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Background: This study involved a retrospective analysis of 559 metastatic breast cancer (MBC) patients
with brain metastasis (BM). We aimed to establish the effectiveness of different preferred treatment methods
and factors affecting overall survival following BM diagnosis (BMOS) and explore the feasibility of systemic
treatment for MBC patients with BM.

Methods: Univariate and multivariate analyses were used to assess the efficacy of different preferred
treatments and other factors associated with BMOS, and a nomogram was then established based on the
results of the univariate analysis.

Results: Patients that initially received systemic drug therapy exhibited a clinical benefit rate (CBR) of
43.9% and an intracranial disease control rate (DCR) of 80.6%. The median time between BM diagnosis and
the requirement for local intracranial treatment due to worsening disease status was 10.0 months for these
patients (95% CI: 7.811-12.189 months). The median follow-up was 28.0 months, and the median BMOS
was 16.0 months. Following BM diagnosis, the systemic drug treatment group had a better outcome than the
local brain treatment group, with a respective median BMOS of 22.0 and 16.0 months (3'=7.743, P=0.005).
At the time of BM diagnosis, the median BMOS for patients without neurological symptoms diagnosed
by regular screen was significantly longer than that of patients with neurological symptoms (18.0 vs.
13.0 months, respectively; x'=11.371, P=0.001). Based on these analyses, a nomogram was constructed that
incorporated disease-free survival (DFS), Karnofsky performance status (KPS), molecular subtype, number of
extracranial metastases, BM location, number of BMs, neurological symptoms, and the preferred treatment
approach, with a prediction probability (c-index) value of 0.76.

Conclusions: Systemic drug treatment has a beneficial effect on brain lesions, and effective treatment
delays the need for local intracranial treatment. Cranial magnetic resonance imaging (MRI) screening can
detect asymptomatic BM in MBC patients (particularly those with HER2-positive or triple-negative disease),
offering these patients an opportunity to undergo systemic drug therapy, thereby prolonging their survival.
To our knowledge, this is a well-fitted nomogram including current treatment and medical examination
strategies to predict BMOS probability that offers value as an adjunct for the prognostic evaluation of MBC-
BM patients.
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Introduction

Rates of brain metastasis (BM) in breast cancer patients are
second only to those in lung cancer patients, with breast
cancer accounting for 10-15% of all BM (1) and with
up to 36% of breast cancer patients found to harbor BM
upon autopsy (2). BM incidence varies among different
breast cancer molecular subtypes (3); patients with human
epidermal growth factor receptor 2 (HER2)-positive
and triple-negative breast cancer (I'NBC) exhibit higher
BM incidence rates relative to those with other disease
subtypes (4,5).

BM in breast cancer patients is generally associated
with a significant reduction in quality of life and a worse
prognosis (6,7), with a 1-year survival rate of just 20% (8).
Regular BM screening is generally believed to have no
impact on patient prognosis (9), and ASCO(The Association
for Clinical Oncology)guidelines do not recommend routine
screening for BM in those with metastatic breast cancer
(MBC) (10). However, early BM diagnosis and symptomatic
treatment have been linked to significant improvements in
patient prognosis (7,11-13).

As breast cancer treatments continue to progress and
become more effective, the average duration of patient
survival will improve, and this will almost certainly coincide
with an increase in BM incidence (14,15). Even so, no
systemic treatment plan for breast cancer-associated BM
has yet been approved (10). Currently, major guidelines
recommend localized treatment for MBC-BM patients,
with systemic treatment only as a supplementary approach
(10,16-18). Only patients with certain types of MBC, such
as HER2-positive breast cancer with BM, are advised to
undergo systemic drug-based therapy.

Both BM and local treatments for BM can cause
neurological damage and adversely impact patients' quality
of life, and additional brain radiotherapy following enough
brain radiotherapy is often difficult to tolerate because
of too many side effects. Therefore, it is important to
explore the role of systemic drug treatment for MBC-
BM patients to highlight novel or more reliable diagnostic
and therapeutic strategies for affected individuals. To that
end, the present study was designed as a real-world clinical
analysis of 559 MBC-BM patients admitted to Henan
Tumor Hospital between January 1, 2010, and December
31, 2019. By comparing the effectiveness of patients who
received initially local or systemic treatment and the factors
affecting overall survival following BM diagnosis (BMOS),
we seek to provide a reference for the diagnosis and
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treatment of MBC-BM.

