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What is hereditary cancer? 
Disorder(s) due to a germline gene mutation(s). 

Typically transmitted from a parent in autosomal 
dominant or recessive fashion, but can be de novo. 

Gene mutation typically (historically) highly penetrant. 





How much of cancer is inherited? 

Individuals genetically predisposed to cancer account for 

5-10% of the cancer population. 
   1,000,000 x 0.1=100,000 



Features that suggest a Hereditary 
Cancer Predisposition 

Young age of onset of tumor (premenopausal breast cancer; 
CRC at age <50 yrs). 

Multiple tumors in an individual: 

 Synchronous or metachronous tumors of the same organ (colon). 

 Multiple primary tumors of different organs (breast & ovarian; colon & 
endometrial). 

 Bilateral primary tumors in paired organs (breast; kidney). 

 Multifocality in a singe organ (multifocal medullary thyroid cancer). 



Hereditary Cancer Syndromes 

Lynch Syndrome (HNPCC) 

Familial Adenomatous Polyposis 

Retinoblastoma 

Multiple Endocrine Neoplasia  

Li Fraumeni Syndrome 

Hereditary Diffuse Gastric Cancer 

Hereditary Breast/Ovarian Cancer 



Family History 
A good family history is a low-tech method of 

obtaining an invaluable source of information. 



Cancer Genetics 
In order to study possible hereditary patterns of 

disease, you must take a family history for at least 
three generations. 



Four Generation Pedigree 

br ca  

dx 43 

br ca  

dx 48 

ov ca  

d 43 

pr ca  

dx 55 

br ca  

dx 38 

br ca  

dx 39 





Genes involved in Hereditary 
Breast/Ovarian Cancer 

BRCA 1 & 2 

TP53 

E-Cadherin 

PTEN 

STK11 



Breast Cancer 
 

Two major susceptibility genes, BRCA1 and BRCA2 have 
been identified. 

Mutations in these genes account for 3-5% of all breast 
cancers. 





BRCA1-Associated Cancers: 
Lifetime Risk 



BRCA2-Associated Cancers: 
Lifetime Risk 



BRCA1 and BRCA2-Linked Mutations  

in the Ashkenazi Jewish Population 







Cumulative Risk of Breast Cancer by 
 Age for BRCA1 and BRCA2 Carriers 

Age BRCA1 BRCA2 

30 3% 5% 

40 19% 12% 

50 51% 46% 

60 54% 61% 

70 85% 86% 

Gene Clinics 





Li Fraumeni Syndrome 
AD Hereditary Cancer Syndrome. 
Due to germline mutation of the TP53 gene. 
Highly penetrant. 
Phenotype includes: 

 Brain tumors 

 Leukemia                        

 Adrenocortical tumors 

 Breast cancer 

 Sarcomas 



TP53-Guardian of the Genome 
Wild type p53 helps to suppress tumor formation when 

activated after DNA damage by: 

 Arresting cell cycle at G1/S to allow cell to repair DNA damage; 

 Initiate apoptosis 

Mutant p53 protein unable to carry out these functions. 

 

 



TP53 Mutations and Breast Cancer 
Accounts for 1% of less of total breast cancer. 

Women diagnosed before age 30 may have 2-7% risk of TP53 
mutation. 

Tinat, et al. 2009:   Explored frequency of TP53 mutations in 161 
women with breast cancer before 36 yrs and tested negative for 
BRCA1 & 2. 

4% of women with negative FH of LFS-associated malignances had 
TP53 mutations compared to 16% with positive FH and 38% with 
positive personal histories. 

 



Hereditary Diffuse Gastric Cancer 
Hereditary diffuse gastric cancer (HDGC): 

 Autosomal dominant susceptibility disorder associated 
with diffuse gastric cancer, a poorly differentiated 
adenocarcinoma that infiltrates into the stomach wall 
causing thickening of the wall (linitis plastica) without 
forming a distinct mass. 

E-Cadherin (CDH1) 

 



E-Cadherin and Breast Cancer 
Plays a major role in maintenance of intercellular 

junctions in epithelial tissue. 

16q22.1  (16 exons) 

Acts as a tumor suppressor gene. 

Mutations predisposes women to lobular breast cancer 
~40% risk. 

 



PTEN Hamartoma Syndromes 
Cowden syndrome (CS)  

Bannayan-Riley-Ruvalcaba syndrome 

Proteus syndrome and Proteus-like syndrome 

 



Cowden Syndrome 
CS is a multiple hamartoma syndrome with a high risk of 

benign and malignant tumors of the thyroid, breast, and 
endometrium. 

