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There is evidence that tamoxifen treatment of BRCA1 and BRCA2 carriers for prior breast cancer increases risk
of endometrioid subtype endometrial cancer (EC), and suggestive evidence that BRCA1 and BRCA2 mutation
carriers may be predisposed to EC in the absence of tamoxifen exposure. We assessed the association of EC
with BRCA1 or BRCA2 mutation status in Australasian breast-ovarian families. Report of at least one case of EC
was significantly greater in BRCA1-positive families (35/218 (16%); p = .03) and non-significantly greater in
BRCAZ2-positive families (23/189 (12%); p = .6), compared to high-risk breast cancer families without a BRCA1/2
mutation (86/796 (11%)). EC was the first/concurrent cancer for 41% of EC cases with multiple cancer diagnoses
from BRCA1/2 families, and early onset for most of these diagnoses. Mutation status was imputed for ungeno-
typed individuals from 57 BRCA1/2 pedigrees reporting EC using BRCAPRO. Effects of genotype on EC
diagnosis age, and interaction with tamoxifen therapy, were assessed using Cox proportional hazards regres-
sion analysis. EC risk was non-significantly marginally greater for BRCA1 carriers (hazard ratio = 1.25, 95%Cl =
0.65-2.41), and BRCA2 carriers (HR = 1.12, 95%Cl = 0.51-2.45), compared to non-carrier family members.
Tamoxifen therapy was highly significantly associated with EC (HR = 6.68, 95%Cl = 3.12-15.15; p = 1.7 x 10) in
BRCA1/2 families, with no evidence for interaction between tamoxifen therapy and BRCA1/2 genotype. Our
family-based study supports a 7-fold increase in EC risk with tamoxifen exposure for female family members
from BRCA1/2 families. Early onset EC in carriers without tamoxifen use suggests that further study is required
to assess association of modest EC risk with BRCA1/2 mutation status alone.
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There is evidence in the literature that germline mutations
in the breast cancer predisposition genes BRCAI and
BRCA2 mutations may predispose female carriers to risk
of endometrial cancer (EC), in particular, the aggressive
serous subtype. Several case reports and small studies
described founder Ashkenazi BRCAI or BRCA2 mutations
in primary EC patients (Biron-Shental et al., 2006;
Ciernikova et al., 2006; Hornreich et al., 1999; Lavie et al.,
2005; Lavie et al., 2000; Lavie et al., 2004), with some sug-
gestion that mutation-positive EC patients were more
likely to occur in breast-ovarian cancer families and that
risk may be increased for the aggressive serous subtype of
EC in particular. A subset of these studies reported prior
breast cancer diagnosis for 10% of the EC patients (Biron-
Shental et al., 2006; Lavie et al., 2004). In addition, a
non-significant 2.7-fold increased risk of EC has been

reported in relatives of Ashkenazi ovarian cancer BRCA1/2
carriers, and a 6.5-fold increased incidence to age 75 was
estimated for first-degree relatives of carriers of the
Ashkenazi founder mutations versus partially screened
non-carriers (Moslehi et al., 2000). However, three other
studies have reported no association between BRCA1/2
mutations and EC (Barak et al., 2010; Goshen et al., 2000;
Levine et al., 2001). The first study used poor sensitivity
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mutation screening, 1-2 exons plus three Jewish founder
mutations, in a non-Jewish EC cohort (Goshen et al.,
2000). The second and third studies screened Jewish pre-
dominantly endometrioid EC patients for common Jewish
mutations and identified BRCAI and BRCA2 mutations
at frequencies similar to the baseline frequency of ~2% in
the general population (Barak et al., 2010; Levine et al.,
2001). In addition, a large prospective study reported an
increased EC risk in a cohort of 857 BRCA1/2 carriers (SIR
= 5.3; Beiner et al., 2007). Analysis of the six EC patients
identified provided evidence that tamoxifen treatment for
prior breast cancer was a major contributor to endometri-
oid EC risk in BRCA1/2 carriers (Beiner et al., 2007), and
there was also suggestive evidence for an increased risk of
EC (SIR = 2.7) in women not exposed to tamoxifen.