The Breast-Graded Prognostic Assessment (B-GPA)
(19,20) and the Modified B-GPA (mB-GPA) (21,22) have
been proposed as useful tools for stratifying survival in the
MBC-BM population. Prognostic factors were assessed
by univariate and multivariate Cox proportional hazards
regression and analyses. To date, the main prognostic factors
(21,23) identified by these methods are the Karnofsky
performance score (KPS), age at time of BM diagnosis, BC
subtype, number of BMs, and the presence and status of
extracranial disease. Prognostic scores for MBC-BM have
been progressively upgraded over the last two decades,
prompting the clinical need for an increasingly accurate
prediction of patient outcomes to adapt treatment strategies
accordingly.Recent advances in effective systemic therapies
(e.g., anti-HER? targeted therapy) and radiation therapies
have substantially modified and improved BMOS, at least
for some subgroups of patients (21,24). Consequently,
continuous reassessment and improvement of prognostic
tools are urgently needed.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3734).

Methods
Patients

Patients eligible for inclusion in this study were those
meeting the following criteria: (I) patients with MBC that
had been pathologically diagnosed in The Affiliated Cancer
Hospital of Zhengzhou University & Henan Cancer
Hospital from January 1, 2010, to December 31, 2019,
including male breast cancer patients and individuals with
bilateral breast cancer; and (II) patients with BM, including
brain parenchymal metastases and meningeal metastases,
that had been confirmed by imaging examinations. Patients
were excluded from this study if they had any history of
other malignancies within the past three years other than
cured cervical carcinoma in situ, skin basal cell carcinoma,
or squamous cell carcinoma.

Prospective information collected from these
patients included demographic information, clinical and
pathological characteristics, and the treatment approaches
used. Patient outcomes were established by telephone-
based follow-up. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). This study
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Table 1 Clinical characteristics of 559 patients Table 1 (continued)

Characteristics Patient (n)  Percentage (%) Characteristics Patient () Percentage (%)
Sex BM location
Female 557 996 Parenchyma 537 96.1
Male 2 04 Dura Mater 35 6.3
Age (years) Pia Mater 33 5.9
<50 291 52.1 Size of the largest BM (cm)
=50 268 479 0 (meningeal metastasis only) 22 3.9
KPS <1 222 39.7
>70 340 60.8 1-3 199 356
<70 219 39.2 -3 37 66
Stage of initial diagnosis Unknown 79 14.1
! 28 5.0 Number of BMs
I 195 349 0 (meningeal metastasis only) 22 3.9
M 208 37.2 1 166 297
\Y 98 17.5 5 51 91
Unknown 30 5.4 3 29 3.9
DFS (months) >3 235 420
<24 306 547 Unknown 63 1.3
=24 253 5.3 With or without neurological symptoms onset BM
Molecular type No 341 61.0
HR+/HER2- 160 28.6 Yes 218 39.0
HER2+ 296 530 Preferred brain local treatment
TNBC 92 16.4 Yes 330 59.0
Unknown 11 2.0 No 148 26.5
Number of extracranial metastatic organs Untreated 64 1.4
0 24 4.3 Unknown 17 3.0
1-2 220 894 KPS, Karnofsky performance status; DFS, disease-free survival;
>3 315 56.3 HR, hormone receptor; HER2, human epidermal growth factor
Site of extracranial metastasis receptor 2; TNBC, triple-negative breast cancer; BM, brain
metastases.
Soft tissues or lymph nodes 384 68.7
Bones S 55.8 was approved by the medical ethics committee of The
Livers 267 47.8 Affiliated Cancer Hospital of Zhengzhou University &
Lungs 309 55.3 Henan Cancer Hospital (No. 2018160). Informed consent
Others 201 6.0 from.patients was waived due to the rf:trospectiv.e nature
of this study. In total, of whom,559 patients were included
Table 1 (continued) in the present study (Zable 1). Of whom 160 had hormone
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2,853 patients

Patients with metastasis(at initial diagnosis or during
follow-up) from Jan 1, 2010 to Dem 31, 2019

A4

2,294 patients

Patients without brain parenchymal metastases and
meningeal metastasis excluded

A

330 patients (the local brain treatment group)

