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Objective: This study aimed to analyze the expression levels of estrogen

receptor (ER), progesterone receptor (PR), human epidermal growth factor

receptor 2 (HER-2), and Ki-67 proliferation index in the brain metastatic

lesions and primary lesions in Chinese patients with breast cancer brain

metastasis (BCBM) and determine the correlation between their changes and

patients’ survival.

Methods: A retrospective analysis was performed on patients with BCBM. The

clinical characteristic of these patients was collected. The di�erences in the

expression levels of the ER, PR, HER-2, and Ki-67 index between the primary

lesions and brain lesions were evaluated, and the association between the

di�erences and survival was analyzed.

Results: The conversion rate of anyone receptor (ER, PR, or HER2) between

the primary lesions and brain metastatic lesions was 45.0% (18/40), of which

the ER inconsistency rate was 25.0%, the PR inconsistency rate was 22.5%,

and the HER-2 inconsistency rate was 15.0%, and the receptor conversion

resulted in a subtype conversion of 27.5% (11/40). The patients with HER-2

expression discordance between the primary lesions and the brain metastatic

lesions had significantly longer survival times (58.9 vs. 26.4 months, P = 0.04)

after diagnosis of brain metastases.

Conclusion: In this study, 45.0% of breast cancer patients developed

biomarker-conversion between the primary lesions and brain metastatic

lesions, and the di�erences in the expression levels of the ER, PR, and HER-

2, the change in Ki-67 index between the primary lesions and brain lesions

may predict patients’ survival.

KEYWORDS

breast cancer, brain metastases, ER, PR, HER-2

Frontiers inNeurology 01 frontiersin.org

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.1002173
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.1002173&domain=pdf&date_stamp=2022-10-24
mailto:wangtao733073@163.com
https://doi.org/10.3389/fneur.2022.1002173
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.1002173/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Jiaxin et al. 10.3389/fneur.2022.1002173

Introduction

There were 19.29 million new cancer cases worldwide in

2020 and breast cancer surpassed lung cancer as the most

commonly diagnosed cancer, with an estimated 2.26 million

new cases, followed by lung cancer (2.20 million) according to

the latest global cancer statistics released by the International

Agency for Research on Cancer (IARC) at the World Health

Organization (WHO) in 2020 (1). Based on the latest data

released by Chinese experts, it was estimated that there would

be 429,105 new breast cancer cases in Chinese women in

2022 and breast cancer would be the most common cancer

in females in China (2). Breast cancer has become the most

common malignant tumor, seriously threatening the health of

Chinese women.

With an improvement in the treatment of breast cancer

in recent years, the 5-year survival rate of patients with early-

stage breast cancer exceeded 90%, but 30–40% of patients still

experienced recurrence and metastasis, and the 5-year survival

rate of breast cancer patients with distant metastases was only

about 30% (3). Advances in systemic therapy improved the

survival of breast cancer patients, but the incidence of brain

metastasis also increased. Brainmetastases occurred in up to 40–

50% of patients with HER2-positive and triple-negative breast

cancer and 14% of patients with hormone receptor (HR)-

positive breast cancer (4–7). Furthermore, brain metastasis was

an important risk factor, threatening patients’ survival, and the

1-year survival rate of patients with brain metastasis was only

about 20% (8).

The current treatment of brain metastasis is still mainly

based on local therapies, which include surgery, stereotactic

radiosurgery, and whole-brain radiation therapy (WBRT). Drug

therapy showed good clinical efficacy in patients with HER2-

positive breast cancer, but effective drug therapy in HR-positive

and triple-negative breast cancer patients with brain metastases

was lacking (9). Due to limited treatment options, the average

1-year survival rate of patients with brain metastasis was only

about 20% (10).Therefore, the treatment of brain metastasis is

currently difficult in clinical practice, which requires more in-

depth basic and clinical research to search for different treatment

options in the future.

With a deep understanding of the molecular mechanism

of breast cancer, the diagnosis and treatment of breast cancer

entered the era of molecular typing and precision treatment, and

the breast cancer was sub-grouped into luminal A, luminal B,

HER-2, and triple-negative breast cancers (TNBC) based on the

expression of ER, PR, HER-2, and the Ki-67 proliferation index.

