CLINICAL VALIDITY

Question 20. Are there methods to resolve clinical false positive results in a timely
manner?

Clinical false positives are defined as women who carry a deleterious BRCA1/2 mutation and
neither have breast or ovarian cancer nor will develop one of these cancers during their lifetime.
As with most presymptomatic DNA testing, there are no methods to resolve clinical false
positives among women identified with a mutation conveying increased susceptibility. If a
woman has a BRCA1/2 mutation and has not developed breast and/or avarian cancer by the time
of testing, estimates of breast and ovarian cancer risks can be given based on age and family
history. Preventive/risk-reducing measures can then be considered. However, there is currently
no way of determining whether an individual woman will develop breast cancer later-in life.
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CLINICAL VALIDITY

Question 21. What is the prevalence of breast/ovarian cancer in women with a positive
family history?

Summary

e Risk associated with family history of ovarian/breast cancer varies according to number of
affected relatives, age of relative(s) at diagnosis, and degree of relatedness (e.g. first-degree).

e The cumulative incidence of breast cancer by age 45 in women with at least one affected
first-degree relative is estimated to be 386 per 10,000 women:

e The cumulative incidence of breast cancer by age 70 in women with at least one affected
first-degree relative is estimated to be 1,995 per 10,000 women.

e The cumulative incidence of ovarian cancer by age 70 in women with at least one affected
first-degree relative is estimated to be 304 per 10,000 women.

An appropriate study design to determine the probability of developing ovarian and breast cancer
in women with a first-degree family history (cumulative incidence) would be to assemble a large
cohort of such women and follow them to observe the number that develops one of these
cancers. This type of prospective cohort study without intervention has not been reported in the
literature. Alternatively, there are several indirect methods that can be used. One of these
methods relies on age-specificprobabilities for developing ovarian or early onset breast cancer
based on the Surveillance, Epidemiology, and End Results (SEER) program (Figure 3-8). These
can then be multiplied by a relative risk derived from case-control studies involving family
history data.

Figure 3-8. The Probabilities of Developing Breast and Ovarian Cancer by Age,
Regardless of Family History.
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Relative risk for developing breast cancer

Risk associated with family history of breast cancer varies according to number of affected
family members, age of family member(s) at diagnosis, and degree of relatedness (e.g. first-
degree). Two reviews/meta-analyses have examined the association between family history and
breast cancer risk using cohort studies, case-control studies with population controls, and case-
control studies with hospital controls. (2001; Pharoah et al., 1997) The first systematic review
and meta-analysis (Pharoah et al., 1997) involved pooling estimates of relative risk (RR) from 74
published studies (Table 3-17). Among women with a positive family history, these relative
risks were further increased when the woman was under age 50-and also. when the relative had
been diagnosed before age 50. Fifty-two studies were analyzed in the second review (2001), also
shown in Table 3-17. The risk ratios were greatest at young ages. For women of a given age,
the risk ratios were greater the younger the relative was when diagnosed. The results did not
differ substantially between women reporting an affected mother or sister. A woman having any
family member with breast cancer has a relative risk of 1.9 (row 1 in Table 3-17). This indicates
that her individual risk for developing breast cancer is 1.9 times higher than her age-associated
risk (Figure 3-8). If this woman is less than 50 years of age and has a first-degree relative who
had breast cancer before 50 years, her risk-of developing breast cancer is 3.3 times higher than
her age-associated risk (row 8 in Table 3-17)... This relative risk will be used in future
calculations.