559 patients

> 148 patients (the systemic drug treatment group)

64 patients (untreated)

17 patients (unknown treatment)

218 patients with 341 patients without
neurological symptoms neurological symptoms
onset BM onset BM

Figure 1 A flow diagram: patient selection of 559 cases.

receptor (HR)+/HER2- disease, 296 had HER2+ disease,
and 92 were diagnosed with TNBC. Of these patients, 537
exhibited brain parenchymal metastases while 33 exhibited
leptomeningeal metastasis. Additionally, 239 patients
exhibited <2 BMs in number, while 257 exhibited >3 BMs.
Furthermore, on initial diagnosis, 218 cases exhibited
neurological symptoms while 341 cases were asymptomatic.
A total of 148 cases were initially treated with systemic drug
therapy, and 330 cases underwent local treatment (Figure ).

Study definitions

Disease-free survival (DFS) was defined as the time from
surgery to disease recurrence or all-cause death. BMOS was
defined as the duration of overall survival (OS) following
BM diagnosis, measured until death or the most recent
follow-up. The BM-free interval was the time from initial
breast cancer diagnosis to BM diagnosis. OS after metastasis
was the time from MBC diagnosis to death or the most
recent follow-up.

As per the Response Evaluation Criteria in Solid Tumors
version 1.1, treatment efficacy was classified as complete
response (CR), partial response (PR), stable disease (SD), or
progressive disease (PD). The objective response rate (ORR)
was defined as the ratio of CR+PR cases to total cases,
the clinical benefit rate (CBR) was defined as the ratio of
CR+PR+SD cases (=24 weeks) to total cases, and the disease
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control rate (DCR) was defined as the ratio of CR+PR+SD
cases to total cases.

BM diagnosis and follow-up

Cranial-enhanced magnetic resonance imaging (MRI)
is a more sensitive measure of detecting small lesions,
edema, and meningeal metastases than enhanced computed
tomography (CT). Cranial plain + enhanced MRI scans
were routinely used, with cranial plain + enhanced CT
scan analyses recommended for those patients with MRI
contraindications.

Brain/spinal cord MRI screening was performed for
patients with neurological symptoms to diagnose the presence
of brain parenchymal/meningeal/spinal cord metastases.
‘Typical symptoms included unexplained headache, vomiting,
sensory or motor peripheral/central nervous system
symptoms, and abnormal defecation and urination.

Patients who exhibited initial recurrence and metastasis
or extracranial lesion progression during treatment were
routinely administered a cranial plain + enhanced MRI
scan. Those MBC patients who exhibited stable extracranial
lesions during treatment were re-examined via a cranial
plain + enhanced MRI scan every 6-12 months, at the same
time that can minimize selection bias. When calculating
BMOS, patients with brain parenchymal metastasis
combined with leptomeningeal metastasis were counted as
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leptomeningeal metastasis patients.
The most recent follow-up data were obtained on June

30, 2020.

MBC-BM treatment

MBC-BM treatment was performed as per major
guidelines and recommendations, with local treatment
as preferred treatment and systemic treatment being
reserved as a supplementary approach. For individuals with
symptomatic BM and patients diagnosed with spinal cord or
leptomeningeal metastases, initial treatment included local
treatment (surgery or radiotherapy) combined with systemic
drug therapy. For those patients not requiring urgent local
brain treatment, systemic drug therapy was the preferred
choice, and the efficacy of such treatment on extracranial
and intracranial lesions was regularly evaluated. Local
treatment was performed if intracranial lesion progression
was detected.

Statistical analyses

SPSS 23.0 (www.ibm.com/legal/copytrade.shtml) and R
v4.0.3 (http://www.r-project.org; The R Foundation for
Statistical Computing, Vienna, Austria) were used in the
present study.

The Kaplan-Meier approach was used to assess the
survival outcomes of all patients, and the log-rank test was
used to analyze differences in prognosis among groups.
Factors yielding a P value <0.05 in the initial univariate
logistic regression analyses were incorporated into a
subsequent multivariate Cox proportional hazard stepwise
regression analysis.

A nomogram model was established based on the data of
472 patients whose all factors were known. The nomogram
was constructed to identify the prognostic factors affecting
BMOS, which were defined as the factors yielding a P value
<0.05 in the univariate analyses.

