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KEY in genetics research: 
Identification of persons at increased 
risk for cancer before its development

Total estimated national expenditures for 
cancer care around $208.9 billion in 2020

$208.9 billion 

19 million new cases 
of cancer diagnosed

Over 10 million deaths 
worldwide in 2020



Proportion of Inherited Cancer
Sporadic VS Familial VS Inherited Cancer
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Common Cancer
Common Hereditary & Non-Hereditary Cancer

Common Hereditary Cancer 

Breast Cancer

Ovarian Cancer


Endometrial Cancer

Colorectal Cancer


Thyroid Cancer


Common Non-Hereditary Cancer 

Hepatobilliary Cancer

Lung Cancer


Cervical Cancer

Head & Neck Cancer


Germ Cell Tumor

Leukemia



Two-hit Hypothesis

The Role of Cyclin E in Cell Cycle Regulation and Genomic Instability ;Sep 17, 2020

Two-hit hypothesis

Alfred G. Knudson 
(1922-2016)

Sporadic Cancer

Inherited Cancer Susceptibility

Malignant Phenotype
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Second Hit
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Initiation of Cancer Development



Two-hit hypothesis

Initiation of Cancer Development

The Role of Cyclin E in Cell Cycle Regulation and Genomic Instability ;Sep 17, 2020, Jean L. Bolognia Dermatology 4th Edition

Sporadic Cancer

Inherited Cancer Susceptibility

Malignant  
Phenotype

Malignant  
Phenotype

Loss of Heterozygosity

Two-hit Hypothesis



General Considerations
Terminology

Genet Med 17, 405–423 (2015).

Mutation

Variant

Polymorphism
A permanent change in the 

nucleotide sequence
A variant with a frequency 

above 1%

≠
 Replace both terms by



General Considerations
Variant Modifiers; 5-tier System of Classification

1. Pathogenic 
2. Likely Pathogenic 
3. Uncertain Significance 
4. Likely Benign 
5. Benign 

Clinicians and patients were willing to tolerate a slightly higher 
chance of error, leading to the 90-95% decision

Genet Med 17, 405–423 (2015).

> 95% certainty of pathogenicity 
> 90% certainty of pathogenicity 
  
> 90% certainty of benign 
> 95% certainty of benign



Genetic/Familial  
High-Risk Assessment:  
Breast, Ovarian, and Pancreatic
NCCN Clinical Practice Guidelines in Oncology (NCCN Guideline®) 
Version 1.2024

Review Guideline

Kanin Sriudomporn, MD 
Division of Medical Genetic and Molecular Biology,  
Department of Internal Medicine



Estimated New Cases

Breast Cancer
Overview

American Cancer Society. Cancer Facts & Figures 2023.



Breast Cancer
Overview

Estimated Deaths 

American Cancer Society. Cancer Facts & Figures 2023.



Breast Cancer in Thailand
The Most Common Top 10 Cancer of Thai Women

Breast

Cervix Uteri

Colon & Rectum

Corpus Uteri

Trachea, Bronchus & Lung

Ovary

Liver & Bile Duct

Stomach 

Oral Cavity

Pancrease

37.9%

13.8%

10.1%

6.8%

6.1%

6.0%

4.4%

2.0%

1.6%

1.5%

Hospital-Based Cancer Registry 2021



Breast Cancer in Thailand
Number of New Breast Cancer Patients by Staging

Female

Total

Number %
Stage

Hospital-Based Cancer Registry 2021



Breast Cancer in Thailand
Number of New Breast Cancer Patients by Age-group

Breast Cancer ≤ 50 year: 
51.5 %

Hospital-Based Cancer Registry 2021





Breast &

Ovarian Cancer

Sci Rep 11, 2847 (2021).

The Angelina Effect
Family History of Hereditary Breast and Ovarian Cancer

[ [[ ] ] ]
37 years

56 years

45 years

61 years

Ovarian Cancer

Breast Cancer

On May 14th 2013, Angelina 
Jolie shared with the world her 
experience of bilateral risk 
reducing mastectomy 11 based 
on her inheriting a maternally 
derived pathogenic variant 
mutation in the BRCA1 gene. 

Pedigree

In 2015, Angelina Jolie wrote about 
her experience with risk reducing 
salpingo-oophorectomy.



