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It is very difficult to make
predictions, ........ specially
about the future

Niehls Bohr



A 2017 case scenario, ...
• A 35 year-old healthy woman, overweighted, nulliparous, breast 

density class D, a prior biopsy of atypical ductal hyperplasia and a 
family history of breast cancer



Tomasetti, Science 2017



• WHAT is the magnitude of my risk?
• SHORT-TERM vs CUMULATIVE LIFE-TIME 

absolute risks
• What is the relationship between genetic and 

environmental risk factors?

• WHAT can be done to reduce my risk?
• Early detection
• Prevention

• WHEN to start?

• Will medical actions IMPROVE the health-
outcomes?

CLINICAL VALIDITY

ACTIONABILITY

CLINICAL UTILITY



VALIDATED COMPREHENSIVE RISK PREDICTION 
MODELS 

for ACTIONABLE CANCER TYPES 

with CLINICALLY USEFUL SCREENING or 
PREVENTION OPTIONS

• We need...



Clinical validity

• What are the genotype/phenotype relationships?: 
• What is the disease risk associated to a specific 

deleterious genetic variant?

• Are these risks well quantified?

• Risk prediction model: 
• Is the risk depending on other factors?

• If so, can this risk be modelled?

Adapted from ACCE Model process for Evaluating Genetic Tests (CDC Office of Public Health Genomics website)



Clinical validity

• The validity of the risk estimates is a key determinant of 
the clinical utility of cancer susceptibility genetic testing

• The underpinnings of the guidelines should be based on 
reliable estimates of the risk of cancer

Easton et al, NEJM 2015



GENES CASES CONTROLS MEAN AGE RELATIVE RISK
(95% CI)

BRIP1 0.92% 0.09% /0.6%
63.8y

(93%>50y)
3.4 (2-5) (seg)

11.2 (3-34) (c-c)

RAD51C 0.41% 0.07% 70% >50y 5.2 (1.1-24)

RAD51D 0.35% 0.04% 92% >50y 12 (1.5-90)

Clinical relevance of inherited mutations beyond
BRCA1/2 in women with ovarian cancer

(Ramus et al, JNCI 2015; Song et al, JCO 2015; Norquist et al, JAMA Oncol 2015)



LIFETIME versus SHORT-TERM cumulative risk

• There is no consensus on how to calculate lifetime risk: 
• To what age?

• As age rises, the remaining risk falls

• It is not helpful in deciding WHEN to start screening or prevention

• Competitive risks

• Challenging for validation and calibration of prediction models



BCFR prospective study (Quante 2015)

IBIS Model: Non-BRCA carriers

• Observed BC risk (10 yr)
• 4.8% (95% CI 4.2-6.5%)

• Predicted Mean 10 yr Risks
• IBIS 3.9%

• BOADICEA 3.0%

• 70% of cancers occurred in patients with IBIS 10 
year risk >5%

Courtesy of Mary Beth Terry, Ph.D.

Courtesy of Mark Robson



BRCA1 and BRCA2 CANCER RISKS: 
PROSPECTIVE ANALYSIS

Kuchenbaecker, JAMA Oncology 2017



Kuchenbaecker, JAMA Oncology 2017



Actionability

• What?
• Incremental surveillance modality
• Surgery
• Pharmacological prevention

• When?
• Start surveillance at what age?
• How often to do surveillance?
• If surgery, when to begin considering and for whom?

What am I going to do differently 
once I know the cancer risk?

If the answer is “Nothing”, then 
the test/prediction has no 
actionable results

EGAPP: The Evaluation of Genomic Applications in Practice and Prevention, Genet Med 2009



Actionability of BC risk prediction in BRCA mutation carriers

• Annual screening MRI from the age 25 + addition of anual 
mammography from the age of 30 (LOE II, GOR A)

• By analogy: Lifetime risk >20-30% (10y risk >5%)

NCCN guidelines V2017; ESMO guidelines, 2016; NICE, 2013

Consideration of risk reducing mastectomy with
immediate breast reconstruction; chemoprevention



RMR 
70 y

10 y risk actions

Baseline 1
What is the risk of an untested 35y woman with a family
history of cancer and no prior testing?