However, it is impossible to determine the receptor expression

profiles of metastatic lesions due to limited access to brain

lesions, which leads to the treatment of BCBM usually based

on the receptor profiles of the primary lesions. However, the

receptor expression profiles between primary lesions and brain

metastatic lesions were not completely consistent, and more

and more studies confirmed that conversion of the receptor

involvement between primary lesions and metastatic lesions

frequently occurred during the progression of breast cancer

(11, 12). A previous review showed that ER, PR, and HER-2

expression discordance rates in primary and metastatic lesions

were 6–40, 21–41, and 1–43%, respectively (13). Furthermore,

the discordance rates of ER, PR, and HER2 expression ranged

from 8 to 23% in a meta-analysis that included 48 studies (14).

This inconsistency appears to occur across all metastatic

lesions and may require subtype-oriented treatment strategies.

Current guidelines for the management of breast cancer

recommend re-biopsy and reassessment of ER, PR, and HER-

2 status in patients with distant metastases (9, 15, 16).

However, our understanding of receptor expression in BCBM

was limited due to the aggressive nature of neurosurgery and

the resection or biopsy is currently not a standard treatment

option for most BCBM patients. Although minimally invasive

diagnostic methods targeting the central nervous system such

as liquid biopsies or blood tests were emerging (17), these

methods were largely limited to the research studies. Several

studies investigated the inconsistency in BCBM, but most

studies had relatively small sample sizes that caused the

inconsistency in patients’ prognosis, and hence, treatment

decisions remained challenging (18–21). Therefore, more

studies should be conducted to comprehensively understand

the biomarker expression levels of intracranial lesions and their

differences from extracranial lesions in BCBM patients, and the

impact of such differences on prognosis and treatment options.

In this study, we aimed to analyze the expression levels

of the ER, PR, HER-2, and Ki-67 in the primary lesions

and brain lesions in Chinese breast cancer patients with

brain metastases, the differences between the primary lesions

and brain lesions, and the impact of the inconsistency on

patients’ prognosis, which might provide a new basis for the

individualized treatment options.

Methods

Patients

This study retrospectively collected clinical data on patients

who were diagnosed with breast cancer in the Department of

Breast Oncology, the Fifth Medical Center of PLA General

Hospital from January 1998 to November 2021, and these

patients developed brain metastases during treatment or follow-

up period (the follow-up time was from the diagnosis of primary

breast cancer). All patients had neurosurgical resection of brain

metastases. All patients whose ECOG≤2 were enrolled in the

study. The data were collected from breast cancer patients with

brain metastases who had pathological profiles of both primary

lesions and brain metastatic lesions. The collected data included

the clinical information of the patients and the pathological
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profiles of the primary lesions, non-primary extracranial lesions,

and brain metastatic lesions, and the general information such

as the date of diagnosis of breast cancer, the histological type

of primary tumor, the grade of breast cancer and the breast

cancer stage at the time of diagnosis, the molecular typing,

the immunohistochemical indicators, the subsequent date of

diagnosis of BCBM, the number and location of metastatic

sites at diagnosis, the number and location of BCBM lesions,

the immunohistochemical indicators of BCBM lesions, and the

overall survival of patients. All FFPE (Formalin-fixed paraffin-

embedding) had a pathology review by two Pathologists.

Imunohistochemistry

Immunohistochemistry (IHC) was performed to detect

the status of ER and PR, and the cut-off value of positivity

was set at 1%. HER-2 overexpression was defined as an

immunohistochemical membrane staining with a score of

3+, and HER2-negative expression was divided into HER

2+ and 0-point score, and fluorescence in situ hybridization

(FISH) was performed when the HER2 IHC score was

ambiguous (2+). According to the American Society

of Clinical Oncology/College of American Pathologists

(ASCO/CAP) guideline recommendations for HER2

testing, it was judged as HER-2 positive if the ratio of

HER-2/CEP17 was greater than or equal to 2.0 or the copy

number of HER-2 gene was greater than or equal to 6.

Immunohistochemistry (IHC) was performed to detect

the ki-67index.

Statistical analysis

Normally distributed continuous data were expressed as

mean ± standard deviation and non-normally distributed

continuous data are expressed as median (interquartile range).

The differences between the groups were compared using

chi-square or Fisher’s exact test, and the univariate and

multivariate logistic regression analyses were performed to

determine the predictors of receptor expression inconsistency.

log-rank test was used to conduct survival analyses.

Subgroup analysis was performed based on important

clinical factors and the Kaplan-Meier method was used to

estimate the OS (Overall Survival, OS) and its 95% CIs.

