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Background: Brain metastasis (BM) frequently occurs in HER2-positive breast cancer
(BC) patients, but the risk factors of BM in this type of patients are still unknown. Our
study aims to assess the risk factors of BM and prognostic analysis in HER2-positive
BC patients.

Methods: Univariate analysis used t-test, chi-square test, and Fisher’s exact test to find
out the risk factors for BM, and multivariable analysis was done with stepwise logistic
regression analysis. Prognostic data analysis was estimated by the Kaplan–Meier method.

Results: A total of 228 HER2-positive BC patients were included, of whom 214 patients
were postoperative metastatic patients and 14 patients were de novo stage IV patients.
Through comparing the stratified variables between 51 postoperative metastatic patients
with BM and 163 postoperative metastatic patients without BM, the multivariate analysis
showed that age ≤40 years (OR 2.321, 95% CI: 1.089 to 4.948) and first metastatic site
with lungmetastasis (OR 2.168, 95%CI: 1.099 to 4.274) were independent risk factors for
BM in HER2-positive BC patients. Prognostic data of all 65 HER2-positive BC patients
with BM showed that the time from the diagnosis of BC to the development of breast
cancer brain metastasis (BCBM) was 36.3 months (95% CI: 30.0 to 42.1 months). The
time from the diagnosis of first recurrence and metastasis stage to the diagnosis of BCBM
was 11.35 months (95% CI: 7.1 to 18.4 months). The time from the diagnosis of BCBM to
the time of follow-up was 24.1 months (95% CI: 13.9 to 37.5 months). Up until the time of
follow-up data, a total of 38 patients had died, and the time from the diagnosis of BM of
these 38 patients to death was 11.0 months (95% CI: 9.0 to 20.4 months).
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Conclusion: The prognosis of HER2-positive BC patients with BM was poor due to the
lack of effective treatments for BM. Age ≤40 years and first metastatic site with lung
metastasis were the independent risk factors for BM in HER2-positive BC patients. Future
research about pre-emptive medical interventions may help to improve the prognosis of
HER2-positive BC patients with high risk to develop BM.
Keywords: brain metastasis, risk factors, prognostic analysis, HER2 positive, breast cancer
INTRODUCTION

The latest Global Cancer Statistics 2020 shows that breast cancer
(BC) has become the malignant tumor with the highest
morbidity and the second highest mortality (1). The major
mortality reason of BC is the recurrence and metastasis of
distant organs. Normally, the progression of disease for most
BC patients is slow. Brain metastasis (BM) is preceded by
metastases to other organs like lung, liver, or bone. The
incidence of clinically evident BM among stage IV BC patients
is estimated to be 10% to 16%. These figures underestimate the
true incidence, given that BMs are found in 36% of patients at
autopsy (2–4). Since most antitumor drugs do not cross the
blood–brain barrier, to exert their antitumor properties, the
brain has become an important sanctuary site for tumor cells.
Therefore, the clinical treatment of BM in BC patient is a difficult
problem. Relevant data show that the median survival time of
BCBM (breast cancer brain metastasis) patients is less than 6
months, and only 20%–40% of patients survive longer than 1
year (5).

Besides triple-negative BC, HER2-positive BC, which
accounted for approximately 10%–15% of BC, has the highest
incidence of BM (6, 7). With the development of new drugs and
the continuous improvement of drug therapy, the systematic
treatment of HER2-positive advanced BC patients has been
greatly improved in recent years. Theoretically, better systemic
treatment would lead to better control of disease. However, an
increasing proportion of patients have been observed to be
suffering from BM often at a time when their extracranial
disease is apparently under control in clinical practice (8, 9).
The identification of HER2-positive BC patients with high risk
factors to develop BM would enable pre-emptive intervention
such as prophylactic treatment or diagnostic screening with the
potential to improve the prognosis of these patients. Reported
risk factors for BM in BC patients include young age at first
diagnosis, presence of lung metastases, short disease-free
survival, hormone receptor (HR)-negative tumors, triple-
negative tumor subtype, HER2 overexpression, and BRCA1
phenotype (2, 8, 10–15). However, most of the studies
included unselected patients with BC, whereas less is known
about risk factors for BM for cohorts of only HER2-positive BC.
In this retrospective, single-institution analysis, we aim to
east cancer; BCBM breast cancer brain
R positive; HR- HR negative; HER2
; HER2+ HER2 positive; HER2- HER2
er.

