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Simple Summary: The aim of the present retrospective study was to develop a new scoring system for
prognosis of patients undergoing surgery for breast cancer brain metastasis. Our institutional cohort
(n = 95) was analyzed with regard to independent predictors of short (<6 months) and long (≥3 years)
survival. Breast-preserving surgery, presence of multiple brain metastases, and age ≥ 65 years at
brain cancer diagnosis were associated with short survival. In turn, positive HER2 receptor status in
brain metastasis, time interval ≥ 3 years between breast cancer and brain metastasis diagnosis and
KPS ≥ 90% were the long survival predictors. The scores based on the above-mentioned independent
predictors showed good diagnostic accuracy for the prediction of short (AUC = 0.773) and long
(AUC = 0.775) survival. After external validation, the presented scores might become useful tools
to support the interdisciplinary decision for the selection of treatment strategy in individuals with
breast cancer brain metastases.

Abstract: Background: Brain metastases requiring surgical treatment determine the prognosis of
patients with breast cancer. We aimed to develop the scores for the prediction of short (<6 months)
and long (≥3 years) survival after BCBM surgery. Methods: Female patients with BCBM surgery
between 2008 and 2019 were included. The new scores were constructed upon independent predictors
for short and long postoperative survival. Results: In the final cohort (n = 95), 18 (18.9%) and 22
(23.2%) patients experienced short and long postoperative survival, respectively. Breast-preserving
surgery, presence of multiple brain metastases and age ≥ 65 years at breast cancer diagnosis were
identified as independent predictors of short postoperative survival. In turn, positive HER2 receptor
status in brain metastases, time interval ≥ 3 years between breast cancer and brain metastases
diagnosis and KPS ≥ 90% independently predicted long survival. The appropriate short and long
survival scores showed higher diagnostic accuracy for the prediction of short (AUC = 0.773) and long
(AUC = 0.775) survival than the breast Graded Prognostic Assessment score (AUC = 0.498/0.615). A
cumulative survival score (total score) showed significant association with overall survival (p = 0.001).
Conclusion: We identified predictors independently impacting the prognosis after BCBM surgery.
After external validation, the presented scores might become useful tools for the selection of proper
candidates for BCBM surgery.
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1. Introduction

Breast cancer [1] is one of the most common cancer entities in women with high
impact of interest and an incidence of 11 to 24% [2–5]. Therapy concepts of primary breast
cancer and its distant metastases, including the brain metastases [6], consist of the local
surgical and (neo-)adjuvant treatments (conventional chemotherapy, endocrine therapy,
and radiation), as well as targeted therapy (anti-human epidermal growth factor receptor
2 (HER2)), which improve the patients’ survival and the chances for curability [4,7–15].
The receptor status is crucial for therapy concepts and development of distant metastases,
making the receptor status an important prognostic factor [4,7,11]. Triple negative breast
cancer have the poorest prognosis and, in particular, breast cancer patients with HER2+
or triple negative receptor status are prone to brain metastases [16–18]. Breast cancer
subtypes also impact the risk of brain metastases development [16,19–24]. Depending on
the presence of risk factors, 15–50% of breast cancer patients develop brain metastases
during the disease course.

In general, breast cancer patients with brain metastases are characterized by a poor
prognosis. The median postoperative overall survival in BCBM varies between 7.2 to up
to 37.7 months [25–28]. In BCBM cases selected for microsurgical resection, postoperative
treatment should include radiotherapy and systemic therapy, which might be enhanced
according to the receptor status of breast cancer [20,22,28,29].

The prognosis of patients with BCBM depends on several factors. Previous studies
identified an older age, extracranial metastases, number of brain metastases, lower Karnof-
sky Performance Status (KPS) scale, and triple-negative breast cancer as major survival
predictors [16,17,26,27,30–35]. Although not specifically dedicated for BCBM patients se-
lected for microsurgery, the breast Graded Prognostic Assessment Score (GPA) for BCBM
allows a cumulative estimation of survival using the following major predictors: breast
cancer subtype, KPS, and patient’s age [26,36]. The subsequently presented modified breast-
GPA included the number of brain metastases and a modified cutoff for age [37–40]. Finally,
in a recent modification of the GPA-score, the updated breast-GPA score [41], presence of
extracranial metastases was also considered. Although the scores can be easily calculated
and therefore are clinically practicable, but their diagnostic accuracy for the prediction of
postoperative survival in BCBM patients remains unclear.

The aim of the present study was to identify independent prognostic factors for BCBM
patients selected for tumor resection, with subsequent construction of the risk scores for
short (SS) as and long survival (LS).

2. Material and Methods

This study was performed in accordance with the Declaration of Helsinki and ap-
proved by the local ethics committee of the University Hospital Essen (local registration
number: 17-7855-BO).

2.1. Patient Population

All female patients (age ≥ 18 years) operated on BCBM between January 2008 and
December 2019 in a single institution were eligible for this study. The cases with unknown
outcome within 6 months after surgery were excluded from this study.

