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ABSTRACT

Background: Double heterozygosity (DH) for BRCA1 and BRCA2 mutations is a very rare finding,
particularly in non-Ashkenazi individuals, and only a few cases have been reported to date. In
addition, little is known on the pathological features of the tumors that occur in DH cases and on
their family history of cancer.

Methods: Four carriers of pathogenic mutations in both BRCA1 and BRCA2 were identified among
women who underwent genetic counseling for hereditary susceptibility to breast and ovarian
carcinoma at three different Italian institutions. Clinical, pathological and family history data were
collected from medical records and during genetic counseling sessions.

Results: All identified DH cases developed breast carcinoma and three of them were also diagnosed
with ovarian carcinoma. Mean ages of breast and ovarian cancer diagnosis were 42.7 and 48.6
years, respectively. The majority of breast cancers showed a BRCA1l-related phenotype, being
negative for hormone receptors and HER2. Two cases reported different gastrointestinal tumors
among relatives.

Conclusions: Although the individuals described in the present study show more severe clinical
features in comparison to previously reported BRCA1 and BRCA2 DH cases, our observations
support the hypothesis of a non specific phenotype of DH cases in terms of age of disease onset. In
addition, our observations indicate that in DH patients breast carcinogenesis appears to be driven
mainly by the mutations in BRCAL. The possible association of DH for BRCA gene mutations with
gastrointestinal tumors is in keeping with previous reports, but needs to be confirmed by further

analyses.
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INTRODUCTION

Germline mutations in BRCA1 and BRCA2 genes predispose to familial and early onset breast and
ovarian cancer. Since 1994 testing for these mutations is available in both diagnostic and research
settings, selecting subjects according to their personal and family history of cancer. Another factor
to be investigated in the ascertainment of individuals eligible to mutation screening is ethnic
background. For example, in the Ashkenazi Jewish population, the likelihood of being a carrier of
one of the three common BRCA1 and BRCA2 founder mutations (185delAG, 5382insC in BRCA1
and 6174delT in BRCA2) is as high as 1 in 50 [1]. In particular, the frequency of the 185delAG
mutation has been estimated at 1.05% [2,3], of the 5382insC mutation at 0.1% [2,3] and of the
6174delT mutation at 1.4% [3,4]. Due to these frequencies, several cases of double heterozygosity
(DH) for pathogenic mutations in both genes have been reported in this specific ethnic group [5-7].
In the non-Ashkenazi population, the estimated prevalence of BRCAL1 and BRCA2 mutation carriers
is 0.11% and 0.12%, respectively [8], and, consequently, DH for pathogenic mutations in both
genes is expected to be veryrare (1 in 190.000).

To our knowledge, only approximately 40 individuals with DH in BRCA genes have been reported
to date [5,6,9-21]. Their identification has important implications for genetic counseling, clinical
follow-up and can improve our understanding of genotype/phenotype correlation and mutation
interaction.

In the present study, we report four new Italian cases with deleterious mutations in both BRCA1 and
BRCA2 genes and describe the pathological characteristics of tumors that occurred in these

individuals and their family history of cancer.



METHODS

Genetic counseling was performed at three different Italian institutions (Istituto Clinico Humanitas,
Fondazione IRCCS Istituto Nazionale Tumori and Istituto Europeo di Oncologia) where probands
from breast/ovarian cancer families were selected for mutation screening in BRCA genes according
to previously reported inclusion criteria [22].