2

identify the high-risk factors for HER2-positive BC patients
who would be more likely to progress to BM. Maybe these
patients may benefit from the pre-emptive medical intervention
in the future. Moreover, we assess the prognostic survival of
HER2-positive BC patients with BM in our study.
MATERIALS AND METHODS

Patients
This retrospective analysis included 228 consecutive HER2-
positive (immunohistochemistry 3+ or FISH-positive)
pathologically confirmed BC patients treated in Fujian
Provincial Hospital from January 2004 to January 2021.
Male patients, HR+HER2- patients, triple-negative patients,
patients with a history of other malignant tumors, or de novo
metastatic HR+HER2+ and HR-HER2+ patients without BM
were excluded.

Follow-up data were gathered until December 31, 2021. HER2
status was determined with immunohistochemistry (IHC) and in
situ hybridization at the time of the first biopsy or breast surgery
and classified according to the American Society of Clinical
Oncology/College of American Pathologists clinical practice
guidelines for HER2 testing of 2007 and 2013, respectively, and
the Belgian Guidelines for HER2 testing (16, 17). HR status was
determined by IHC using the Allred scoring system (18).
Metastatic lesions were grouped into the following categories:
Lung, bone, liver, brain, chest wall or regional lymph
nodes metastasis.

Our follow-up treatment strategy is as follows: routine breast
color ultrasound, liver color ultrasound, ECT, x-ray, chest, and
cranium CT plain scan for every initial treatment patient to
exclude the possibility of distant metastasis. In the first 3 years
after surgery, we regularly reviewed breast color ultrasound, liver
color ultrasound, x-ray, and chest CT plain scan every 3
months. Patients who survived 3–5 years after surgery were
regularly reviewed with these examinations every 6
months. Patients who survived more than 5 years after surgery
were regularly reviewed with these examinations every 1
year. ECT and cranial examination are not routine review
items for postoperative patients, except when the patient has
symptoms associated with bone metastasis or BM. Once distant
metastasis was confirmed in follow-up patients, liver, lung,
cranium CT, and ECT examinations were routinely performed
at the same time, and MRI examinations were performed to help
determine whether the patients were accompanied by multiple
organ metastasis if necessary. Every advanced BC patient was
June 2022 | Volume 12 | Article 905065
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evaluated by CT examination every 2 months. Patients with
stable BMs underwent cranium CT/MRI examination every 2–3
months. BM patients with progression disease were evaluated
with cranium CT/MRI examination every month if necessary.

Statistical Analysis
Statistical analyses were conducted using SPSS version 22.0.
Univariate analysis used t-test, chi-square test, and Fisher’s
exact test. t-test was done for comparison of quantitative
indicators between 2 groups, and chi-square test and Fisher’s
exact test were used for comparison of sample rates between 2
groups. Multivariate analysis used stepwise logistic regression,
and all variables in the univariate analysis with a p-value <0.1
were included in multivariate analysis. The Kaplan–Meier
method was used to estimate the time from metastatic disease
diagnosis until the development of BM, and was also used to
estimate the time from the development of BM to death or
follow-up data.
RESULTS

BM occurred in 65 of the 228 enrolled HER2-positive BC
patients. The other 163 patients are postoperative metastatic
patients without BM. These 163 patients are not de novo stage
IV patients. Among the 65 patients with BM, 14 of them were de
novo stage IV patients with BM, and the other 51 patients are
postoperative metastatic patients with BM (Figure 1). Among
the 65 patients, 13 patients had BM as the first metastasis cite. Up
to the follow-up data (December 31, 2021), 38 patients died, and
37 patients were still in follow-up.

Comparing the stratified variables between 51 postoperative
metastatic patients with BM and 163 postoperative metastatic
patients without BM, the result of univariate analysis showed
that age ≤ 40 years and first metastatic site with lung metastasis
were significantly associated with the risk of BM in patients with
Frontiers in Oncology | www.frontiersin.org 3
HER2-positive BC (Table 1). Variables with p < 0.1 in univariate
analysis were included in multivariate analysis, and it was found
that age ≤40 years and first metastatic site with lung metastasis
were independent risk factors for BM in HER2-positive
BC patients (Table 2).