The indication on the microsurgical resection of BCBM was based on the interdis-
ciplinary decision within the institutional tumor board. Common selection criteria for
brain metastases resection were: the lesion size (>3 cm), presence of clinical symptoms,
considerable peri-focal edema, non-eloquent location, as well as favorable KPS (>70%).
In selected cases, patients with multiple brain metastases were also allocated for surgery
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of a singular brain metastases location for the treatment of the brain metastases-related
mass-effect and/or diagnostic approval.

2.2. Data Management, Statistical Analysis, and Score Construction

The goal of the present study was the identification of independent predictors of poor
(SS) and good (LS) outcome after BCBM microsurgery with subsequent construction of the
appropriate risk scores for the estimation of outcomes at both timepoints. In accordance
with the previously reported ranges of median postoperative overall survival for BCBM
patients [42–44], SS was defined as a survival < 6 months, whereat LS was defined as a
survival ≥ 3 years.

The following patients’ characteristics were recorded: age (at breast cancer and brain
metastases diagnosis), the type of breast cancer surgery (mastectomy vs. breast-preserving
surgery), time interval between the diagnosis of breast cancer and brain metastases, preoper-
ative KPS scale at brain metastases diagnosis, occurrence of preoperative seizures, number
(singular vs. multiple) and the receptor status of brain metastases, the original, modified
and updated breast-GPA score values, pre-existing conditions (arterial hypertension, dia-
betes mellitus), and certain laboratory parameters at admission to assess the presence of
anemia (hemoglobin), and inflammatory status (white blood cells and c-reactive protein).

At the neuropathology department, the receptor status of brain metastases was ana-
lyzed and estrogen receptor, progesterone receptor, and HER2 positive status were defined
by immunoreactivity. The immunohistochemistry was used for defining the positive HER2
status as HER2 3+ (DAKO score) or HER2+ with HER2 gene amplification detected by
fluorescence in situ hybridization. The nuclear staining of tumor response of tumor cells
indicated the immunohistochemical estrogen receptor and progesterone receptor stains.
The results were reported in percentage of positive tumor cell nuclei, with <1% nuclear
positive reaction as receptor status negative and more than 1% of positive tumor cell nuclei
as receptor status positive.

Data were analyzed using SPSS (version 27, SPSS Inc., IBM, Chicago, IL, USA) statisti-
cal software. The variables were reported in median values and interquartile ranges (IQR)
between 25% and 75%, or as number of cases (with percentage), as appropriate.

First, the associations between the patients’ characteristics and SS/LS were evaluated
in univariate analysis. After the dichotomization of the continuous variables based on the
receiver operating characteristic (ROC) curves, the Chi-square (χ2 test) or Fisher exact tests
between the potential predictors and the study endpoints were performed. The parameters
with a p value of ≤ 0.10 were transferred to multivariate binary logistic regression analysis.
Independent predictors of SS/LS which reached the level of significance (p ≤ 0.05) were
included as the components of the SS and LS scores, respectively (as two separate scores).
The score value for each component was calculated using the quotient of the appropriate
adjusted odds ratios [45] value to the smallest aOR value of the significant parameters.
The total score points were then calculated for each patient and each score. After the
inclusion of the original, modified, and updated breast-GPA scores as the reference scores,
the diagnostic accuracy of the new scores for the prediction of SS and LS was assessed using
the ROC curves and comparison of the resulting areas under the curve [28]. Moreover,
the clinical utility of the new risk scores for SS/LS were also evaluated for the prediction
of overall survival by calculating the total (cumulative score value for each patient in the
following manner:

“Total-Score” = “LS-Score” − “SS-Score”

Thereafter, Kaplan–Meier survival plots and log-rank test were performed to analyze
the association between the Total-score and overall survival.

3. Results
3.1. Patients’ Characteristics

Between January 2008 and December 2019, 95 female patients with BCBM were
included in the final analysis. The median overall survival was 16.0 months (IQR: 7.0–34.0).
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The median age at breast cancer diagnosis was 53.5 years (IQR: 45.8–63.3). At the time of
brain metastases diagnosis, the median age was 60.0 years (IQR: 51.0–69.0). The distribution
of breast cancer surgery type was equal (breast-preserving surgery: n = 51). The majority
of the cases presented with singular and supratentorial brain metastases. A higher rate of
negative HER2 status of brain metastases was identified. The clinical, histopathological
and demographic characteristics are presented in Table 1 and Supplementary Table S1.

Table 1. Baseline characteristics of BCBM patients.