Genomic DNA was isolated from patients’ peripheral blood according to standard protocols.
Molecular analysis (amplification and sequencing of all BRCA 1 and BRCA 2 coding exons and
splice sites) was carried out in a single molecular laboratory, at the IFOM-IEO campus, Milan,
Italy. Mutation designation is according to the Breast Information Core (BIC) nomenclature

(http://research.nhari.nih.gov/bic/)

Clinical, pathological and family history data were collected from medical records and during

genetic counseling sessions.


http://research.nhgri.nih.gov/bic/

CASE REPORTS

Caseno. 1

The first case was a 43 years old woman from Northern Italy who referred to genetic counseling on
July 2008, reporting a personal and family history of breast cancer. On December 2007 she
underwent mammary ulkrasound which showed a 3-cm mass in the left superior external quadrant.
Preoperative percutaneous needle biopsy confirmed the presence of cancer. In January 2008, she
underwent quadrantectomy and homolateral axillary dissection. The pathologist reported a poorly
differentiated, stage Il, triple negative metaplastic breast carcinoma, with high proliferative index
(Ki67: 35-40%) and necrotic foci. There were no tumor metastases in any of 18 axillary lymph
nodes examined [table 1]. The patient completed subsequent adjuvant chemotherapy with six cycles
of doxorubicin and cyclophosphamide and local radiotherapy. No adverse acute or chronic radiation
reaction has occurred to date. She is currently alive at age 45, in good health, with no evidence of
disease after 25 months of follow up.

The patient reported a maternal family history of mammary tumor. The mother was diagnosed with
a bilateral breast cancer at 48 years and died two years later, the maternal grandmother was
diagnosed with a unilateral breast cancer at 70 years and died 5 years later. She also referred of a
few other cases of the same disease among her mother’s cousins, but she did not remember ages of
onset and outcomes. Furthermore, she reported of a maternal uncle diagnosed with leukemia at 45
years who died one year later for progression of disease [fig 1].

The genetic analysis found two different mutations, one in BRCAL (954delC; H2791fs) and one in
BRCA2 (8423T>G L2732X). Both introduce a premature stop codon and are, therefore,

pathogenetic. To date, no other family member have consented to testing.

Case no. 2
The second case was a 35 years old woman from Mid-Southern Italy, who referred to genetic
counseling, reporting a personal and family history of breast cancer. In January 2000, At age 30,

she underwent a right quadrantectomy with homolateral axillary dissection and the pathologist



documented a ductal breast cancer, medullar type, in the absence of hormonal receptors and of
axillary lymph node involvement [table 1]. After conservative surgery, the patient completed
adjuvant chemotherapy with six cycles of cyclophosphamide, methotrexate and 5-fluorouracil and
local radiotherapy. Subsequently, she started hormonal therapy with tamoxifene that was
interrupted after a few months due to intolerance. At age 36, she had prophylactic salpingo-
oophorectomy with peritoneal washing and biopsies. Pathological examination revealed a bilateral
ovarian serous papillary carcinoma, grade 2. Following this observation, the patient underwent
radical surgery and was found free of residual pathological disease. She refused the proposed
adjuvant chemotherapy for personal reasons. At age 39, she developed a recurrent pelvic disease
from ovarian cancer for which she underwent surgery and chemiotherapy with carboplatin and
taxol Collaterally, at 31 years she was diagnosed with systemic scleroderma. She is currently alive
at age 40, with no evidence of disease.

The patient reported an impressive history of cancer in the paternal family [fig 2]. The father, from
Central Italy, presented with a gastric cancer when he was 66 years old, his twin brother died of
lung malignancy at age 61, one of his sister presented a breast cancer when she was 50 years old
and a contralateral breast cancer at age 53 and died one year later; another sister died of pancreatic
cancer at age 51. The paternal grandmother died of lung neoplasm when she was 70 years old. In
addition, the mother, from Southern Italy, was treated for preinvasive cervix carcinoma at age 35
and the maternal grandfather developed a colon cancer when he was 73 years old.

The genomic analysis demonstrated two truncating mutations in both BRCA1 and BRCA2 genes:
4035delTT (L1306fs) and 5608delG (Vall1794X), respectively.

The mother tested negative for both mutations.