Table 3-17. Relative Risk of Developing Breast Cancer at any Age, Depending on Family
History of Breast Cancer

Affected Family Member(s) Relative Risk 95% Confidence Interval

Reported by Pharoah et al., 1997

Any 1.9 1.7-2.0

First degree 2.1 2.0-2.2

Mother 2.0 1.8-2.1

Sister 2.3 2.1-2.4

Daughter 1.8 1.6-2.0

Mother and sister 3.6 2.5-5.0

Second degree relative 1.5 1.4-1.6

Any first degree relative < 50 years* 3.3 2.8-3.9

Reported by Collaborative Group on Hormonal Factors in Breast Cancer (2001)

One first degree 1.8 1.7-1.9

Two first degree 2.9 2.4-3.6

Three or more first degree 3.9 2.0-7.5

Any first degree relative < 40 years** 5.7 2.7-11.8

Any first degree relative 40-49 years** 2.9 1.9-44

* the woman whose risk is being estimated is < 50 years
** the woman whose risk is being estimated is < 40 years
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Relative risk for developing ovarian cancer

A single systematic review and meta-analysis of family history and risk of ovarian cancer has
been reported. (Stratton et al., 1998) The relative risks (RR) from fifteen studies (13 case-control
and 2 cohort) were pooled to estimate the lifetime risk of developing ovarian cancer. The
relative risks, based on 17,982 observations, are shown in Table 3-18.

Table 3-18. Relative Risk of Developing Ovarian Cancer at any Age; According to Family
History of Ovarian Cancer

Affected Family Member(s) Relative Risk 95% Confidence Interval
Reported by Stratton et al., 1998
First degree 3.1 2.6-3.7
Sisters 3.8 2951
Daughters 6.0 3.0-11.9
Mothers 1.1 0.8-1.6

Ovarian cancer risk, estimated from a population-based family registry for breast and ovarian
cancer that included 1,567 women, was not significantly increased in first-degree relatives of
breast cancer probands (mothers RR=1.5, 95 percent Cl 0.9-2.4; sisters RR=1.8, 95 percent ClI
1.0-3.0) and was statistically significant only for.mothers of ovarian cancer probands (RR=4.6,
95 percent Cl 2.1-8.7). (Ziogas et.al., 2000) Because of the small sample size of this study, we
have chosen to use the relative risk from Table 3-18, Row 1 for later calculations.

Cumulative incidence of breast cancer by age 45 in women with a first-degree family
history

The probability of developing breast cancer by age 45 years is 1.17 percent. (2003) Thus, 117
out of 10,000 women will be expected-to develop breast cancer by age 45. The relative risk
estimate for developing breast cancer in women less than 50 years of age with an affected first-
degreerelative diagnosed before age 50 is 3.3. (Pharoah et al., 1997) Applying this risk (1.17 x
3.3) results in approximately 386 out of 10,000 women under 45 years of age in this category
developing breast cancer.

Cumulative incidence of breast cancer by age 70 in women with a first-degree family
history

The probability of developing breast cancer by age 70 years is 9.5 percent. (2003) Thus, 950 out
of 10,000 women will be expected to develop breast cancer by age 70. The relative risk estimate
for developing breast cancer in women of all ages with an affected first-degree relative is 2.1.
(Pharoah et al., 1997) Applying this risk (9.5 x 2.1) results in approximately 1,995 out of 10,000
women in this category developing breast cancer.

Cumulative incidence of ovarian cancer by age 70 in women with a first-degree family
history

The probability of developing ovarian cancer by age 70 years is 0.98 percent. (2003) Thus, 98
out of 10,000 women will be expected to develop ovarian cancer by age 70. The relative risk
estimate for developing ovarian cancer when a woman has an affected first-degree family
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member is 3.1. (Stratton et al., 1998) Applying this risk (0.98 x 3.1) results in 304 out of 10,000
women with a first-degree family history developing ovarian cancer.

