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Abstract

Introduction: Breast cancer is the most common cancer in women worldwide, and Romania makes no excep-
tion from this trend. Genetic screening for Hereditary Breast and Ovarian Cancer began to be used on a larger
scale after the introduction of Next Generation Sequencing.

The aim of this study was to assess the association of deleterious mutations responsible for breast cancer with
histopathological and immunohistochemical prognostic factors and to identify some genetic variants in the BRCA1
and BRCA?2 genes.

Method: 80 patients with breast cancer and negative genetic test or pathogenic variants on BRCA1/2, TP53,
PALB2, CHEK2, ATM genes were included. All the cases had a prior histological diagnosis and complete immuno-
histochemical features. The genetic testing was conducted through a multigene panel.

Results: 65% of patients had a deleterious mutation on BRCA genes. In 97.5% of cases the histology was
invasive ductal carcinoma. Significant differences were identified between BRCAI group and negative mutation
group regarding estrogen receptor (ER) (p=0.0051), progesterone receptor (PR) (p=0.0004) and Ki67 (p=0.001).
Seven breast cancer patients had BRCAI ¢.3607C>T variant, which was statistically significantly associated with
triple- negative breast cancer (p <0.0001). Of the 7 cases diagnosed with BRCA 2 mutations we identified the
¢.8755-1G>A variant in 3 cases and the c.93714>T variant in 3 cases.

Discussion and conclusion: Our study confirmed the association of BRCAI mutations with negative ER, PR
or triple negative breast cancer (TNBC). Description of BRCAI ¢.3607C>T mutation for the first time in Romanian
population and its association with TNBC will need further investigation.
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Introduction

Breast cancer is the most common malignan-
cy in women worldwide and the second cause
of death by neoplasia, with an estimated annual
incidence of 66.2/ 100000 and a mortality rate
around 21.6 deaths/ 100000 in Romania [1].

For the first time in the 90s, mutations in two
genes known as BRCA1 (BRest CAncer) [2] and
BRCA2 genes [3] were associated with breast
cancer risk. Since then more genes have been as-
sociated with breast cancer risk, with an explosive
increase after the introduction and large scale use
of Next Generation Sequencing (NGS) [4].

In addition to BRCAI and BRCA 2 muta-
tions, other genes have been incriminated for
breast cancer predisposition, some with high
penetrance, such as TP53, PTEN, STK11, CDH1,
others with moderate penetrance, like PALB2,
CHEKI, ATM, recent studies assigning an in-
creasing importance in the HBOC pathogenesis
of the latter [5].

The technological progress in the last de-
cade has also helped in obtaining a complete
immunohistochemistry of the histopathological
specimens in a shorter time. A complete histo-
pathological diagnosis with related immuno-
histochemistry may guide the medical conduct
towards a genetic testing that will lead to a more
accurate diagnosis and an optimal treatment [6].

The most well-known association between
histology, immunohistochemistry and genetic
determinism is that of BRCA1l gene mutations
with triple negative breast cancer forms (TNBC)
— negative Estrogen receptors (ER), negative
Progesterone receptors (PR) and negative Human
epidermal growth factor 2 receptor (HER2) [6, 7].

The importance of this association between
BRCA1 mutations and TNBC forms lies in the
fact that patients with TNBC have an increased
risk of relapse, a poor long term prognosis due to
insensitivity to endocrine therapy and anti-HER2
molecular therapies [8]. However, knowing the
association of BRCA I mutations with TNBC can

open new opportunities for treatment using the
platinum agents or poly ADP ribose polymerase
inhibitors (PARP inhibitors) [9].

In medical literature, there is data regard-
ing the association of less common mutations
(e.g. TP53, PALB2, ATM) with certain histolog-
ical and immunohistochemical features, but the
small number of cases and the heterogeneity of
the studied population makes it more difficult to
establish a precise correlation [10].

The aim of this study was to assess the asso-
ciation of high and moderate penetrance patho-
genic mutations responsible for breast cancer
(BRCAI, BRCA2, TP53, PTEN, STK1l CDHI,
PALB2, ATM, CHEK?2) with specific histopatho-
logical and immunohistochemical prognostic
factors. The secondary objectives were: to de-
scribe the frequency of some genetic variants
in the BRCAI and BRCA2 genes; to determine
whether these variants are similar to those in the
neighboring countries of Romania (the Eastern
European region); and to analyze their correla-
tion with tumor characteristics.

