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Abstract Introduction According to the World Health Organization (WHO) classification,
invasive breast carcinoma (IBC) of no special type (IBGNST) is the second most
common primary site of central nervous system metastases, affecting 15% to 30%
of patients. Brain metastasis originating from IBC is associated with patient age, tumor
size, and axillary lymph node status. Loss of expression of hormone receptors and ¢
erbB-2 amplification are frequent findings in patients who develop brain metastasis.
Radiological studies of the central nervous system are carried out only in patients
presenting with neurological signs or symptoms during the clinical follow-up.
Objective To evaluate the associations of clinical and pathological findings with brain
metastasis in breast cancer.

Materials and Methods The sample comprised 73 patients with breast cancer who
underwent mastectomy with lymph node resection. The following variables were

Keywords evaluated: tumor size, histological grade, nodal state, expression of estrogen and
= central nervous progesterone receptors and cerbB-2, and presence of brain metastasis.
system Results The histopathological findings associated with brain metastasis in patients
= carcinoma with IBC were tumor size (p =0.03), presence of nodal metastasis (p =0.045), and ¢
= breast erbB-2 expression (p=0.012).
= tumor metastasis Conclusion The assessment of specific pathological findings in breast carcinoma can
= pathology help identify risk factors and/or clinical parameters associated with the development of
> prognosis brain metastasis.
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Introducao O carcinoma invasivo de mama (CIM) de tipo ndo especial, sequndo a
classificacdo da Organizacdao Mundial de Satde, é o sequndo sitio primario mais comum
de metdstases do sistema nervoso central, afetando de 15% a 30% das pacientes. A
metastase cerebral originada de CIM estd associada a idade do paciente, tamanho do
tumor, estado nodal axilar e perfil imuno-histoquimico do local primario. A perda da
expressao dos receptores hormonais e a amplificacdo do cerbB-2 s3o achados
frequentes em pacientes que desenvolvem metastase cerebral. Estudos radiol6gicos
do sistema nervoso central sdo realizados apenas em pacientes que apresentam sinais
ou sintomas neuroldgicos durante o acompanhamento clinico.

Objetivo Este estudo teve como objetivo avaliar associacoes de achados clinicos e
patolégicos com metastase cerebral em IBC. Método: A amostra foi composta por 73
pacientes com CIM submetidas a mastectomia e resseccdo nodal axilar. Foram
avaliadas as sequintes varidveis: tamanho do tumor, grau histol6gico, estado nodal,
expressdao de receptores de estrogénio e progesterona e cerbB-2 e presenca de
metastase cerebral tratada por resseccao cirlrgica.

Resultados Os achados histopatolégicos associados a metdstase cerebral em pacien-
tes com IBC foram tamanho do tumor (p = 0,03), presenca de metastase nodal
(p = 0,045) e expressdo de cerbB-2 (p = 0,012).

Conclusao A avaliacdo de achados patolégicos especificos no IBC pode ajudar a
identificar fatores de risco ef/ou parametros clinicos associados ao desenvolvimento de

metdastase cerebral.

\/

prognostico

Introduction

According to the World Health Organization (WHO) classifi-
cation, invasive breast carcinoma (IBC) of no special type
(IBC-NST) is a heterogeneous malignant neoplasm character-
ized by extensive histopathological, genetic, and immuno-
histochemical alterations.' It represents the second most
common primary site of central nervous system (CNS)
metastases, affecting 15% to 30% of the patients. The occur-
rence of brain metastasis in patients with IBC is associated
with age, tumor size, axillary lymph node status, and immu-
nohistochemical profile of the primary tumor site.>*® Loss
of expression of hormone receptors and amplification of
human epidermal growth factor receptor-2 (HER-2) are
frequent findings in patients who develop brain metastasis.
Radiological examination of the CNS is carried out only in
patients presenting with neurological signs or symptoms
during the clinical follow-up.'->%67

In the present study, the authors investigated anatomo-
pathological variables that could be associated to the devel-
opment of CNS metastasis in patients with IBC-NST.