BRCA-Related Cancer Syndrome

BRCA1 gene: 

Chromosome 17q21.31

Triple-negative predisposing

Overall prevalence:  
BRCA1 & BRCA2 = 1:400 to 1:500

Repair of replication-mediated dsDNA 
breaks (Homologous Recombination)

BRCA2 gene: 

Chromosome 13q13.1

ER+ predisposing

Hereditary Breast and Ovarian Cancer

Obstet Gynecol 2009;113:957-966. 



DNA Repair Mechanism
PARP inhibitor

Annals of Oncology 25: 32–40, 2014



DNA Repair Mechanism
Double Strand Break Repair

Essential Cell Biology 5th Edition (2018).
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DNA Repair Mechanism
Double Strand Break Repair and Normal PARP Function

Nymus 3D: https://www.youtube.com/watch?v=2yI_SoOWFMU

https://www.youtube.com/watch?v=2yI_SoOWFMU


Hereditary Breast and Ovarian Cancer
Kaplan-Meier of Cumulative Risks of Breast and Ovarian Cancers

J Natl Cancer Inst 2006;98:1694-1706.

n = 9,856 unaffected BRCA1/2 carriers

Cumulative risk of Breast 
cancer by age of 80 

BRCA1 = 72% 
BRCA2 = 69%

Cumulative risk of Ovarian 
cancer by age of 80 

BRCA1 = 44% 
BRCA2 = 17%



I 

II 

III

Penetrance
Asymptomatic/Presymptomatic Carrier

Oxford Desk Reference: Clinical Genetics and Genomics 2nd Edition

Asymptomatic/presymptomatic carrier  
:no clinical symptoms now, but could later exhibit symptoms



Proportion of Predisposing Genes

Clin Cancer Res 2017;15;23(20):6113-6119.

 BRCA2         
 BRCA1         
 PALB2            
 TP53              
 ATM

Hereditary Breast and Ovarian Cancer

37 % 
19 % 
7 % 
5 % 
4 %



Genetic Risk Assessment & Counselling

Evaluation of Patient’s Needs and Concerns 
Assess the patient’s concerns and reasons for seeking counselling

Address their personal needs and priorities in the counselling process

Highly exaggerated perception of risk among women with family history who 
seek cancer risk counselling

Assess patients knowledge about benefits, risks, and limitations of genetic 
testing

Positive supportive interaction

Journal of Clinical Oncology, Vol 17, No 3 (March), 1999: pp 1040-1046

Formal Risk Assessment



Genetic Risk Assessment & Counselling

Journal of Clinical Oncology, Vol 17, No 3 (March), 1999: pp 1040-1046

Formal Risk Assessment



Genetic Risk Assessment & Counselling
Genetic Counselling

J Clin Oncol 2017. 35:2232-2239.

Many patients undergoing genetic 
testing do not receive proper 

counselling



Genetic Risk Assessment & Counseling
Principles of Genetic Risk Assessment and Counseling

The decision to offer genetic testing involves 3 related stages: 

It is recommended that a genetic counselor, clinical geneticist, oncologist, 
surgeon, oncology nurse, or other health professional with expertise and 
experience in cancer genetics be involved at each stage whenever possible.

NCCN Guideline Version 1.2024

Pre-test 
Counseling

Appropriate 
Test Consideration

Post-test 
Counseling



Genetic Risk Assessment & Counseling
Principles of Genetic Risk Assessment and Counseling

The decision to offer genetic testing involves 3 related stages:


Testing should be considered in appropriate individuals where it is likely to 
impact the risk management and/or treatment of the tested individuals and/or 
their at-risk family members who also have increased risk. 

Pre-test 
Counseling

Appropriate 
Test Consideration

Post-test 
Counseling

NCCN Guideline Version 1.2024



Genetic Testing Process

Multi-gene testing

Next-generation sequencing

NCCN Guideline Version 1.2024

Hereditary Breast and Ovarian Cancer



Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically Indicated

• Individuals with any blood relative with a known pathogenic/likely 
pathogenic variant in cancer susceptibility gene


• Individuals meeting the criteria but tested negative with previous limited testing 
(eg, single gene and/or absent deletion duplication analysis) pursuing multi-gene 
testing


• A pathogenic/likely pathogenic variant identified on tumor genomic testing that 
has clinical implications if also identified in the germline