Material and Method

Ethics

This descriptive retrospective study was con-
ducted with the approval n0.369 / 14.10.2016 of
the ethics committee of “Iuliu Hatieganu” Uni-
versity of Medicine and Pharmacy, Cluj-Napoca,
Romania. We obtained the informed consent of
all patients on the first medical evaluation.

Patients

We enrolled 80 of 108 consecutive patients
diagnosed with breast cancer who were ad-
dressed for the oncological examination in On-
cosurg Surgical Oncology Clinic, from Cluj-Na-
poca between January 2015 and December 2016
and met the 2016 National Comprehensive Can-
cer Network (NCCN) criteria for genetic testing
[11]. All the patients had a histopathological
diagnosis carried out through a Tru-Cut Needle
Biopsy in our clinic.
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Of the 28 patients excluded 10 had Variants
with Unknown significance (VUS) in the studied
genes, 3 had pathogenic mutations in low pene-
trance genes (RADS50, MLHI, MSH6+MUTYH)
15 had mutations in other genes (3 mutations in
each BARDI and PMS?2 genes, 2 mutations in
each of the RAD 50, BLM genes and 1 mutation
in each MLHI, MSH2, MSH6, RAD51C, MEN1
genes).

Histopathology and immunohistochemistry

The pathological examination was conduct-
ed in the same laboratory (Santomar Oncodiag-
nostic) and included the histological type, grade,
lymphovascular space invasion and immuno-
histochemical (IHC) evaluation of estrogen re-
ceptor (ER) status, progesterone receptor (PR)
status (Allred score), human epidermal growth
factor 2 receptor (HER2) gene expression and
Ki67 proliferation index.

The histopathological examination was per-
formed with hematoxylin and eosin stain. The
immunohistochemical tests were performed us-
ing 4-micron-thickness sections of histological
specimens fixed in 10% neutral buffered for-
malin (NBF). Staining was done automatically
on a BenchMark ULTRA system (Ventana ™,
Roche), using an OptiView™ amplification kit.

The following primary antibodies were used:
ER (clone 6F11, Novocastra™ at a 1/40 dilution,
an antigen exposure with the CC1 solution); RP
(clone 16, Novocastra™ at a 1/250 dilution, an
antigen exposure with the CC1 solution); HER2
(clone 4B5, RTU, Ventana™ an antigen expo-
sure with the CCl1 solution); Ki67 (clone MIB1,
1/600 dilution, an antigen exposure with the
CC1 solution); E-cadherin (clone 35BS, Novo-
castra™ 1/50 dilution, an antigen exposure with
the CC1 solution).

In cases with HER2 ambiguity (2+) deter-
mined by immunohistochemistry, chromogenic
or fluorescence in situ hybridization was carried
out. Chromogenic dual In Situ Hybridization

(DISH) was performed automatically on a Bench-
Mark ULTRA system (Ventana™, Roche) with
INFORM™ Dual ISH system 800-4422 (Ven-
tana™) kit. Fluorescense In Situ Hibridization
(FISH) was performed using a Path vision HER-2
DNA Probe Kit from ABBOT™, The FISH tech-
nique was performed with CytoVision DM2500
capture station from Leica Biosystems™,

Genetic testing

Each patient was approached for genetic
testing after the histological diagnosis, prior to
any other oncological treatments (chemotherapy
or hormonal therapy). Genomic DNA was pre-
pared from 5-10 ml of peripheral blood.

Multigene panel test includes the analysis of
25 genes: ATM, BARDI, BLM, BRCAI, BRCA2,
BRIPI, CDHI, CHEK2, FAMI1754, MENI,
MLHI, MREIIA, MSH2, MSH6, MUTYH,
NBN, PALB2, PMS2, PTEN, RAD50, RAD51C,
RADSID, STK11, TP53, XRCC2. Genomic DNA
obtained from the submitted sample was en-
riched for targeted regions of 25 genes involved
in hereditary predisposition to cancer. Sequenc-
ing was carried out using Illumina technology
(MiSeq System). All clinically significant obser-
vations were confirmed by orthogonal technolo-
gies. Orthogonal technologies are used to ensure
that variant calls are independently confirmed
and thus accurate [12]. All targeted regions were
sequenced with >100x depth. This assay targets
all coding regions of the indicated transcript,
10 base pairs of flanking intronic sequence, and
specific intronic and intragenic genomic regions
demonstrated to be causative of disease. How-
ever, for some genes only targeted loci were
analyzed. The presence of large genomic rear-
rangements was investigated using MLPA (Mul-
tiplex Ligation - dependent Probe Amplification
to Probe Amplification - highly specific chromo-
some region of interest; [13]).