All statistics were performed using SPSS version 22.0 and

R version 3.4.3 software. Two-sided statistical tests were

used in this study and a P-value of < 0.05 were considered

statistically significant.

All data and specimen testing retrievals were approved by

the ethics committee of our hospital and all patients provided

written informed consent.

TABLE 1 Baseline characteristics.

Characteristics Group N %

Median age (years) Value 44.5

Range 27–64

Median DFS (months) Value 17

Range 0–252

Median Brain

metastasis-free survival

(months)

Value 29.3

Range 0–255.7

Molecular typing Luminal 7 17.5

HER-2+ 24 60.0

TNBC 9 22.5

TNM Stage

I 3 7.5

II 20 50.0

III 14 35.0

IV 3 7.5

Number of brain

metastases at diagnosis

Single 21 52.5

Multiple 19 47.5

Meningeal metastases at

diagnosis

Yes 4 10.0

None 36 90.0

Symptoms at diagnosis

of brain metastases

Yes 25 62.5

None 15 37.5

Extracranial lesions

Lymph nodes 15 37.5

Bone 7 17.5

Liver 6 15.0

Lung 14 35.0

Results

A total of 40 breast cancer patients with brain metastases

were included in the analyses of this study, whose ages ranged

from 27 to 64 years (median age, 44.5 years). As of November

2021, the median follow-up time was 61.7 months, a total of 26

patients died, 6 (15.0%) patients had liver metastases, 14 (35.0%)

patients had lung metastases, and 7 (17.5%) patients had bone

metastases. The baseline characteristics are shown in Table 1.

The positive rates of ER, PR, and HER-2 in the primary

lesions were 35.0% (14/40), 30.0% (12/40), and 60.0% (24/40),

respectively, and the positive rates of ER, PR, and HER-2 in

the brain metastatic lesions were 35.0% (14/40), 12.5% (5/40),

and 55.0% (22/40), respectively. The immunohistochemical

characteristics of the primary lesions and brain metastases are

shown in Table 2.
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TABLE 2 Summary of receptor conversion between the primary

lesions and brain metastatic lesions.

Brain metastatic lesions Primary lesions Total

– +

ER

– 21 (52.5%) 5 (12.5%) 26 (65.0%)

+ 5 (12.5%) 9 (22.5%) 14 (35.0%)

PR

– 27 (67.5%) 8 (20.0%) 35 (87.5%)

+ 1 (2.5%) 4 (10.0%) 5 (12.5%)

HER-2

– 14 (35.0%) 4 (10.0%) 18 (45.0%)

+ 2 (5.0%) 20 (50.0%) 22 (55.0%)

TABLE 3 The receptor conversion trend between the primary lesions

and brain metastatic lesions.

Status of receptor Positive-to-

negative

Negative-to-

positive

Total

ER 5 (12.5%) 5 (12.5%) 10

PR 8 (20.0%) 1 (2.5%) 9

HER-2 4 (10.0%) 2 (5.0%) 6

The conversion of receptor involvement between the

primary lesions and metastatic lesions is shown in Table 3, and

the inconsistency rate of ER, PR, and HER-2 expressions was

25.0% (10/40), 22.5% (9/40), and 15.0% (6/40), respectively.

The ratios of positive-to-negative and negative-to-positive in

ER conversion were 12.5% (5/10) and 12.5% (5/10), respectively,

and the ratios of positive-to-negative and negative-to-positive

in PR conversion were 20.0% (8/9) and 2.5% (1/9), respectively,

and the ratios of positive-to-negative and negative-to-positive in

HER-2 conversion were 10.0% (4/6) and 5.0% (2/6), respectively.

The inconsistency rate of the receptor (ER, PR, or HER2)

between the primary lesions and the brain metastatic lesions

was 45.0% (18/40). And the incidence of subtype conversion of

breast cancer due to receptor inconsistency was 27.5% (11/40)

(Figure 1).

Among all patients, who with any of the receptor (ER, PR,

or HER-2) conversion between the primary lesions and brain

metastatic lesions had a longer survival time than those patients

without receptor conversion (39.6 vs. 18.3 months, P = 0.02)

after diagnosis of brain metastases (Figure 2).

Further analysis showed that patients with HER-2

conversion had a longer survival time (58.9 vs. 26.4 months, P=

0.04) after the diagnosis of brain metastases (Figure 3), of which

patients whose HER-2 expression was converted from positive

in the primary lesions to negative in the brain metastatic lesions

were better than those patients whose HER-2 expression was

FIGURE 1

Subtype conversion between the brain metastatic lesions and

primary lesions in patients with breast cancer.