The 472 patients were randomized into a training set
(n=377, for nomogram construction) or a validation set
(n=95, for nomogram validation) at a ratio of 4:1. The
training group samples were used to establish a logistic
regression model to determine the independent risk factors.
A fixed seed [226] was set to reproduce the modeling results.
When constructing the logistic regression model, the
training set was used to assess the eight factors identified as
independent variables, with survival status as the dependent
variables. After training, the model was used to predict the
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survival status of patients in the validation cohort, and a
confusion matrix was constructed to present the results of
these predictive analyses. This matrix revealed a relatively
high accuracy rate of 78.9% (46+29/46+17+3+29).

In the nomogram, each variable was assigned a point
value ranging from 0 to 100. A vertical line for each variable
was drawn to the top axis of the nomogram, and the points
along the ‘Points’ axis were used to assign a score to this
variable. Point values for each variable were summed to
determine the total points number. A vertical line was
then drawn from the “Total Points’ axis down to the ‘Risk
of BMOS’ axis to predict the BMOS for a given patient.
Area under the curve (AUC) values were used to assess the
prediction probability of the nomogram. Internal validation
of this model was performed using receiver operating
characteristic (ROC) curves. Survival rates (0.5-, 1-, and
1.5-year) were constructed based on the predictive models
for the identified prognostic factors. A P value <0.05 served
as the significance threshold for this study.

Results
Patient characteristics

In total, 2,853 MBC patients were admitted to The
Affiliated Cancer Hospital of Zhengzhou University &
Henan Cancer Hospital from January 1, 2010, to December
31, 2019, of whom 559 (19.6%) were diagnosed with BM.
Of these cases, 143 (25.6%) were diagnosed with BM upon
initial hospital presentation, whereas 416 (74.4%) were
diagnosed upon follow-up. Of these 559 patients with
BM, 46 (8.2%) exhibited brain parenchymal metastases
with meningeal metastases, while 22 (3.9%) exhibited
leptomeningeal metastases only, and 17 (3.0%) presented
with spinal cord metastases that had developed after brain
parenchymal/meningeal metastasis.

The median patient age at BM diagnosis was 49 years
(range: 24-75 years), and 557 of these patients were female,
with the remaining two being male (7zble I). The calculated
BM rates for patients with HR+/HER2- disease, HER2+
disease, and TNBC were 14.2% (160/1,130), 25.1%
(296/1,177), and 20.0% (92/461), respectively, with 11 cases
of unknown molecular type. At the time of the most recent
follow-up, 350 (62.6%) patients had died.

Patient treatment approaches

At the time of BM diagnosis, 330 patients initially received
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Table 2 Efficacy of systemic drug therapy in 126 patients with new brain metastases

Drug therapy CR PR SD SD>6m PD CBR
HER2-postive (n=82)
Chemotherapy alone (14 cases, 14 schemes) 1 3 9 4 1 50.0%
Chemotherapy + targeted therapy (macromolecule mAb + 0 0 4 2 0 50.0%
TKI) (4 cases, 4 schemes)
Chemotherapy + targeted therapy (macromolecule mAb) 0 3 14 1 14 12.9%
(26 cases, 31 schemes)
Chemotherapy + targeted therapy (TKI) (40 cases, 39 2 19 14 4 4 64.1%
schemes)
HER2-negative (n=44)
Endocrine therapy (11 cases, 12 schemes) 1 1 8 5 2 58.3%
Chemotherapy (35 cases, 39 schemes) 1 4 28 10 6 38.5%

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; CBR, clinical benefit rate; HER2, human
epidermal growth factor receptor 2; TKI, tyrosine-kinase inhibitor; mAb, monoclonal antibody.

local brain treatment combined with systemic drug therapy
(including 257 cases of whole-brain radiotherapy, 106 cases
of conformal radiotherapy/gamma knife treatment, and 23
cases of local surgery). Of the remaining cases, 148 patients
initially received systemic drug therapy (with 36 having
also received local brain treatment by the time of the most
recent follow-up), 64 patients declined further treatment
(including 10 patients with an expected survival of
<3 months), and 17 patients had an unknown treatment
status.

