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This study aimed to analyze the factors affecting brain metastases free survival (BMFS)
and the survival after brain metastases (SABM). The data of 215 patients with breast
cancer brain metastases (BCBM) in Sun Yat-sen University Cancer Center from January
2000 to August 2017 were retrospectively analyzed. The clinicopathological features of
BCBM were analyzed, and their effects on BMFS and SABM were analyzed by univariate
and multivariate COX regression. Finally, it was analyzed whether the receptor status of
the brain metastases and the primary lesions were consistent. The median age of the
entire cohort was 46 years old. The median BMFS, SABM and overall survival were 31, 9
and 44.2 months, respectively. Clinical stage, molecular subtypes and bone metastasis
were independent prognostic factors affecting BMFS. TNM stage IV (HR, 4.99 [95% Cl,
2.13-11.7]) and triple negative subtype (HR, 2.06 [95% ClI, 1.35-3.14]) was significantly
associated with shorter BMFS, but the presence of bone metastases (HR, 0.63 [95%
Cl, 0.45-0.88]) was a favorable factor for BMFS. Molecular subtypes, resection of
BCBM and whole brain radiotherapy (WBRT) were independent factors for SABM. The
triple negative subtype (HR, 2.02[95% ClI, 1.12-3.64]) was significantly associated with
shorter SABM. However, resection of BCBM (HR, 0.31 [95% ClI, 0.15-0.65]) and WBRT
(HR, 0.57 [95% CI, 0.35-0.93]) were independent factors in improving SABM. The
conversion rate of ER was 11.1%, PR was 29.6%, and HER2 was 3.7% between paired
breast cancer and brain metastases. BMFS and SABM have different influencing factors.
Resection of BCBM and WBRT can significantly improve SABM. The frequency of HER2
status changes between the paired BCBM and the primary lesions is low.

Keywords: breast cancer brain metastases, BMFS, SABM, receptor change, prognosis

INTRODUCTION

Despite significant advances in the diagnosis and treatment of breast cancer, metastasis is still an
important factor that seriously affects patients’ quality of life and prognosis. It has been reported
that distant metastases have been found at the initial diagnosis of breast cancer in about 6-10% of
patients (1). In addition, 30 to 40% of patients with early-stage breast cancer will have recurrence
and metastasis during the postoperative follow-up period and progress to advanced breast
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cancer (2). The bones, lungs, liver and brain are the four most
common distant metastatic sites of breast cancer (3). Compared
with bone metastases and visceral metastases, patients with brain
metastases have significantly worse prognosis (4).

It is worth noting that the incidence of brain metastases
seems to be increasing in recent years. The possible reason
is that with the advancement of medical treatment (such as
new chemotherapy drugs, targeted treatment, etc.), extracranial
diseases can be better controlled. However, macromolecular
drugs cannot enter the brain because of the blood-brain barrier,
which greatly increases the chance of brain metastases. In
addition, the progress of brain imaging technology has also
increased the detection rate of brain metastases. At present, the
incidence of brain metastases from breast cancer ranks second,
accounting for about 10 to 16%, second only to that of lung
cancer (5, 6).

Multi-disciplinary therapy (MDT) is the first choice for the
treatment of brain metastases in breast cancer (5, 7). MDT
for breast cancer brain metastasis includes surgery, whole
brain radiation therapy (WBRT), stereotactic radiosurgery (SRS),
chemotherapy, endocrine therapy, targeted therapy, etc. (5).
For patients with multiple brain metastases and neurological
symptoms, WBRT combined with palliative care is the preferred
option (5, 8). In general, patients with brain metastases of 3 or less
were recommended to receive surgical resection. Patients with 4
to 5 brain metastases but <3 cm in diameter can undergo SRS (9).
Previous studies have shown that chemotherapy combined with
WBRT can further increase the survival time of patients (10). For
brain metastases in HER2-positive breast cancer, trastuzumab
combined with sequential anti-HER2 targeted drugs (such as
lapatinib, TDM-1) can significantly improve survival (11).

The main purpose of this study was to analyze which
clinicopathological factors affect the occurrence of brain
metastases and which factors affect the survival after the
occurrence of brain metastases. This may help identify patients
at high risk for brain metastases and patients with poor prognosis
after brain metastases, thus providing them with some preventive
or therapeutic measures. Finally, it is a controversial issue
whether the receptor status of brain metastases is consistent
with that of the primary tumor. Therefore, we analyzed the
consistency of the receptor status between brain metastases and
primary tumors.