FIGURE 2

Survival curves of patients with consistent expression of anyone

receptor vs. patients with inconsistent expression of anyone

receptor after diagnosis of brain metastases.

converted from negative in the primary lesions to positive in

the brain metastatic lesions (P = 0.173). However, the median

survival time could not be evaluated due to the small sample

size (Figure 4).

The inconsistency analysis of the HR expression suggested

that patients with HR conversion between the primary lesions

and brain metastatic lesions had a longer OS than those patients

without HR conversion, but no statistical difference was found

(85.0 vs. 60.0 months, P = 0.09) (Figure 5). Also, patients with

HR conversion had a longer survival time compared to those

without HR conversion (39.0 vs. 25.4 months, P = 0.24) after

diagnosis of brain metastases (Figure 6).
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FIGURE 3

Survival curves of patients with consistent HER-2 expression vs.

patients with inconsistent HER-2 expression after diagnosis of

brain metastases.

FIGURE 4

Survival curves of patients with positive-to-negative HER-2

expression vs. patients with negative-to-positive HER-2

expression after diagnosis of brain metastases.

The breast cancer patients with brainmetastasis and Ki-67 of

≤ 40% in the primary lesions had a longer brain metastasis-free

survival compared to those with Ki-67 of > 40% in the primary

lesions (45.0 vs. 32.0 months, P = 0.19) (Figure 7), although no

statistical difference was found. There was a trend toward better

survival in patients whose Ki-67 index differences between the

brain metastatic lesions and primary lesions were less than or

equal to 10% compared to those patients whose Ki-67 index

differences were more than 10% (39.6 vs. 26.4 months, P= 0.25)

(Figure 8).

Discussion

We retrospectively collected clinical data of 40 breast cancer

patients with brain metastases for the analyses of this study and

analyzed the incidence and clinical significance of conversion

FIGURE 5

Kaplan-Meier curves of the overall survival in patients with

consistent HR expression vs. patients with inconsistent HR

expression.

FIGURE 6

Survival curves of patients with consistent HR expression vs.

patients with inconsistent HR expression after diagnosis of brain

metastases.

of receptor involvement between the primary lesions and brain

metastatic lesions.

The proportion of patients with solitary brain metastases

was higher in this study, and 52.5% of patients had single brain

metastases, 50% of patients had brain metastasis as the first

site of distant metastasis, and 40% of patients had only central

nervous system involvement. Considering the patients analyzed

in this study, all underwent craniotomy, which indicated that

the number of brain metastatic lesions was relatively small

and suitable for surgical treatment, and therefore, this result

was not remarkable. Another retrospective study enrolled 209

breast cancer patients with brain metastases who underwent

craniotomy and showed that 121 (58%) patients had solitary

brain metastases and 72 (34%) patients had only central
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FIGURE 7

Kaplan-Meier curves of the metastasis-free survival in breast

cancer patients with brain metastasis whose Ki-67 of ≤40%

compared to those with Ki-67 of >40% in the primary lesions.

FIGURE 8

Survival curves of patients whose Ki-67 index di�erence of

>10% vs. patients whose Ki-67 index di�erence of ≤10% after

diagnosis of brain metastases.

nervous system involvement (22), which showed a similar trend

compared to this study.

A multicenter, retrospective analysis of 219 breast cancer

patients with brain metastases recently published by the

American researchers showed that the inconsistency rates of

ER, PR, and HER-2 between the primary lesions and brain

metastatic lesions were 16.7% (36/216), 25.2% (53/210), and

10.4% (21/201), respectively, of which 36.3% (70/193) were

inconsistent in the expression of anyone receptor (ER, PR, or

HER-2), and the receptor conversion led to a subtype conversion

of 22.8% (50/193) (23). These findings were also confirmed by

the results of a subset analysis of brain metastases in a large

meta-analysis, which explored the receptor discordance between

the primary lesions and metastatic tumors, and the conversion

rates of ER, PR, and HER-2 between the primary lesions and

brain metastatic lesions were 20.8, 23.3, and 12.5%, respectively

(11). This was the first study with the largest sample size to

analyze the receptor discordance between the primary lesions

and brain metastatic lesions in the Chinese patients, which

showed similar results compared to that in the patients abroad.