Case no. 3
The third case was a 63 years old woman from Northern Italy who attended genetic counseling in
November 2007. At age 46, she developed two left breast cancer foci, confirmed at a cytological

examination. She underwent lumpectomy and axillary dissection that revealed a poorly



differentiated, infiltrating ductal breast cancer in both masses, in the absence of lymph node
involvement. One node was positive for p53 (60%), HER2 (30%) and Ki67 (30%) and negative for
estrogen receptor (ER) and progesterone receptor (PgR); the other one was negative for p53 and
HER2 and positive for Ki67 (40%), ER (60%) and PgR (30%). After surgery, she received local
radiotherapy. At age 58, she underwent salpingo-oophorectomy for a moderately-differentiated,
stage I11C, serous papillary cistoadenocarcinoma (pT3c G2 pN1) [table 1]. After surgery, she started
adjuvant chemotherapy with carboplatin and paclitaxel in another hospital and we were unable to
obtain more details. Our last contact with her was in January 2008, when she reported no recurrence
of disease.

The patient referred a positive family history of cancer [fig 3]. The mother developed a breast
cancer when she was 73 years old and died at age 94. She referred of a maternal aunt with breast
cancer, a maternal uncle with colon cancer, one cousin with colon cancer at age 55, an another
cousin who died at age 23 from unspecified tumor and two other maternal uncles with unspecified
neoplasias, but she was not able to report more details. The maternal grandmother developed a
gastric tumor at age 70. The father died at age 68, probably of leukemia, and a paternal aunt
developed breast tumor when she was 60 years old. A brother had gastric cancer at age 48.

The patient was found to carry two truncating mutations: 1806C>T (Q563X) in BRCAL and
6697C>T (Q2157X) in BRCA2.

Her healthy niece tested negative for both mutations.

Case no. 4

The fourth case was a 53 years old woman from Northern Italy who referred to genetic counseling
in October 2008. She developed synchronous breast and ovarian cancers at age 52 years. Atage 52,
she underwent a left lumpectomy with a diagnosis of poorly differentiated, stage 11, triple negative,
ductal breast carcinoma, with focal, solid intraductal component, central necrosis, high proliferative
index (Ki67: 80%) and negative sentinel lymph nodes. In September 2007, she underwent salpingo-

oophorectomy with hysterectomy, omentectomy, systemic lymphoadenectomy and peritoneal



washing and biopsy for a poorly differentiated stage 111C serous bilateral ovarian adenocarcinoma
(pT3 pN1) [table 1].

After surgery she completed adjuvant chemotherapy with 12 cycles of carboplatin and paclitaxel
and subsequent local radiotherapy. She is alive without evidence of disease at 29 months of follow-
up.

The genomic analysis demonstrated two truncanting mutations, one in BRCALl (2524delTG,
V802fs) and the other in BRCA2 (4512insT; Q14291).

The sister, who also developed synchronous breast and ovarian cancer at 52 years, was screened for
the presence of the above genetic alterations in another laboratory and tested positive for the
BRCA1 mutation, but negative for the BRCA2 mutation. To date, no other family member has

consented to testing.



DISCUSSION

At present, a relatively small number of cases of DH for BRCA1 and BRCA2 mutations have been
described. This is in keeping with the extremely low probability of having both genes mutated in
the same individual. In addition, little is known on the pathological features of the tumors that occur
in DH cases and on their family history of cancer.

Studies reporting data on the prevalence of DH in BRCA genes showed the Ashkenazi Jewish
descent as the single most important predictor of this rare event [18]. In 2002, Frank et al. [17],
describing the results of 10,000 consecutive gene sequence analysis, reported 11 DH cases. The
authors remarked that all of them were detected among 617 Ashkenazi mutation carriers (1.8%),
that corresponds to 0.36 % of 3,022 tested index cases from this ethnic group. Three years later
Leegte et al. [18] presented four new DH individuals and reviewed all published cases, including 34
women and one man from 25 different families. They confirmed the presence of at least one
Ashkenazi founder mutation in 19 of them, and of the Dutch BRCA1 founder mutation 2804delAA
in two other families. In the remaining four families (two from Korea, one from Scotland and one
from Spain) the mutations referred were not founder mutations. In the same year the first example
of an Italian non-Ashkenazi DH cases for BRCAL and BRCA2 genes was reported by Musolino A et
al. [20]. Finally, three other DH cases of European descent and no Ashkenazi heritage were reported
by Claus et al. [19] and Smith et al. [21].

