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Abstract

Background—Decisions regarding contralateral risk-reducing mastectomy (CRRM) among
women diagnosed with unilateral breast cancer can potentially be influenced by age at diagnosis
and other factors. In this study, we examined the use of CRRM before versus after genetic cancer
risk assessment (GCRA) in women diagnosed with breast cancer before age 50.

Methods—We conducted a retrospective analysis of women with invasive breast cancer
diagnosed before age 50 who were seen for GCRA between October 1996 and March 2005.
Associations between the presence of generally accepted indications for risk-reducing surgery
among women who had CRRM and the timing of GCRA were examined.

Results—The cohort included 378 women, of whom 57 had CRRM pre-GCRA and 45 had
CRRM post-GCRA after a median follow-up of 26 months. Women who had CRRM pre-GCRA
were more likely to not have a generally accepted indication for the procedure than those who did
after GCRA (odds ratio [OR] 5.3, 95% confidence interval [95% CI] 1.6-17.8, P =.007). Women
diagnosed with breast cancer before BRCA genetic testing became clinically available (1997) were
more likely to have had CRRM pre-GCRA than those who were diagnosed more recently (OR 2.9,
95% CI 1.6-5.2, P =.0003).

Conclusion—When personal and family history was carefully examined, a substantial
proportion of women seen in our clinic did not have a clear indication for CRRM. Decreased use
of empiric CRRM among women diagnosed after 1997 may indicate increased awareness and use
of GCRA. Thus, judicious application of GCRA may help focus use of surgical risk reduction
measures to the most risk-appropriate patients.

Breast cancer is the most common cancer among women in the United States, with
approximately 182,500 new diagnoses expected in 2008.1 Approximately 5-10% of all
breast cancer cases (10,000-20,000 new cases/year) are associated with germline mutations
in highly penetrant genes.2:3 Germline mutations in the hereditary breast and ovarian cancer-
associated genes, BRCAL and BRCAZ2, are associated with a 56-87% lifetime risk of
developing breast cancer.4— Breast cancer patients with a germline BRCA mutation have an
approximately 40-50% risk of developing a second primary breast cancer in the remaining
at-risk breast tissue, with higher risk observed in patients whose initial cancer was diagnosed
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at an earlier age.8:19712 Other hereditary breast cancer syndromes include Li-Fraumeni
syndrome (p53 gene)!3 and Cowden syndrome (PTEN gene).1* Risk-reducing mastectomy
has been shown to lower the risk of developing breast cancer in BRCA mutation carriers by
greater than 90%1%:15=17 and is considered an appropriate option for care in this setting.
However, although contralateral risk-reducing mastectomy (CRRM) has been shown to
reduce the risk for new primary breast cancer in women previously diagnosed with unilateral
breast cancer,18-20 jts effect on breast cancer specific and overall mortality among those
without a known deleterious BRCA mutation has not been clearly established.21:22

Before genetic testing for the BRCAL and BRCA2 genes became commercially available,
CRRM was often considered based on clinical indications, such as diffuse
microcalcifications, prior or concurrent history of lobular carcinoma in situ (LCIS), large
and difficult-to-examine breasts, breast cancer risk factors such as atypical hyperplasia,
family history of breast cancer in a first-degree relative, and young age at diagnosis (<40
years).23 Family history and perceived high risk for a new primary breast cancer have often
been cited as reasons for choosing CRRM.19:24 However, some women have reported
regretting the decision to pursue empiric CRRM,24 and detailed evaluation of family and
personal cancer diagnoses might not substantiate perceived increased risk. In a study
investigating the predictors of CRRM among women with unilateral breast cancer seen for
risk assessment, early age at breast cancer diagnosis, less than full-time employment, and
having one or more first-degree relative with breast cancer or ovarian cancer were among
the factors identified to be associated with having CRRM prior to genetic counseling and
testing; however, only a small number of these women turned out to carry a BRCA mutation.
25 \With the availability of genetic testing for BRCA1 and BRCA2 genes, women newly
diagnosed with breast cancer have the option, if indicated, of undergoing genetic cancer risk
assessment (GCRA) for a more accurate evaluation of new primary breast cancer risk. In
this study, we compared women diagnosed with breast cancer before age 50 years who had
CRRM prior to GCRA to those who chose the procedure after GCRA.