This study further described the conversion trend of ER, PR,

and HER-2, in which PR in brain metastasis tended to change

from positive to negative expression. Previous studies showed

that ER and PR were more likely to be negative in the distant

metastatic lesions compared to the primary lesions (11, 24–26).

Nevertheless, the ratios of positive-to-negative and negative-to-

positive in ER conversion were equal, and no obvious trends

were found in this study. Therefore, further studies should be

conducted to confirm this phenomenon related to the trend

of conversion of receptor involvement. It will make important

clinical implications if these observations are substantiated in

further studies, which suggest that many patients do not receive

appropriate systemic therapy for their metastases. However, if

every patient with brain metastases undergoes neurosurgery

to evaluate the immunohistochemical information of brain

metastases, it will also bring a huge economic burden to

patients and the medical insurance department. Since there is no

prospective randomized study on the inconsistency of receptor

expression between the primary lesions and brain metastatic

lesions, the results of our study remain to be substantiated

in future. So there is currently no guideline that clearly

recommends that all patients with brain metastases should

undergo surgery to evaluate recipient information.

A retrospective study enrolled 37 breast cancer patients

with brain metastases found that the overall survival of

patients without receptor conversion between the primary

lesions and brain metastatic lesions was longer than that of

patients with receptor conversion, and the overall survival

for two groups was 31.1 and 19.1 months (p = 0.181),

respectively (19). An article published by Niikura et al. in

2012 showed that in 182 patients with HER-2-positive primary

breast cancer and systemic metastases, the HER-2 inconsistency

was significantly associated with poorer survival (27), however,

the paper published by Amir et al. reported that the HER-2

inconsistency had no deleterious effect on the overall survival

of patients (12). These studies did not further analyze the

inconsistency of HER-2 expression, which also indicated that

the relationship between the differences in the expression

levels of receptors and patients’ survival was still inconclusive.

Our study found that the inconsistency of HER-2 expression

between the primary lesions and brain metastatic lesions was

associated with better survival, and further analysis suggested

that patients whose HER-2 expression was converted from

positive in the primary lesions to negative in the brain metastatic

lesions had a longer survival time. However, due to the small

sample size and the lack of analysis of patients receiving

treatment, the results of our study should be interpreted with

considerable caution. Therefore, more randomized controlled

trials with large sample sizes should be conducted to explore the

correlation between receptor conversion and patients’ survival

in the future.
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A retrospective study conducted by Lindstrom et al. showed

that the HR inconsistency between the primary lesions and

extracranial metastatic lesions was significantly associated with

poor survival (28), however, the prospective trial conducted by

Amir et al. suggested that the HR inconsistency between the

primary lesions and extracranial metastatic had no adverse effect

on the overall survival of patients (12). Another study explored

the receptor expression in the breast cancer brain metastases,

which suggested that loss or increase of HR expression in

the brain metastatic lesions appeared to have no significant

effect on patients’ survival after diagnosis of BCBM (29). The

results of our study suggested that patients with inconsistent

HR expression between the primary lesions and brain metastatic

lesions had better survival compared with those patients with

consistent HR expression, in which the inconsistency rate of the

ER expression in our study was 25.0%, which was higher than

the rate from previous publications. Previous studies reported

that loss of ER expression in the metastatic lesions was a

negative prognostic factor for the survival of breast cancer

patients (30–32), and a multicenter retrospective analysis of

breast cancer patients with brain metastases showed that loss of

ER expression in the brain metastatic lesions was associated with

poor survival (P= 0.03), but the patients acquired ER expression

simultaneously showed a survival advantage (23). Nevertheless,

many studies on BCBM did not report these results (19, 33),

therefore, further studies enrolling more patients should be

conducted to substantiate these findings.

A study conducted by Caly et al. based on 257 breast

cancer patients showed that the Ki-67 index is a prognostic

factor for disease-free survival and overall survival (34). The

cut-off value of the Ki-67 index was set to 40% in our study,

and the breast cancer patients with brain metastasis whose

Ki-67 of ≤40% in the primary lesions had a longer brain

metastasis-free survival compared to those whose Ki-67 of

>40% in the primary lesions. The cut-off value of the Ki-67

index of the brain metastatic lesions minus the Ki-67 index

of the primary lesions was set at 10% in this study, and the

difference in the survival time was observed between the two

groups after diagnosis of brain metastases. Although we were

still unable to determine whether the change in Ki-67 index

between the primary lesions and brain lesions was related to

patients’ survival currently, which provided a direction for

future studies.