The four DH cases here described were ascertained among 2650 non-Ashkenazi index cases (for the
vast majority of Italian descent) that have been tested as of February 2010 for BRCA1 e BRCA2
mutations in our laboratory. Of these, 636 (24,0%) were found to carry at least one deleterious or
suspected deleterious mutation. The percentage of DH cases we observed (0.62% of the mutated
individuals and 0.15% of the total index cases) was lower than that observed among Ashkenazi
Jews by Frank et al. [17], in keeping with the low frequency expected outside that population.
Conversely, in the same study, no DH cases were observed among 6,724 non-Ashkenazi individuals

[17]. This discrepancy respect to our data, although most likely due mainly to differences in the



inclusion criteria adopted for BRCA gene testing, might suggest that in Italian breast/ovarian
families the incidence of BRCA mutations is higher than in other populations. Interestingly, none of
the identified DH patients was a carrier of known Italian founder mutations [23-25], and had
mutations in common with each other. Two of the eight identified mutations (954delC in BRCA1
and 5608delG in BRCA2) were not present in any of the index cases tested in our laboratory, The
remaining 6 mutations recurred in one or more additional cases, being the BRCA1l 1806C>T
substitution, observed in 11 other individuals, the most frequently detected.

By reviewing published data, Leegte and colleagues [18] concluded that when compared with
available population-specific cancer risk in carriers of single BRCA gene mutations, DH individuals
do not show a more severe phenotype with respect to age of disease onset, cumulative lifetime risk
and multiple primary tumors.

These authors reported a phenotypic expression in 34 women with DH, mostly of Ashkenazy Jews
ancestry, varying from unilateral breast cancer at age 26 to cancer-free survival at age 70. In their
review, 10 mutations carriers (29.4%), were without cancer at a mean age of51.3 years (range 36 to
70); the other 24 women (70.6%) developed 32 primary cancers (26 breast and 6 ovarian) ata mean
onset age of 42.3 years (range 26 to 70). The mean age at diagnosis for breast cancers was 41.1
years (range 26 to 70) and for ovarian cancers 45.7 years (range 36 to 57). In 13 women (54% of
affected cases) the first cancer was diagnosed before the age of 40. Three women had bilateral
breast cancer (mean age 40.7-mean age 33 to 55) and one had three primary breast cancers (at age
33, 44 and 47). Three women developed both breast and ovarian cancers (8,8%, mean age of first
cancer 39.3 years, range 30 to 48). Three women had ovarian cancer only (mean age 47.7 years-
range 36 to 57). The age related incidence for first cancer was 84% (confidence interval (Cl),38% to
99%) at age 70, and median cancer-free survival was 45 years (range 33 to 57).

Compared to the above series, our 4 DH cases showed, on average, a more severe phenotype, since
3 of them (75%) developed both a breast and an ovarian cancer, being the only exception a patient

who was diagnosed with breast cancer at 43 years and had a brief follow-up (ca. 2 years).



Conversely, the mean age at breast and ovarian cancer diagnosis (42.7 and 48.7 years, respectively)
was similar to that reported by Leedge et al. [18], and none of them developed contralateral breast
cancer. The differences observed between the two series could be due several factors, including the
small number of individuals reported and ascertainment biases. The different genetic background
should also be considered, as variations in disease risk are described in population with known
founder mutations.

Both BRCA1 and BRCAZ related breast carcinomas are usually of high grade. However, while there
are no known histopathological features that distinguish BRCA2 from sporadic tumors, breast
cancers occurring in carriers of BRCA1 mutations are usually negative for the expression of ER,
PgR and of HER2 (the so-called 'triple-negative' phenotype) and positive for of p53 alterations [26].
As reported in table 1, the breast cancers that occurred in our DH cases were all high grade, stage 11,
mostly negative for hormonal receptors and/or HER expression and with high proliferative index.
These data indicate that breast cancers in DH cases are more likely to exhibit a BRCAL
histopatological phenotype and suggest that in these patients breast carcinogenesis is mainly driven
by the mutations in BRCAL, even if this hypothesis requires confirmatory studies on a larger
number of cases.