Studies assessing cancer incidence in BRCAI and
BRCA2 carriers from large breast cancer families ascer-
tained through cancer clinics have reported a modest
increased in risk of endometrial/uterine cancer of
unspecified subtype, and provide additional support for a
modest increased risk of EC for BRCAI carriers particu-
larly. Analysis of 11,847 individuals from 699 BRCAI
families revealed a significantly increased relative risk
(RR) of 2.65 (1.69-4.16; P < .001) for the development of
EC (Thompson & Easton, 2002). Analysis of two large
BRCA2 families reported a non-significant RR of 2.37
(Easton et al., 1997), and analysis of 3728 individuals
from 173 BRCA2 families showed a non-significant RR of
1.25 (Breast Cancer Linkage Consortium, 1999). These
reports did not assess the relevance of tamoxifen expo-
sure in relation to EC risk among BRCAI or BRCA2
mutation carriers.

We undertook a study to assess whether there is an
increased incidence of EC in an Australasian cohort of
BRCAI and BRCA2 mutation-positive families. We also
explored whether this risk is specifically associated with
tamoxifen use, and assessed histological subtype of EC
cases where information was available.

Methods

Patient Cohort

High-risk breast cancer families were ascertained through
the Kathleen Cuningham Consortium for Research into
Familial Breast Cancer (kConFab; Mann et al., 2006), and
included families with or without reported BRCA1/2
mutations. Deleterious mutations included truncating and
splice site mutations, large deletions, variants classified
clinically important on BIC (http://research.nhgri.nih.
gov/bic), and missense substitutions classified as patho-
genic, using multifactorial likelihood approaches
(Chenevix-Trench et al., 2006). Mutation results for
probands (generally the youngest affected family member)
were from diagnostic testing at entry into kConFab, and/or
research testing after recruitment into kConFab. Mutation
testing included full sequencing, or denaturing high per-

formance liquid chromatography (DHPLC) and sequenc-
ing, and multiplex ligation-dependent probe amplification
(MLPA) testing for large deletions. Relatives of proband
carriers were screened for the family mutation only.

Each participating family member completed a detailed
questionnaire, including questions relating to cancer diag-
noses, prophylactic surgery, tamoxifen therapy use, and
clinical trial participation. Information on tamoxifen use
was limited to past or present use, with no dose or dura-
tion of treatment information available. Each participant
in an individual family provided a detailed family history
of cancer, including reports of cancer for non-participat-
ing relatives, with the final family pedigree including all
information on reported cancers assimilated across the
family. As part of core kConFab activities, reported
cancers of participants were verified wherever possible
from clinical records (pathology reports, doctor’s notes),
and matching to state cancer registries. Pathology reports
were collected for data abstraction (undertaken by ABS
and CS), and where possible archival tumor specimens of
endometrial/uterine tumors in individuals with positive or
unknown BRCA1/2 mutation status were obtained for
pathology review (undertaken by CS). A large number of
EC diagnoses were before 1980 (65% for BRCAI, 45% for
BRCA2), restricting access to clinical records and tumor
blocks for verification and review. In addition, while age at
EC onset ranged widely (47-70y for BRCA1, 33-86y for
BRCA2), these individuals were generally from an early
birth cohort (33 and 14 with year of birth < 1930 for
BRCA1I and BRCA?2 families, respectively), limiting
biospecimen availability for genotyping of individuals
with reported EC.

Ethical approvals were obtained from the Human
Research Ethics Committees of the Queensland Institute of
Medical Research, the Peter MacCallum Cancer Centre, and
all participating hospitals and cancer registries. Written
informed consent was obtained from each participant.

Statistical Analysis

The frequency of reported EC in families with a known
BRCAI or BRCA2 mutation was compared to that in ‘high
risk breast cancer families’ without a known mutation
using a chi-squared test. Families were included as positive
for a report of EC if report of endometrial or uterine
cancer was recorded for at least one individual. These
descriptive analyses included 796 non-BRCA1/2 families,
218 BRCAI families, and 189 BRCA2 families.

Fifty-seven pedigrees from BRCAI1/2-positive families
reporting endometrial cancer were included in endome-
trial cancer risk analyses. We used the R BayesMendel
package (Version 2.0-1) to implement the BRCAPRO
model and incorporate BRCA1/BRCA2 genotyping infor-
mation, to estimate mutation carrier probabilities for all
untested individuals in known mutation-positive families
(Parmigiani et al., 2008). It was necessary to break marital
loops in two pedigrees for the BayesMendel peeling algo-
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rithm. Resulting carrier probabilities were used as predic-
tors in a Cox proportional hazards model. For imputation
of mutation status, breast or ovarian cancer-affected
females were censored at age of first cancer diagnosis,
and unaffected individuals were censored at the earliest
of age at interview, death, prophylactic mastectomy or
prophylactic oophorectomy. The final dataset included
mutation status information for 1090 female individuals
(482 measured, 608 imputed). Cox proportional hazards
regression analysis of the effects of genotype on age at
diagnosis of EC, and interaction with tamoxifen therapy,
was carried out using the survival package (Therneau &
Lumley, 2008) in the R statistical programming environ-
ment (R Core Development Team, 2008). For Cox
regression, all individuals reporting EC were censored at
age at diagnosis of EC (irrespective of prior cancer
report), all individuals with no EC but reporting hys-
terectomy were censored at age of surgical procedure
(irrespective of breast or ovarian cancer diagnosis), and
individuals without hysterectomy and no report of EC
were censored at age of interview. Individuals without
information on tamoxifen use were considered to have no
exposure to tamoxifen if censoring occurred before 1995.
Statistical tests were 2-sided.