Local treatments after BMs in 65 patients were as follows: 38
patients received only craniocerebral radiotherapy, 9 patients
received only surgical resection of BM, 5 patients received
craniocerebral radiotherapy combined with surgical resection
of BMs, and 13 patients did not receive local treatment. Medical
treatment after BMs in 65 patients were as follows: 5 patients had
no medical treatment, and 60 patients had medical treatment (11
of them had no local treatment and only received medical
treatment). Prognostic data analysis was estimated by the
Kaplan–Meier method. Among all 65 HER2-positive BC
patients with BM, the time from the diagnosis of BC to the
development of BCBM was 36.3 months (95% CI: 30.0 to 42.1
months). The time from the diagnosis of first recurrence and
metastasis stage to diagnosis of BCBM was 11.3 months (95% CI:
7.1 to 18.4 months). The time from the diagnosis of BCBM the
time of follow-up was 24.1 months (95% CI: 13.9 to 37.5 months)
(Figure 2). Up until the time of follow-up, 38 patients died, and
the time of these 38 patients from the diagnosis of BM to death
was 11.0 months (95% CI: 9.0 to 20.4 months).
DISCUSSION

Over the past decades, the diagnosis and treatment of BC
patients have achieved remarkable improvements. Due to the
lack of effective treatments, BM is still associated with poor
results (19–21). In this study, we described the prognostic data of
65 HER2-positive BC patients with BM. The time from the
diagnosis of BC to the development of BCBM was 36.3 months
(95% CI: 30.0 to 42.1 months). The time from the diagnosis of
first recurrence and metastasis stage to diagnosis of BCBM was
FIGURE 1 | Constitution of the study population. BC, breast cancer; BM, brain metastasis; HR, hormone receptor; HR+, HR positive; HR-, HR negative; Her2,
human epidermal growth factor receptor 2; Her2+, Her2 positive; Her2-, Her2 negative; TNBC, triple negative breast cancer.
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TABLE 1 | Risk factors of brain metastasis in Her2 positive postoperative breast cancer patients according to stratified variables: univariate analysis.

Postoperative metastatic Postoperative metastatic

Variables Patients without BM
(n=163)

Patients with BM
(n=51)

P value

No. (%) No. (%)

Age at dx (years) 49.09±10.09 45.55±10.09 0.03
Age at diagnosis 0.042
≤40 years 32 (19.63) 17 (33.33)
>40 years 131 (80.37) 34 (66.67)

Menopausal status at diagnosis 0.077
Premenopausal 89 (54.60) 35 (68.63)
Postmenopausal 74 (45.40) 16 (31.37)

Family history 0.107
No 156 (95.71) 45 (88.24)
Yes 7 (4.29) 6 (11.76)

Type of surgery 0.616
Radical surgery 158 (96.93) 48 (94.12)
Breast conserving surgery 5 (3.07) 3 (5.88)

Pathology type 0.535
Invasive ductal carcinoma 122 (74.85) 36 (70.59)
Mixt 38 (23.31) 15 (29.41)
Others 3 (1.84) 0 (0.00)

Tumour grade 0.471
G1 3 (1.84) 0 (0.00)
G2 102 (62.58) 27 (52.94)
G3 52 (31.90) 22 (43.14)
Missing 6 (3.68) 2 (3.92)

Tumour size staging 0.322
pT1 48 (29.45) 15 (29.41)
pT2 92 (56.44) 24 (47.06)
pT3-4 19 (11.66) 11 (21.57)
Missing 4 (2.45) 1 (1.96)

Nodal staging 0.221
pN0 47 (28.83) 21 (41.18)
pN1 47 (28.83) 8 (15.69)
pN2 30 (18.40) 11 (21.57)
pN3 37 (22.70) 10 (19.61)
Missing 2 (1.23) 1 (1.96)

Lymph nodes metastatic status 0.091
No metastasis 47 (29.19) 21 (42.00)
Metastasis 114 (70.81) 29 (58.00)

Estrogen receptor status 0.082
Negative 70 (42.94) 29 (56.86) 29 (56.86)
Positive 93 (57.06) 22 (43.14)

Progesterone receptor status 0.069
Negative 85 (52.15) 34 (66.67)
Positive 78 (47.85) 17 (33.33)

Time to first distant relapse 0.139
≤2 years 64 (39.26) 26 (50.98)
>2 years 99 (60.74) 25 (49.02)

Type of chemotherapy 0.496
Anthracyclines 9 (5.52) 4 (7.84)
Taxanes 12 (7.36) 5 (9.80)
Anthracyclines+taxanes 138 (84.66) 40 (78.43)
Other 2 (1.23) 0 (0.00)
None 2 (1.23) 2 (3.92)

Type of anti-HER2 treatment 0.315
Trastuzumab 66 (40.49)
Trastuzumab+pertuzumab 0 (0.00) 1(1.96)
None 97(59.51) 30 (58.82)

Adjuvant endocrine therapy 0.248
No 84 (51.53) 31 (60.78)
Yes 79 (48.47) 20 (39.22)