Parameter Median (IQR) or Nr. (%)

Number of patients 95 (100%)
OS [months] 16.0 (7.0–34.0)
Preoperative KPS ≥90% 59 (62.1%)
Age at BC diagnosis [years] 53.5 (45.8–63.3)
Age at BM diagnosis [years] 60.0 (51.0–69.0)
Interval BC to BM [months] 44.5 (21.8–100.0)
Surgical treatment of BC
mastectomy 44 (46.3%)
breast-preserving surgery (BPS) 51 (53.7%)
Histopathology of BC
Invasive ductal 54 (56.8%)
Invasive lobular 10 (10.5%)
BC HER2 status
positive 31 (32.6%)
negative 50 (52.6%)
BC ER status
positive 47 (49.5%)
negative 34 (35.8%)
BC PR status
positive 41 (43.2%)
negative 40 (42.1%)
Number of BM
singular 64 (67.4%)
multiple 31 (32.6%)
BM location
supratentorial 60 (63.2%)
infratentorial 35 (36.8%)
BM HER2 status
positive 37 (38.9%)
negative 58 (61.1%)
BM ER status
positive 48 (50.5%)
negative 47 (49.5%)
BM PR status
positive 20 (21.1%)
negative 75 (78.9%)
Extracranial metastases 37 (38.9%)
Arterial hypertension 40 (42.1%)
DM 4 (4.2%)
Statin for hypercholesterinemia 12 (12.6%)
Neuroleptics 12 (12.6%)
Preoperative seizure 2 (2.1%)

Abbreviations: Nr.: number of cases, BC: breast cancer, BM: brain metastasis, IQR: interquartile ranges 25–75%,
OS: overall survival, HER2: human epidermal growth factor receptor 2, ER: estrogen receptor, PR: progesterone
receptor, DM: diabetes mellitus.

3.2. Parameters Related to Short Survival in Univariate Analysis

After BCBM surgery, 18 (18.9%) patients experienced short survival. Older individuals
aged ≥ 65 years at breast cancer diagnosis were more prone to short survival (p = 0.054).
Significant associations with short survival showed pre-existing comorbidities like arterial
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hypertension (p = 0.032) and diabetes mellitus (p = 0.021), as well as breast-preserving
surgery (p = 0.034). In addition, short survival was more common in individuals with
multiple brain metastases (p = 0.098). The remaining parameters showed no associations
eligible for further assessment (see Supplementary Tables S2–S4).

3.3. Parameters Related to Long Survival in Univariate Analysis

Long survival was documented in 22 patients (23.2%) in our cohort. Positive HER2
status in brain metastases was significantly associated with good outcome (p = 0.045).
Moreover, the patients’ age at breast cancer diagnosis (with the cutoff at 65 years, p = 0.035),
the time interval between breast cancer and brain metastases diagnosis (≥3 years, p = 0.05),
and preoperative KPS scale (≥90%, p = 0.025) showed significant associations with long
survival. The results of the remaining univariate analysis for long survival predictors are
presented in the Supplementary Tables S2–S4.

3.4. Multivariate Analysis for Short Survival and the SS-Score Construction

In the final multivariate logistic regression analysis (Table 2), we identified breast-
preserving surgery (aOR 6.20, 95% CI 1.44–26.77, p = 0.015), multiple brain metastases (aOR
4.56, 95% CI 1.26–16.58, p = 0.021) and the age ≥ 65 years at breast cancer diagnosis (aOR
4.35, 95% CI 1.04–18.21, p = 0.044) as independent risk factors for short survival. Each of
these parameters was valued with 1 point and included in the SS-score (range: 0 to 3 points).
The summary SS-score value was calculated for every patient in the cohort. The distribution
of short survival rates depending on the SS-score value is presented in Figure 1A. The
Kaplan–Meier curve (see Figure 2A) also demonstrates the survival differences in the cohort
according to the SS-score values.

Figure 1. Bar charts showing the association between the SS- (A)/LS- (B) scores and the survival
rates at appropriate timepoints (6 months and 3 years for the SS- and LS-scores, respectively). The
outcomes were reported for each score after the dichotomization into low (0–1 points) and high
(2–3 points) score values.
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Figure 2. Kaplan–Meier curves demonstrate the survival differences in BCBM patients with low
(0-1 points) and high (2–3 points) score value: (A) SS-scores (log rank test p = 0.002). (B) LS-scores
(log rank test p < 0.001).

3.5. Multivariate Analysis for Long Survival and the LS-Score Construction

The following three parameters showed significant associations with long survival
in the multivariate analysis (Table 2): positive HER2 status in brain metastases (aOR 5.27,
95% CI 1.50–18.55, p = 0.010), time interval ≥ 3 years between breast cancer and brain
metastases diagnosis (aOR 6.13, 95% CI 1.53–24.54, p = 0.010) and preoperative KPS ≥ 90%
(aOR 4.36, 95% CI 1.12–16.92, p = 0.034). Accordingly, these independent long survival
predictors were included in the LS-score. Each score component was weighted with 1 point
and the summary LS-score value (range: 0 to 3 points) for each patient was thereafter
calculated. The distribution of long survival rates throughout the LS-score is presented
in Figure 1B. The Kaplan–Meier curve (see Figure 2B) shows the association between the
LS-score and overall survival.
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Table 2. Multivariate analysis for independent predictors of short (SS) and long survival (LS) after
BCBM surgery.