The penetrance of mutations within BRCA1 and BRCA2 genes can be incomplete and their
expressivity can be variable determining very different phenotypes even in members of the same
family sharing the same genetic alteration [16,21]. Case no. 4 had a sister, who although carrier of
only one of the two identified mutations, exhibited an astonishingly identical phenotype, that is
synchronous breast and ovary carcinomas developed at the very same age (52 years), but no other
cancer cases in the family. Conwversely, the remaining three cases here described (nos. 1 to 3)
reported a positive family for breast cancer with one ore more affected relatives and for a variety of
other cancers, although the relation with the DH status remains unclear, since very few segregation

data are available.



Interestingly, both cases no. 2 and no. 3 reported the occurrence of different gastrointestinal tumors
in the family, including gastric, pancreatic and colon carcinomas. Indeed, the occurrence of
gastrointestinal malignancies in relatives of BRCA1/BRCA2 DH individuals has been already
described. Musolino et al. [20] reported gastric cancer in the father and in the maternal grandfather
of the DH case they described, but their mutation status was unknown. Of the two DH cases
reported by Choi et al. [16], one developed breast cancer at age 26 and her mother, carrier of both
mutations, was diagnosed with gastric cancer at age 62. Finally, Smith et al [21] described two
sister with BRCA1 and BRCA2 DH, one of whom developed breast cancers at age 34 and 53 and a
moderately differentiated carcinoma of the transverse colon at the age of 35, that tested negative for
microsatellite instability. The paternal side of the family exhibited a typical pattern of hereditary
breast/ovarian cancer, consistent with a predisposing mutation in BRCA gene. However, no family
member consented to testing. The mother had ovarian cancer at age 47, her family was suggestive
of Hereditary Non Polyposis Colorectal Cancer (HNPCC), meeting the modified Amsterdam
criteria [27]. One maternal relative, who developed colon cancer at age 68 tested negative for both
mutations. While the specific cancer risks of carriers of pathogenic mutations in both BRCA1 and
BRCA2 remains to be established, the possible association of DH in BRCA genes with
gastrointestinal tumors warrant further analysis, in order to provide medical geneticists and
oncologists with appropriate risk figures and shared guidelines.

Finally, although DH in BRCA genes appears to occur infrequently, with the possible exception of
the Askenazi Jews, our results strengthen the notion that, when testing for hereditary susceptibility
to breast/ovarian cancers, it is always recommendable to complete the entire screening of both
BRCAL and BRCAZ2. In fact, in the absence of personal or familial features predictive of DH status,
stopping the analyses when a single pathogenic mutation is identified prevents the ascertainment of
individuals with mutations in both BRCA genes and may lead to erroneous risk estimates, following

incomplete predictive testing of their relatives.
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Table 1. Pathological and histopathological characteristics of breast and ovarian cancers of DH

cases.

Case no.

1 2 3
Breast cancer
Age at initial diagnosis 43 30 46
Laterality Unilateral Unilateral Unilateral
Multifocality No No Yes
TNM stage I I I
Number of involved lymph nodes 0/18 0/32 0/12
Histological grade 3 3 3;3
Histology Metaplastic Medullary Ductal; Ductal
Proliferation index (Ki67%) 35-40 n.a. 30;40
Estrogen receptor status Negative Negative Negative; Positive
Progesterone receptor status Negative Negative Negative; Positive
HER2 status Negative n.a. Positive; Negative
Ovarian cancer
Age at initial diagnosis - 36 58
Stage - ? nc
Histological grade - 2 2

Histology

Serous papillary

Serous papillary
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Fig. 2 Pedigree of case n® 2
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Fig. 3 Pedigree of case n® 3
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