Results

Frequency of Endometrial Cancer Report

in Breast and Breast-Ovarian Cancer Families

At the time of analysis, the kConFab resource had infor-
mation on mutation status for 1,203 families (Table 1):
218 families with a BRCAI mutation in at least one indi-
vidual; 189 with a BRCA2 mutation; and 796 with no

Endometrial Cancer in BRCA1 and BRCA2 Families

known BRCAI or BRCA2 mutation. EC was reported in
48 women from 34 BRCAI families, 22 women from 22
BRCA?2 families, and a single individual from a family with
a mutation in both BRCAI and BRCA2. There were 8
BRCA1 families reporting two ECs, two families with three
cases each, and a single family with four cases. The EC was
verified for 17/49 cancers for BRCAI families, and 10/23
cancers for BRCA?2 families.

EC was reported significantly less often by non-
BRCA1/2 families (11%) than by BRCAI mutation-positive
families (16%; p =.03), but not compared to BRCA2 muta-
tion-positive families (12%; p = .6). Most non-BRCA1/2
families reporting EC (72/86, 83%) had undergone a high
level of BRCA1/2 gene mutation testing in the youngest
living affected family member (DHPLC or full sequencing,
and MLPA testing). The generic description of families was
compared for those reporting EC to those with no report
of EC. BRCAI families with EC presented somewhat more
commonly with ovarian cancer (with or without male
breast cancer), but these differences were not significant (p
=.2). Although BRCA?2 families with EC were more
common in families with female breast, male breast and
ovarian cancer (21.7% vs 4.2%; p = .005), there was no
overall increased presentation with ovarian cancer in
family members when the comparison also included fami-
lies with female breast and ovarian cancer (p =.8).

Mutation Status and Other Cancer Diagnoses

of Endometrial Cancer Cases From BRCA1

and BRCA2 Families

Genotyping information was generated for 21 EC cases
with DNA available. The mutation status for EC cases was

TABLE 1

Characteristics of kConFab Families Reporting Endometrial Cancer?®

Endometrial cancer case(s) reported BRCA1 (%) BRCA2 (%) non-BRCA1/2 (%)

No 183 (83.9) 166 (87.8) 710 (89.2)

Yes 35 (16.1) 23 (12.2) 86 (10.8)

Total 218 189 796

P value for frequency comparison to non-BRCA1/2 0.03 0.6

Description of families reporting endometrial cancer®
Female breast 9 (25.7) 1 (47.8) 59 (68.6)
Female breast and ovary 24 (68.6) 5 (21.7) 21 (24.4)
Female breast, male breast and ovary 2 (5.7) 5 (21.7) 1 (1.2)
Female breast, male breast 0 (0.0) 2 (8.7) 5 (5.8)
Male breast 0 (0.0 0 (0.0 0 (0.0
Other 0 (0.0 0 (0.0) 0 (0.0)

Description of families with no reported endometrial cancer®
Female breast 61 (33.3) 77 (46.4) 493 (69.4)
Female breast and ovary 114 (62.3) 61 (36.7) 166 (23.4)
Female breast, male breast and ovary 3 (1.6) 7 (4.2) 9 (1.3)
Female breast, male breast 3 (1.6) 19 (11.4) 34 (4.8)
Male breast 0 (0.0 2 (1.2) 3 (0.4)
Other 2 (1.1) 0 (0.0) 5 0.7

Note: @ A single family carried both a pathogenic BRCAT and a pathogenic BRCA2 mutation.
b Based on reports of female breast cancer, male breast cancer, and ovarian cancer only.
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TABLE 2

Characteristics of Mutation Carriers and Possible Mutation Carriers with Reported Endometrial Cancer from BRCA1/2 families

BRCA1 carrier  BRCATunknown  BRCAZ2carrier ~ BRCA2 unknown  Total

Reported cancer(s) in addition to endometrial cancer?