Parameter aOR 95% CI p-Value Score Value

SS

Breast-preserving surgery 6.20 1.44–26.77 0.015 1

Arterial hypertension 2.84 0.83–9.70 0.095 _

Number of BM (>1) 4.56 1.26–16.58 0.021 1

Age at BC diagnosis (≥65 years) 4.35 1.04–18.21 0.044 1

Diabetes mellitus 12.48 0.77–201.22 0.075 _

LS

HER2 RS in BM (positive) 5.27 1.50–18.55 0.010 1

Time interval BC—BM (≥3 years) 6.13 1.53–24.54 0.010 1

Preoperative KPS score (≥90%) 4.36 1.12–16.92 0.034 1

Age at BC diagnosis (< 65 years) 5.18 0.56–47.88 0.147 _
Abbreviations: aOR: adjusted odds ratio, CI: confidence interval, RS: receptor status, RC: receptor conversion, BM:
brain metastases, HER2: human epidermal growth factor receptor 2, KPS: Karnofsky Performance Status scale.

3.6. Diagnostic Accuracy of the SS-, LS-, and the GPA-Based Scores

After the calculation of the original, modified and updated breast-GPA scores in our
cohort as reference scores, the diagnostic accuracy of all scores were tested with regard to
the prediction of short survival and long survival using the ROC analysis. As result, the
SS-score (AUC: 0.773) was superior to the original (AUC: 0.498), modified (AUC: 0.642),
and updated breast-GPA (AUC: 0.604) scores for short survival prediction. In turn, the
LS-score (AUC: 0.775) showed higher diagnostic accuracy for long survival prediction, as
compared to the original (AUC: 0.615), modified (AUC: 0.654), and updated breast-GPA
(AUC: 0.573) scores (see Figure 3).

3.7. Total-Score

Upon the difference between the LS- and SS-scores, the Total-score (range: −3 to
+3 points) values were also calculated (See Supplementary Figure S1). There was significant
association between the Total-score and overall survival as shown in the Kaplan–Meier
survival plot (See Figure 4).

Figure 3. Cont.
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Figure 3. The receiver operating characteristic curves (ROC) demonstrate the diagnostic accuracy of
different scores with regard to the prediction of short survival (A) and long survival (B) in BCBM
patients. (A): demonstrated the SS-score and different GPA scores (inversed) for short survival (6
months survival). (B): demonstrated the LS-score and different GPA scores for long survival (3 years
survival). Abbreviations: LS: long survival, SS: short survival, GPA: Graded Prognostic Assessment,
ob: original breast, mb: modified breast, ub: updated breast, AUC: areas under the curve.

Figure 4. Kaplan-Meier curve for the association between the Total-score and overall survival (log-
rank test p = 0.001). According to the Total-score value, the survival curves were divided into three
subgroups: “−3 to −1 points”. “0 to 1 point”. “2 to 3 points”.

4. Discussion

In virtue of changing demographic pattern towards higher rate of older females
and improved healthcare in industrial countries, the optimization of treatment strategies
for BCBM patients is of eminent importance. In this retrospective study, we identified
independent predictors for short survival and long survival after BCBM surgery and
constructed appropriate risk scores addressing each survival timepoint separately.
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4.1. Survival Prediction after Brain Metastases Surgery: From Single Risk Factors to Risk Scores

Different patient and tumor characteristics were addressed as potential survival pre-
dictors in individuals with brain metastases. In particular, the patients’ age, KPS, comor-
bidities, primary tumor, and presence of extra-cranial metastases were frequently reported
as prognostic factors influencing the postoperative survival [46–49].

The biological features of the primary tumor is the main determinant of overall sur-
vival after brain metastases surgery. As compared to other cancer types, breast cancer
is characterized with slower growth, higher radio-sensitivity, and better prognosis [4,50].
However, depending on the individual risk profile, BCBM patients might also face a poor
postoperative survival consisting of few months. Different clinical and demographic char-
acteristics, such as age, number of brain metastases, presence of extra-cranial metastases,
the histological subtype of breast cancer, as well as the KPS scale were previously reported
as outcome-relevant parameters for breast cancer patients [16,17,26,30–35,51,52].

The implementation of the risk scores in the clinical practice allows the estimation
of the cumulative effect of all significant predictors for the prognosticated outcome. In
cancer healthcare, different clinical scores were constructed to predict the post-treatment
survival. A recursive partitioning analysis [44] is probably the most commonly used early
prognostication tool for breast cancer patients (the breast-RPA), but it also has several strong
limitations and low clinical impact [46,53]. The breast-GPA score includes the KPS score,
genetic subtype of breast cancer and age [26,38]. Number of brain metastases and changed
age cutoff were added in the modified breast-GPA score by Subbiah et al. [37]. These two
GPA score constructions represented a more accurate and precise score system for BCBM
than the breast-RPA [26,37,40,53,54]. In 2020, Sperduto et al. presented an updated version
of the breast-GPA which added the presence of extracranial metastases and the number of
brain metastases [41]. Another study also identified extracranial metastases and the control
of primary tumor as independent factors predicting overall survival [55].