Of the 148 patients that initially received systemic drug
treatment (none of whom exhibited meningeal metastases),
40 had HR+/HER2- disease, 93 had HER2+ disease,
14 had TNBC, and one had disease of an unknown
molecular type. Following BM diagnosis, the median non-
brain local treatment time was 10.0 months (95% CI:
7.811-12.189 months). The curative effect for 126 patients
(139 schemes) with brain lesions was evaluated. The ORR
for these patients was 25.2% (35/139), while the CBR
was 43.9% (61/139), and the DCR was 80.6% (112/139).
Of the 126 patients that received systemic drug therapy,
61 achieved clinical benefit, 39 of whom (63.9%) were
diagnosed with HER2+ disease (Table 2).

Treatment regimens for patients that achieved CR
included aromatase inhibitor (1 case), capecitabine (1
case), capecitabine + pyrotinib (2 cases), and capecitabine +
vinorelbine (1 case).

© Annals of Translational Medicine. All rights reserved.

Assessment of the effectiveness of different preferred
treatment methods and factors affecting the BMOS of
patients with MBC-BM

The median follow-up duration for the present study was
28.0 months, while the median BMOS was 16.0 months.
At the time of BM diagnosis, the systemic drug treatment
group fared better than the local intracranial treatment
group, and the BMOS of these two groups was 22.0 and
16.0 months, respectively. This difference was statistically
significant ('=7.743, P=0.005) (Figure 2A).

The majority of patients who initially received systemic
treatment had a diagnosis of HER2+ disease (62.8%). For
HER2+ MBC-BM patients, the BMOS in the systemic drug
treatment group (93 cases) was significantly better than that
in the local intracranial treatment group (168 cases) (34.0
vs. 18.0 months; ¥’=5.546, P=0.019) (Figure 2B).

Univariate analyses of factors revealed that DFS,
Karnofsky performance status (KPS), molecular type,
number of extracranial metastases (ECMs), BM location,
number of BMs, neurological symptoms, and the preferred
treatment approach were all associated with BMOS (Table 3).

A subsequent multivariate Cox regression analysis revealed
that except molecular type, and number of BMs, DFS, KPS,
number of extracranial metastases, BM location, neurological
symptoms, and preferred treatment approach were all
independently associated with patient BMOS (Table 4).

Ann Transl Med 2021;9(16):1331 | https://dx.doi.org/10.21037/atm-21-3734
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Figure 2 The Kaplan-Meier curve: (A) for the different preferred therapies from the initial diagnosis of brain metastasis (BM) to death due

to any cause or most recent follow-up [overall survival following BM diagnosis (BMOS)]; (B) for the different preferred therapies on BMOS

among HER2-positive patients.

A nomogram was constructed to calculate BMOS based
upon the following eight factors: DFS, KPS, molecular
type, ECMs, BM location, number of BMs, neurological
symptoms, and the preferred treatment approach
(Figure 3A4). Based upon these logistic regression models,
the prediction probability formula was established as
follows: Logit (BMOS) =3.756 — 0.5789 x ECMs — 0.57308
x the location of BM + 0.96 x neurological symptoms — 0.603
x the preferred treatment — 0.094 x number of BMs + 0.376
x DFS + 0.456 x molecular type — 2.2 x KPS. The AUC for
the entire patient cohort was 0.76, indicating that the model
was a good fit (Figure 3B).

To confirm the predictive utility of these eight variables,
we conducted an additional internal model validation.
ROC curves were generated to validate this nomogram
in the validation set (AUC =0.818, 95% CI: 0.743-0.894)
(Figure 3C). As the AUC was >0.8, this indicated that the
model exhibited good predictive power.

Neurological symptoms were diagnosed in a number
of MBC-BM patients, including 120 cases of dizziness,
100 cases of headache, 61 cases of motor function or
coordination/motor deficit, 22 cases of nausea and/or
vomiting, 16 cases of epilepsy, 3 cases of diplopia, 3 cases of
eye movement disorders, 3 cases of speech disorders, 3 cases
of consciousness disturbance, and 2 cases of blurred vision
or blindness.

At the time of the initial BM diagnosis, 341 patients
were free of neurological symptoms, whereas 218 patients
reported such symptoms. Patients without neurological

© Annals of Translational Medicine. All rights reserved.

symptoms diagnosed by regular screen had a significantly
longer BMOS relative to patients with neurological
symptoms (18.0 vs. 13.0 months; x’=11.371, P=0.001)
(Figure 44). There was no significant difference in the
diagnosis of BM with or without neurological symptoms
among patients with different molecular subtypes of breast
cancer (x’=1.982, P=0.371).