Incidence of breast cancer

Incidence of breast cancer increases with age among women, regardless of family history, but at
any age, the incidence is higher among women with at least one affected first degree relative.
Two large cohort studies have reported incidence rates of breast cancer in.women with negative
and positive family histories. (Colditz et al., 1996; Madigan et al., 1995) Incidence rates have
also been estimated from population-based case-control studies but are not addressed here, due to
relatively small numbers and/or generalizeability of results. Population-based breast cancer
incidence rates (age-adjusted) in women with a negative or positive family history (in a first-
degree relative) were 175 and 470 per 100,000 person-years, respectively. (Madigan et al., 1995)
In women without a family history of breast cancer, breast cancer incidence rates from the
Nurses’ Health Study increased from 37 per 100,000.in women 30 to 34 years of age to 265 per
100,000 in post-menopausal women. Among women with a_positive family history of breast
cancer, the rate increased from 80 per 100,000 to 550 per 100,000 (Figure 3-9). (Colditz et al.,
1996) These incidences are consistent with the cumulative incidence estimates shown earlier
(Figure 3-8), but are not specifically used in-any further analyses.

Figure 3-9. Age Specific Incidence of Breast Cancer per 100,000 Women, According to
Family History.
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According to a report from the Surveillance, Epidemiology, and End Results (SEER) program,
incidence rates for invasive breast cancer among women age 30-54 years in the United States are
highest among whites, Hawaiians, Alaska natives, blacks, Filipinos, and Japanese. (Miller et al.,
1996) The rates range from 115 to 136 per 100,000 in these populations. The lowest levels of
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risk occur among the American Indians in New Mexico, Koreans, Vietnamese, Chinese, and
Hispanics. Incidence rates per 100,000 in these populations range from 55 to 87.

Incidence of ovarian cancer

Similarly, the incidence of ovarian cancer increases with age among women both with and
without a positive family history of breast/ovarian cancer and is higher among women with at
least one affected first degree relative. Data similar to those shown for breast cancer are not
found in the published literature. Age-adjusted incidence rates per 100,000 for ovarian cancer in
the SEER areas are highest among American Indian women in New Mexico (17.5), followed by
white (15.8), Vietnamese (13.8), Hawaiian (11.8), and Hispanic(11.4) women. The lowest rate
of 7 per 100,000 is in Korean women. (Miller et al., 1996)
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CLINICAL VALIDITY

Question 22. Has the test been adequately validated in all populations to which it may be
offered?

Summary

e The specific BRCAL/2 mutations responsible for susceptibility to breast and ovarian cancer
may vary by race/ethnicity. However, mutation testing via direct sequencing is believed to
reliably identify all mutations that are detectable by this methodology, regardless of
race/ethnicity.

e The majority of testing has been done in non-Hispanic Caucasian and Ashkenazi Jewish
women.

BRCAL/2 mutation testing via direct sequencing is aimed at identifying mutations that are
associated with susceptibility to breast and.ovarian cancer. Direct sequencing is designed to
identify mutations in these genes, regardless of the characteristics of the individual being tested
(e.g., race or ethnicity). Although the specific mutations.responsible for the disorder may vary
by race/ethnicity, the test is believed to reliably identify all the mutations that are detectable
using direct sequencing methodology. One limitation of the sequencing methodology is its
inability to detect large genomic rearrangements. This type of mutation is found in certain
ethnicities (e.g. founder mutations in the Dutch population are large rearrangements, not detected
by direct sequencing).