MATERIALS AND METHODS

The main clinical and pathological variables collected include:
age at first diagnosis, histological type, clinical stage, histological
grade, ER, PR, and HER2 status, time of brain metastasis,
and survival time after brain metastasis. Clinical staging was
performed according to the 7th edition of the TNM staging of
breast cancer promulgated by the American Joint Committee
on Cancer (AJCC). ER, PR, and HER2 status was assessed
by immunohistochemistry or in situ hybridization analysis
as previously described (12). A positive ER or PR status
is defined as >1% of tumor cells with immunostaining.
HER2 overexpression/amplification was determined as a 3+

immunohistochemical score (>30% homogeneous and intense
membrane staining of tumor cells) or a positive in situ
hybridization result. As previously reported, results for ER,
PR, and HER?2 status were used as surrogate markers for the
classification of major breast cancer subtypes, including the
luminal (HER2™) type (ER* and/or PRT), HER2-positive, and
triple-negative (ER™/PR™/HER27) subtype.

We only included women with breast cancer diagnosed
pathologically. The exclusion criteria were as follows: (1)
male breast cancer; (2) patients with incomplete clinical and
pathological data; (3) patients without follow-up; (4) patients
with only carcinoma in situ.

DIAGNOSTIC CRITERIA FOR BRAIN
METASTASES

(1) BCBM confirmed by histopathology examination

(2) When patients were unable to obtain a pathological
examination, we mainly diagnosed BCBM based on
clinical manifestations and imaging examination. Clinical
symptoms include one or more of the following: intracranial
hypertension (headache, vomiting, and optic papillary
edema), seizures, focal nerve dysfunction, cranial nerve
invasion, and meningeal irritation. For patients with no
clinical symptoms, the diagnosis of BCBM was confirmed by
a breast oncologist and an imaging physician based on CT
and MRI examinations.

PATIENT FOLLOW-UP STRATEGY

All breast cancer patients in our center were mainly followed up
by telephone or outpatient clinic, and the follow-up results were
recorded. The follow-up time started from the first diagnosis of
breast cancer. Brain metastasis free survival (BMFS) was defined
as the time from the first diagnosis of breast cancer to the
discovery of brain metastases. The time after brain metastasis
(SABM) was defined as the time from the diagnosis of brain
metastasis to death or the last follow-up. Overall survival (OS)
was defined as the time from the initial diagnosis of breast cancer
to the death of the patient or the last follow-up.

STATISTICAL METHODS

Statistical analysis was performed using SPSS 21.0 software
package. Kaplan-Meier method was used for survival analysis,
and log-rank test was used for comparison between groups.
Multivariate analysis affecting survival was studied by Cox
proportional hazard regression model. P < 0.05 indicates that the
difference was statistically significant.

RESULTS

Clinicopathological Features of BCBM
Patients

Table1 summarized the demographic data and tumor

pathological characteristics of the 215 BCBM patients included
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TABLE 1 | Basic clinicopathological characteristics of BCBM patients.

TABLE 2 | Univariate and multivariate analysis of Brain-metastasis free survival.

Clinicopathological features No. (%)
Age at initial diagnosis

<40 57 (26.5)
40-59 141 (65.6)
>60 17 (7.9)
TNM stage

| 8(3.7)

Il 55 (25.6)
Il 71(33.0)
\% 42 (19.5)
Unknown 39 (18.1)
Pathology type

Ductal 192 (89.3)
Lobular 6(2.8)
Other 7 (8.3
Unknown 10 (4.7)
Histological grade

| 0(0)

I 49 (22.8)
Il 47 (21.9)
Unknown 119 (65.3)
Molecular subtypes

Luminal (HER-) 75 (34.9)
HER2+ 88 (40.9)
Triple negative 51 (23.7)
Unknown 1(0.5)
Bone metastasis

No 121 (56.3)
Yes 93 (43.3)
Unknown 1(0.5)
Liver metastases

No 135 (62.8)
Yes 78 (36.3)
Unknown 2 (0.9
Lung metastasis

No 108 (50.2)
Yes 107 (49.8)
Number of brain metastasis

Single 41 (19.1)
Multiple 148 (68.8)
Unknown 26 (12.1)
Surgical resection of brain tumor

Yes 42 (20)
No 172 (80)
Whole brain radiotherapy

Yes 122 (56.7)
No 93 (43.3)
Stereotactic surgery

Yes 54 (74.9)
No 161 (25.1)

in the study. 65.6% of patients were diagnosed with breast
cancer between the ages of 40-59 years, with a median age
of 46 years (21-73 years). The median follow-up time before
brain metastasis was 31 months, and the median follow-up