Adjuvant radiotherapy 0.439

(Continued)
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11.3 months (95% CI: 7.1 to 18.4 months). The time from the
diagnosis of BCBM to the time of follow-up was 24.1 months
(95% CI: 13.9 to 37.5 months). Up until the time of follow-up, the
time of the 38 dead patients from the diagnosis of BM to death
Frontiers in Oncology | www.frontiersin.org 5
was 11.0 months (95% CI: 9.0 to 20.4 months). Based on these
survival data that we obtained in this study, we have to say that
HER2-positive BC patients remain at a continuous risk of brain
relapse for a prolonged period of time after diagnosis of BC and
TABLE 1 | Continued

Postoperative metastatic Postoperative metastatic

Variables Patients without BM
(n=163)

Patients with BM
(n=51)

P value

No. (%) No. (%)

No 90 (55.21) 25 (49.02)
Yes 73 (44.79) 26 (50.98)

First metastatic site
Lung metastasis 0.027

No 105 (64.42) 24 (47.06)
Yes 58 (35.58) 27 (52.94)

Liver metastasis
No 105 (64.42) 24 (47.06)
Yes 58 (35.58) 27 (52.94)

Bone metastasis 0.135
No 120 (73.62) 32 (62.75)
Yes 43 (26.38) 19 (37.25)

Metastatic cite in chest wall or regional lymph nodes 0.407
No 66 (40.49) 24 (47.06)
Yes 97 (59.51) 27 (52.94)
June 2022 | Volume 12 | Artic
BM, brain metastasis dx, diagnosis; Family history,HBOC related cancer history.
FIGURE 2 | Different clinical progression of median time for 65 Her 2 positive breast cancer patients with BM.
TABLE 2 | Multivariate Analysis for risk factors of brain metastases in Her2 positive postoperative breast cancer patients.

Variable Estimate Se z Wald p OR(95%CI)

Age at diagnosis
>40 years ref
≤40 years 0.842 0.386 2.181 4.756 0.029 2.321 (1.089, 4.948)
Lymph nodes metastatic status
No metastasis ref
Metastasis -0.586 0.349 -1.677 2.813 0.094 0.557 (0.281, 1.104)
Estrogen receptor status
Negative ref
Positive -0.138 0.532 -0.259 0.067 0.795 0.871 (0.307, 2.472)
Progesterone receptor status
Negative ref
Positive -0.668 0.555 -1.203 1.447 0.229 0.513 (0.173, 1.523)
First metastatic site
Lung metastasis

No ref
Yes 0.774 0.346 2.234 4.989 0.026 2.168 (1.099, 4.274)
All variables in the univariate analysis with a P value <0.1 were included in multivariate analysis.
le 905065
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diagnosis of recurrence and metastasis stage. Therefore, the
prevention and management of BM still pose unique clinical
challenges. Despite the short overall survival after the diagnosis
of BCBM, the results in our study seem to be better compared to
those reported previously in unselected series of BCBM patients
(5, 22–24). This may be related to earlier diagnosis of HER-
positive BC, and better standardized systematic treatment of
HER-positive BC, particularly the use of trastuzumab,
pertuzumab, and small-molecule tyrosine kinase inhibitors.
Furthermore, more effective management of BM and more
humane supportive treatment also play an important role.

In this study, we also included a series of HER2-positive
postoperative BC patients to assess the risk factors of BM. We
included the clinical and pathological factors in predicting risk
factors of BM in HER2-positive BC patients. Among these
clinicopathological indicators, primary tumor size and lymph
node metastatic status are the important indicators to reflect the
characteristics of BC. Traditional perspectives consider the idea
that BC patients with larger tumors and more lymph node
metastases are more likely to have recurrence and metastasis.
Some scholars’ research has found that tumor size >2 cm and
axillary lymph nodal involvement were the risk factors for the
development of BM in HER2-positive BC patients (25).
However, we did not find this statistical significance in our study.

Besides the primary tumor size and lymph node metastatic
status, HR status and tumor grade could also reflect the
characteristics of BC. Related literature reported that HR status
and tumor grade were considered an adverse prognostic factor in
unselected BC patients, and also increased the risk of BM (26–
28). Knowledge on the predictive value of HR status and tumor
grade for BM in HER2-positive BC patients is scarce. However,
we also did not find any association between these two factors
and the risk of BM in our study. Additionally, univariate and
multivariate analyses show that no statistical significance has
been found among menopausal status at diagnosis, family
history, type of surgery and pathological type, probably due to
the small number of patients enrolled in our study and the
selectivity bias in our retrospective study. However, age ≤40 years
(OR 2.321, 95% CI 1.089 to 4.948) did increase the risk of BM in
HER2-positive BC patients. The possible reason is that young
patients may display an increased propensity for BM due to the
longer expected survival.