The median OS following recurrence or metastasis was
34.0 months. Patients without neurological symptoms
exhibited a longer OS after metastasis than patients with
neurological symptoms (36.0 vs. 29.0 months; 1’=6.008,
P=0.014) (Figure 4B).

The median time without BM for these patients was
48.0 months (95% CI: 42.461-53.539), and this duration
was independently associated with disease subtypes as
follows: 68.0 months for HR+/HER2- type disease,
43.0 months for HER2+ type disease, and 36.0 months for
TNBC (£=26.051, P<0.0001).

The median time from recurrence or metastasis to
BM was 16.0 months (95% CI: 13.242-18.758), and this
duration was independently associated with disease subtypes
as follows: 22.0 months for HR+/HER2- type disease,
16.0 months for HER2+ type disease, and 12.0 months for
TNBC (¢=13.125, P=0.001).

Discussion

As comprehensive treatment options for breast cancer
atients continue to improve, patients will continue to live
tient ti t , patients will t to 1
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Table 3 Univariate analysis of factors associated with BMIOS

Characteristics Patient (n) BMOS (months) P

Age (years) 0.825
<50 291 18.0
=50 268 15.0

DFS (months) 0.023
<24 306 14.0
>24 253 19.0

KPS <0.0001
>70 340 27.0
<70 219 7.0

Molecular type 0.009
HER2+ 296 19.0
HER2- 252 15.0

Number of extracranial metastatic organs 0.022
<2 244 19.0
>3 315 15.0

BM location <0.0001
Parenchyma 526 18.0
Leptomeningeal 33 11.0

Size of the largest BM (cm) 0.161
<1 222 19.0
1-3 199 18.0
>3 37 21.0

Number of BMs 0.001
<2 239 19.0
>3 257 15.0

With or without neurological symptoms onset BMs 0.001
No 341 18.0
Yes 218 13.0

Preferred therapy 0.005
Systemic drug-based therapy 148 22.0
Local treatment 330 16.0

BMOS, overall survival following brain metastases diagnosis; DFS, disease-free survival; KPS, Karnofsky performance status; HER2,
human epidermal growth factor receptor 2; BM, brain metastases.
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Table 4 Multivariate analysis of factors associated with BMOS

Characteristics P Hazard ratio (95% CI)

DFS 0.05 1.272 (1.000-1.616)

KPS <0.0001 0.111 (0.076-0.162)

Number of extracranial metastatic organs 0.046 0.779 (0.609-0.996)

BM location 0.002 0.449 (0.271-0.742)

With or without neurological symptoms onset BMs <0.0001 4.079 (2.772-6.001)
Preferred therapy-local treatment <0.0001 0.348 (0.228-0.532)
Preferred therapy-systemic drug therapy <0.0001 0.455 (0.314-0.658)

BMOQOS, overall survival following BM diagnosis; Cl, confidence interval; DFS, disease-free survival; KPS, Karnofsky performance status;

BM, brain metastases.