The study population comprises women diagnosed with breast cancer before age 50, seen
for GCRA in the City of Hope Cancer Screening & Prevention Program Network (CSPPN)
and enrolled in an Institutional Review Board-approved registry protocol between October
1996 and March 2005. Approximately 98% of women attending the CSPPN enroll in the
registry.26 Women with documented metastatic or synchronous bilateral disease at diagnosis
were excluded (n = 11). For women with more than one primary breast cancer diagnosed at
different times, we used the most recent diagnosis at which the option of CRRM was
applicable, but took into account the age at diagnosis for the earliest cancer. Medical records
and a baseline questionnaire obtained prior to the first visit provided information on past
personal medical history, including all cancer diagnoses, treatments received, and any risk-
reducing interventions. A detailed family history over at least three generations was obtained
at the initial GCRA visit.

For patients who had CRRM prior to the visit, indication(s) for the procedure was elucidated
from the patients and medical records when available. All subjects received GCRA by a
team consisting of a genetic cancer risk counselor and a geneticist-oncologist. In addition to
a thorough review of personal and family history, the GCRA session also included a
discussion of basic cancer genetics principles, the patient’s estimated probability of having
hereditary breast cancer based on personal and family history, and the potential benefits,
risks, and limitations of genetic testing. The probability of mutation was given as a range
based on estimations obtained from the mathematical models available at the time of
evaluation. 2729 No threshold was used as a cut-off for recommending testing, as consistent
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with the updated ASCO policy statement.30 All genetic testing was performed in Clinical
Laboratory Improvement Amendments (CLIA)-approved laboratories (BRCA gene
sequencing at Myriad Genetics Laboratory, Salt Lake City, UT; p53 gene sequencing at City
of Hope Clinical Molecular Diagnostic Laboratory, Duarte, CA; PTEN gene sequencing at
Ohio State University, Columbus, OH). At a follow-up visit, test results were disclosed and
new primary breast cancer risk estimates, based on mutation carrier status or empiric risk
factors, and management options according to risk levels were discussed. A follow-up
mailed questionnaire was administered at least a year after the initial visit to obtain updates
on personal and family cancer history, to evaluate adherence to surveillance
recommendations, and to assess risk-reducing intervention choices. Patients reporting
CRRM after their initial visit were asked to list the reasons that influenced their surgical
decision.

Of the 378 patients included in this study, 4 (1%) died before a follow-up questionnaire was
obtained and 12 (3%) were lost to follow-up. Prospective data on risk-reduction intervention
choices were abstracted from available medical records for 109 of 164 patients who did not
return the follow-up questionnaire, leaving a total of 67 (18%) with no followup data. Use of
human subject data in this study was approved by the City of Hope Institutional Review
Board in accordance with an assurance filed with and approved by the Department of Health
and Human Services.

We categorized family history into strong, any, and none. Strong family history was defined
as having a family history of at least two first- or second-degree relatives with breast cancer
diagnosed before the age of 50 or at least one first- or second-degree relative with breast
cancer diagnosed before the age of 50 and at least one first- or second-degree relative with
ovarian cancer diagnosed at any age. Any family history includes those with a family history
of breast and/or ovarian cancer that did not meet the criteria for strong family history. We
defined accepted clinical indications for CRRM, adapted in part from Society of Surgical
Oncology position statements on prophylactic mastectomy in 1993,23 as one of the
following: age at diagnosis <40 years, lobular histology of primary breast cancer, a strong
family history, contralateral breast benign findings, and practical reconstruction
considerations, or positive mutation carrier status for those who had CRRM post-GCRA. A
result of a variant of unknown significance (VUS) was carefully evaluated using available
ancillary data (e.g., observations with deleterious mutations in the same gene, tracking data,
and degree of evolutionary conservation for the given amino acid substitution, etc.). None of
the VUS in this study were suggestive of a deleterious change. Furthermore, none of the
participants with a VUS in this study had a family history that was phenotypically consistent
with hereditary breast/ovarian cancer even in the absence of an identified deleterious
mutation. Thus, all of the VUS were considered uninformative and grouped with negative
test results in all analyses.

Baseline characteristics across groups were compared using chi-square or Fisher’s exact
tests for categorical variables and Wilcoxon tests for continuous variables. For women who
had risk-reducing surgery, we examined the association between timing of CRRM (before vs
after GCRA) and the presence of the generally accepted indications for CRRM as defined
previously using logistic regressions. We also examined the likelihood of having CRRM
prior to GCRA among women who were diagnosed before January 1997 compared with
those who were diagnosed later. Age at diagnosis was included in all logistic regression
models. Odds ratios and two-sided P values are reported. All statistical analyses were
performed with SAS version 9.1 (SAS Institute, Inc., Cary, NC).
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The cohort included 378 women, of whom 57 had CRRM prior to GCRA, 45 had CRRM
after GCRA, and 276 did not have CRRM. By design, all women in the eligible cohort were
younger than age 50 years at diagnosis. The median age at diagnosis was 40 years overall,
with no significant differences in age distribution noted between women who had CRRM
pre-GCRA, those who had CRRM post-GCRA, and those who did not have CRRM (Table
1). Age at diagnosis was not associated with having CRRM prior to GCRA (P =.93). There
was also no significant difference in tumor histology distribution across the three groups (P
=.34).

