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Breast cancer in young women is typically with higher proportion of adverse pathological features. Breast
cancer with BRCA1 mutation is often early-onset, and is usually associated with triple negative phenotpe. In
this study, we aim to analyze the clinicopathological characteristics and prognosis in young breast cancer
patients (=35 years old) comparing to non-young patients (>35 years old). A total of 1913 cases of primary
breast carcinoma with stage I-III were enrolled, with 283 cases diagnosed as young patients. No significant
difference was observed in tumor size, TNM staging, lymph node metastasis, ER, HER-2 or histological
grade between young and non-young patients. Multivariate analysis demonstrated that age was an
independent prognostic factor for overall survival (OS). In 70 samples of young patients available, BRCA1
was immunohistochemically positive 85.7% in cytoplasm and 41.4% in nuclear. BRCA1 nuclear expression
is not significantly associated with clinicopathological characteristics in young breast cancer patients.

reast cancer has become the most common cancer in women globally'. Patients younger than 40 or 35 years

old at diagnosis are usually considered as a young population®. The incidence of breast cancer is as low as

0.50% in female younger than 39 years old, while 3.78% in female aged 40-59 years old, published data
indicated that death rate is almost the same in two age groups’. Although young patients with breast cancers were
thought to be associated with poor prognosis, the reason is not well defined. Several reports suggested that many
factors such as the adverse pathological features® and delays in diagnosis®®, as well as lacking reliable screening
methods in young women, probably indicate the poor prognosis in such group of patients.

Previous studies have tried to determine potential biological characteristics of breast cancer in young women.
Young breast cancer patients were shown to have biologically more ER negative’'* and higher histological grade,
more triple-negative subtype'*'*, as well as more extensive intraductal component (EIC)'* and fewer ductal
carcinoma in situ'®. In general, young women seem like to have tumors with more aggressive biological char-
acteristics, after adjusting these factors, age is still an independent factor for prognosis in several studies'®".
Survival analysis also demonstrated that young breast cancer patients have early recurrence with shorter disease
free survival (DFS) and OS. These findings suggest young age in breast cancers is a poor prognostic factor and the
patients with young age should be treated with more intense therapeutic strategies.

However, several randomized clinical trials showed similar survival rates after breast conserving therapy
followed by radiotherapy and mastectomy in early breast cancer. But the local recurrence after breast conserving
therapy can be up to 30% for young patients'®'*. Even followed by radiotherapy, rate of local recurrence is still
higher for young patients when comparing with older patients, but data of which is different among studies in
mastectomy group®*—>*.

BRCAL is a tumor suppressor gene, which plays an important role in maintaining genomic integrity by
protecting cells from double-strand breaks (DSB) that arise during DNA replication or after DNA damage®.
BRCAI-mutated associated breast cancer is often early-onset, highly prevalent between 30 and 50 years of age.
And they are mostly ER negative and HER-2 negative®. It has some similarities with young breast cancer while
only a fraction of young women carries BRCA mutations®”?*.

The study aims to investigate the clinicopathological characteristics and the role of BRCA1 protein in young
Chinese breast cancer patients in Eastern Guang-Dong area. We also analyzed the recurrence and survival to
identify the prognostic factors in this group of patients.
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Results

The median age at diagnosis was 47 years (range 18 — 69 years). The
patient was divided into two groups according to age factor (i.e., =35
years old vs. >35 years old). The distribution of clinicopathological
features in two groups was shown in Table 1. A higher proportion of
family history of breast cancer with first-degree relatives was
observed in non-young patients (2.6% vs. 0.7%, P = 0.048). In young
patients, 72.4% of them are with tumor being less than 5 cm in
diameter, which has no difference in comparison to 76.1% in non-
young patients. Similarly, there are no differences in lymph node
status, ER status, HER-2 status, and histological grade between two
age groups. Approximately 67 ~ 73% of breast cancers were luminal
subtype in both group, and 49 ~ 57% of them were with histological
grade 2.