Materials and Methods

The present cross-sectional study analyzed 73 cases of IBC-NST
registered at the Pathology Laboratory of Hospital Nossa
Senhora da Conceicdo, in the city of Porto Alegre, Southern
Brazil, between May 2003 and April 2020. Specimens from
total mastectomy with axillary lymph node resection were
fixed in 10% buffered formalin, embedded in paraffin, stained
with hematoxylin and eosin, and analyzed for estrogen recep-

tor, progesterone receptor, c-erbB-2 (HER2), and Ki-67 expres-
sion using an automated immunohistochemical method
(Ventana HE 600 System, Roche Diagnostics, Basel,
Switzerland). The WHO histopathological criteria for IBC
were used for tumor diagnosis and to determine the histologi-
cal grades. The cases of IBC were graded according to the
Nottingham classification system, which categorizes tumors
into three stages of differentiation (1 to 3) according to
patterns of tubule formation, nuclear pleomorphism, and
mitotic index. The tumor-node-metastasis (TNM) system of
tumor classification was used for clinical and pathological
staging.

All patients with IBC and brain metastasis underwent
surgical resection or tissue biopsy due to neurological signs
and/or deficits. Patients with brain metastasis had positive
immunoexpression for cytokeratin 7 (CK7), epithelial mem-
brane antigen (EMA), mammaglobin, gross cystic disease
fluid protein 15 (GCDFP-15), and T-cell specific transcription
factor GATA-3, as well as negative immunoexpression for
cytokeratin 20 (CK20), intestinal transcription factor CDX-2,
thyroid transcription factor 1 (TTF-1), napsin, paired box
transcription factor 8 (PAX-8), renal cell carcinoma-associ-
ated antigen (RCC), and carbohydrate antigen 19-9 (CA19-9).

The exclusion criteria were as follows: men with IBC,
history of breast cancer, patients with breast cancer who
had only undergone biopsy or breast sectorectomy, patients
without immunohistochemical evaluation of the primary site
or without histopathological evaluation of the metastatic brain
lesion, other histological types of breast neoplasms, brain
metastases associated with other primary sites, previous
therapies for the current breast carcinoma (chemotherapy,
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radiotherapy and/or hormonal therapy), and patients without
clinical follow-up for at least 24 months.

The analyzed variables were patient age, tumor size
(primary lesion), tumor grade, multifocality/multicentricity
(primary lesion), presence of nodal or brain metastases,
presence of intraductal lesions, expression for estrogen
receptors, progesterone receptors, c-erbB-2, and Ki-67 (pri-
mary lesion), topography of brain metastases, size of and
number of metastatic brain lesions, disease-free survival
time, and clinical outcome (death, progression, or tumor
recurrence in the breast parenchyma).

Quantitative variables were expressed as mean and
standard deviation or median and interquartile range val-
ues. Categorical variables were reported as absolute and
relative frequencies. The Student t-test was used to compare
means between groups. The Mann-Whitney test was used
for variables with skewed distribution. Comparisons re-
garding proportions were performed using the Pearson
Chi-squared test and the Fisher exact test. Poisson regres-
sion was used to control confounding factors. Variables
significant at p <0.2 in the bivariate model were included
in the multivariate model. The significance level was set at p
< 0.05. The analyses were performed using the IBM SPSS
Statistics for Windows (IBM Corp., Armonk, NY, US) soft-
ware, version 20.0.

Results

The mean age of the 73 patients in the sample was of 50.42
(+£7.565) years. The mean tumor size was of 2.48
(£1.224) cm, with a mean of 18.6 (£3.257) lymph nodes
isolated in each specimen. Patients in the group without
brain metastasis (n=51) were predominantly classified as
T1 (n=20; 39.2%) N1 (n=16; 50%) in the TNM staging

Table 1 Invasive breast cancer and central nervous system
metastasis: relationships regarding age, histologic grade, and
lymph node metastasis