Women who had CRRM post-GCRA were more likely to have a strong family history
compared with those who had CRRM pre-GCRA (42.2% vs 17.5%, P<.02). Of the 336
women who had genetic testing, 3 had testing for the p53 gene, 1 had testing for the PTEN
gene, and 332 had testing for the BRCAL and BRCA2 genes, either with full sequencing, the
three Ashkenazi Jewish founder mutations, or a known familial mutation. Of all those tested,
74 (22.0%) were found to have a deleterious mutation. Of the 46 women who had CRRM
pre-GCRA and chose to pursue genetic testing as part of GCRA, 11 (23.9%) were
subsequently identified to carry a deleterious mutation (10 in BRCAL or BRCA2 and 1 in
p53). On the other hand, of the 44 women who chose CRRM after having GCRA and
genetic testing, 34 (77.3%) had a deleterious mutation in one of the two BRCA genes. Of the
248 women without CRRM who had genetic testing, 29 (11.7%) were found to have a
deleterious mutation (27 in BRCAL1 or BRCA2, 1 in p53, and 1 in PTEN) (Table 1).

At the time of genetic evaluation, 39 of the 57 women who had CRRM prior to GCRA
(68.4%) were found to have at least one of the clinical indications for empiric CRRM (Table
2). Women who had CRRM post-GCRA were significantly more likely to have an
indication for the procedure compared with those who had CRRM pre-GCRA (OR 5.3, 95%
Cl 1.6-17.8, P =.007) (Table 3). The median time between diagnosis and risk-reduction
mastectomy was significantly shorter for women who had CRRM prior to GCRA compared
with those who had CRRM after having GCRA, both for the entire cohort (1.5 months vs
23.2 months, P<.001) and when the analysis was restricted to only those who were
diagnosed after January 1997, approximately the time when commercial genetic testing for
BRCA1 and BRCA2 genes became widely available in the clinical setting (1.6 months vs
11.6 months, P = .005).

Of the 378 women in this study, 131 were diagnosed before and 247 were diagnosed after
January 1997. Women who were diagnosed with breast cancer before January 1997 were
approximately three times more likely to undergo CRRM prior to GCRA compared with
those who were diagnosed after January 1997 (24.4% vs 10.1%, OR 2.9 95%, CI 1.6-5.2, P
=.0003) (Table 4).

DISCUSSION

Perceived high risk for a new primary breast cancer has often been cited as a reason for
considering risk-reduction surgical intervention in women diagnosed with breast cancer.19:24
Our study showed that women who had CRRM prior to GCRA were more likely to not have
an indication for the procedure compared with those who had CRRM after GCRA. We
chose the 1993 Society of Surgical Oncology position statements on prophylactic
mastectomy, and not the recently updated statements, as the generally accepted indications
because they were the clinical guidelines for consideration of CRRM available during the
time period under study. Our finding suggests that GCRA, with expert counseling after
careful examination of family history and personal risk profile for a second primary breast
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cancer prior to decision making, may reduce unwarranted CRRM in young breast cancer
patients. This conclusion is also supported by the finding that among our primarily referral-
based cohort, the use of empiric CRRM was lower for young patients diagnosed with breast
cancer after January 1997, when commercial genetic testing for BRCA1 and BRCA2 became
widely available, compared with those diagnosed before January 1997.

Although contralateral risk-reducing mastectomy has been shown to decrease the incidence
of a new primary breast cancer in women previously diagnosed with unilateral breast cancer,
19,20 jts impact on survival is not well established.?1:22 Thus, CRRM may not be appropriate
for all women diagnosed with a primary breast cancer. Among women who have had
unilateral breast cancer, the risk of developing a new primary breast cancer after the initial
diagnosis is approximately 0.5-1% per year, with higher risk associated with certain
characteristics such as younger age at diagnosis and lobular histology of the primary tumor.
31 In the updated position statement on prophylactic mastectomy recently released by the
Society of Surgical Oncology, consideration for CRRM was recommended for (1) risk
reduction in high-risk patients based on BRCA mutation status or a strong family history, (2)
difficult surveillance (either clinical or radiological findings), and (3) reconstructive
concerns.32 A recent report based on the Surveillance, Epidemiology and End Results
(SEER) database showed that the rate of CRRM among patients diagnosed with unilateral
breast cancer increased steadily from 1998 to 2003.33 However, information on factors that
may have influenced patients’ surgical decision, such as family history, genetic counseling
and testing, mammaographic findings, and reconstructive issues, were not available.
Furthermore, the reason for undergoing risk-reducing surgery could not be obtained from the
SEER database. Thus, it is difficult to assess what proportion of these surgeries was risk-
appropriate.

