2003 extra oncology

35 yo mother diagnosed with breast ca.  She has an aunt who developed breast ca aged 48.  Mother concerned about risk of daughter.  Genetic testing on mother reveals she is negative for both BRCA1 and 2.  What implications does the testing on the mother have on the daughter’s risk?

a) she’s at increased risk

b) can’t assess

c) at low risk

d) need to know Dad’s BRCA status

e) need to know daughter’s BRCA status

Answer E

She is at increased risk but this is despite the mum’s negative result. Some assessment can be made of the daughter’s risk because if the mother was positive, the gene is passed on in an autosomal dominant pattern with high penetrance, thus the increases the daughter’s risk. C/D are incorrect, she is not at low risk with two relatives with breast cancer, and you need to know the father’s family hx of breast cancer, rather than his brca status. E is the best answer, and she fits the recommended criteria for testing for breast cancer (see below).
Family history — Family history is an important risk factor, but only 10 percent of women diagnosed with breast cancer have a positive family history. The risk associated with having an affected first or second degree maternal or paternal relative is modulated by the age of both the case patient and the family member at diagnosis, and the number of first-degree relatives. In a meta-analysis using data from over 50,000 women with breast cancer and 100,000 controls, the risk of breast cancer for a woman with one affected first degree relative was increased 1.80 fold. With two affected first degree relatives, the risk is increased 2.93 fold. The risk ratios were highest for women with young affected relatives. Thus, the risk was increased 2.9 fold for a woman whose relative was diagnosed before age 30, but only 1.5 fold increased if the affected relative was diagnosed after age 60 [19]. Similarly, the risk of breast cancer before age 40 was increased 5.7-fold if one relative had breast cancer before age 40.
A family history of breast cancer is not synonymous with an inherited genetic mutation. Most individuals or families with breast cancer do not have germline mutations predisposing to this disease. However, pedigree studies have shown that families with multiple members who have breast or ovarian cancer, particularly at an early age, are at increased risk for carrying a genetic mutation. The presence of BRCA1 or BRCA2 mutations accounts for some of the increased risk of breast cancer among families. However, family history continues to play a role in breast cancer incidence even when subjects with genetic mutations are excluded [45,46].

A family history of ovarian cancer also increases the risk of having a BRCA1 or BRCA2 mutation, as does ethnicity. Extrapolations from pedigree data detail the likelihood of a BRCA mutation in various clinical situations (show table 6) [47,48]. As an example, women who develop breast cancer before age 30 but without any family history of the disease have a 12 percent chance of carrying a deleterious mutation, while women who develop breast cancer in their 40s have a 3 percent chance. Different models and tables have been constructed to predict the likelihood of finding a deleterious mutation in women of Ashkenazi and non-Ashkenazi descent [49]. (See "Risk assessment in women with an inherited predisposition to breast cancer").

The likelihood of a deleterious BRCA1 mutation within a family rises when multiple members have had breast or ovarian cancer, especially at a young age (show table 6) [50]. The greatest risk, reaching 80 to 90 percent, occurs in families with multiple members who have breast and ovarian cancers. It is important to remember that these are family rather than individual risks; the latter is one-half the family risk. (See "Risk assessment in women with an inherited predisposition to breast cancer").

BRCA1 and BRCA2 are autosomal dominant genes that are an essential part of the normal mechanisms that repair double-strand DNA breaks (the main lesion following exposure to ionizing radiation and DNA cross linking agents such as cisplatin) through recombination with undamaged, homologous DNA strands [17]. This repair pathway appears to involve not only BRCA genes, but also the coordinate activity of six additional genes that are associated with Fanconi anemia (see below). The importance of this pathway to repair of DNA damage is reflected in the cisplatin hypersensitivity of ovarian cancer cells, in which this pathway is typically disrupted [18]. Women with BRCA-related ovarian cancer have higher response rates to cisplatin-based regimens, and a better overall prognosis that those with sporadic disease [19].

The mechanism whereby BRCA mutations predispose to tumorigenesis is beginning to be understood [20]. Since deleterious mutations interfere with their function, BRCA genes appear to function as tumor suppressor genes. The inherited or germline mutation represents one of the "hits" of Knudsen's two-hit model of tumorigenesis. According to this hypothesis, if the second allele of the gene (from the other parent) develops a defect, the stage is set for the development of cancer [8].

It is hypothesized that mutations interfere with the DNA repair function of the normal gene, thus resulting in the accumulation of chromosomal abnormalities, and a propensity to develop malignancy. BRCA mutations have been linked to some forms of Fanconi's anemia, an autosomal recessive disorder characterized by progressive bone marrow failure, somatic developmental abnormalities, and a propensity to develop leukemia and squamous cell cancers (see below). (See "Congenital aplastic anemia in children", section on Fanconi's anemia).

Interpretation of results — Positive genetic test results for breast cancer risk can be difficult to interpret. The result is clearest when a specific mutation is identified in an individual affected with cancer and this mutation has also been recognized from prior studies in other high risk families to be deleterious. A compendium of disease-conferring mutations is available online (The National Human Genome Research Institute. 2001 Breast Cancer Information Core, available at http://research.nhgri.nih.gov/bic/ (accessed September 4, 2002). Access to this information is free but requires registration. If this same mutation is identified in a family member who is unaffected with cancer, then he or she also carries a disease-conferring mutation. However, the meaning is less clear when a mutation that has not previously been documented is found in an affected individual. This may in fact represent a newly identified deleterious mutation, but could also simply be a benign polymorphism.

True negative results occur when individuals test negative for a mutation that has already been identified in their family, usually a close relative. The standard practice is to test these relatives only for the presence or absence of the familial mutation, except for individuals of Ashkenazi Jewish descent (for whom all three mutations should be analyzed given the high background frequency of these mutations). A true negative result has significant implications since these individuals can usually be reassured that their cancer risks are approximately the same as other individuals in the general population.

The most difficult results to interpret are those in which no deleterious mutations are identified after full testing, or those in which an alteration of uncertain clinical significance is found. If an affected high-risk individual is the first to be tested in a specific family, a negative result could arise due to a number of possibilities:
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 A mutation could be present in BRCA1 or BRCA2 but not detected by available methods

   Another gene that is rare and/or not yet isolated could be implicated
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 The individual tested could have developed sporadic rather than hereditary cancer

In many cases, it is difficult to distinguish which of these possibilities accounts for the negative finding. It is also possible that genetic variants, termed mutations of uncertain clinical significance, may be found that do not overtly affect the gene's protein product. Such alterations are usually missense mutations (single base pair changes). Missense mutations that occur in non-critical domains of the gene result in similar amino acid substitutions, or occur in conjunction with known risk conferring mutations, and may be presumed to be of little clinical consequence; however, in the absence of functional tests and/or multiple segregation analyses, these determinations remain only speculative. Proper interpretation of test results is critical since individuals may utilize this information to make important decision regarding medical management.
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