All the genetic tests were conducted in Gene-
Kor Laboratories, Greece.
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Statistics

Data are expressed as median and interquar-
tile range ((Q1- Q3) where Q1 = first quartile,
Q3 = third quartile range) for continuous vari-
ables that proved not to follow the normal dis-
tribution (tested with Shapiro Wilk test). The
comparisons between groups on quantitative
data not normally distributed were analyzed
with Mann-Whitney test. We used absolute
and relative frequencies to express categorical
comparisons and Chi-square family tests for
proportion to compare frequencies between dif-
ferent groups. A p value of less than 0.05 was
considered to indicate statistical significance;
all tests were two-tailed. The statistical analy-
sis was performed with the statistical package
Statistic for Windows (v. 8, StatSoft, Tusla,
USA). Graphical representation of the distribu-
tion of immunohistochemical characteristics by
group was done using the approach proposed by
Weissgerber et al. [14].

Results

During the analyzed period, 108 patients with
breast cancer were eligible for testing and 80 were
included in the study (41 with deleterious variants
and 39 without any mutation). Of the 41 breast
cancer cases, 26 were caused by mutations in the
BRCAI and BRCA?2 genes, the rest being due to
mutations in the genes CHEK? (6 cases), PALB2
(5 cases), ATM (2 cases) and TP 53 (2 cases).

Patient and tumor characteristics according
to mutation are summarized in Tables 1 and 2.

We did not identify any pathogenic variants
in PTEN, STKI1l and CDHI genes, but only
VUS variants which were excluded because of
the uncertain risk of breast cancer.

Patients with deleterious variants were diag-
nosed more frequently with poorly differentiat-
ed tumors (G3) (p = 0.0050) compared to those
without mutations which had more commonly
well-differentiated forms of breast cancer (G1)

(p=0.0120) (Table 2).

Table 1. Characteristics of the patients and frequency of family history of breast cancer

Characteristic BRCAl1 BRCA2 CHEK2 PALB2 TP53 ATM Negative
(n=19) (n=7) (n=6) (n=5) (n=2) (n=2) (n=39)

Age (years old) * 43.00 41.00 45.00 50.00 37.00 48.00 41
(35.00- (35.50- (44.25- (31.00- (35.00- (43.00- (36-
48.00) 43.50) 55.50) 60.00) 45.25) 53.00) 48.5)

Living area ®

Urban 16 (84.21) 4(57.14)  5(83.33) 4 (80.00) 2 (100) 2 (100) 28 (71.80)

Rural 3(15.79) 3 (42.86) 1 (16.66) 1 (20.00) 0 (0.00) 0 (0.00) 11 (28.20)

BMI, kg/m?® 25.10 23.67 22.83 25.07 21.20 32.18 23.39
(22.09- (21.83- (22.65- (23.53- (19.94- (30.24- (21.20-
30.13) 25.07) 23.19) 26.12) 30.24) 34.12) 26.26)

BMI class ®

Overweight 5(26.32)  2(28.57) 0 (0.00) 3 (60.00) 0 (0.00) 1(50.00) 11 (28.21%)

Obese 5(26.32) 0 (0.00) 1(16.67) 0 (0.00) 0 (0.00) 1 (50.00) 2 (5.13)

Breast cancer:

family history °

Mother 8(42.11) 2(28.57)  3(50.00) 1 (20.00) 0 (0.00) 1(50.00) 12(29.27)

Sister 1(5.26) 1(14.29) 0 (0.00) 2 (40.00) 0 (0.00) 0 (0.00) 2 (4.88)

Grandmother 3 (15.79) 1(14.29) 2(33.33) 2(40.00) 0 (0.00) 1 (50.00) 8(20.51)

Aunt 3(15.79) 2(28.57) 1(16.67) 1 (20.00) 0(0.00) 2(100.00) 6 (15.38)

a: median (Q1-Q3), where Q = quartile (1 = first, 3 = third)
b: no. of cases (%)

