HEREDITARY BREAST AND OVARIAN CANCER SYNDROME

Hereditary Breast and Ovarian Cancer Syndrome 

The majority of women with a hereditary breast cancer syndrome have hereditary breast and ovarian cancer syndrome (HBOC).  

HBOC occurs when a deleterious change is present in the breast cancer 1 (BRCA1) or breast cancer 2 (BRCA2) susceptibility genes. http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=gene&part=brca1 

Approximately 5 to 10% of women with breast cancer have a hereditary breast cancer syndrome.  Of these women, a deleterious mutation is found in:

· BRCA1 – approximately 53%

· BRCA2 – approximately 32%

Associated Cancers

· Breast

· Characterized by breast adenocarcinomas

· Ductal or lobular in origin

· BRCA1 – breast cancer 

· Often grade 3, ER negative histology 

· Often stains positive for basal keratins

· Less often associated with DCIS

· BRCA2 – breast cancer

· Tends to occur at older ages (after age 50)

· Ovarian

· Generally of epithelial origin

· Prostate

· Pancreatic

· Male breast cancer 

· Gallbladder, bile duct and stomach

Cancer Risks Based on Gene 

	Cancers
	BRCA1 
	BRCA2
	General Population

	Breast
	56-85%
	56-85%
	14%

(1 in 7)

	Risk for 2nd breast cancer
	5 years
	20%
	12%
	~5%

	
	Lifetime
	64%
	50%
	~15-20%

	Ovarian
	28-44%
	10-27%
	2%

(1 in 58)

	Prostate
	RR 1.8
	RR 4.7
	16%

	Male Breast
	~1-2%
	5-10%
	0.1%

(1 in 1000)

	Pancreatic
	3.6%
	3.2% males

2.3% females
	1.3%


Cumulative Risk of Breast Cancer by Age in Women from Families with Cancer-Predisposing Mutations

	Age
	Cumulative Risk

	
	BRCA1
	BRCA2

	30 yrs
	3.2%
	4.6%

	40 yrs
	19.1%
	12%

	50 yrs
	50.8%
	46%

	60 yrs
	54.2%
	61%

	70 yrs
	85%
	86%


Risk to Family Members

· Deleterious variations in the BRCA1 or BRCA2 genes are inherited in an autosomal dominant manner. 

· A person who carries a variation in a BRCA1 or BRCA2 gene has a 50% chance of passing it on to his or her child.  

· Children who inherit the deleterious variation are at increased risk for developing cancer.  

Genetic Counseling

Genetic counseling involves:

· Providing the patient a context in which to think about her situation.  For example, showing her a pie graph that depicts the percent of women with sporadic, familial, and hereditary breast cancer.

· Reviewing the patient’s family history,

· Doing a risk assessment (i.e. determining how likely it is that the patient has a deleterious mutation in either the BRCA1 or BRCA2 gene).  

· Discussing the patient’s risk for cancer.

· Discussing some of the steps the patient can take to lower his or her risk.

· Reviewing the option of testing, if appropriate, including the potential test results, (i.e. positive, negative, or variant of uncertainty). 

· Determining who in the family should be tested.

· Facilitating decision-making.

· Discussing the potential impact tests results could have on other family members.

· Supporting the patient through the genetic counseling and, potentially, the testing process.

· Sending a note back to the referring physician.

Counseling Challenges for Genetic Counselors and Primary Care Providers

Incomplete Penetrance 

· Not everyone who has a deleterious variation in a BRCA1 or BRCA2 gene will develop cancer.

Variable Expressivity 

· Individuals who have a deleterious variation in BRCA1 or BRCA2, even within the same family, may develop different clinical features.  For example, some women may get breast cancer, others may have ovarian cancer, men may develop prostate cancer etc.

· Variable expressivity reflects the interaction between an altered gene and the other genes inherited by a person, along with the interaction between genes and the environment.    

Testing for HBOC

· The most informative strategy is to test an affected family member first.  

· Testing non-Ashkenazi Jewish patients involves sequencing both copies of the BRCA1 and BRCA2 genes and testing for five common deletions.  

· Ashkenazi Jewish patients can be tested for three common variations.

· If a variation is found, relatives can be tested for the specific variation in their family at a reduced cost.  

· If no variation is identified, and the patient meets the clinical criteria, they can consider the option of pursuing the BRACAnalysis Rearrangement Test, or BART.

Cancer Genetics

BRCA1 and BRCA2 are tumor suppressor genes.  They code for proteins that are directly involved in regulating embryonic proliferation and carrying out the DNA repair process.  DNA repair is a process that normally corrects replication errors and is an essential safeguard for maintaining a cell’s normal growth regulation.  

Replication errors are common during the normal DNA duplication process that proceeds each cycle of cell division.  If an error occurs during DNA replication that is not corrected by the DNA repair process, all of the cells that descend from this cell will have the same error.  When the DNA repair function is lost, genetic defects accumulate in the cells, and are themselves directly responsible for cancer formation.21

Every person normally carries two copies of both the BRCA1 and BRCA2 tumor suppressor genes.  Having a single functional copy of a tumor suppressor gene appears to be sufficient to control cell growth and suppress the development of cancer.  In other words, if only one copy of a tumor suppressor gene is altered, a cancer will not develop.  However, losing both functional copies of a tumor suppressor gene results in deregulated growth and potentially a neoplasm.

Inactivation of one copy of a tumor suppressor gene can occur in germline or somatic cells.  Inactivation by itself will not cause uncontrolled cell growth, but dramatically increases the risk of cancer.  If a person inherits a deleterious variation in one tumor suppressor gene, for example, inactivation of the second copy of the tumor suppressor gene will disrupt growth.  Inactivation of this second gene typically occurs in one or more somatic cells, at which time the cell loses its ability to suppress its own cell division. 

The fact that a second event must occur before cell function is altered is just one of the factors that makes cancer counseling so challenging.  Patients must understand that not everyone who inherits a deleterious variation will develop cancer because a second event is necessary for gene defects to begin to accumulate and cancerous tissue to form.