This was the first study with the largest sample size

to analyze the receptor expression in both primary lesions

and brain metastatic lesions in the Chinese breast cancer

patients, which was the main advantage of this study. We also

conducted an exploratory analysis of the impact of receptor

conversion on patients’ survival. However, since it was a

retrospective study with a relatively small sample size, the

results of this study (especially the results related to survival)

should be further substantiated by prospective studies with large

sample sizes.

Conclusion

In this study, 45.0% of breast cancer patients developed

biomarker-conversion between the primary lesions and brain

metastatic lesions, and the differences in the expression levels

of the ER, PR, and HER-2, the change in Ki-67 index

between the primary lesions and brain lesions may predict

patients’ survival.

Data availability statement

The original contributions presented in the study are

included in the article/Supplementary material, further inquiries

can be directed to the corresponding author.

Ethics statement

This study was reviewed and approved by the Ethics

Committees of The Fifth Medical Center of PLA General

Hospital. All patients and healthy individuals had given written

informed consent.

Author contributions

CJ wrote the main manuscript. ZJ, ZH, WXu, and WXi

prepared Figures 1–8. ZS, TY, and JZ participated in writing

manuspcript. All authors contributed to the article and approved

the submitted version.

Conflict of interest

The authors declare that the research was conducted in

the absence of any commercial or financial relationships

that could be construed as a potential conflict

of interest.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be

found online at: https://www.frontiersin.org/articles/10.3389/

fneur.2022.1002173/full#supplementary-material

Frontiers inNeurology 07 frontiersin.org

https://doi.org/10.3389/fneur.2022.1002173
https://www.frontiersin.org/articles/10.3389/fneur.2022.1002173/full#supplementary-material
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Jiaxin et al. 10.3389/fneur.2022.1002173

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 Countries. CA Cancer J Clin. (2021) 71:209–49.
doi: 10.3322/caac.21660

2. Xia C, Dong X, Li H, Cao M, Sun D, He S, et al. Cancer statistics in China
and United States, 2022: profiles, trends, and determinants. Chin Med J. (2022)
135:584–90. doi: 10.1097/CM9.0000000000002108

3. Jin J, Gao Y, Zhang J, Wang L, Wang B, Cao J, et al. Incidence, pattern and
prognosis of brain metastases in patients with metastatic triple negative breast
cancer. BMC Cancer. (2018) 18:446. doi: 10.1186/s12885-018-4371-0

4. Nam B-H, Kim SY, Han H-S, Kwon Y, Lee KS, Kim TH, et al. Breast cancer
subtypes and survival in patients with brain metastases. Breast Cancer Research:
BCR. (2008) 10:R20. doi: 10.1186/bcr1870

5. Berghoff A, Bago-Horvath Z, De Vries C, Dubsky P, Pluschnig U, Rudas M,
et al. Brain metastases free survival differs between breast cancer subtypes. Br J
Cancer. (2012) 106:440–6. doi: 10.1038/bjc.2011.597

6. Gabos Z, Sinha R, Hanson J, Chauhan N, Hugh J, Mackey JR, et al.
Prognostic significance of human epidermal growth factor receptor positivity for
the development of brain metastasis after newly diagnosed breast cancer. J Clin
Oncol. (2006) 24:5658–63. doi: 10.1200/JCO.2006.07.0250

7. Heitz F, Harter P, Lueck H-J, Fissler-Eckhoff A, Lorenz-Salehi F, Scheil-
Bertram S, et al. Triple-negative and HER2-overexpressing breast cancers exhibit
an elevated risk and an earlier occurrence of cerebral metastases. Eur J Cancer.
(2009) 45:2792–98. doi: 10.1016/j.ejca.2009.06.027

8. Lin NU, Bellon JR, Winer EP. CNS metastases in breast cancer. J Clin Oncol
Off J Am Soc Clin Oncol. (2004) 22:3608–17. doi: 10.1200/JCO.2004.01.175

9. Gennari A, André F, Barrios CH, Cortés J, de Azambuja E, DeMichele
A, et al. ESMO Clinical Practice Guideline for the diagnosis, staging and
treatment of patients with metastatic breast cancer. Ann Oncol. (2021) 32:1475–95.
doi: 10.1016/j.annonc.2021.09.019