BMI - body mass index; Overweight: BMI=25-29.9 kg/m?, Obese: BMI>30 kg/m?
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Table 2. Tumor histological features according to gene mutations
Characteristic BRCA1 BRCA2 CHEK2 PALB2 TP53 ATM Negative
(n=19) (n=7) (n=6) (n=5) (n=2) (n=2) (n=39)
Localization
Left 7(36.84) 5(71.43)  2(33.33) 2(40.00) 1(50.00) 2(100.00) 17 (43.59)
Right 12 (63.16) 2(28.57)  2(33.33)  3(60.00) 1 (50.00) 0(0.00) 22(56.41)
Bilateral 0 (0.00) 0 (0.00) 2 (33.33) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Tumor Focality
Multifocal 2(10.53) 2(28.57) 2(33.33) 0 (0.00) 1 (50.00) 0 (0.00) 9 (23.08)
Unifocal 17(89.47) 5(71.43)  4(66.67) 5(100.00) 1(50.00) 2(100.00) 30 (76.92)
Grade
Gl 0 (0.00) 1 (14.29) 1(16.67) 0 (0.00) 0 (0.00) 0(0.00) 10 (25.64)
G2 6(31.58) 4(42.86) 3(50.00) 1(20.00) 2(100.00) 1(50.00) 20(51.28)
G3 13 (68.42) 2(42.86) 2(33.33) 4(80.00) 0 (0.00) 1(50.00)  9(23.08)
Histology
IDC 19 (100.00) 7(100.00) 4 (66.67) 5(100.00) 2 (100.00) 2 (100.00) 35(89.74)
ILC 0 (0.00) 0 (0.00) 1(16.67) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
DCIS 0 (0.00) 0 (0.00) 1(16.67) 0 (0.00) 0 (0.00) 0 (0.00) 4 (10.26)

IDC = invasive ductal carcinoma; ILC = invasive lobular carcinoma; DCIS = Ductal carcinoma in situ

n = no. of cases (%)

The most poorly differentiated tumors (G3)
were in the BRCA 1 mutation group (68.42%) and
especially in the PALB2 group (80%) (Table 2).

In the group of patients with deleterious vari-
ants the prevalent histology was invasive ductal
carcinoma in 97.5% of cases and in one case the

histology was invasive lobular carcinoma diag-
nosed in a CHEK?2 mutation carrier with bilateral
breast carcinoma.

A quarter of patients with CHEK2 mutations
had bilateral carcinoma (2 out of 6 patients)
(Table 2).

Table 3. Immunohistochemical characteristics of breast tumors according to gene mutations

Characteristic BRCA1 BRCA2 CHEK2 PALB2 TP53 ATM Negative
(n=19) (n=7) (n=6) (n=5) (n=2) (n=2) (n=39)
0.00 100.00 90.00 80.00 30.00 64.00
ER (%)* (0.00- (85.00- (75.00- (0.00- (15.00- (47.00- 90 (15-100)
77.50) 100.00) 93.75) 100.00) 69.50) 81.00)
0.00 40.00 5.00 15.00 25.00 62.50
PR (%)* (0.00- (10.00- (1.25- (0.00- (12.50- (46.25- 50 (0-90)
0.00) 75.00) 65.00) 30.00) 61.25) 78.75)
60.00 30.00 20.00 70.00 32.50 40.00
Ki67(%)* (52.50- (22.50- (6.25- (55.00- (28.75- (35.00- 20 (10-55)
75.00) 40.00) 30.00) 70.00) 42.50) 45.00)
HER?2, positive © 1(5.26) 0(0.00) 1(16.67) 0 (0.00) 2 (100.00) 1(50.00) 2 (5.13)

a: median (Q1-Q3), where Q = quartile (1 = first, 3 = third)

b: no. of cases (%)

ER = Estrogen receptors, PR = Progesterone Receptors, Ki67 = proliferation index, HER2 = human epidermal growth factor 2

receptor
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Significant differences were identified for
ER (%) (p=0.0051), PR (%) (p= 0.0004), and
Ki67 (%) (p=0.0010) when the BRCA1 group
was compared to subjects with negative muta-
tions (Table 3, Figure 1A, 1B, 1C). No other sig-
nificant differences for comparisons of the other
gene mutations groups with negative mutation
subjects were observed (p>0.05) (Table 3, Fig-
ure 1A, 1B, 1C).

BRCAI ¢.3607C>T mutation was diag-
nosed in seven patients, followed by mutations
¢.5266dupC (4 cases) and c.181T>G (2 cases).
BRCAI ¢.3607C>T mutation was the most com-
mon in the studied group and it was associated
with TNBC type (p<0.0001) in six of these cases
(Table 4).