 Affected individuals usually have: 

 macrocephaly 
 trichilemmomas 
papillomatous papules and present by the late 20s 

The lifetime risk of developing breast cancer is 25%-50%, with 
an average age of diagnosis between 38 and 46 years. 

Due to mutation of the PTEN gene. 

 





PTEN Gene 
Protein phosphatase 
10q23.3 
Nine exons 



Peutz-Jeghers Syndrome 
An autosomal dominant polyposis disorder characterized 

by the growth of hamartomatous polyps in the 
gastrointestinal tract, pigmented macules on the skin and 
mouth and neoplasms. 

STK11-serine/threonine kinase family member located on 
19p13.3. 

Functions as a tumor suppressor gene. 





PJS and Breast Cancer 
Risk of cancer with a STK11 mutation: 

Breast cancer ~50% 

Colorectal cancer ~40% 

Pancreatic cancer ~35% 

Stomach cancer ~30% 



What does all this mean? 

Multiple genes responsible for hereditary breast cancer. 

The medical and family history informs the assessment of 
genetic risk and directs genetic testing to be performed, if any. 

Must interpret genetic test results in the context of the medical 
and family history. 



Who should be referred for genetic 
services for Breast/Ovarian Cancer? 
Affected individual 

 Early-age brca, ≤50yrs. 

 Triple negative brca. 

 Two breast primaries in one person. 

  Brca at any age AND ≥1 close relative with brca ≤50 yrs/or epithelial ovarian 
cancer/fallopian tube cancer/peritoneal cancer. 

 ≥ 2 close relatives with brca and/or pancreatic ca at any age. 

 Ovarian/fallopian tube/primary peritoneal cancer. 

 Male breast cancer. 

 Breast cancer and signs of Li Fraumeni; Cowden; DHGC; PJS. 

 
NCCN Guidelines 

 



Family history only of one or more of: 
 ≥ 2 breast primaries from same side of family. 

 ≥ 1 ovarian primary from same side of family. 

 Family history of breast cancer and signs of Li Fraumeni; Cowden; DHGC; or PJS. 

 Known mutation in a breast cancer susceptibility gene. 

 From a population at risk. 

 Male breast cancer. 

Who should be referred for genetic 
services for Breast/Ovarian Cancer? 



Genetic Testing in Breast Cancer 
Criteria for genetic testing are different than those for 

referral of genetic services. 

 

 



Genetic Testing Criteria: 
Affected Individual 

 Diagnosed age ≤ 45 yr. 

 Diagnosed age ≤ 50 yr + 1 close blood relative (cbr) with brca ≤50 yr and/or 
1 cbr with ovarian/fallopian/peritoneal ca at any age. 

 Two breast primaries with first diagnosis ≤50 yrs. 

 Diagnosed <60 with triple negative brca. 

 Diagnosed <50 with limited family history. 

  Male cbr with brca or personal history of brca. 

 Personal history of ovarian/fallopian/peritoneal cancer. 

 Ethnicity associated with higher mutation frequency. 

 ≥2 cbr with pancreatic cancer. 

cbr=close blood relative 



First or second degree relative meeting any of the affected 
criteria. 

Third-degree relative with brca and/or ovarian, fallopian/primary 
peritoneal cancer with ≥ 2 cbr with breast cancer (≤ 50 or ovarian 
cancer etc.). 

Genetic Testing Criteria: 
Unaffected Individual with Family History 



Genetic Testing 
Risks/Limitations  Benefits  

Limitation of technology Diagnosis 

Variant results 
Information for engaging in or relief from 

aggressive  screening 

Genetic discrimination Psychological relief 

Psychological distress 
Assist in decisions regarding  

prophylactic surgery 

Cost 

Uneducated provider 



Are there genetic services for 
Hereditary Cancer in my 
community? 





Indiana Familial Cancer Program 

IFCP Cancer Clinic 

IFCP Roster 

Hereditary Cancer Roster/Database 

Pancreatic Cancer Roster/Database 



INDIANA FAMILIAL CANCER PROGRAM 

http://familialcancer.iupui.edu/ 

 



Purpose of the Indiana Familial 
Cancer Clinic 

Provide information on genetic causes of cancer. 

Assess whether cancer in the family is likely to be 
inherited. 

Estimate risk for healthy family members. 

Make recommendations for medical screening. 

Obtain informed consent and conduct genetic testing, if 
appropriate. 

Interpret genetic test results. 



Future of Genetic Testing in BC 
Genes identified for other syndromes that increase the 

risk for breast cancer.  

Identification of common variants that modify risk for 
breast cancer 

Low penetrant mutations that will become a risk factor 
for disease rather than an indication of the presence of 
disease. 