The prevalence of three specific deleterious BRCA1/2 mutations among Ashkenazi Jewish
women has been well documented. (Fodor et al., 1998; Hartge et al., 1999; King et al., 2003,
Moslehi etal., 2000; Oddoux et al., 1996; Roa et al., 1996; Satagopan et al., 2001; Struewing et
al., 1995; Struewing et al., 1997; Warner et al., 1999) The prevalence of other BRCA1/2
mutations ‘in women of other specific ancestries is less well defined. Myriad Genetic
Laboratories has. published data on 10,000 individuals undergoing testing for BRCA1/2
mutations. (Frank et.al., 2002) The majority of these individuals have a personal and/or family
history of breast and/or ovarian cancer. Among individuals undergoing mutation testing who
specified a single ancestry, the prevalence of deleterious BRCA1/2 mutations was: 712/4,379 (16
percent) among Europeans, 25/133 (19 percent) among Africans, 31/177 (18 percent) among
Latin American/Caribbeans, 15/104 (14 percent) among Native Americans, 11/91 (12 percent)
among Asians, and 6/69 (9 percent) among Near/Middle Easterners. There was no indication of
frequently recurring founder mutations in any of these populations. The prevalence of mutations
among individuals undergoing mutation testing did not differ significantly between any of the
ancestries.  Distinct variations in the BRCA1/2 genes have been reported among African
American women. (Gao et al., 2000; Olopade et al., 2003; Panguluri et al., 1999) Many of these
variations are classified as genetic variants of uncertain clinical significance. Additional testing
is needed before these variants can be classified as to whether or not they are deleterious. There
are currently no published data on the types of variants or genomic rearrangements for
Hispanics, Asians, or Native Americans.
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CLINICAL VALIDITY

Question 24. What are the genotype/phenotype relationships?

Summary

e While there has been much research in the area of genotype/phenotype relationships of
BRCAL1/2 and breast/ovarian cancer, results have not had-an impact on the clinical
management of the mutation carriers’ disease.

Questions that address the relationship between genotype (the specific mutation) and-phenotype
(the clinical appearance of disease) have been widely.investigated. However, most studies have
analyzed relatively few participants, and data are conflicting in some areas.

Genotype/phenotype relationships for the BRCAL gene

e Tumors in women with a BRCAL1 mutation may be associated with a more severe
phenotype than tumors without a mutation, as defined by mitotic index indicative of
highly proliferating tumors.

e These tumors are more aggressive, but may be more amenable to treatment.

e Tumors in women with-a BRCA1 mutation are more frequently estrogen receptor (ER)
negative and of high nuclear and histologic grade. (1997b; Karp et al., 1997; Lakhani et
al., 1998; Robson et al., 1998; Verhoog et al.;"1998)

e Atypical medullary carcinoma.is over-represented in BRCA1 mutation carriers. (1997b;
Armes et al., 1998)

e Very early onset cancer (occurring before 35 years of age) is more strongly associated
with BRCAL. (Cortesi et al., 2000)

e The risk of ovarian cancer relative to breast cancer appears to be significantly higher
when mutations occur in the central region of the gene. (Thompson and Easton, 2002) In
addition, breast cancer risk associated with mutations in the central region is significantly
lower than for other/mutations, whereas ovarian cancer risk associated with mutations 3’
to nucleotide 4191 s significantly reduced relative to the rest of the gene.

Genotype/phenotype relationships for the BRCA2 gene
e Mutations in the central portion of BRCA2 are associated with a significantly higher ratio
of ovarian cancer to breast cancer (lower risk of breast cancer and higher risk of ovarian
cancer). (Ford et al., 1998; Gayther et al., 1997; Neuhausen et al., 1998; Thompson and
Easton, 2001)
e Tubular carcinoma is less common in BRCA2 mutation carriers. (1997b)

These findings suggest that breast cancer due to BRCAL has a different natural history in
comparison to BRCA2 or to apparently sporadic disease. These findings do not have an impact
on current clinical management.
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CLINICAL VALIDITY

Question 25. What are the genetic, environmental or other modifiers?

Summary

e Multiple factors other than BRCA1/2 genotype are likely to play a role in the natural history
of breast and ovarian cancer. Many are not modifiable (e.g., age, #>nder, family history),
while others are (e.g., obesity, alcohol consumption).

A number of factors consistently associated with increased risk of breast and ovarian cancer are
not modifiable, while others are modifiable.