Of 70 cases of young breast cancer patients, 29 cases (41.4%) were
nuclear positive for BRCA1 IHC staining as shown in Figure 1. There
were no differences observed in histological grade, ER expression, or
HER-2 expression, and distal metastasis associated with BRCA1
protein nuclear expression shown in Table 2. However, there seemed
to have a trend that the positivity of BRCA1 nuclear expression is
reduced in the patients with larger tumor size, positive lymph node or
higher histological grade.

Univariate and multivariate analysis were used to analyze the
prognostic factors of overall survival (OS) for patients. In Table 3
and Figure 2, univariate analysis showed that young age (=35 years
old), larger tumor size, more axillary lymph nodes involvement, ER
negative were significantly associated with poorer OS. The family
history of breast cancer with first-degree relatives was not signifi-
cantly associated with OS. Table 3 presents results of Cox’s propor-
tional hazards analysis for OS. In addition to T factor of TNM stage,
lymph node status, ER status and young age (=35 years old) (HR =
1.489, P = 0.006) were all independent prognostic factors for poorer
OS in multivariate analysis.

We also applied multivariate analyses to address factors that may
influence the OS in the young breast cancer patients. Table 4 shows
univariate and multivariate analysis of factors associated with OS for

the patients aged =35 years old. BRCA1 protein nuclear expression
was not associated with OS in young breast cancer patients. Large
tumor size, more axillary lymph nodes involvement and ER negativ-
ity were independent factors for poorer OS.

Discussion

Previous report indicated that young age was an independent pro-
gnosis factor for relapse and death in breast cancer patients'®. The
mechanism underlying poor prognosis for young breast cancer was
still undefined. As reported previously, adverse or aggressive bio-
logical features might be associated with young breast cancer
patients. The subtype classification defined by IHC on ER and/or
PR, HER2 and Ki-67 were used widely to predict the prognosis of
breast cancer patients, which also provided some clues for making
therapeutic strategies. So, will be there any specific biomarkers for
prognosis in young breast cancer patients?

In comparison to a higher proportion of family history in young
breast cancer patients than older patients (24% vs. 17%) reported by
Sidoni et al.%, the present study found that only 2 of 283 young
patients (0.7%) had family history of breast cancer within first rela-
tives. The low incidence of family history is probably because of small
number of cohorts. Xiong et al.’ reported that 44% of young patients
presented with locally advanced or stage IV disease, having a higher
proportion of later stage than older patients. In our study, tumor size
or lymph node status didn’t vary between young and non-young
groups. That may be associated with better awareness and screening
in foreign countries so it is more common to find early breast cancer
when the patients still were asymptomatic. While in China, in par-
ticular in Eastern Guangdong, a relatively poor suburban/urban area,
most women went to hospital when they found palpable abnormality
in breast. Our data showed that in which were nearly consistent with
previous reports*>'*. In the Eastern Guang-Dong area, no differences
were not observed in terms of histological grade, ER status and HER2
expression between young and non-young groups in our study. The
relatively high percentage of HER-2 expression is probably due to

Table 1 | Clinico-pathological characteristics by age at diagnosis in breast cancer patients
Aged =35 years old Aged >35 years old
Characteristics (n = 283) (n=1633) P
Family history of breast cancer
No 281 (99.3%) 1590 (97.4%) 0.048
Yes 2 (0.7%) 43 (2.6%)
Tumor size
=5 cm 144 (72.4%) 766 (76.1%) 0.257
>5 cm 55 (27.6%) 240 (23.9%)
Node status
Negafive 96 (37.6%) 573 (39.2%) 0.635
Positive 159 (62.4%) 888 (60.8%)
TNM staging
| 23 (10.4%) 84 (6.7%) 0.097
I 84 (38.0%) 525 (43.0%)
i 114 (51.6%) 615 (50.3%)
ER status
Negafive 101 (42.8%) 496 (36.5%) 0.065
Posifive 135 (57.2%) 863 (63.5%)
HER2 status
Negafive 95 (55.9%) 468 (52.4%) 0.405
Posifive 75 (44.1%) 425 (47.6%)
Molecular classification
Triple negative 32 (14.8%) 120 (9.7%) 0.025
Non-triple negative 184 (85.2%) 1111 (92.3%)
Histological grade
8 (6.2%) 60 (9.7%) 0.223
G2 73 (56.6%) 304 (49.2%)
G3 48 (37.2%) 254 (41.1%)
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Figure 1| BRCAI nuclear expression in young breast cancer patients
(400X%). (a) negative BRCA1 nuclear staining, and (b) positive BRCA1

nuclear staining.