Breast 2 4 5 2 13

Ovarian 0 2 0 0 2

Ovarian and breast 1 0 1 0 2

None 1 31 0 1" 43
Proportion carriers or possible carriers with additional cancers 3/4 6/37 6/6 2/13 17/60
Reported cancer(s) synchronous with or after endometrial cancer diagnosis®

Breast 1 2 3 0 6

Ovarian 0 1 0 0 1

Ovarian and breast 0 0 0 0 0
Proportion carriers or possible carriers with cancers after or synchronous 1/4 3/37 3/6 0/13 7/60

with endometrial cancer

Note: 2 Based on reports of breast and ovarian cancer only. Includes reported diagnoses before, after or synchronous to reported endometrial cancer diagnosis.
b Ages at diagnosis of endometrial cancers were: 66y (BRCA1 carrier); 32y, 43y, and 48y (BRCA1 unknown); and 33y, 39y, and 52y (BRCA2 carriers).

positive for 4/12 genotyped individuals from BRCA1 fami-
lies, and 6/9 genotyped individuals from BRCA2 families.
A number of the individuals with reported EC and posi-
tive or unknown mutation status also reported another
cancer (17/60 (28%) individuals, detailed in Table 2). This
included 3/4 known BRCAI carriers, and 6/6 known
BRCA2 mutation carriers, totaling 9/10 known mutation
carriers. Approximately 15% of possible mutation carriers
(6/37 BRCAI and 2/13 BRCA?2) also reported cancers that
are known to be associated with BRCAI and BRCA2 posi-
tive mutation status. The timing of these cancers in
relation to endometrial cancer diagnosis was assessed. EC
diagnosis was the first or concurrent primary cancer for
7/17 (41%) reports of multiple cancer diagnoses in known
or possible mutation carriers. This included 4/4 confirmed
mutation carriers (1 BRCAI, and 3 BRCA2).

The age at EC diagnosis for individuals with known
positive or unknown BRCAI mutation status (i.e., exclud-
ing known mutation-negative endometrial cases) ranged
from 25y to 91y (average 54y). A considerable number of
these cases (17/41, 42%) were diagnosed < 50y, and only 3
of these early onset cases reported a prior breast cancer.
EC cases with known positive or unknown BRCA2 muta-
tion status ranged in age at onset from 33y to 84y (average
57y), with 30% (6/19) diagnosed under 50y, and only 2 of
these reporting a prior breast cancer. Within the small
subset of endometrial cases with synchronous or subse-
quent breast or ovarian cancer(s), the majority (5/7, 71%)
had very early onset disease, with 3 diagnosed under 40y,
and another 2 at 43y and 48y.

Tamoxifen Use and Histological Subtype

of Endometrial Cancer Cases From BRCA1

and BRCA2 Families.

The relationship between tamoxifen treatment and breast
and/or EC diagnosis was also assessed for all women in
BRCAI and BRCA?2 families. Data were recorded for 445
women, with only 12 reporting tamoxifen use prior to

censor age. Of these, 7 were mutation carriers (4 BRCAI 3
BRCA?2) and 5 of these individuals developed EC after
breast cancer (2 BRCAI, 3 BRCA2). Age at first tamoxifen
use was post-menopausal for all but one woman (a
BRCA2 carrier). Another 4 patients reporting tamoxifen
use were mutation-negative, two of whom developed EC
after breast cancer. The remaining individual of unknown
mutation status developed breast and ovarian cancer but
not EC. EC was reported in 3.0% of women with no
known tamoxifen use (13/433), and in 2.4% of women in
whom tamoxifen data were not available (51/2092). Most
of the latter (>80%) were unlikely to have been exposed to
tamoxifen, since their age at censorship was prior to 1995
when tamoxifen was made available to individuals unaf-
fected by breast cancer in Australia through the IBIS-1
trial. Only a single mutation carrier reported use of
hormone replacement therapy prior to EC diagnosis.
Information on histological subtype was available for
the subset of verified ECs only: 6 known mutation carriers
(5 endometrioid carcinomas and 1 endometrial stromal
sarcoma), and 1 with unknown mutation status (carci-
nosarcoma). The stromal sarcoma and carcinosarcoma
were diagnosed in individuals with a prior breast cancer
from BRCA?2 families, and both had received tamoxifen
therapy. Of the 5 endometrioid cancers (2 BRCAI, 3
BRCA2), two occurred in women with no prior breast
cancers or tamoxifen use, and the remaining three were
diagnosed in women with prior breast cancer and tamox-
ifen treatment. That is, there were no serous papillary
tumors reported in this series, and tamoxifen use was
reported by both the women with the rare aggressive
sarcoma/carcinosarcoma subtype.