22.1 3.9

RMR: Average screening
10 y: Moderate screening

BC PREDICTION in a BRCA1 MUTATION CARRIER
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What is the risk of a BRCA1 carrier with this family history? 79.4 30.6

RMR: High risk screening/
Prevention
10 y: high risk
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RMR 
70 y

10 y 
risk

actions

Baseline 1
What is the risk of an untested 35y woman with a family
history of cancer and no prior testing?

22.1 3.9

RMR: Average screening
10 y: Moderate screening

Scenario 2
What is the risk of a BRCA1 carrier with this family history? 79.4 30.6

RMR: High risk screening/
Prevention
10 y: high risk

Scenario 3 
What is the risk of a BRCA1 wild type with this family history? 20.5 3.5

RMR: Average screening
10 y: moderate screening



RMR 
70 y

10 y 
risk

actions

Baseline 1
What is the risk of an untested 35y woman with a family
history of cancer and no prior testing?

22.1 3.9

RMR: Average screening
10 y: Moderate screening

Scenario 2
What is the risk of a BRCA1 carrier with this family history? 79.4 30.6

RMR: High risk screening/
Prevention
10 y: high risk

Scenario 3 
What is the risk of a BRCA1 wild type with this family history? 20.5 3.5

RMR: Average screening
10 y: moderate screening

Scenario 4
What is the risk of a BRCA1 carrier without this family history? 57.0 14.1

RMR: High risk screening/
Prevention
10 y: High risk

BC PREDICTION in a BRCA1 MUTATION CARRIER



Clinical utility of cancer risk prediction followed by 
an actionable medical intervention

• “…its usefulness and added value to patient decision-making 
compared with current management without genetic testing 
and cancer prediction”

EGAPP: The Evaluation of Genomic Applications in Practice and Prevention, Genet Med 2009

Actionable: Reasonable clinician changes management based on the result/cancer 
prediction

Clinical utility: Using test in medical care improves measurable outcomes



• Survival of BC detected at screening with breast MRI + Mx versus screening
with Mx alone

• Retrospective cohort analysis (N=3021, 63 developed BC (40 in group 1, 23 in 
group 2)

Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Cancer Detection Rates

Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Patient Characteristics

Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Cancer Detection Rates

Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Patient Characteristics

Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Disease-Free and Overall Survival

Presented By Min Sun Bae at 2017 ASCO Annual Meeting



Conclusions were

• Combined screening with MRI and Mx improved cancer detection and
survival

• Benefits in reducing interval cancers, detecting smaller cancers, 
improving overall survival

What other women at high risk of BC may benefit from MRI screening?



Estimated average 5 year risks (%)
(Assuming constant RR, no competing risk)

Age US Pop
ATM

(RR 2.8)

CHEK2 
Truncating 

(RR 3.0)

CHEK2 
Missense
(RR 1.58)

NBN   
(RR 2.7)

25 0.04 0.12 0.13 0.07 0.12

30 0.14 0.38 0.41 0.21 0.37

35 0.30 0.84 0.90 0.48 0.81

40 0.61 1.70 1.83 0.96 1.64

45 0.94 2.64 2.83 1.49 2.55

50 1.12 3.14 3.36 1.77 3.03

55 1.33 3.71 3.98 2.10 3.58

60 1.72 4.81 5.15 2.71 4.64

65 2.11 5.92 6.34 3.34 5.71

70 2.20 6.17 6.61 3.48 6.04

Courtesy of Mark Robson



Estimated average 5 year risks (%)
(RR varying by FH, no competing risk)

Age US Pop
CHEK2 

1100delC  
(RR 3.0)

1100delC   
1 FDR

(RR 3.12)

1100delC
2 FDR

(RR 4.17)

1100delC
“Familial”

(RR 4.8)