almost 30% of the paraffin-embedded tissue sections are missing, in
which HER-2 status remained unknown or uncertain.

BRCAL1, a tumor suppressor gene, encodes a 220 KDa protein to
function in the response for double-strand breaks (DSBs) by homo-
logous recombination (HR). BRCA1 mutation cause functional
defect in HR-mediated repair®, and lose function to inhibit tumor-
igenesis. Although BRCA1 mutation is rare in sporadic breast cancer,
but reduction of BRCA1 nuclear expression in breast cancer tissue is
common®. Xiang et al.*! found that 69% of cases were negative for
BRCA1 IHC staining in 101 breast cancer patients, and they also had
higher Ki-67 expression. Rakha et al.** found that absent or reduced
nuclear BRCAL1 expression was observed in 80% of basal-like breast
cancer patients. The reduced BRCA1 expression was also associated
with high-grade, advanced lymph node stage, larger tumor size, vas-
cular invasion, negative estrogen receptor and/or progesterone
receptor, androgen receptor expression, and positive p53 expression.
Bogdani ef al.** found that absent BRCA1 nuclear staining was more
frequently found in young women than older patients. Absent or
reduced nuclear BRCA1 expression seems to be predictor for poor
prognosis.

In this study, we aimed to better understand BRCAI protein’s
value to predict prognoses in young breast cancer patients. As
BRCALI protein mainly repairs DNA when they get damaged, we
attempted to detect the nuclear expression of BRCA1 protein immu-
nohistochemically. Kim et al.** found that 58.7% of the breast cancer
cases were BRCA1 negative in cytoplasma and nuclear positive rate
were 24.%. There were no differences in either nuclear or cytoplasmic
expression among different molecular subtypes. It was not signifi-
cantly associated with disease-free survival or overall survival in their
study. The rate of BRCAL1 positive from other reports ranged from
31% to 65.7%****7%. In those studies, absent or reduced nuclear
BRCALI expression was associated with lager tumor size, greater
axillary lymph node metastasis, higher histological grade, vascular
invasion, negative estrogen receptor, higher rate of Ki-67 positive,
more frequently in triple negative subtype. In contrast, in our study,
there seemed a trend that reduced BRCA1 expression was associated
with larger tumor size, positive lymph nodes involved and higher
histological grade, but they did not reach statistical significance.
BRCA1 nuclear expression was not associated with overall survival

Table 2 | Associations of BRCA1 nuclear expression and clinico-pathological characteristics in young breast cancer patients
Characteristics BRCAT1 nuclear negative BRCAT1 nuclear positive P
Tumor size
T1/12 21 (53.8%) 18 (46.2%) 0.147
T3/T4 14 (73.7%) 5(26.3%)
Node status
Negafive 16 (57.1%) 12 (42.9%) 0.843
Positive 25 (59.5%) 17 (40.5%)
Distal metastasis
Negaive 30 (57.7%) 22 (42.3%) 0.800
Positive 11 (61.1%) 7 (38.9%)
TNM stage
Vi 18 (60.0%) 12 (40.0%) 0.698
1l 22 (64.7%) 12 (35.3%)
Histological grade
G1/G2 20 (52.6%) 18 (47.4%) 0.100
G3 19 (73.1%) 7 (26.9%)
ER status
Negative 14 (58.3%) 10 (41.7%) 0.977
Positive 27 (58.7%) 19 (41.3%)
HER2 status
Negafive 18 (62.1%) 11 (37.9%) 0.644
Positive 18 (56.3%) 14 (43.8%)
Molecular classification
Non-Luminal 14 (66.7%) 7 (33.3%) 0.368
Luminal 27 (55.1%) 22 (44.9%)
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Table 3 | Univariate and multivariate analysis of overall survival in breast cancer patients
Univariate analysis Multivariate analysis