• To aid in systemic therapy and surgical decision-making

• Individual who meets Li-Fraumeni syndrome testing criteria or PTEN 

hamartoma tumor syndrome testing criteria or Lynch syndrome

NCCN Guideline Version 1.2024



• For Personal or Family History of Breast Cancer with specific features:

•

Breast cancer diagnosed at  
age ≤ 50 years 

50
Age

Age ≤ 50 years

Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically IndicatedGeneral Testing Criteria: Clinically Indicated
Hereditary Cancer Testing Criteria

NCCN Guideline Version 1.2024



• For Personal or Family History of Breast Cancer with specific features:

•

Age
50

Any Age

• Ashkenazi Jewish 

• Male Breast Cancer 

Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically IndicatedGeneral Testing Criteria: Clinically Indicated
Hereditary Cancer Testing Criteria

NCCN Guideline Version 1.2024



• For Personal or Family History of Breast Cancer with specific features:

•

Age
50

Any Age

Pathology/Histology 
• Triple-negative Breast Cancer 
• Multiple Primary Breast Cancer (Synchronous or Metachronous) 
• Lobular Breast cancer with family history of diffuse gastric cancer 

Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically IndicatedGeneral Testing Criteria: Clinically Indicated
Hereditary Cancer Testing Criteria

NCCN Guideline Version 1.2024



• For Personal or Family History of Breast Cancer with specific features:

•

Age
50

Any Age

Family History ≥ 1 close blood relative with 
• Breast Cancer at age ≤ 50 years 
• Male Breast Cancer 
• Ovarian Cancer (include fallopian 
 tube or peritoneal cancer) 

Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically IndicatedGeneral Testing Criteria: Clinically Indicated
Hereditary Cancer Testing Criteria

• Pancreatic Cancer 
• Prostate Cancer with metastatic, or 

high- or very-high-risk group 

NCCN Guideline Version 1.2024



• For Personal or Family History of Breast Cancer with specific features:

•

Age
50

Any Age

Family History  
• ≥ 3 total diagnoses of breast and/or prostate cancer (any grade) on the 

same side of the family including the patient with breast cancer 

Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically IndicatedGeneral Testing Criteria: Clinically Indicated
Hereditary Cancer Testing Criteria

NCCN Guideline Version 1.2024



• An individual affected with breast cancer (not meeting testing criteria) or 
unaffected individual with a first- or second-degree blood relative meeting any 
of the criteria (except unaffected individuals whose relatives meet criteria only 
for systemic therapy decision-making) 


• An affected or unaffected individual who otherwise does not meet the criteria 
above but has a probability >5% of a BRCA 1/2 pathogenic variant based on 
prior probability models (eg, Tyrer-Cuzick, BRCAPro, CanRisk)

Hereditary Cancer Testing Criteria
General Testing Criteria: Clinically Indicated

NCCN Guideline Version 1.2024



“A SPecial FROG”

Hereditary Cancer Testing Criteria
General Testing Criteria: Mnemonic

Age Gender

Family
Site

Pathology Race

Other 
Cancers



BRCA-Related Cancer Syndrome

Risk Assessment, Counselling, and Management: 
Breast awareness; starting at 18 years

Adult Onset

No impacted medical management

Pediatrics 2013;131:620-622 

Hereditary Breast and Ovarian Cancer



BRCA-Related Cancer Syndrome

Woman Screening Recommendation: 
Clinical breast exam every 6 - 12 months; starting at 25 years

Breast Cancer Screening

• Age 25-29 years: Annual breast MRI with contrast  

              (or Mammogram only if MRI unavailable)
Days 7-15 of menstrual cycle

High-quality Breast MRI Screening 
• Dedicated breast coil 
• Ability to perform biopsy under MRI guidance 
• Experienced radiologist in breast MRI

• Regional availability

NCCN Guideline Version 1.2024

Individualized based on family history if CA breast diagnosed before age of 30

Hereditary Breast and Ovarian Cancer



BRCA-Related Cancer Syndrome

Sensitivity

Specificity

529 
asymptomatic

women 
suspected or 

proven to 
carry BRCA

Mean follow-
up time = 5.3 

years 

University of 
Bonn, 

Germany
False negative mammogram correlate 

with high breast tissue density.
J Clin Oncol 2005;23:8469-8476 

Hereditary Breast and Ovarian Cancer



BRCA-Related Cancer Syndrome

GENE-RAD-RISK study

Exposure to diagnostic radiation prior to 30 years was associated 
with increased risk of breast cancer in women with BRCA1/2 mutation