25 0.04 0.13 0.13 0.18 0.20

30 0.14 0.41 0.41 0.55 0.64

35 0.30 0.90 0.93 1.24 1.43

40 0.61 1.83 1.90 2.54 2.93

45 0.94 2.83 2.99 4.00 4.60

50 1.12 3.36 3.54 4.74 5.45

55 1.33 3.98 4.19 5.60 6.45

60 1.72 5.15 5.52 7.37 8.49

65 2.11 6.34 6.83 9.13 10.51

70 2.20 6.61 7.18 9.59 11.04

Courtesy of Mark Robson



PALB2  Mean 5 year risks (%)
(Antoniou NEJM 2014)

Age US Pop PALB2
PALB2

(M BC 35)
PALB2

(M & S BC 50)

25 0.04 0.35 0.8 0.9

30 0.14 1.15 2.2 2.1

35 0.30 2.5 4 5

40 0.61 4.25 7 8

45 0.94 6.35 9 11

50 1.12 8 10 11

55 1.33 7.25 7 8

60 1.72 7.35 7 7

65 2.11 5.95 5 5

70 2.20 6.7 5 5

Courtesy of Mark Robson



BC PREDICTION in a CHEK2 MUTATION CARRIER

RMR 
70 y

10 y 
risk

Actions

Baseline 2
Mother and sister have BC and are CHEK2 carriers
What is the risk of the untested 35y old sister?

31.6 6.0

RMR: high risk screening
10 y: moderate screening
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RMR 
70 y

10 y 
risk

Actions

Baseline 2
Mother and sister have BC and are CHEK2 carriers
What is the risk of the untested sister?

31.6 6.0

RMR: high risk screening
10 y: moderate screening

Scenario 1
Mother and sister have BC and are CHEK2 carriers
Healthy sister is CHEK2 carrier

44.9 9.1

RMR: high risk screening
10 y: high risk screening
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RMR 
70 y

10 y 
risk

Actions

Baseline 2
Mother and sister have BC and are CHEK2 carriers
What is the risk of the untested sister?

31.6 6.0

RMR: high risk screening
10 y: moderate screening

Scenario 1
Mother and sister have BC and are CHEK2 carriers
Healthy sister is CHEK2 carrier

44.9 9.1

RMR: high risk screening
10 y: high risk screening

Scenario 2
Mother and sister have BC and are CHEK2 carriers
Healthy sister is CHEK2 non-carrier

18.4 3.0
RMR: moderate risk screening
10 y: average/mod screening



RMR 
70 y

10 y 
risk

Actions

Baseline 2
Mother and sister have BC and are CHEK2 carriers
What is the risk of the untested sister?

31.6 6.0

RMR: high risk screening
10 y: moderate screening

Scenario 1
Mother and sister have BC and are CHEK2 carriers
Healthy sister is CHEK2 carrier

44.9 9.1

RMR: high risk screening
10 y: high risk screening

Scenario 2
Mother and sister have BC and are CHEK2 carriers
Healthy sister is CHEK2 non-carrier

18.4 3.0
RMR: moderate risk screening
10 y: average screening

Scenario 3
No family history of cancer and CHEK2 carrier 19.3 2.4

RMR: moderate risk screening
10 y: average screening

BC PREDICTION in a CHEK2 MUTATION CARRIER



• Other reasons for short-term cancer risk predictions in high risk 
women (BRCA mut carriers) helpful in medical decision making….



New prevention options under development
for BRCA1 mutation carriers



RANK ligand as a target for breast cancer prevention in BRCA1 mutation carriers
GJ Linderman, SABCS 2016



RANK ligand as a target for breast cancer prevention in BRCA1 mutation carriers
GJ Linderman, SABCS 2016





Conclusions

• Robust cancer estimates for each cancer genetic susceptibility variant is key

• Validated comprehensive prediction models providing accurate short-term
and lifetime cumulative cancer risks are needed in the clinics

• BRCA1 and BRCA2 evidence-based data provide good genetic models for 
other new genetic variants

• Actionability and clinical utility of medical interventions need to be 
demonstrated in order to make cancer predictions useful in the clinics

• Incorporation of modifiable risk factors to these models will be helpful for 
personalized prediction, especially for moderate cancer gene variants