Association Between BRCA1 and BRCA2
Mutation Status and Endometrial Cancer Risk

The Cox regression analysis was carried out on the 57
pedigrees where a BRCA1/2 mutation had been identified,
and one or more cases of EC were present. Within these
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FIGURE 1

Disease-free survival curves for endometrial cancer versus tamoxifen
therapy in families segregating BRCA1 or BRCA2 mutations.
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FIGURE 2

Disease-free survival curves for endometrial cancer versus BRCA1
genotype.

families, diagnosis of EC was not significantly associated
with BRCAI mutation status (Hazard Ratio = 1.25, 95%CI
= 0.65-2.41), or BRCA2 mutation status (HR = 1.12,
95%CI = 0.51-2.45), although risk estimates were margin-
ally greater than unity in both instances. Tamoxifen
therapy was highly significantly associated with EC (HR =
6.88, 95%CI = 3.12-15.15; p = 1.7 x 10°% See Figure 1).
Adjustment for tamoxifen use yielded risk estimates of

Endometrial Cancer in BRCA1 and BRCA2 Families

1.14 (0.58-2.25) for BRCAI carriers and 0.84 (0.37-1.91)
for BRCA2 carriers. Tests for interaction between tamox-
ifen therapy and BRCAI or BRCA2 genotype were not
significant (p = .2). Nevertheless, examination of the sur-
vival plot for BRCAI carriers in particular suggested that a
very modest association with mutation status alone
cannot be excluded (Figure 2).

Discussion and Conclusions

Some studies of Ashkenazi founder mutation carriers have
suggested an increased risk of EC (Biron-Shental et al.,
2006; Hornreich et al., 1999; Lavie et al., 2005; Lavie et al.,
2004; Moslehi et al., 2000), in particular, the serous
subtype, and increased risk of EC in BRCAI and BRCA2
carriers is supported by analysis of cancer incidence in
mutation carriers from large breast cancer families
showing a modest 2-fold increased EC risk in BRCAI car-
riers especially (Breast Cancer Linkage Consortium, 1999;
Easton et al., 1997; Thompson & Easton, 2002). However,
it is possible that the increased risk of EC in these cohorts
enriched for breast cancer may be due in part to tamox-
ifen exposure. Tamoxifen is a selective estrogen-receptor
modulator that has been used in treatment of pre- and
post-menopausal ER-positive breast cancer for over 20
years (Early Breast Cancer Trialists, 1998; Osborne, 1998).
There is a clear association of tamoxifen use with
increased EC risk, with reported relative risks including
2.4-fold from prevention studies (p = 0.0005), 3.4-fold
from adjuvant studies (p = .0002; Cuzick et al., 2003), and
2.2-fold from a very large retrospective study of 39,451 US
breast cancer patients initially treated with tamoxifen
(Curtis et al., 2004). Risk appears to be mainly seen in
women aged 50 years or more, and most studies with rele-
vant data on tumor histology do suggest an increase in the
proportion of poor prognosis non-endometrioid EC sub-
types such clear cell, serous papillary, malignant mixed
mullerian tumors, as well as stromal sarcoma uterine
cancers (Arenas et al., 2006; Bergman et al., 2000; Fisher et
al., 1994; Kloos et al., 2002; Magriples et al., 1993; Mignotte
et al., 1998; Moinfar et al., 2007; Saadat et al., 2007).
Although interventional studies have been carried out
among individuals at high risk of breast cancer (Cuzick et
al., 2003), to date no tamoxifen studies were specifically
designed to report on the subsequent rate of EC develop-
ment in BRCAI and BRCA2 mutation carriers. However,
one prospective study of BRCAI and BRCA?2 carriers has
shown that tamoxifen treatment for prior breast cancer
was a major contributor to the development of
endometrioid endometrial carcinoma, with an 11-fold risk
in the subset of women exposed to tamoxifen (Beiner et
al., 2007). Using a family-based design, our results support
an increase in risk among BRCA1/2 carriers with tamox-
ifen exposure — with an observed 7-fold increase in EC
risk for family members on tamoxifen regardless of their
mutation status. The confidence intervals are sufficiently
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broad (3.1-15.2) that they overlap with the previously
reported 11-fold risk among BRCA1/2 carriers (Beiner et
al., 2007), and also with risks of 2.4 (1.5-4.0) to 3.4 (1.8—
6.4) reported for patients in the general population
(Cuzick et al., 2003). There was no evidence for an interac-
tion between tamoxifen use and mutation status. There
was also no statistically significant evidence for an
increased risk of EC with BRCAI or BRCA2 mutation
status alone. However, only a modest ~2.5-fold risk is
indicated from previous studies of large BRCAI and
BRCA?2 families (Breast Cancer Linkage Consortium,
1999; Easton et al., 1997; Thompson & Easton, 2002), the
upper confidence limits of risk estimates were 2.4 for
BRCALI carriers and 2.5 for BRCA2 carriers. This suggests
that any risk associated with mutation status in the
absence of tamoxifen use would be modest, and that
analysis of a much larger sample of BRCAI and BRCA2
families is required to assess this possibility.