GENEPSO (France) 
EMBRANCE (UK) 

HEBON (Netherland)

During 5-year periodUntil diagnosis of breast cancer

1,993 female carriers of 
BRCA1/2 mutation 

(2006-2009)

MRI reduces 
radiation exposure

Hereditary Breast and Ovarian Cancer

BMJ 2012;345:e5660 



BRCA-Related Cancer Syndrome

Woman Screening Recommendation: 
Clinical breast exam every 6 - 12 months; starting at 25 years

Breast Cancer Screening

• Age 25-29 years: Annual breast MRI with contrast  

              (or Mammogram only if MRI unavailable)

• Age 30-75 years: Annual Mammogram & Breast MRI with contrast

• Age > 75 years: consider on individual basis

• BRCA P/LP variant: annual mammogram & Breast MRI with contrast

Individualized based on family history if CA breast diagnosed before age of 30

Days 7-15 of menstrual cycle

Hereditary Breast and Ovarian Cancer

NCCN Guideline Version 1.2024



BRCA-Related Cancer Syndrome

Woman Screening Recommendation: 
Ovarian & Peritoneal Cancer Screening

• Annual Transvaginal Ultrasound

• CA-125 every 3-4 months

• ROCA (risk of ovarian cancer 

algorithm) score

Starting at 30-35 years of age

UK Collaborative Trial of Ovarian Cancer Screening  
(UKCTOCS)

Not significant in mortality

Hereditary Breast and Ovarian Cancer

NCCN Guideline Version 1.2024



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Bilateral Total Mastectomy 

Meta-analysis (n = 2,555)

Breast Cancer Risk

All-Cause Mortality

Hereditary Breast and Ovarian Cancer

Clin Cancer Res 2016;22:3971-3981. 



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Nipple-sparing Mastectomy 
• 346 patients with 548 procedures 

with 56-month mean follow-up: No 
breast cancer developed in the 
study (p<0.001)

MORE DATA NEEDED

SAFE & EFFECTIVE

Hereditary Breast and Ovarian Cancer

JAMA Surg 2018;153:123-129.



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Bilateral Salpingo-oophorectomy 

Association between Oophorectomy and All-cause mortality

Hereditary Breast and Ovarian Cancer

J Clin Oncol 2014;32:1547-1553. 



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Bilateral Salpingo-oophorectomy 

Association between Oophorectomy and Breast Cancer

Decrease hormonal exposure ??

Hereditary Breast and Ovarian Cancer

J Clin Oncol 2005;23:7491-7496. 



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Bilateral Salpingo-oophorectomy 

Association between Oophorectomy and Breast Cancer

BRCA1 age < 40

Hereditary Breast and Ovarian Cancer

J Clin Oncol 2005;23:7491-7496. 



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Bilateral Salpingo-oophorectomy

Hereditary Breast and Ovarian Cancer

J Natl Cancer Inst 2017;109 



BRCA-Related Cancer Syndrome

Risk Reduction Surgery: 
Bilateral Salpingo-oophorectomy

BRCA2 age < 50

Hereditary Breast and Ovarian Cancer

J Natl Cancer Inst 2017;109 



Risk Reduction Surgery: 
Bilateral Salpingo-oophorectomy 

NCCN Guidelines Panel Recommendation for women with known BRCA1/2 
pathogenic/likely pathogenic variant

• Age 35-40 years for BRCA1

• Age 40-45 years for BRCA2

• Unless age of diagnosis in family

BRCA-Related Cancer Syndrome

Clinical Significance of Concurrent Hysterectomy 
at the time of RRSO is unclear. (Limited data about 

serous uterine cancer in BRCA1)

Salpingectomy alone is not the standard of care for 
risk reduction.

Hereditary Breast and Ovarian Cancer

NCCN Guideline Version 1.2024



NCCN Guideline Version 1.2024

Summary of Cancer Risk Management
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Summary of Cancer Risk Management
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Summary of Cancer Risk Management



Summary of Cancer Risk Management

NCCN Guideline Version 1.2024



Summary of Cancer Risk Management

NCCN Guideline Version 1.2024



Summary of Cancer Risk Management

NCCN Guideline Version 1.2024



Summary of Cancer Risk Management

NCCN Guideline Version 1.2024
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