Features Univariate analysis Multivariate analysis
HR (95%Cl) P HR (95%Cl) P

Age

<40 1 (Reference)

40-59 1.24 (0.90-1.71) 0.185

>60 1.72 (0.95-3.10) 0.074

TNM stage

| 1 (Reference) 1 (Reference)

Il 1.15 (0.55-2.42) 0.714 1.61(0.73-3.59) 0.242

1l 1.37 (0.66-2.86) 0.398 1.65 (0.75-3.66) 0.217

\% 2.35 (1.08-5.11) 0.031 4.99 (2.13-11.7) <0.001

Molecular subtypes

Luminal (HER-) 1 (Reference) 1 (Reference)

HER2+ 1.63 (1.17-2.26) 0.004 1.21(0.83-1.75) 0.316

Triple negative 1.94 (1.34-2.83) 0.001 2.06 (1.35-3.14) 0.001

Pathology type

Ductal 1 (Reference)

Lobular 1.66 (0.68-4.07) 0.267

Other 1.91 (0.89-4.08) 0.096

Histological grade

Il 1 (Reference)

1l 0.82 (0.54-1.24) 0.346

Bone metastasis

No 1 (Reference) 1 (Reference)

Yes 0.69 (0.52-0.12) 0.010 0.63 (0.45-0.88) 0.007

Liver metastais

No 1 (Reference)

Yes 0.86 (0.65-1.15) 0.313

Lung metastasis

No 1 (Reference) 1 (Reference)

Yes 0.72 (0.55-0.95) 0.021 0.75 (0.53-1.05) 0.091

time after brain metastases was 9 months. Three people
were lost to follow-up. The TNM stage of most patients
was stage IIT (33.0%). 89.3% of patients were invasive ductal
carcinoma, and the histological grade was mainly grade II and
III. 34.9% of patients were of luminal (HER27) type, 40.9%
of patients were HER2 positive, 23.7% of patients were triple
negative, and the remaining subtypes were unknown (0.5%).
Brain metastasis was the first distant metastasis in 27.9% of
patients. 32.1% of BCBM patients had bone metastases and
visceral metastases. 28.4% of BCBM patients had visceral
metastases but no bone metastases, and only 11.6% of BCBM
patients had bone metastases but no visceral metastases.
The median BMFS, SABM, and OS were 31, 9 and 44.2
months, respectively.

Influencing Factors of Brain Metastasis
Free Survival (BMFS)

Univariate analysis showed that clinical stage, molecular
subtypes, bone metastases, and lung metastases were significantly
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associated with BMFS (Table 2). Patients with TNM stage
IV had a shorter BMFS (HR, 4.99 [95% CI, 2.13-11.7],
Figure 1A). For patients with stage II or III, their BMFS
were not statistically different from that of stage I. Univariate
analysis showed shorter BMFS for HER2-positive and triple-
negative breast cancers, but multivariate analysis showed
that only triple-negative subtypes were independent risk
factors for BMFS (HR, 2.06 [95% CI, 1.35-3.14], Figure 1B).
In addition, univariate analysis suggested that patients with
bone metastases and lung metastases had longer BMES,
but after multivariate analysis, only patients with bone
metastases showed significantly longer BMFS than patients
without bone metastases (HR, 0.63 [95% CI, 0.45-0.88],
Figure 1C).

Factors Affecting Survival After Brain
Metastasis (SABM)

Univariate analysis showed that molecular subtypes, whether
to undergo surgery and whole brain radiotherapy (WBRT)
were significant prognostic factors affecting SABM (Table 3).
Multivariate analysis showed that SABM in triple-negative
patients (HR, 2.02 [95% CI, 1.12-3.64], Figure2A) was
significantly shorter than that in luminal type, but there
was no statistical difference in SABM between HER2-positive
and luminal (HER27) patients. In addition, univariate and
multivariate analysis suggested that surgical resection (HR,
0.31 [95% CI, 0.15-0.65], Figure2B) and WBRT (HR, 0.57
[95% CI, 0.35-0.93], Figure2C) were independent factors
of SABM.

Changes of ER, PR and HER2 Status in
Primary Breast Cancer and Brain

Metastases

There were 3 patients had ER status change (1 positive to
negative, 2 negatives to positive), 8 patients had PR status change
(5 positives to negative, 3 negatives to positive), and 1 patient had
HER?2 status change (positive to negative) (Table 4).