In a retrospective study of 296 women with breast cancer who had had CRRM, 14% of the
women indicated “fear of developing more breast cancer” based on perceived risk as the
reason for the having the procedure.2 However, this cohort included women with a wide
range of ages who did not have formal GCRA prior to making their decisions. Several
studies have shown that a woman’s perceived risk of breast cancer is often higher than
objective estimated risk based on known risk factors.34=38 Early age at breast cancer
diagnosis was also observed to be associated with having CRRM prior to GCRA in a similar
study.25 Although we did not observe any association between the decision to have CRRM
and age at diagnosis, we only included women diagnosed before the age of 50 in our study
cohort and thus cannot generalize this observation to other age ranges. Genetic cancer risk
assessment, which includes a thorough examination of family history and personal risk
factors and possibly genetic testing, may provide a more accurate estimation of second
primary breast cancer risk than based on age at diagnosis alone, which may play an
important role in the risk-reduction decision-making process for women with early onset
breast cancer.

Although genetic testing for BRCA1 and BRCA2 became commercially available in 1996,
barriers to access have included concerns about potential harms and genetic discrimination,
39,40 jnitial lack of clearly established indications for testing, and unproven benefits of
interventions. Nonetheless, with accumulating evidence for screening and risk-reduction
interventions and clearer referral guidelines, genetic counseling and BRCA genetic testing
when appropriate have demonstrated utility in risk assessment and have become the standard
of care for women whose family and/or personal history are suspicious for a hereditary
etiology.#143 The lower proportion of women undergoing CRRM prior to GCRA among
those diagnosed after January 1997 compared with those diagnosed prior to January 1997 in
our study may indicate increased awareness and utilization of GCRA among health care
practitioners.
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Our study has several limitations. First, information on the indications for considering
CRRM was either elicited during the GCRA consultative process or abstracted from chart
review and not prospectively collected prior to the procedure for the cases that had CRRM
prior to GCRA. Furthermore, we did not have complete information on stage at diagnosis or
initial surgical therapy required, which may influence the decision for CRRM.

Second, our cohort was collected from a primarily referral-based clinical practice, and one
cannot exclude some referral bias. Certainly many patients who have empiric CRRM are not
referred for risk evaluation at all, resulting in an underestimation of the number of women
who make this decision without the benefit of formal GCRA. Although family history of
breast and/or ovarian cancer was cited as the basis for undergoing CRRM prior to GCRA for
many patients in this study, upon thorough evaluation the objective risk was often not as
high as perceived. Thus, it is possible that among all young patients who had pre-GCRA
CRRM, the actual proportion not having a generally accepted clinical indication differs from
that observed in our cohort. Furthermore, the study population was mainly from the
Southern California area and may not be representative of the rest of the country; thus, our
findings might not be generalizable to all women.

The vast majority of participants in our study were accrued before availability of
commercial testing for BRCAL and BRCA2 genomic rearrangements. It is possible that a
rearrangement was present in some of the women who tested negative for a deleterious
mutation by sequencing only. Thus, some of the participants who had CRRM without an
apparent indication could in fact have been mutation positive. Also, although the three
founder mutations account for most of the mutations identified in individuals of Ashkenazi
Jewish descent, a missed mutation is potentially a possibility among women with Ashkenazi
Jewish ancestry who only had testing for these three mutations. However, not all women of
Ashkenazi Jewish ancestry in our study had testing for only the three BRCA founder
mutations; depending on their family history and other factors; some did choose to have full
sequencing performed. Thus, we believe that the likelihood of a missed mutation in this
subgroup is small.

Our study also has several strengths. The City of Hope Cancer Screening & Prevention
Program Network is a well-known cancer genetics clinic at a major cancer center with a
large referral base in Southern California. Personal and family history was collected
uniformly using a standardized questionnaire from all participants. Furthermore, a detailed
pedigree with at least three generations and family history information was obtained for all
participants during the initial clinic visit. Updates regarding surgical interventions after
GCRA were obtained from a follow-up questionnaire administered at least 1 year after the
initial clinic visit and medical records.