Variable Group without | Group with p-value
brain brain
metastasis metastasis
(n=51) (n=22)
Age, years | 51.71+12.727 | 49.32+13.891 0.478
Histologic grade, n (%)
1 5 (9.8%) 0 (0%) 0.308
2 26 (51%) 13 (59.1%)
3 20 (39.2%) 9 (40.9%)
Lymph node metastasis, n (%)
Yes 32 (62.7%) 8 (36.4%) 0.045
No 19 (37.3%) 14 (63.6%)
Size
T1 20 (39.2%) 3 (13.6%) 0.03
T2 16 (31.4%) 14 (63.6%)
T3 15 (29.4%) 5 (22.7%)
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Fig.1 Survival index associated to brain metastases in invasive breast
carcinoma.

system. Patients that developed brain metastasis (n=22)
were predominantly classified as T2 (n=14; 63.6%) N2 (n=
7; 50%) according to the TNM. »=Tables 1, 2, and
the =Appendix show the results of the present study. The
histopathological findings associated with the presence of
brain metastasis in patients with IBC were tumor size
(p=0.03), presence of nodal metastasis (p=0.045), and ¢
erbB-2 expression (p =0.012). The median time between the
anatomopathological diagnosis of the primary tumor and the
diagnosis of brain metastasis was of 29.5 months. The mean
age did not differ between patients with and without brain
metastasis. Triple-negative breast cancers were more fre-
quent in the brain-metastasis group, with 4 cases among the
22 analyzed (19.04%). The prevalence of triple-negative
tumors was of 8% (n=4) among patients who did not have
brain metastasis.

The brain-metastasis group had a survival probability of
11% after 120 months, whereas the group without brain

Table 2 Invasive breast cancer and central nervous system
metastasis: comparison of hormone receptor and HER-2
expression between groups

Variable Group without | Group with | p-value
brain brain
metastasis metastasis
(n=51) (n=22)

Estrogen receptors
Negative 13 (25%) 11 (50%) 0.058
Positive 38 (75%) 11 (50%)

Progesterone receptors
Negative 18 (35.3%) 13 (59.1%) | 0.074
Positive 33 (64.7%) 9 (40.9%)

Human epidermal growth factor receptor-2 (HER-2)
Negative 40 (78.4%) 10 (45.5%) | 0.012
Positive 11 (21.6%) 12 (54.5%)

Luminal A 11 (21.6%) 2 (9.1%) 0.019
Luminal B 19 (37.3%) 4 (18.2%)
(Continued)
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metastasis had a 68% chance of survival. The mean time until
the presentation of brain metastasis was of 50 months after
mastectomy (=Fig. 1). At this time, the relative risk of death
was 3.8 times higher in the brain-metastasis group.

Discussion

The incidence of brain metastasis associated with IBC has
increased in recent years. Although early detection of the
primary lesion and different modalities of clinico-surgical
treatment have consistently contributed to an increase in
disease-free survival time, some patients manifest an ag-
gressive biological course and develop brain, liver, or bone
metastases.' 3 In general, most chemotherapeutic agents,
hormone therapies, and/or other target therapies present
regular or poor effectiveness in patients with brain metasta-
sis because these agents do not efficiently penetrate the
blood-brain barrier. Important advances were obtained with
the introduction of trastuzumab for the control of systemic
diseases, but with little effect in patients with brain metas-
tasis.2>>%89 Currently, surgical resection, radiotherapy,
and/or stereotactic radiosurgery are the most effective ther-
apeutic measures for severe or acute neurological conditions,
particularly in patients with neurological com-
plaints.246:2.10 The determination of anatomopathological
factors capable of predicting the risk of brain metastasis in
IBC patients may contribute to the increase in survival rates
and identification of possible molecular pathways for phar-
macological control. The current survival time of patients
with brain metastasis ranges from 3 to 8 months."24>7:9-11

In general, young age, low disease-free interval, visceral
metastasis, positive immunoexpression for c-erbB-2, and high
number of metastatic sites are associated with the develop-
ment of brain metastasis in IBC.>>>¢-812-14 We found a higher
(p=0.004) incidence of brain metastasis in patients with
positive expression for c-erbB-2. Brufsky et al.” found a cumu-
lative incidence of brain metastasis of 31% over a 2-year period.
Montagna et al.,” in a cohort of patients with newly diagnosed
cerbB-2-positive IBC, detected the presence of brain metasta-
sis through computed tomography (CT) in about 6% of the
patients at the time of initial diagnosis of the primary lesion,
and in 40% of the sample at a median follow-up of 35.3 months.