Discussion

The incidence of BCBM has been increasing in recent years and
has become a major limitation on the survival and quality of life
for many breast cancer patients. This study found that molecular
subtypes significantly affect the occurrence and prognosis of
brain metastases. Patients with triple negative subtypes had
significantly shorter BMFS and SABM than luminal (HER27)
subtypes. However, there was no statistical difference in the
effects of HER2-positive subtypes on BMFS and SABM compared
with the luminal (HER27) subtype. In addition, multivariate
analysis showed that resection of brain metastases and WBRT can
improve the prognosis of some patients with brain metastases.
Finally, we also found that HER2 status conversions of primary
and metastatic lesions rarely occur.

The clinical stage and molecular subtype of breast cancer were
considered to be important factors affecting BCBM. In this study,
it was not surprising to observe that patients with late clinical
stage (IV) had a shorter BMES because these patients had a large
tumor burden and responded poorly to systemic therapy, which
was also confirmed by previous studies (13). HER2-positive and
triple-negative breast cancers are highly invasive breast cancers
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TABLE 3 | Univariate and multivariate analysis of factors affecting survival after
brain metastasis (SABM).

Features Univariate analysis Multivariate analysis
HR (95%Cl) P HR (95%Cl) P

Age

<40 1 (Reference)

40-59 0.86 (0.51-1.45) 0.578

>60 1.29 (0.54-3.04) 0.568

TNM stage

| 1 (Reference)

Il 2.01(0.27-15.1) 0.500

I 4.31(0.59-31.7) 0.151

I\ 4.34 (0.58-32.5) 0.153

Molecular subtypes

Luminal (HER2-) 1 (Reference) 1 (Reference)

HER2+ 0.92 (0.53-1.60) 0.756 0.89 (0.50-1.56) 0.671

Triple negative 2.04 (1.14-3.66) 0.017 2.02 (1.12-3.64) 0.012

Pathology type

Ductal 1 (Reference)

lobular 1.21 (0.38-3.87) 0.151

other 1.61 (0.81-3.67) 0.422

Histological grade

Il 1 (Reference)

Il 1.70 (0.74-3.91) 0.209

Bone metastasis

No 1 (Reference)

Yes 0.65 (0.40-1.06) 0.081

Liver metastais

No 1 (Reference) 1 (Reference)

Yes 1.65 (1.04-2.63) 0.035 1.34 (0.83-2.16) 0.228

Lung metastasis

No 1 (Reference)

Yes 0.94 (0.59-1.50) 0.800

Number of brain metastasis

Single 1 (Reference)

Multiple 1.66 (0.97-2.85) 0.066

Surgical resection of brain tumor

No 1 (Reference) 1 (Reference)

Yes 0.17 (0.04-0.70) 0.014 0.31(0.15-0.65) 0.002

Whole brain radiotherapy

No 1 (Reference) 1 (Reference)

Yes 0.55 (0.5-0.89) 0.013 0.57 (0.35-0.93) 0.023

Stereotactic surgery

No 1 (Reference)

Yes 0.68 (0.40-1.14) 0.143

that are prone to metastasis, including visceral metastases and
nervous system metastases (14). Anti-HER2 targeted therapy
has greatly improved the natural course of HER2-positive breast
cancer (15, 16). The prognosis of these patients after anti-HER2
treatment was similar to that of lumen-like breast cancer (14, 17).
This study found that although BMFS in HER2-positive and
triple-negative breast cancers was significantly shorter than the

luminal type in univariate analysis, further multivariate analysis
found that only triple-negative subtypes were independent
prognostic factors affecting BMFS. This is consistent with the
results reported by Sperduto PW et al. (18), and they also found
that Basal and HER2 tumor subtypes have shorter BMFS. In
addition, this study found that after the occurrence of brain
metastasis, the triple negative subtype progressed rapidly and
was an independent risk factor affecting SABM, but the effect
of HER2-positive subtype on the prognosis was not statistically
different from that of luminal subtype. Another study of Sperduto
PW and colleagues also found that molecular subtypes were
independent factors affecting SABM (19).