Covariates HR (95%Cl) P HR (95%Cl) P
Age at diagnosis

>35 1.000 1.000

=35 1.263 (1.012-1.577) 0.039 1.489 (1.120-1.979) 0.006
Family history of breast cancer

No 1.000 —

Yes 0.738 (0.395-1.379) 0.341
Tumor size

T1 1.000 1.000

T2 2.609 (1.449-4.698) 0.001 1.662 (0.916-3.01¢) 0.095

13 5.338 (2.939-9.695) <0.001 2.517 (1.363-4.647) 0.003

T4 8.728 (4.814-15.822) <0.001 4.208 (2.277-7.776) <0.001
Node status

Negative 1.000 1.000

Positive 3.655(2.883-4.633) <0.001 4.339 (3.109-6.054) <0.001
ER status

Negative 1.000 1.000

Positive 0.778 (0.642-0.943) 0.010 0.693 (0.552-0.871) 0.002

(P = 0.311). This retrospective study enrolled breast cancer patients
duringlong period spanning for nearly 20 years. The improvement of
chemotherapeutic regimes, advancement in surgery technique,
changes in TNM staging classification and relevant clinical evidence,
although the clinical management was performed according to the
guidelines at that time, all the above factors might have influenced on
overall survival. And some missing data might also have impact on
the clinical outcome we presented in the present study.

In summary, clinicopathological characteristics were not signifi-
cantly different between breast cancer patients in young age (=35
years old) and older age (>35 years old) in the present. Young age
was an independent prognosis factor for overall survival in this group
of patients. Reduced or lost of nuclear BRCA1 expression in breast
cancer tissue seems to be a risk factor for recurrence/metastasis and
prognosis.

Methods

Patients and samples. A total of 1916 primary breast cancer patients were admitted
to the Cancer Hospital of Shantou University Medical College between Jan. 1995 to
Dec. 2011. The patients with second primary malignant tumors were excluded. The
patients with renal or cardiovascular systemic disease were excluded. Patients aged
70-year-old were excluded. All the patients enrolled are women and received surgical
treatment. Of them, 283 were diagnosed at younger than 35 years old, and the

remaining 1633 cases were older than 36 years old. The TNM staging of breast cancer
was based on the American Joint Committee on Cancer (AJCC, 7 edition) criteria.
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Figure 2 | Overall survival in young (=35 years old) and non-young (>35
years old) breast cancer patients. The log-rank test shows that there is a
significant difference between these two survival curves.

Histological grade was categorized as grade I, II or III according to the Nottingham
combined histologic grade (Elston-Ellis modification of the Scarff-Bloom-
Richardson grading system) by experienced pathologists. Immunohistochemical
subtype classification defined as follows: Luminal A (ER positive and/or PR positive
and HER2 negative); Luminal B (ER positive and/or PR positive and HER2 positive);
HER?2 overexpression (ER negative and PR negative and HER2 positive), Triple
negative (ER negative and PR negative and HER2 negative). St. Gallen symposium
had redefined the molecular subtype by adding Ki-67. We were still worried for the
reliability of assessment of Ki-67 since guidelines for testing of Ki-67 are still lacking.
So we preferred to use only ER, PR, HER-2 by IHC to define the molecular subtype.

All patients received surgery after diagnosis. The surgery involved mastectomy or
breast conserving surgery combined with axillary lymph node dissection. 1480 cases
undergone mastectomy and 87 cases undergone breast conserving surgery. In the
young breast cancer group, 240 cases undergone mastectomy and 29 cases undergone
breast conserving surgery. Among them, 1565 cases received adjuvant chemotherapy.