Pellerino et al.'® reported the presence of brain metastasis
in 8% to 15% of advanced luminal AIBC cases, 11% of luminal B
IBC cases, 11% to 48% of HER-2-positive carcinoma cases, and
25% to 46% of triple-negative cases. Yan et al.'® analyzed 295
subjects with IBC using CT or magnetic resonance imaging
(MRI) and detected brain metastasis in 49 patients (17%) in
an interval of 6 months. In their study,’® molecular subtype
was associated with brain metastasis development over 12
months: 3.3% of the cases were luminal A, 14% were luminal
B, 38% were c-erbB-2-positive, and 18% were triple-negative.
The low incidence of brain metastasis as the first site of
disease spread in patients with IBC (0.1% to 3.2% per year of
follow-up) is considered by some authors a relevant factor
for not conducting routine radiological investigation, even in
patients with c-erbB-2 expression, triple-negative carcino-
mas, and locally advanced tumors. The patients in the
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current study had a median time of 29.5 months between
diagnosis of the primary tumor and diagnosis of brain
metastasis. Niwifiska et al.® identified asymptomatic brain
metastasis in 11 out of 32 women (34%) with c-erbB-2-
positive IBC 3 to 84 months after the initial diagnosis
(median of 15 months) using a single MRI scan.

For patients with c-erbB-2-positive IBC who developed
regional or distant metastases and/or patients with triple-
negative IBC, the 1-year cumulative incidence of brain me-
tastasis ranges from 10% to 30%, which may support the need
for radiological screening even in asymptomatic
cases.2>:8:9.13.16 Bacause of the significant morbidity and
mortality rates associated with brain metastasis in IBC, it is
suggested that routine radiological assessments be carried
out in high-risk populations.?->#%16-18 According to Kuksis
et al,'® clinical trials, such as the MRI Screening Versus
SYMptom-directed Surveillance for Brain Metastases Among
Patients with Triple Negative or HER2* MBC (SYMPToM,
NCT03881605), are currently underway to investigate the
potential risks and benefits of early detection and interven-
tion of brain metastasis.

In recent years, there has been an increasing emphasis on
molecular prognostic tests to the detriment of traditional
clinical and pathological methods. Nevertheless, the number
of regional lymph nodes affected by metastasis, the histologi-
cal grade, and tumor size remain essential for prognosis and
therapeutic decision-making.>>%14-1619-21 According to
Carter et al.?? the probability of developing metastasis
increases with increasing tumor size. Patients with T1 tumors
had a 100% 5-year overall survival, whereas patients with T2
and T3 had 89% and 86% survival rates respectively. Fung
et al.?3 argued that tumor size (< 2cm versus > 2 cm) and
lymph node status are independent prognostic factors for local
recurrence, regional recurrence, metastasis, breast cancer-
specific survival, and overall survival. The authors?> found
differences (p=0.003) in tumor size in groups with and
without brain metastasis: 86.3% of patients with brain metas-
tasis and 60.8% of patients without brain metastasis had a
tumor < 2 cm.

In the current study, we found a median overall survival of
52 months for patients with brain metastasis and primary
tumor showing positivity for estrogen and progesterone
receptors, of 44 months for patients with brain metastasis
and primary tumor positive for c-erbB-2, and of 36.5 months
for patients with brain metastasis and triple-negative carci-
noma. Conceptually, CNS parenchymal metastases are of
hematogenous origin.14’16’18’24‘27 Secondary CNS involve-
ment usually occurs in advanced stages of the disease, and
multiple metastases are observed in more than 50% of the
cases. In most patients, metastasis to the lungs, liver, or bone
precedes metastasis to the CNS.514.20.24-26.28.29 1 the cur-
rent study, the presence of nodal metastasis was more
common in patients without brain involvement (62.7%)
than in patients with brain metastasis (36.4%; p=0.04).
This finding might be related to the hematogenous origin
of metastases. Brain metastasis was observed in up to 30% of
women with IBC who progressed to death. Similar rates of
brain metastasis have been reported®*>%1%2> in women
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who underwent chemotherapy with epirubicin, docetaxel,
and paclitaxel for visceral metastasis.