As the above-mentioned scores were constructed on the general BCBM cohorts not
limited to the surgical cases, the eligibility of these scores for BCBM patients selected for
surgery remains unclear. In 2019, the modified breast-GPA showed higher diagnostic
accuracy than the original GPA in a cohort of 169 patients, but only 54% of BCBM cases
were operated and the AUC was very low (0.286) [40]. Riecke et al. addressed all three
GPA scores and identified strong limitations of the GPA scores for long- and short-term
survival [56]. Another recent study showed that the GPA score was not robust enough for
outcome prediction in operated brain metastases patients regardless the cancer type [57].
Finally, the present study also verified a poor diagnostic accuracy of all three GPA-based
scores for the prediction of short survival and long survival.

However, none of these scores were focused on the BCBM patients and their clinical
value for the prediction of postoperative survival remains uncertain. The presented three
negative (SS-Score) and three positive (LS-Score) predictors showed novel scores for the
prediction of short survival and long survival in operated BCBM. These scores showed
better prognostic accuracy, as compared to the original, modified, and updated breast-
GPA scores. In turn, the cumulative score (the Total-score) based on the LS- and SS-scores
showed strong association with overall survival throughout the whole postoperative follow-
up time.

The survival predictors identified in this study are widely acknowledged prognostic
factors both specifically for breast cancer patients (such as HER2 status [11,15,17,25], and
time interval between breast cancer and brain metastases [58–60]), and for brain metastases
patients regardless the cancer type: patients’ age [26,27,36,38], number of brain metas-
tases [37,41,58,61,62], and preoperative KPS [26,38,47].

In our study, we identified breast-preserving surgery as independent predictor of
poor survival after brain metastases surgery. This finding is of particular interest, since the
breast-preserving surgery was not associated with worse prognosis and higher recurrence
rate after primary breast cancer treatment in the majority of studies [9,63–67]. Fittingly,
overall survival after breast-preserving surgery and mastectomy was comparable also in
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our cohort (see Supplementary Table S5). At the same time, breast-preserving surgery
showed strong association with the risk of short survival after BCBM surgery independently
of other outcome-relevant breast cancer and brain metastases-related features (such as the
molecular status of breast cancer and the initial adjuvant treatment [9–11,17,68,69]).

The link between breast-preserving surgery and short survival after BCBM surgery
might be related to eventual impact of residual tumor cells after breast-preserving surgery.
This tumor cell burden might persist despite adjuvant treatment after breast-preserving
surgery [70,71], and later sprout into the vascular and lymph nodal system. [72–74] It
has been reported that the residual tumor cells are prone to metastasize [75], and their
presence could be associated with worser outcome [74]. Two important aspects possibly
contributing to the aggressiveness of breast cancer after breast-preserving surgery are
the pan-resistance after initial therapy and the multi-drug resistance [76,77]. Our cohort
treated with breast-preserving surgery demonstrated a higher rate of receptor conversion
of HER2 in brain metastases which was reported to be associated with a poorer outcome
after brain metastases diagnosis [78–80]. In addition, the rate of adjuvant radiotherapy after
breast cancer was higher in individuals with breast-preserving surgery (Supplementary
Table S5). These findings support the hypothesis of molecular changes under the adjuvant
systemic and radiation therapy of the primary breast cancer [81], and the residual tumor
cells might be the mediators of these molecular changes. Of note, the accurate pathways for
distant metastases, especially for brain metastases after invasive breast cancer treatment,
and particularly the exact role of residual tumor cells in the aggressiveness of BCBM is
unknown [82].

We also analyzed the impact of neoadjuvant and adjuvant therapies of initial breast
cancer on the prognosis of BCBM patients. So, (neo-)adjuvant treatment and the treatment
response after initial breast cancer therapy showed no significant influence on the survival
after BM surgery (Supplementary Tables S3 and S5). Moreover, the initial TNM stage and
the Ki67 index of BC, as well as the presence of metastases before BM diagnosis also showed
no association with the study endpoints.

During the construction of the novel scores for BCBM patients, we selected two
opposing survival timepoints—a poor postoperative survival less than 6 months (SS)
and a good outcome defined as survival longer than 3 years (LS). These time intervals
reflect the common experience with prognosis after BCBM surgery reported in previous
studies [42–44]. The selection of dual score goals enables the use of our prognostic tools
separately for each survival timepoint. This approach might be reasonable during the
selection of proper treatment strategy after BCBM diagnosis and subsequent consultation
of patients. In particular, BCBM individuals with a high SS-score (and, accordingly, low or
negative Total-score) might be considered for non-surgical management, especially at the
presence of additional risk factors, which were not included in the scores. Additionally,
vice versa, BCBM individuals with high LS-score (and positive Total-score) might be more
eligible for surgical strategy.