Non-modifiable risk factors for breast/ovarian cancer:

Genetic Predisposition — Table 3-21 shows the estimated frequency of BRCA1/2 disease-causing
mutations in the general population, along with the likelthood of breast and ovarian cancer
occurring in women with one of these mutations and the proportion of all breast and ovarian
cancers associated with these mutations. Even though inherited cancer from this cause accounts
for a relatively small percent of the total, considerable attention has focused on BRCAL1/2
mutations for the following reasons: 1) they are the most common mutations discovered so far
for which a causal link has been established, 2) identifying one of these mutations in a woman
offers an opportunity to consider primary prevention options. These options might be considered
either environmental modifiers (bilateral mastectomy and oophorectomy) or pharmacologic
modifiers (tamoxifen). The first of these options, although extreme, appears justifiable on the
basis of data in Table 3-21, even though risk is not completely eliminated by such “risk-
reducing” surgery-(Question 28).

Other, more rare, susceptibility alleles for breast cancer include p53 (Li-Fraumeni Syndrome),
STK11/LKB1 (Peutz-Jeghers Syndrome), PTEN (Cowden Syndrome), MSH2/MLH1 (Muir-Torre
Syndrome), and ATM (Ataxia-telangiectasia). Ovarian cancer has been associated with basal cell
nevus (Gorlin) syndrome, multiple endocrine neoplasia type 1 (MEN1), and hereditary
nonpolyposis colon cancer (HNPCC).

Less well understood .s the reason why, in the absence of any intervention, a fair proportion of
the women who carry one of the disease-causing mutations does not develop either breast or
ovarian cancer during their lifetime. Table 3-22 summarizes studies that have evaluated possible
relationships between selected gene variants and risk for breast or ovarian cancer in the presence
of a disease-causing BRCA1/2 mutation. Collectively, these studies offer preliminary evidence
toward understanding why some of the women do not develop cancer. Neither the strength of
the evidence nor the strength of the effects, however, are sufficient to allow information about
these genes to be factored into clinical decision-making.
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Table 3-21. Estimated Lifetime Risks for Breast and Ovarian Cancer Among Women with
Either a BRCAL or BRCA2 Mutation and Proportion of Total Cases Attributable to this
Cause

Disease-Causing Mutation

BRCA1 BRCA2
Proportion of women in general population with one of these 0.051 0.068
mutations
Proportion of women with one of these mutations that develop 35-87.° 37-743
breast cancer
Proportion of women with one of these mutations that‘develop 11-66 * 9-27°
ovarian cancer
Proportion of all breast cancer cases associated with these 1-2 (Question 18)
mutations
Proportion of all ovarian cancer cases associated with these 4-9 (Question 18)
mutations

! (Antoniou et al., 2002)

2 (2000; Antoniou et al., 2000; Antoniou et al., 2002; Brose et al., 2002; Easton et al., 1995; Ford
et al., 1994; Risch et al., 2001)

% (2000; Antoniou et al., 2002; Schubert et al., 1997; Thorlacius et al., 1998)

* (Antoniou et al., 2000; Antoniou et al., 2002; Brose et al., 2002; Easton et al., 1995; Ford et al.,
1994; Risch et al., 2001)

> (Antoniou et al., 2002; Ford et al., 1998)

Table3-22. Genes Whose Variants Might Play a Role in Modifying Cancer Risk in Women
with BRCA1/2 Mutations

Name of Gene Function Variant of Interest | Effect on Cancer Risk
Androgen receptor Hormone metabolism | At least one long allele | Women with BRCA1
(AR)* (29 CAG repeats) mutations develop
cancer earlier if variant
is present

AIBI ** Hormone metabolism | Alleles with at least 28 | Risk of breast cancer is

or 29 polyglutamine | higher if variant is
repeats present

Progesterone Hormone metabolism | PROGINS allele(s) | Risk of ovarian cancer

receptor® is higher among
women with BRCA1/2
mutations if variant is
present
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Rads51*

DNA damage
response

C>G substitution in 5’
untranslated region

Risk of breast cancer is
higher among women
with BRCA2 mutations
if variant is present

HRAS1®

Mitogenic signaling
(a proto-oncogene)

A rare HRAS allele

Risk of ovarian cancer
is higher among
women with BRCA1/2
mutations if this rare
allele is present

! (Rebbeck et al., 1999)
? (Rebbeck et al., 2001)

® (Runnebaum et al., 2001)
% (Levy-Lahad et al., 2001; Scully et al., 1997; Wang.€t al., 2001)

® (Phelan et al., 1996)

Gender — While men can develop breast cancer, it is extremely rare (approximately 1 percent
of all incident cases and deaths from breast cancer are male). Ovarian cancer affects only
females.