It is also interesting to note that EC was the first or con-
current malignancy in a substantial proportion of known
BRCA1/2 carriers reporting multiple cancer diagnoses, and
that these included very early onset cancers (diagnosed
<40) with no prior breast cancers or tamoxifen use. It is
important to recall that although it is now well recognized
that germline mutations in either BRCAI or BRCA2 are
associated with an increased risk of primary peritoneal
and fallopian tube cancers, initial analyses of BRCAI and
BRCA2 mutation carriers ascertained largely through
clinic ascertainment of breast-ovarian families showed an
increased risk of primary peritoneal cancers in BRCAI car-
riers, but did not show increased risk for fallopian tube
carcinomas in BRCAI or BRCA2 carriers (Breast Cancer
Linkage Consortium, 1999; Easton et al., 1997; Thompson
& Easton, 2002). Thus, at the present time, it would be
prudent to allow continued debate about a possible role of
BRCA1/2 in endometrial cancer predisposition.

In relation to the previously reported association of
BRCA1/2 mutation status with serous EC, our data
provide no evidence for this. The majority of cases with
known histology were endometrioid carcinomas, and pre-
vious tamoxifen use is most likely to account for the
endometrial stromal sarcoma identified in a BRCA2
carrier, and the endometrial carcinosarcoma developing in
a woman of unknown mutation status (Arenas et al., 2006;
Kloos et al., 2002; Moinfar et al., 2007). It is unlikely that
our results were confounded by the fact that uterine papil-
lary serous cancer as a histologic entity was described in
1982, since confirmation by pathology report (and thus
verification of histological classification) was not possible
for any cases with known positive mutation status diag-
nosed before this date. An appropriately designed and
well-powered study would be required to address the
hypothesis that these rare tumors are more common in
BRCA2 (or BRCAI) mutation carriers, and the role of
tamoxifen use in their development.

There was no convincing evidence from our analysis
that EC was more likely to be reported in BRCA1/2 fami-
lies that also report ovarian cancer, as has been suggested
previously in the literature. We also recognise that it is
possible that some ovarian cancers in our study may have
been misreported by participants as ECs, or were ovarian
primaries with endometrial involvement, given the limited
information on cancer verification. It is extremely
unlikely, however, that the association between tamoxifen
use and EC report is due to misreporting, since there is no
known association between tamoxifen use and increased
ovarian cancer risk (Vicus et al., 2009).

Our findings are likely to impact the clinical manage-
ment of women from hereditary breast ovarian families,
with an identified mutation in BRCAI/BRCA2.
Chemoprevention is available to such women at increased
risk for breast cancer, and results of this study support the
argument that if tamoxifen is to be used, it is done so with
caution and only after careful counseling. In women con-
templating bilateral salpingo-oophorectomy (BSO), the
additional removal of the uterus may, facilitate the use of
tamoxifen as a chemopreventative agent for breast cancer
risk reduction. This might be particularly relevant for
women undergoing a late BSO when the potential for a
reduction in breast cancer risk (associated with oophorec-
tomy) is less likely. Raloxifene use may be more appropriate
for women with a retained uterus, with results from the
STAR P-2 trial indicating that long-term raloxifene use
attains similar effectiveness to tamoxifen in preventing
invasive breast cancer but with significantly lower risk of
EC (Vogel et al., 2006; Vogel et al., 2010). At present our
findings do not have implications for the criteria used for
selection of families for BRCA1/2 mutation screening, but
further studies may highlight the importance of early onset
primary EC cases in recognition of breast-ovarian families
potentially suitable for mutation screening.
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