Of the 41 patients with pathogenic muta-
tions, 5 had mutations in a second gene (12.2%),
2 cases involving BRCA1 gene (associated
MEN gene and MUTYH gene), 2 cases involv-
ing CHEK2 gene (associated BLM gene and
RAD50 gene) and 1 case involving BRCA2 gene
(ATM gene) (Table 4). In one case a mutation
in CHEK?2 gene was associated with VUS muta-
tions in other 2 genes (ATM and BLM) (Table 4).

Discussion

This study provides information regarding
the main deleterious variants with high and
moderate penetrance involved in the pathogen-
esis of breast cancer in the population of North
Western Romania, being the first study of its
kind to our knowledge. It also provides infor-
mation regarding the immunohistochemical
features of the breast tumors in the mutation
carriers, demonstrating that the association of
some immunohistochemical features with cer-
tain mutations may entitle us to a genetic testing
in some situations.

Recent studies emphasize the pathogenic im-
plication of certain genes, such as PALB2 [15]
and CHEK? [16] that were previously consid-
ered to have a moderate penetrance and a minor
role in breast cancer.
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Figure 1. Immunohistochemical characteristics of
breast cancer patients according to the groups of
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BRCAI

Our results showed an association of BRCA!
mutations with a low percentage of ER, PR,
an increased Ki67 index and a HER2 negative
status when compared to the negative mutation
group (Table 1, Figure 1). The results are similar
to those published by Mavaddat et al. in a study
conducted on 3797 patients with breast cancer
and positive BRCA1 mutations, their immuno-
histochemical analysis revealing that 78% were
ER-negative; 79% were PR-negative; 90% were
HER2-negative and 69% were TNBC [7]. In an-
other study from Poland authors concluded that
TNBC forms of breast cancer occur in up to 80%
of patients with positive BRCAI mutations [17].

Also, patients with pathogenic BRCAI mu-
tations associated poorly differentiated tumors
(13 cases) or moderately differentiated tumors (6
cases), the results being similar to those in the
literature [17].

Within the BRCAI group in our study, we
identified the BRCAI ¢.3607C>T mutation in
7 cases, BRCAI ¢.5266dupC mutation in 4 cas-
es and BRCAI c.181T>G mutation in 2 cases
(Table 4). The BRCAI ¢.5266dupC and
¢.181T>G mutations were reported to be present
in the north-eastern Romanian population in the
only two studies conducted so far in our country
[18, 19].

The BRCA1 ¢.3607C>T mutation was the
most frequent variant reported, and has not been
reported to date in the Romanian population.
Furthermore, this mutation was associated with
TNBC in 6 cases and all patients were from cities
located in north-western Romania. This sequence
change creates a premature translational stop sig-
nal at codon 1203 (p. Argl203*) resulting in an
absent or disrupted protein product [20].

BRCA2

BRCA2 positive breast tumors behave as
sporadic breast carcinoma variants, usually ex-
pressing ER and PR, unlike positive BRCA1

cancers as demonstrated in our study, where
only one patient was diagnosed with TNBC
(BRCA2 ¢.9371A>T) (Table 4). Similar results
were obtained by Mavaddat et al. who examined
2392 patients with breast cancer and positive
BRCA2 mutation and concluded that 23% were
ER- negative, 36% were PR-negative, 87% were
HER-negative and only 16% were triple-nega-
tive [7].

Patients with breast cancer and pathogenic
BRCA?2 mutations had histological patterns with
a lower proliferation index compared to other
classes of mutations being similar to sporadic
breast cancer.

In our BRCA2 group we diagnosed 7 muta-
tion of which 3 cases had ¢.8755-1G>A muta-
tion, 3 cases had ¢.9371A>T and ¢.1528G>T in
one case (Table 4). BRCA2 ¢.8755-1G>A muta-
tion was described as pathogenic in a Czech re-
port from 2008 [21] and BRCA2 ¢.9371A>T was
described in several studies from Poland [22],
but never reported in Romanian population.

CHEK?2

Patients with CHEK2? mutations had in-
creased levels of ER, similar to those from the
group with negative mutation, but with low-
er values of RP, especially for the 3 cases with
CHEK?2 ¢.470T> C mutation, where PR ranged
between 0-5%. Data from the literature argue that
CHEK?2 mutations are associated with ER-posi-
tive types according to a study from 2009 con-
ducted on Polish population [23], which is sup-
ported also by a recent article stating that the
carriers of CHEK2 mutations associate luminal
tumors rather than TNBC [9].