This study showed no significant difference in the effects of age
on BMFS and SABM. Although young breast cancer is generally
considered a high risk of recurrence and a poor prognosis (20),
this effect was not observed in patients with brain metastases.
In contrast, BMFS in patients older than 60 years appears to be
shorter than breast cancer patients younger than 40 years, but
there is no statistical difference. The possible reasons are that
elderly patients are generally in poor condition, may have chronic
diseases, and receive inadequate treatment. Purushotham A et al.
found that patients older than 70 years of age with visceral
metastasis had a higher risk of death than younger patients,
with a median follow-up of 6.32 years for 3,553 patients (21).
Visceral metastasis is considered to be a factor that affects the
occurrence of brain metastases. We observed that patients with
liver metastases had significantly shorter SABM than patients
without liver metastases: HR: 1.65, 95% CI (1.04-2.63), but
this effect was not found after multivariate analysis Statistical
significance. In addition, we observed that patients with no bone
metastases had significantly shorter BMFS than patients with
bone metastases, which means that patients with bone metastases
are often less prone to brain metastases. Patients with bone
metastases are more hormone receptor positive, and hormone
receptors are protective factors for the occurrence of brain
metastases. The study by Li et al. (13) found that BMEFS of lobular
carcinoma was shorter than that of ductal carcinoma, but this
trend was not observed in this study. Histological classification
is also an important predictor of breast cancer prognosis. It was
also considered to be an independent risk factor affecting SABM
in the research by Li et al. However, this trend was not observed
in this study, probably because of the histological classification of
most patients was unknown in our cohort.

Brain metastases from breast cancer include local
therapies (surgery, whole brain radiotherapy, and stereotactic
radiosurgery) and systemic treatments (chemotherapy,
endocrine therapy, and targeted therapy). Due to inconsistent
chemotherapy regimens in most patients, while endocrine
therapy was mainly used for hormone receptor-positive patients
and targeted therapy was only used for HER2-positive patients.
Therefore, in this study, the impact of local treatment on BCBM
prognosis was mainly analyzed. WBRT was widely used in
the treatment of brain metastases, but its ability to improve
the prognosis was still controversial (26, 27). In this study, we
observed whether or not receiving whole brain radiotherapy was
an independent factor affecting SABM. The patients receiving
whole brain radiotherapy had significantly better SABM than
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FIGURE 2 | Survival curve of SABM grouped by molecular subtypes (A), whether to undergo surgery (B), and WBRT (C). SABM, survival after brain metastases;

those who did not. In addition, SABM in the surgical group was
significantly better than that in the non-surgical group. However,
due to certain indications for surgery, patients undergoing
surgery were generally in good general condition, single brain
metastases, and no extracranial metastases. This may result in a
better prognosis for this group of patients than other patients.
Therefore, we performed a multivariable COX regression
analysis and the selection bias was reduced to a certain extent.
Surgical resection can improve prognosis if systemic disease is
not present or is already controlled and KPS is 60 or higher,
according to European Neuro-Oncology Association (EANO)
guidelines (7). Stereotactic surgery was also a local treatment
for brain metastases. It is less invasive than surgery and more
accurate than whole brain radiotherapy (22). However, in this
study, no improvement in the survival of patients with brain
metastases was observed with stereotactic radiation therapy.
Due to the unavailability of data, we did not assess the impact
of Karnofsky Performance Status (KPS) on SABM, and previous
studies have shown that KPS is an important factor affecting the
prognosis of BCBM (23, 24).

In metastatic breast cancer, endocrine therapy and HER2-
targeted treatment decisions were still largely based on the tissue
characteristics of the primary tumor. However, some studies have
found that the ER, PR, and HER2 status of metastatic lesions
was inconsistent with that of the primary tumor. Therefore, we
finally analyzed whether the receptor status between the matched
primary and brain metastases was the same, and found that the

TABLE 4 | Changes of ER, PR, and HER2 status in primary lesions and brain
metastases of breast cancer.

Pos-neg (%) Neg-pos (%) Total (%)
ER (n = 27) 1(3.7) 2 (7.4) 3(11.1)
PR (n = 27) 5(18.5) 3(11.1) 8(29.6)
HER2 (n = 27) 1(3.7) 0(0) 1(3.7)

Pos, positive; Neg, negative.

inconsistency of PR was the most obvious, as high as 29.6%.
The ER disagreement was 11.1%, while the HER2 disparity was
the lowest at 3.7%. WAME et al. (25) conducted a large meta-
analysis through 39 studies and found that the ER disparity
between the paired brain metastases and the primary tumor
was 20.8%, PR was 23.3%, and HER2 was 12.5%. The direction
of receptor transformation is two-way. Possible reasons for the
transition from positive to negative are treatment or tumor
heterogeneity. Conversion from negative to positive may be due
to problems with sampling during biopsy or clonal evolution
during metastasis. Due to the existence of inconsistent receptors,
some experts recommend biopsy of the metastases.

In conclusion, molecular subtypes significantly affect the
occurrence and prognosis of brain metastases. The triple negative
subtype means shorter BMFS and SABM. Brain metastasis
surgery and WBRT might improve the prognosis of selected
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patients. The HER2 status of primary and metastatic lesions
remained basically the same.
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