Of note, the SS-, LS-, and Total-scores (just like any other prognostic scores) cannot
present the sole basis for the decision on the advisability of surgical treatment. There
are many additional essential arguments, such as the need for histological re-evaluation,
presence of oncological treatment alternatives, anesthesiologic/cardiac risk profiles, and
the patients’ willingness which must be incorporated in the final decision on the treatment
strategy after the diagnosis of BCBM. Therefore, only an interdisciplinary consensus within
the tumor boards warrants the selection of optimal treatment strategy in each individual
case. Additionally, the presented prognostic scores are only additional tools which might
be helpful in oncologic management of individuals with BCBM.

4.2. Limitation

The monocentric retrospective design, the sample size and incompleteness of the
patient and follow-up data are the major limitations of this study. Accordingly, long
survival could not be calculated for all patients in the final cohort. Although the BCBM
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patients in the cohort were selected for surgery upon the decision of the tumor board, but
the selection criteria for BCBM surgery may differ between the neuro-oncologic centers,
particularly when comparing the treatment strategies in different countries. In addition,
adjuvant treatment of BCBM was not included in our analysis. This circumstance limits the
generalizability of the results of the present study. Therefore, for successful implementation
of the presented scores in the clinical practice, there is need for an internal as well as an
external (prospective) validation of the scores. However, the next step of our study is the
internal validation for underline the importance of our scores especially for operated BCBM
patients. Moreover, we aim for implementable scores in the clinical practice. Therefore, we
need an external validation which could be realized as a follow-on study in the future.

5. Conclusions

Age at breast cancer diagnosis (≥65 years), breast-preserving surgery as primary breast
cancer therapy and multiple brain metastases are the essential risk factors for short survival
after BCBM surgery. In turn, time interval between breast cancer and brain metastases
diagnosis (≥3 years), preoperative KPS (≥90%) and the positive HER2 status in brain
metastases are the major determinants of long survival. Based on the above-mentioned
independent predictors, the new developed scores showed better prognostic accuracy than
the previous score systems. In case of successful external validation, the presented SS-, LS-,
and Total-scores could support the interdisciplinary decision for the selection of treatment
strategy in individuals with BCBM.
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IQR Interquartile ranges
KPS Karnofsky Performance Status
LS Long survival
ROC Receiver operating characteristic
SS Short survival

References
1. Dunning, A.M.; Healey, C.S.; Baynes, C.; Maia, A.T.; Scollen, S.; Vega, A.; Rodriguez, R.; Barbosa-Morais, N.L.; Ponder, B.A.J.;

Low, Y.L.; et al. Association of ESR1 gene tagging SNPs with breast cancer risk. Hum. Mol. Genet. 2009, 18, 1131–1139. [CrossRef]
[PubMed]

2. Torre, L.A.; Bray, F.; Siegel, R.L.; Ferlay, J.; Lortet-Tieulent, J.; Jemal, A. Global cancer statistics, 2012. CA Cancer J. Clin. 2015, 65,
87–108. [CrossRef] [PubMed]

3. Taillibert, S.; Le Rhun, E. Epidemiology of brain metastases. Cancer Radiother. 2015, 19, 3–9. [CrossRef]
4. Rostami, R.; Mittal, S.; Rostami, P.; Tavassoli, F.; Jabbari, B. Brain metastasis in breast cancer: A comprehensive literature review. J.

Neuro-Oncol. 2016, 127, 407–414. [CrossRef] [PubMed]
5. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424, Erratum in CA Cancer J.
Clin. 2020, 70, 313. [CrossRef]

6. Berghoff, A.S.; Liao, Y.X.; Karreman, M.A.; Ilhan-Mutlu, A.; Gunkel, K.; Sprick, M.R.; Eisen, C.; Kessler, T.; Osswald, M.; Wunsche,
S.; et al. Identification and Characterization of Cancer Cells That Initiate Metastases to the Brain and Other Organs. Mol. Cancer
Res. 2021, 19, 688–701. [CrossRef]

7. Franchino, F.; Rudà, R.; Soffietti, R. Mechanisms and Therapy for Cancer Metastasis to the Brain. Front. Oncol. 2018, 8, 161.
[CrossRef]

8. Li, X.; Huang, R.; Ma, L.; Liu, S.; Zong, X. Locoregional surgical treatment improves the prognosis in primary metastatic breast
cancer patients with a single distant metastasis except for brain metastasis. Breast 2019, 45, 104–112. [CrossRef]

9. Wang, J.; Wang, S.; Tang, Y.; Jing, H.; Sun, G.; Jin, J.; Liu, Y.; Song, Y.; Wang, W.; Fang, H.; et al. Comparison of Treatment
Outcomes with Breast-conserving Surgery Plus Radiotherapy Versus Mastectomy for Patients with Stage I Breast Cancer: A
Propensity Score-matched Analysis. Clin. Breast Cancer 2018, 18, e975–e984. [CrossRef]