longer, which is likely to result in a higher BM diagnosed
incidence. Prior reports have reported BM rates to be
higher in patients with HR-, HER2+, and TNBC than
in patients exhibiting other molecular disease subtypes
(5,24,25). Consistent with these prior reports, we observed
the highest rate of BM in HER2+ MBC patients (25.1%).
The median time between breast cancer diagnosis
and BM has been reported as 41 months (26), although
this report was based upon data generated two decades
ago. In the present study, we instead found this median
interval to be 48 months. The extension of time may be
due to the development of novel drugs and the sustained
improvements in breast cancer treatment in recent years.
Approximately 80% of BMs arise in the cerebral
hemispheres, with the cerebellum being the second most
common site and brainstem metastases being relatively
uncommon. BMs are primarily multifocal metastases (78%),
with single metastases accounting for just 14% of total
metastases (27). In the present study, we found that single
BMs accounted for 29.7% of total metastases, with a fewer
amount of BMs associated with a longer BMOS (y’=11.694,
P=0.001), which is consistent with previous reports (11,12).
Previous studies suggest that leptomeningeal metastasis
is observed in approximately 5% of breast cancer cases (28).
Kim et al. (29) reported that brain parenchymal metastases,
meningeal metastases, and both brain parenchymal
and meningeal metastases were detected in 79.5%,
7.5%, and 13% of patients, respectively. Patients with
leptomeningeal metastases have a very poor prognosis
with an estimated survival of just 2-4 months (30).
Batista er al. (31) retrospectively conducted an analysis of
MBC-BM patients over a 10-year period and found that
while leptomeningeal metastases were rare, they were
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associated with a poorer prognosis. Znidaric er al. (32)
retrospectively assessed 423 breast cancer patients with
brain parenchymal/meningeal metastases between 2005
and 2015. They found that the OS of patients was longer
for those with a KPS >70, no extracranial lesions, or with
only BM and no meningeal metastases. In the present
study, only 33 cases of leptomeningeal metastasis were
observed, accounting for 5.9% of overall cases. The
BMOS of patients with leptomeningeal metastases was
shorter than that of patients with brain parenchymal
metastases, consistent with a poorer prognosis (11.0 vs.
18.0 months; x’=15.452, P<0.0001). Of these 33 patients,
42.4% reported no neurological symptoms, and their
BMOS was longer than reported previously (30,31),
potentially because these metastases were detected
early due to the regular cranial MRI screening. In the
present cohort, we also found that all 17 cases of spinal
cord metastasis occurred following brain parenchymal/
meningeal metastasis, with no patients exhibiting spinal
cord metastases in isolation. As such, for patients with brain
parenchymal/meningeal metastases, enhanced MRI scans
of the spinal cord should be conducted as soon as possible
if symptoms including bilateral lower limb weakness,
paraplegia, or abnormal defecation and urination arise, to
exclude the possibility of spinal cord metastasis.

Prior analyses have indicated that systemic drug therapy
can have a beneficial effect on intracranial lesions (33-36).
In the 126 patients in our study population that did not
urgently require local intracranial treatment and where the
effects of systemic drug treatment on intracranial lesions
could be assessed, the CBR was 43.9%, and the DCR
was 80.6%. We found that the median time from BM
diagnosis to the need for local treatment due to worsening
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Figure 3 Nomogram to predict death from brain metastases (BM) in patients with BM from breast cancer (BC). (A) Nomogram for

predicting the probability of overall survival following BM diagnosis (BMOS) using disease-free survival (DFS), Karnofsky performance

score (KPS), molecular type, number of extracranial metastases, brain metastasis (BM) location, number of BMs, neurological symptoms, and

the preferred treatment approach. (B) The area under the curve (AUC) in the nomogram is 0.76. (C) The receiver operating characteristic

curve (ROC) of the validation sets in the nomogram is 0.818.

disease symptoms was 10.0 months. At the time of initial
BM diagnosis, patients who initially received systemic
drug therapy exhibited a significantly longer BMOS than
patients who received local treatment ('=7.743, P=0.005).
The result was the same in the HER2+ subgroup. The
BMOS of the 64 patients who declined further treatment
following diagnosis was just 6 months. If the BM in these
patients had been diagnosed earlier and treatment had

© Annals of Translational Medicine. All rights reserved.

been promptly initiated, their BMOS may have improved.
Real-world clinical data indicate that systemic treatment
is preferred treatment for patients with BM who have no
neurological symptoms when brain metastases are detected
early. Such treatment strategy does not shorten the patient’s
BMOS, conversely it can delay the time to local treatment.
These data offer support for those patients whose disease
progresses after the maximum dose of brain radiotherapy
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cause or most recent follow-up (OS).

has been given and who require subsequent systemic
therapy.

Prior reports have indicated that BMOS typically
ranges from 3.7-15 months, with TNBC having the
worst prognosis with an average survival of just 4 months
(37-39). Darlix et al. (39) reported that the median BMOS
was 7.9 months and that this rate was independently
associated with disease subtype; the median BMOS for
patients with HER2+/HR+, HER2+/HR-, TNBC,
and HER2-/HR+ disease was 18.9, 13.1, 4.4, and
7.1 months, respectively (P<0.0001). In the present study,
the median BMOS was 16 months, and we also found it to
be independently associated with disease subtype, TNBC
had the worst prognosis, while the prognosis of HER2+
patients (particularly HR+/HER2+ patients) was longer
(22.0 months). Our findings are consistent with the results
published by Matsuo et al. (7), who found that HR-/HER2+
and HR+/HER2+ patients survived significantly longer
than HER2- patients (hazard ratio =0.47, P<0.001). This
may be attributable to the continued clinical application of
increasingly efficacious anti-HER?2 treatment regimens in
recent years (33-36,40).