New data supporting the efficacy of alternative interventions such as intensive surveillance
and chemoprevention might also influence decisions about CRRM. Women are more likely
to be satisfied with their decision to have CRRM, and with the outcome of the procedure, if
they played an active role in the initial decision-making process.** Thus, prior to making a
decision to undergo CRRM, women should have the benefit of a comprehensive evaluation
of family history and personal risk factors for risk estimation, a discussion of medical and
psychological benefits and consequences of risk-reducing surgeries, as well as a thorough
discussion of other risk-reducing and surveillance options.

In summary, our study indicates that judicious application of GCRA for patients diagnosed
with breast cancer at a young age could provide a more accurate estimation for new primary
breast cancer risk and may promote more risk-appropriate interventions and reduce
unwarranted contralateral risk-reducing mastectomy.
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TABLE 1

Characteristics of women with pre-GCRA CRRM, post-GCRA CRRM, and nho CRRM

Characteristics Pre-GCRA CRRM  Post-GCRACRRM No CRRM  Total
Total number 57 45 276 378
Median age at diagnosis (range) 40 (22-49) 39 (27-49) 41 (21-49) 40 (21-49)
Histology (%)
Ductal 50 (87.7) 41 (90.7) 259 (93.9) 350 (92.6)
Lobular 5(8.8) 2 (4.6) 9(3.2) 16 (4.2)
Mixed, other, or unknown 2(3.5) 2 (4.6) 8(2.9) 12 (3.2)
Family history? (%)
None or adopted 12 (21.0) 7 (15.6) 74 (26.8) 93 (24.6)
Any 35 (61.4) 19 (44.2) 169 (61.2) 223 (59.0)
Strong 10 (17.5) 19 (42.2) 33(12.0)  62(16.4)
Genetic test result (%)
Deleterious mutation 11 (19.3) 34 (76.7) 29 (10.4) 74 (19.6)
No mutation found 32 (56.1) 8 (18.6) 191(69.1) 231(61.1)
Variant of unknown significance 3 (5.3) 2(2.3) 26 (9.7) 31(8.2)
Not done 11 (19.3) 1(2.3) 30(10.8)  42(11.1)

Page 10

aStrong family history: >2 first- or second-degree relatives (F/SDR) with breast cancer before age 50 or >1 F/SDR with breast cancer before age

50 and >1 F/SDR with ovarian cancer at any age.

GCRA, genetic cancer risk assessment; CRRM, contralateral risk-reducing mastectomy.
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TABLE 2

Time interval between diagnosis and CRRM and indications for CRRM

CRRM

Pre-GCRA (n=57) Post-GCRA (n=45) P value

Median time, in months, from diagnosis to CRRM (range) 1.5 (0-168) 23.2 (0.1-332) <.001
Indication for CRRM? (%) 39 (68.4) 41(91.1)

Age younger than 40 27 22

Strong family history 10 19

ILC histology 6 2

Reconstruction considerations 0 2

Contralateral benign findings 5 1

Deleterious mutation carriers 0 34
No indication (%) 18 (31.6) 4 (8.9)

a, - - .
Some participants have more than one indication for having CRRM.
GCRA, genetic cancer risk assessment; CRRM, contralateral risk-reducing mastectomy; ILC, infiltrating lobular carcinoma.

Strong family history: >2 first- or second-degree relatives (F/SDR) with breast cancer before age 50 or >1 F/SDR with breast cancer before age 50
and >1 F/SDR with ovarian cancer at any age.
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TABLE 3

Odds ratios (OR) and 95% confidence intervals (CI) for the association between timing of CRRM (pre- vs
post-GCRA) and presence of an indication

Pre-GCRA CRRM (n=57) Post-GCRA CRRM (n=45) OR&(95% Cl) P value

Indications
No 18 4 1
Yes 39 41 5.3(1.6-17.8) .007

a . . . . - .
Age at diagnosis was included in the logistic regression model.

GCRA, genetic cancer risk assessment; CRRM, contralateral risk-reducing mastectomy.
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TABLE 4

Odds ratios (OR) and 95% confidence intervals (CI) for the association between time period of diagnosis
(before or after January1997) and the choice of pre-GCRA CRRM

Diagnosed prior to Jan 1997 (n=131)  Diagnosed in or after Jan 1997 (n=247) OR®&(95% CI) P value

Pre-GCRA CRRM
Yes 32 25 1
No 99 222 2.9(1.6-5.2) .0003

a . . . . - .
Age at diagnosis was included in the logistic regression model.

GCRA, genetic cancer risk assessment; CRRM, contralateral risk-reducing mastectomy.
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