10. Lee SS, Ahn J-H, KimMK, Sym SJ, Gong G, Ahn SD, et al. Brain metastases in
breast cancer: prognostic factors and management. Breast Cancer Res Treat. (2008)
111:523–30. doi: 10.1007/s10549-007-9806-2

11. Schrijver WAME, Suijkerbuijk KPM, van Gils CH, van der Wall E, Moelans
CB, van Diest PJ. Receptor conversion in distant breast cancer metastases: a
systematic review and meta-analysis. J Natl Cancer Inst. (2018) 110:568–80.
doi: 10.1093/jnci/djx273

12. Amir E, Miller N, Geddie W, Freedman O, Kassam F, Simmons C, et al.
Prospective study evaluating the impact of tissue confirmation of metastatic disease
in patients with breast cancer. J Clin Oncol Off J Am Soc Clin Oncol. (2012)
30:587–92. doi: 10.1200/JCO.2010.33.5232

13. Criscitiello C, André F, Thompson AM, De Laurentiis M, Esposito A,
Gelao L, et al. Biopsy confirmation of metastatic sites in breast cancer patients:
clinical impact and future perspectives. Breast Cancer Res BCR. (2014) 16:205.
doi: 10.1186/bcr3630

14. Aurilio G, Disalvatore D, Pruneri G, Bagnardi V, Viale G, Curigliano G,
et al. A meta-analysis of oestrogen receptor, progesterone receptor and human
epidermal growth factor receptor 2 discordance between primary breast cancer and
metastases. Eur J Cancer. (2014) 50:277–89. doi: 10.1016/j.ejca.2013.10.004

15. Cardoso F, Costa A, Norton L, Cameron D, Cufer T, Fallowfield L, et al. 1st
International consensus guidelines for advanced breast cancer (ABC 1). Breast.
(2012) 21:242–52. doi: 10.1016/j.breast.2012.03.003

16. Van Poznak C, SomerfieldMR, Bast RC, Cristofanilli M, GoetzMP, Gonzalez-
Angulo AM, et al. Use of biomarkers to guide decisions on systemic therapy for
women with metastatic breast cancer: american society of clinical oncology clinical
practice guideline. J Clin Oncol Off J Am Soc Clin Oncol. (2015) 33:2695–704.
doi: 10.1200/JCO.2015.61.1459

17. Boire A, Brandsma D, Brastianos PK, Le Rhun E, Ahluwalia M,
Junck L, et al. Liquid biopsy in central nervous system metastases: a RANO
review and proposals for clinical applications. Neuro Oncol. (2019) 21:571–84.
doi: 10.1093/neuonc/noz012

18. Yonemori K, Tsuta K, Shimizu C, Hatanaka Y, Hashizume K, Ono M,
et al. Immunohistochemical profiles of brain metastases from breast cancer. J
Neurooncol. (2008) 90:223–8. doi: 10.1007/s11060-008-9654-x

19. Jung J, Lee SH, Park M, Youn JH, Shin SH, Gwak HS, et al. Discordances
in ER, PR, and HER2 between primary breast cancer and brain metastasis. J
Neurooncol. (2018) 137:295–302. doi: 10.1007/s11060-017-2717-0

20.何华钰:乳腺癌脑转移灶和原发灶之间ER、PR、Her-2表达的不一致性
及其临床意义的研究.硕士.北京协和医学院;何华钰:乳腺癌脑转移灶和原发
灶之间ER、PR、Her-2表达的不一致性及其临床意义的研究.硕士.北京协和
医学院;(2017).

21. Thomson AH, McGrane J, Mathew J, Palmer J, Hilton DA, Purvis G, et al.
Changing molecular profile of brain metastases compared with matched breast
primary cancers and impact on clinical outcomes. Br J Cancer. (2016) 114:793–800.
doi: 10.1038/bjc.2016.34

22. Brogi E, Murphy CG, Johnson ML, Conlin AK, Hsu M, Patil S, et al. Breast
carcinoma with brain metastases: clinical analysis and immunoprofile on tissue
microarrays. Ann Oncol. (2011) 22:2597–603. doi: 10.1093/annonc/mdr022

23. Hulsbergen AFC, Claes A, Kavouridis VK, Ansaripour A,
Nogarede C, Hughes ME, et al. Subtype switching in breast cancer
brain metastases: a multicenter analysis. Neuro Oncol. (2020) 22:1173–81.
doi: 10.1093/neuonc/noaa013
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