At present, no positive correlation has been found between
different postoperative treatments and the occurrence of BM in
HER2-positive BC patients due to lack sufficient studies. This is
consistent with the results of our study. As for the postoperative
anti-HER2 targeted therapy, two meta-analyses reported an
increased incidence of BM (29, 30). This may extend the
survival time to such a degree as to display an increased
propensity for BM due to a better control of extracranial
disease with trastuzumab (5, 8). However, our study did not
find that anti-HER2-targeted therapy was associated with the
occurrence of BM.

In our study, we also analyzed the relationship between the
relevant metastatic variables and BM inHER2-positive BC patients.
Variables associated with the recurrence and metastasis included
Frontiers in Oncology | www.frontiersin.org 6
the time from initial diagnosis to distant relapse, lung metastasis as
the first metastatic event, liver metastasis as the first metastatic
event, bone metastasis as the first metastatic event, and chest wall
or regional lymph node metastasis as the first metastatic event.
Different from the Renata Duchnowska’s study report, the time
from initial diagnosis to distant relapse shorter than 2 years did not
increase the risk of BM in our study. Similarly, liver metastasis as
the first metastatic event, bone metastasis as the first metastatic
event, and chest wall or regional lymph node metastasis as the first
metastatic event also had no significant statistical significance.
However, univariate and multivariate analysis showed that lung
metastasis as the first metastatic event (OR 2.168, 95% CI: 1.099 to
4.274) was the independent risk factor for BM in HER2-positive
BC patients in our study. The possible reasons are as follows: (1)
due to the fact that patients with liver metastasis generally have a
more serious disease and fast progress, they may have died before
the occurrence of BM; (2) due to the slow progress and insufficient
follow-up time, BM was not found in patients with bone metastasis
and chest wall or regional lymph node metastasis; and (3)
correlative studies have reported that the expression of the
epidermal growth factor receptor ligand and the cyclooxygenase
COX2 is associated with brain and lung metastasis of BC, but not
associated with liver and bone metastasis (31, 32). In this study,
lung metastasis as the first metastatic event is positively correlated
with BM, whichmay be related to the abovemolecular mechanism.
LIMITATION

There are several limitations that need to be considered in our
study: (1) This is a retrospective study from a single center, which
may result in selective bias. (2) The patients enrolled in our study
conveys a time period of 17 years. During these years, the
postoperative diagnosis and treatments of HER2-positive BC
patients have changed, and the management of BM has also
changed. Even in the same medical center, patients’ final medical
options are different, because they depended on different medical
teams’ treatment plans, disease and economic factors of patients,
and the availability and tolerance of drugs. Therefore, the potential
bias caused by heterogeneity of patient populations and
inconsistent therapeutic approaches cannot also be ignored. (3)
The total number of HER2-positive BC patients with or without
BM in this study are still not large enough. We need to expand our
sample size to analyze the risk factors of BMs and prognosis of
HER2-positive BC patients in the future. (4) The follow-up time is
not long enough in this study. Until the follow-up time, nearly half
of the patients are still being followed up, and we will continue to
follow up so that we could obtain more information about the
prognosis of HER2-positive BC with BM in the future.
CONCLUSION

Combined with the findings in our single-center study, we
demonstrate that HER2-positive BC patients with BM have a
poor prognosis. Risk factors for BM in HER2-positive BC
June 2022 | Volume 12 | Article 905065
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patients are age ≤40 years and first metastatic site with lung
metastasis. Considering the limitations in our study, we have the
following considerations: (1) We expect that multi-center and large
sample size studies could continue to explore the risk factors of BM
and prognosis in HER2-positive BC in the future, so that we could
establish a prediction model to predict the likelihood of BM in
HER2-positive BC. Moreover, we expect that correlational
researchers will be able to explore the corresponding predictive
markers to predict the BM in HER2-positive BC with the help of
genetic detection in the future. Through these efforts, we can screen
out the real high-risk population with BM in HER2-positive BC
patients. It would provide important references for our clinical
decision-making. (2) In recent years, relevant studies have reported
that small-molecule tyrosine kinase inhibitors could improve the
progression and prognosis of BM in HER2-positive BC patients
(33–35). We expect that there could be some clinical trials about
pre-emptive medical interventions in the future. For example,
randomized controlled trials are conducted in metastatic HER2-
positive BC patients who had high risk factors to develop BM to
explore whether the regular head MRI screening would be good for
the early diagnosis and treatment, or there could be clinical trials to
explore whether small-molecule tyrosine kinase inhibitors used in
adjuvant therapy or first-line advanced salvage treatment would
decrease the occurrence of BM, and ultimately improve the
prognosis of brain metastasis in HER2-positive BC patients.
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