most were <50 at Dx

Metcalfe, BMJ, 2014

Greatest benefit in <40 & low risk/favorable 

features

Heemskerk-Gerritsen, Int J Cancer, 2015



DOES CRRM IMPROVE SURVIVAL?

Shubeck et al, Ann of Surg Oncol, 2022



What’s happening in the clinic?

Reid et al, JAMA Oncol, 2022



RISK GOES BEYOND CANCER 
DIAGNOSIS….



Reproductive & Psychosocial issues

Reproductive

◆ Timing of RRSO

- For BRCA1 – between 35-40

- For BRCA2 – 40-45

◆ Fertility preservation

◆ PGD – pre-implantation genetic diagnosis

◆ Pregnancy after BC - safe

◆ Premature menopause – impact on sexual 

health, bone health, quality of life

Psychological

◆ Knowledge of BRCA1/2 status may arrive 

at a time of great distress

◆ Multitude of reproductive & therapeutic 

/risk reducing decision

◆ Risk reducing measures are often an 

assault on self-image, “womanhood”

◆ Far reaching implications for family 

planning and for extended family

RRSO = risk reducing salpingo-oophorectomy     Lambertini, JAMA, 2024



FUTURE DIRECTIONS

• Clinical integration of PRS (polygenic risk score) and adaptation for non-Caucasian populations

• Novel risk reducing strategies – BRCA-P study (NCT04711109)– targeting of RANK/RANKL pathway with 

denosumab in unaffected BRCA1 carriers who have not undergone BRRM

• Machine learning algorithms and breast imaging interpretation

• Liquid biopsies



SUMMARY

• Risk is a continuum – it varies by gene, by specific variant, by population

• Screening and risk-reduction for individuals with a HBOC syndrome is complex and should be tailored based on 

risk, family history and patient preference

• In affected carriers choices on ongoing surveillance and risk-reduction must be tailored to stage, natural history of 

disease and prognosis

• Multi-disciplinary care is critical

• Further research is needed about the management of individuals with HBOC syndromes, particularly those with 

moderate risk pathogenic variants

• Over-aggressive and non-evidence based screening and risk reducing measures can cause harm 

 - "primum non nocere”





BRCA1 pathogenic variant

Breast cancer risk Ovarian cancer risk

Screening Risk reduction

Intensified surveillance with MRI from 

age 30 or 5 years younger than the 

youngest family member with BC [A]

Imaging should be performed at 6-

monthly intervals [A]

If MRI  not available for 6-monthly 

screening, consider: [C]

- In carriers 30-39 years of age, US 

with / without mammography

- In carriers ≥40 years of age, 

mammography with / without US

If RRM & reconstruction 

performed, consider 

baseline MRI following 

surgery [C]

- If negligible residual 

breast tissue, no further 

imaging screening  [D]

Risk reductionScreening

May offer 6-monthly TVUS 

& serum CA-125 from the 

age at which RRBSO is 

recommended until RRS 

is completed [C]

Following RRBSO, no 

further intensified 

gynaecological screening

RRBSO between 

ages 35 and 40 [A]

RRM [A] RRMed

RRMeds may be 

considered if RRM 

is not being 

adopted or risk 

does not warrant 

RRS [C]

Summary - Screening & Risk Reduction – BRCA1 



BRCA2 mutation

Breast cancer risk Ovarian cancer risk

Screening Risk reduction

Intensified surveillance with MRI from 

age 30 or 5 years younger than the 

youngest family member with BC [A]

Imaging should be performed annually 

[A]

If RRM & reconstruction 

performed, consider 

baseline MRI following 

surgery [C]

- If negligible residual 

breast tissue, no further 

imaging screening [D]

Screening Risk reduction

May offer 6-monthly TVUS 

& serum CA-125 from the 

age at which RRBSO is 

recommended until RRS 

is completed [C]

Following RRBSO, no 

further intensified 

gynaecological screening

RRMed

RRMeds may be 

considered if RRM 

is not being 

adopted or risk 

does not warrant 

RRS [C]

RRM [A]

RRBSO between 

ages 40 and 45 [A]

Summary - Screening & Risk Reduction – BRCA2 
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