Laakmann ez /. (41) found that patients with
asymptomatic BM detected through screening exhibited
better survival outcomes than patients with symptomatic
BM, with respective median BMOS durations of 10.4
vs. 6.9 months. Consistent with this, we observed a
significantly longer BMOS for patients with asymptomatic
BM diagnosed by regular screen relative to patients
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with symptomatic BM (18.0 vs. 13.0 months; x’=11.371,
P=0.001). The rate of asymptomatic BM in this study
(61.1%) was higher than that reported previously (42), most
likely because we conducted routine screening of patients
via cranial MRI to detect BM at an early stage. In addition
to this high rate of asymptomatic BM, we found that
almost 40% of patients had <3 BMs in number, and nearly
75% of patients exhibited BMs <3 cm in size, with the
corresponding BMOS for these patients being significantly
longer than reported previously (5,37,43). This suggests
that regular cranial MRI screening can detect asymptomatic
BM at an early stage, with the BMOS of those patients with
asymptomatic BM being longer than that of individuals
with symptomatic BM.

Many studies have reported that an asymptomatic
status, good KPS at the time of BM onset, stable or better
extracranial lesions, <4 BMs in number, disease subtype,
and HER2-overexpression are associated with a better
prognosis (7,44,45). Univariate analyses performed in
the present study identified DFS (224 months), KPS
(270), disease subtype (HER2+), ECMs (<2), BM location
(brain parenchymal metastases), number of BMs (<2),
asymptomatic status, and preferred systemic drug therapy as
good prognostic factors. However, the number of BMs and
the disease subtype were not significantly associated with
BMOS in a subsequent multivariate analysis.

Though previous studies have constructed well-designed
nomograms predicting BMOS (19,20,46,47), the advantage

of our nomogram is that it includes current treatment
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and medical examination strategies. Therefore, it may
provide a more accurate assessment of BMOS probability
according to the risk factors. Based upon our results, DFS,
KPS, number of extracranial metastases, BM location,
neurological symptoms, and the preferred treatment
approach were all significant predictors of BMOS. Our
nomogram may thus offer more reliable information when
evaluating the prognosis of MBC-BM patients. Despite
the advantages of the present study, this is a retrospective
analysis with inherent selection bias. A variety of treatment
modalities were applied during the lengthy period of the
study [2010-2019], which implies that many changes in the
treatment of MBC-BM patients occurred during this time
in terms of local treatment options and imaging methods to
monitor disease progress. Thus, further prospective studies
are warranted.

For the present study, BM diagnoses were based
upon the guidance of doctors that were well-versed in
radiological imaging, thus ensuring accuracy. However, this
study is limited by the fact that it spans a 10-year period.
The molecular typing of some patients prior to 2011
was unknown, and some imaging films could no longer
be accurately read, hampering efforts to diagnose BM
accurately. However, the number of affected cases was small
and unlikely to have affected our overall results. In addition,
as many drugs are unable to cross the blood-brain barrier,
the responses of intracranial and extracranial lesions to
systemic drug therapy were frequently inconsistent. When
extracranial lesions progress, systemic treatment plans need
to be changed, potentially hampering efforts to observe the
efficacy of such systemic treatment on intracranial lesions.

Conclusions

Systemic drug therapy has a beneficial effect on brain
lesions, and effective treatment can delay local intracranial
treatment. Cranial MRI screening can detect asymptomatic
BM in MBC patients, particularly for those with HER2-
positive or TNBC subtypes, offering them an opportunity
to receive systemic drug therapy and thereby prolong
their survival. The use of regular examination cranial MRI
scans to screen for asymptomatic BMs in breast cancer
patients, and the clinical benefits of preferred systemic drug
therapy for patients without an urgent need to undergo
local brain therapy (especially in those subtypes where BM
rates are high and more systemic drug treatment options
are available), require multi-center, prospective studies for
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further verification. In the future, it will also be important
to study the mechanisms of BM and to develop drugs
that can more effectively treat intracranial lesions so as to
improve the prognosis of patients with BM, particularly for
those with HER2- disease.
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