Age — After gender, age is a woman’s single most important risk factor for developing breast
or ovarian cancer. Cumulative risk of breast cancer increases with age, with most breast
cancers occurring after age 50. Before 30 years of age, the risk of developing ovarian cancer
is remote. Ovarian cancer incidence rises linearly between age 30 and 50 and continues to
rise at a lesser rate‘after age 50. The highest incidence is in women 70-79 years of age.
Family History — Women with a family history of breast/ovarian cancer, especially in a first-
degree relative, have an increased risk of developing breast/ovarian cancer themselves
(Question21).

Use of Fertility Drugs/Infertility — Some studies identify certain fertility drugs as increasing a
woman's risk for ovarian cancer; while others contend that it is not the fertility treatments but
the infertility itself that raises this risk. (Holschneider and Berek, 2000; La Vecchia, 2001,
Runnebaum and Stickeler, 2001) More research is needed to determine the relationship
between fertility drugs-and ovarian cancer.

Radiation Exposure — Observations in Hiroshima/Nagasaki survivors and in women who
have received therapeutic radiation treatments to the chest and upper body document
markedly increased breast cancer risk. (Bhatia et al., 1996; Land, 1995; Wolden et al., 1998)
History of Breast Disease — Benign breast disease (BBD) is an independent risk factor for
breast cancer. The risk among women with atypical hyperplasia is 2.5 to 5.3 times that
among women with nonproliferative BBD. (Carter et al., 1988; Dupont and Page, 1985;
London et al., 1992) Women who have proliferative disease without atypia are ata 1.6 to 1.9
times greater risk. Even among women with fibroadenomas who have no evidence of
proliferative disease, breast cancer risk is increased 40-90 percent over an average of 22
years of follow-up. (Dupont et al., 1994)

Hormonal Factors (some are modifiable) — A number of hormonal factors that might
influence risk for hereditary breast/ovarian cancer have been examined and are summarized
in Table 3-23. The use of hormone replacement therapy in postmenopausal women has been
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ovarian cancer risk. As with the assessment of physical activity, variations in methods of
dietary assessment, the complexity of nutrient intake/interaction, and effects of different
types of fat complicate this research. (Hunter and Willett, 1993)

= Dietary Antioxidants — There are conflicting data on the effects of micro-nutrient
antioxidants on risk of breast and ovarian cancer. (Hunter and Willett, 1993; Sato et al.,
2002) Results have ranged from antioxidants being unrelated to risk to being strongly
protective. Methods of ascertainment range from a variety of food guestionnaires to serum
measurements.

= Tubal Ligation/Hysterectomy — These surgical interventions reduce the risk of developing
ovarian cancer by 30-80 percent. (Runnebaum and Stickeler, 2001)

= Risk Reducing Surgeries (mastectomy and oophorectomy) — These interventions are
discussed in Questions 27, 29, and 34.

= Talcum Powder — Epidemiologic studies of ovarian-cancer have found an increased risk for
women exposed to perineal talc (relative risk 1.0-3.3). (Whysner and Mohan, 2000)

In summary, the role of non-genetic modifiers in women with BRCA1/2 mutations is largely
unknown. Exogenous hormone use appears to increase risk of breast and decrease the risk of
ovarian cancer. However, this evidence is-modest, at best, and conflicting, at worst. Primary
prevention modifiers (e.g. risk-reducing surgery and tamoxifen) are discussed in a later section
(Questions 27, 29, and 34).
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