The development of brain metastasis in IBC is triggered by

tumor clones, with PI3K mutations found in 40% to 70% of
patients. Therefore, inhibition of the PI3K/AKT/mTOR path-
way is a promising therapeutic strategy. However, most of
the current agents targeting tumor lesions fail to penetrate

the blood-brain barrier.

1,12,20,24,28

Conclusion

Anatomopathological variables such as tumor size, c-erbB-2
expression, and triple-negative subtype can predict the
presence of brain metastasis in patients with IBC. New
mutations and/or genetic alterations have been studied to
predict prognosis and improve the efficiency of the therapy
for cases brain metastasis, including drugs that can success-
fully overcome the blood-brain barrier.
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Appendix: Clinico-pathologic data from patients with invasive breast cancer and central nervous system metastasis
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Case | Age | Tumor Nodal | ER | PR | HER-2 | Ki-67 | Metastasis topography Metastasis Number
size[stage | status size of
metastases
1 40 2.5cm|T2 | N2a - - + 40% Right frontal lobe 3.3x3.2cm 1
2 55 2.0cm/T1 | NO + | - + 20% Right cerebellar hemisphere | 5.1 x2.8cm 1
3 70 2.5cm|T2 | NO + + - 50% Left cerebellar hemisphere 4.8 x2.6cm 1
4 53 6.0cm/T3 | NO — — + 20% Temporal lobe 2.5x23cm 1
5 30 2.0cm/T1 | Nla + + + 40% Left occipital lobe 5.2x4.0cm 1
6 45 3.5cm/T2 | NO + |+ |+ 40% Left cerebellar hemisphere 3.2x2.3cm 1
7 59 2.5cm|T2 | NO + | + - 30% Left frontotemporal region 4.5x%x3.7cm 1
8 62 6.0cm/T3 | N2b + + + 20% Left frontal lobe 3.9x3.2cm 1
9 31 2.0cm/T1 | NO - - + 30% Right frontal lobe 4.4%x2.5cm 1
10 53 3.0cm/T2 | NO — - + 40% Left frontal lobe 3.0x2.5cm 1
11 73 4.0cm/T2 | NO + - - 30% Left cerebellar hemisphere 3.0x2.0cm 1
12 68 3.0cm/T2 | NO - - + 70% Right cerebellar hemisphere | 2.2x1.5cmand | 2
and left frontal lobe 1.9 x.8cm
13 38 4.0cm/T2 | Nlc + |+ |+ 80% Left cerebellar hemisphere 3.8x2.7cm 1
14 60 2.5cm/T2 | Nla — - + 30% Right cerebellar hemisphere | 4.2 x3.0cm 1
15 64 6.0cm/T3 | N2a + |+ - 10% Occipital lobe and left 5.4 x3.4cm, 3
cerebellar hemisphere 2.7 x2.0cm,
and 0.4 x 0.4cm
16 50 4.0cm/T2 | NO - - - 20% Left cerebellar hemisphere 2.4x%x2.0cm 1
17 38 7.5cm[T3 | NO - - + 40% Left and right cerebellar 2.2x1.6cm 2
hemispheres and 0.6 x 0.5cm
18 43 3.5cm/T2 | NO + + — 10% Left cerebellar hemisphere, 5.5x4.8cm, 3
right cerebellar hemisphere, | 3.2 x1.8cm,
and left frontal lobe and 1.8 x 1.0cm
19 33 4.5cm[T2 | NO — - - 40% Right cerebellar hemisphere, | 3.4 x3.3cm, 3
left cerebellar hemisphere, 2.0x1.2cm,
and occipital lobe and 0.7 x 0.7 cm
20 31 4.0cm/T2 | NO - - - 60% Left frontal lobe 2.0x1.3cm 1
21 58 2.0cm/T1 | Nla - - - 70% Right posterior fossa 4.0 x2.5cm 1
22 31 2.0cm/T1 | NO - - + 30% Right frontal lobe 4.4x2.5cm 1

Abbreviations: ER, estrogen receptor; HER-2, human epidermal growth factor receptor-2; PR, progesterone receptor.
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