Although some studies associate CHEK?2
¢.470T> C variant with invasive lobular carcino-
ma [24], in our study all the 3 patients carrying
this mutation were diagnosed with invasive duc-
tal carcinoma.

HER2 was negative in 5 of the 6 cases, this
data being in accordance with other studies on
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patients with CHEK2 mutations and breast can-
cer (Table 4) [25].

Of the 6 patients with CHEK 2 mutations,
2 patients had bilateral breast carcinoma. Al-
though this finding was interesting, due to the
limited number of cases we cannot have a firm
conclusion of this association, further studies
being needed to clear up this question (Table
2). This possible correlation can be argued by
a Danish study from 2014, in which the authors
claim an increased risk of contralateral breast
cancer in patients CHEK?2, but this risk was as-
sessed only for 1100delC mutation which is the
most common pathogenic variant of this gene
[26].

PALB2

The subjects with PALB2 mutation from
our study had the absence of HER2 expression
as immunohistochemical characteristic, two of
them were TNBC (Table 2 and 3).

Even though it did not reach statistical sig-
nificance, it can be observed that the Ki 67 pro-
liferation index is the highest in this group, even
higher than in the BRCA 1 mutation group (Table
3). Furthermore, in 80% of cases, PALB2 muta-
tions were associated with poorly differentiated
histological patterns suggesting an increased ag-
gression and a worse outcome (Table 2). These
results are consistent with other studies conduct-
ed on breast cancer patients with deleterious
PALB2 mutations, which showed an association
with TNBC in 33% [27] to 54% of cases, and
proved that P4LB2 mutation carriers had a worse
prognosis and lower survival rates than other
pathogenic mutations [28]. In a review from
2015 which totaled 1824 patients with TNBC
from 12 studies, 1.2% of patients had deleterious
variants in PALB2 gene [29].

TP53
The 2 patients with 7P53 ¢.469G>T muta-
tion, had the overexpression of HER2 as immu-

nohistochemical characteristic (Table 3 and 4).
This observation is supported by other studies
that have shown that breast cancer patients with
positive TP53 mutation can associate HER2 -
overexpressing forms in up to 82% of cases [30,
31].

Our results are consistent with those of
Bougeard et al. who, in a study published in
2015, conducted on 127 breast cancer patients
and positive 7P53 mutations reported that HER
2 alone was positive in 55% of cases and 37% of
cases were triple positive [31].

ATM

The 2 patients with A7M mutations had pos-
itive ER, PR and HER2 was positive in one case
(Table 3 and 4).

Currently there are no available data about
the correlation between tumor pathology sub-
type and ATM mutations carriers.

Only a few studies have demonstrated an
association between the presence of 4TM mu-
tations in patients with breast carcinoma and
HER2 overexpression both in vivo and in vitro
[32, 33], but the studies on this gene are still at
the beginning.

Conclusion

Our research revealed a new BRCA1 muta-
tion which has not been reported to date in the
North-Western Romanian population, BRCA1
¢.3607C>T, as the most frequent in this pop-
ulation. To date, the only studies conducted in
this population argue that ¢.5266dupC is the
most common variant in this region. The BRCA 1
¢.3607C> T wvariant associates TNBC type,
which is consistent with the general immunohis-
tochemical profile of patients with breast cancer
and positive BRCA mutation.

Regarding BRCA2 mutations both ¢.8755-
1G>A and ¢.9371A>T variants were never de-
scribed in Romanian population and the data
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from the Eastern European countries for these
two mutations are confined, the immunohisto-
chemical pattern being similar to the sporadic
forms of breast cancer.

For the rest of the mutations our results
regarding their correlation with immunohisto-
chemical features were similar to the data re-
ported by other studies, but the small number
of cases makes it difficult to establish some
pertinent conclusions. Subsequent studies on a
larger number of patients will be able to clarify
whether CHEK2 mutations are associated with
multifocal or bilateral forms, or whether ATM
and 7P53 mutations have the overexpression of
HER?2 as an immunohistochemical feature.

The main limitation of our study is that
it is a retrospective study addressing only the
North-Western region of Romania. Maybe a fu-
ture multicenter study addressing more regions
in Romania will gather more pathogenic variants
that could create the premises for stronger con-
clusions.
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