10. Ou, D.; Cao, L.; Xu, C.; Kirova, Y.; Chen, J. Upfront brain radiotherapy may improve survival for unfavorable prognostic breast
cancer brain metastasis patients with Breast-GPA 0-2.0. Breast J. 2019, 25, 1134–1142. [CrossRef]

11. Zafir-Lavie, I.; Sherbo, S.; Goltsman, H.; Badinter, F.; Yeini, E.; Ofek, P.; Miari, R.; Tal, O.; Liran, A.; Shatil, T.; et al. Successful
intracranial delivery of trastuzumab by gene-therapy for treatment of HER2-positive breast cancer brain metastases. J. Control.
Release 2018, 291, 80–89. [CrossRef] [PubMed]

12. Park, Y.H.; Park, M.J.; Ji, S.H.; Yi, S.Y.; Lim, D.H.; Nam, D.H.; Lee, J.-I.; Park, W.; Choi, D.H.; Huh, S.J.; et al. Trastuzumab
treatment improves brain metastasis outcomes through control and durable prolongation of systemic extracranial disease in
HER2-overexpressing breast cancer patients. Br. J. Cancer 2009, 100, 894–900. [CrossRef] [PubMed]

13. Kirsch, D.G.; Ledezma, C.J.; Mathews, C.S.; Bhan, A.K.; Ancukiewicz, M.; Hochberg, F.H.; Loeffler, J.S. Survival After Brain
Metastases from Breast Cancer in the Trastuzumab Era. J. Clin. Oncol. 2005, 23, 2114–2116. [CrossRef] [PubMed]

14. Slamon, D.; Eiermann, W.; Robert, N.; Pienkowski, T.; Martin, M.; Press, M.; Mackey, J.; Glaspy, J.; Chan, A.; Pawlicki, M.D.; et al.
Adjuvant Trastuzumab in HER2-Positive Breast Cancer. N. Engl. J. Med. 2011, 365, 1273–1283. [CrossRef]

15. Slamon, D.J.; Clark, G.M.; Wong, S.G.; Levin, W.J.; Ullrich, A.; McGuire, W.L. Human breast cancer: Correlation of relapse and
survival with amplification of the HER-2/neu oncogene. Science 1987, 235, 177–182. [CrossRef]

16. Lin, N.U.; Claus, E.; Sohl, J.; Razzak, A.R.; Arnaout, A.; Winer, E.P. Sites of distant recurrence and clinical outcomes in patients
with metastatic triple-negative breast cancer: High incidence of central nervous system metastases. Cancer 2008, 113, 2638–2645.
[CrossRef]

17. Press, D.; Miller, M.E.; Liederbach, E.; Yao, K.; Huo, D. De novo metastasis in breast cancer: Occurrence and overall survival
stratified by molecular subtype. Clin. Exp. Metastasis 2017, 34, 457–465. [CrossRef]

18. Piccart-Gebhart, M.J.; Procter, M.; Leyland-Jones, B.; Goldhirsch, A.; Untch, M.; Smith, I.; Gianni, L.; Baselga, J.; Bell, R.H.; Jackisch,
C.; et al. Trastuzumab after Adjuvant Chemotherapy in HER2-Positive Breast Cancer. N. Engl. J. Med. 2005, 353, 1659–1672.
[CrossRef]

19. Kennecke, H.; Yerushalmi, R.; Woods, R.; Cheang, M.C.U.; Voduc, D.; Speers, C.H.; Nielsen, T.O.; Gelmon, K. Metastatic Behavior
of Breast Cancer Subtypes. J. Clin. Oncol. 2010, 28, 3271–3277. [CrossRef]

20. Cagney, D.N.; Martin, A.M.; Catalano, P.J.; Redig, A.J.; Lin, N.U.; Lee, E.Q.; Wen, P.Y.; Dunn, I.F.; Bi, W.L.; Weiss, S.E.; et al.
Incidence and prognosis of patients with brain metastases at diagnosis of systemic malignancy: A population-based study.
Neuro-Oncology 2017, 19, 1511–1521. [CrossRef]

http://doi.org/10.1093/hmg/ddn429
http://www.ncbi.nlm.nih.gov/pubmed/19126777
http://doi.org/10.3322/caac.21262
http://www.ncbi.nlm.nih.gov/pubmed/25651787
http://doi.org/10.1016/j.canrad.2014.11.001
http://doi.org/10.1007/s11060-016-2075-3
http://www.ncbi.nlm.nih.gov/pubmed/26909695
http://doi.org/10.3322/caac.21492
http://doi.org/10.1158/1541-7786.MCR-20-0863
http://doi.org/10.3389/fonc.2018.00161
http://doi.org/10.1016/j.breast.2019.03.006
http://doi.org/10.1016/j.clbc.2018.06.002
http://doi.org/10.1111/tbj.13426
http://doi.org/10.1016/j.jconrel.2018.10.017
http://www.ncbi.nlm.nih.gov/pubmed/30342077
http://doi.org/10.1038/sj.bjc.6604941
http://www.ncbi.nlm.nih.gov/pubmed/19240719
http://doi.org/10.1200/JCO.2005.05.249
http://www.ncbi.nlm.nih.gov/pubmed/15774813
http://doi.org/10.1056/NEJMoa0910383
http://doi.org/10.1126/science.3798106
http://doi.org/10.1002/cncr.23930
http://doi.org/10.1007/s10585-017-9871-9
http://doi.org/10.1056/NEJMoa052306
http://doi.org/10.1200/JCO.2009.25.9820
http://doi.org/10.1093/neuonc/nox077