Breast cancer tissues from 70 cases of young patients (=35 years old) were available
for immunohistochemical analyses. Patients’ characteristics and clinical data were
extracted based on medical charts and records. All the cases were followed-up until
Feb 2013 with a 3-6 months interval for the first 2 years, 6 months interval from 3rd to
5th year, and one year interval thereafter. DFS was defined as starting from the date of
surgery to disease recurrence, and OS was defined as starting from the date of surgery
to death or last available date before loss of follow-up, respectively. If a patient’s died
with other diseases, it would be censored.

Immunohistochemistry (IHC). All immunostainings were performed using
formalin-fixed, paraffin-embedded tissue sections. Briefly, 4 um thick sections were
obtained by using a microtome, transferred to APES-coated slides, and dried at 60°C
for 2 hours. Paraffin sections on slides were dewaxed and rehydrated. The slides were
then placed in a glass jar with 10/1 mM Tris/EDTA buffer (pH 9.0), and heated in a
microwave oven for 20 min. The sections were allowed to cool in the jar at room
temperature. The slides were then rinsed with phosphate-buffered saline (PBS) and
incubated with normal goat serum in PBS (10%) to block nonspecific staining.
Without rinsed, the slides were incubated with primary antibody (BRCA1 MS110,
diluted 1:200 in PBS, Abcam) at 4°C overnight. The endogenous peroxidase activity
was blocked by 3% hydrogen peroxide for 10 min. Immunodetection was performed
with Polymer Detection System (Immuno-Bridge", GBI) using polymer helper and
polyperoxidase-anti-mouse/rabbit IgG according to the manufacturer’s instructions.
Peroxidase substrate containing DAB (3,3'-diaminobenzidine) chromogen was
added to the sections for 30 sec to develop the stain.

The overall staining intensity for BRCA1 protein in cancer cells was scored on a 0 to
3 scale. A tissue section that did not exhibit any brown nuclear reactivity in any tumor
cells was scored as 0. When an occasional tumor cell showed positive nuclear staining
but the total percentage of positivity in the tissue section was <20%, a score of 1 was
given. A tissue section in which 20-80% of tumor cells exhibited positive nuclear
staining was scored as 2. More than 80% of tumor cells in a tissue section with positive
nuclear staining was scored as 3*. In this study, score 0 was considered negative and
1-3 for positive.

Statistical analysis. The Pearson chi-square test and the Fisher’s exact test were used
to assess the association between categorical variables. Kaplan-Meier survival curves
were employed to evaluate overall survival. Log-rank test was used to compare

between survival curves. Multivariate regression analysis was performed using Cox
proportional hazards model. To evaluate the independent effect of age at diagnosis on
survival from breast cancer, a multivariate Cox regression model was performed by
including all variables with a significant effect in the univariate analysis. P values <
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Table 4 | Univariate and multivariate analysis of overall survival in young breast cancer patients
Univariate analysis Multivariate analysis

Covariates HR (95%Cl) P HR (95%Cl) P
Family history of breast cancer

No 1.000 -

Yes 1.670(0.232-11.999) 0.610
T of TNM staging

T1/T2 1.000 1.000

T3/T4 3.219(2.009-5.159) <0.001 1.686 (1.006-2.823) 0.047
Node status

Negative 1.000 1.000

Positive 7.507 (3.450-16.333) <0.001 8.748 (3.135-24.408) <0.001
ER status

Negative 1.000 1.000

Positive 0.588 (0.369-0.938) 0.026 0.485 (0.290-0.811) 0.006
BRCAT1 nuclear status

Negative 1.000 -

Positive 0.851(0.309-2.342) 0.851

0.05 were considered to be statistically significant. All the analyses were conducted
using SPSS version 19.0 statistical software.

Ethical approval. This study has been approved by the Ethics Committee of the
Cancer Hospital of Shantou University Medical College, and was performed in
accordance with the ethical standards laid down in the 1964 declaration of Helsinki
and all subsequent revisions. All persons mentioned in the paper gave their informed
consent prior to their inclusion in the study.
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