Cancers 2022, 14, 1437 13 of 15

21. Matsuo, S.; Watanabe, J.; Mitsuya, K.; Hayashi, N.; Nakasu, Y.; Hayashi, M. Brain metastasis in patients with metastatic breast
cancer in the real world: A single-institution, retrospective review of 12-year follow-up. Breast Cancer Res. Treat. 2017, 162,
169–179. [CrossRef]

22. Arvold, N.D.; Oh, K.S.; Niemierko, A.; Taghian, A.G.; Lin, N.U.; Abi-Raad, R.F.; Sreedhara, M.; Harris, J.R.; Alexander, B.M. Brain
metastases after breast-conserving therapy and systemic therapy: Incidence and characteristics by biologic subtype. Breast Cancer
Res. Treat. 2012, 136, 153–160. [CrossRef]

23. Pestalozzi, B.C.; Holmes, E.; de Azambuja, E.; Metzger-Filho, O.; Hogge, L.; Scullion, M.; Láng, I.; Wardley, A.; Lichinitser, M.;
Sanchez, R.I.L.; et al. CNS relapses in patients with HER2-positive early breast cancer who have and have not received adjuvant
trastuzumab: A retrospective substudy of the HERA trial (BIG 1-01). Lancet Oncol. 2013, 14, 244–248. [CrossRef]

24. Lin, N.U.; Bellon, J.R.; Winer, E.P. CNS Metastases in Breast Cancer. J. Clin. Oncol. 2004, 22, 3608–3617. [CrossRef]
25. Lee, S.S.; Ahn, J.-H.; Kim, M.K.; Sym, S.J.; Gong, G.; Ahn, S.D.; Kim, S.-B.; Kim, W.K. Brain metastases in breast cancer: Prognostic

factors and management. Breast Cancer Res. Treat. 2007, 111, 523–530. [CrossRef]
26. Sperduto, P.W.; Kased, N.; Roberge, D.; Xu, Z.; Shanley, R.; Luo, X.; Sneed, P.K.; Chao, S.T.; Weil, R.J.; Suh, J.; et al. Effect of tumor

subtype on survival and the graded prognostic assessment for patients with breast cancer and brain metastases. Int. J. Radiat.
Oncol. Biol. Phys. 2012, 82, 2111–2117. [CrossRef]

27. Leone, J.P.; Leone, J.; Zwenger, A.O.; Iturbe, J.; Leone, B.A.; Vallejo, C.T. Prognostic factors and survival according to tumour
subtype in women presenting with breast cancer brain metastases at initial diagnosis. Eur. J. Cancer 2017, 74, 17–25. [CrossRef]

28. Soffietti, R.; Kocher, M.; Abacioglu, U.M.; Villa, S.; Fauchon, F.; Baumert, B.G.; Fariselli, L.; Tzuk-Shina, T.; Kortmann, R.D.; Carrie,
C.; et al. A European Organisation for Research and Treatment of Cancer phase III trial of adjuvant whole-brain radiotherapy
versus observation in patients with one to three brain metastases from solid tumors after surgical resection or radiosurgery:
Quality-of-life results. J. Clin. Oncol. 2013, 31, 65–72.

29. Yamamura, J.; Masuda, N.; Yasojima, H.; Mizutani, M.; Kuriyama, K.; Nakamori, S.; Sekimoto, M.; Mano, M.; Tanaka, E.;
Nonaka, M. Clinicopathological Factors Related to the Prognosis of Metastatic Breast Cancer Patients after Development of Brain
Metastasis. Breast Care 2015, 10, 387–392. [CrossRef]

30. Castaneda, C.A.; Flores, R.; Rojas, K.Y.; Castillo, M.; Dolores-Cerna, K.; Flores, C.; Belmar-Lopez, C.; Milla, E.; Gomez, H.
Prognostic factors for patients with newly diagnosed brain metastasis from breast cancer. CNS Oncol. 2015, 4, 137–145. [CrossRef]

31. Lentzsch, S.; Reichardt, P.; Weber, F.; Budach, V.; Dörken, B. Brain metastases in breast cancer: Prognostic factors and management.
Eur. J. Cancer 1999, 35, 580–585. [CrossRef]

32. Anders, C.K.; Ms, A.M.D.; Miller, C.R.; Bs, C.K.; Meng, H.; Burrows, E.; Livasy, C.; Fritchie, K.; Ewend, M.G.; Perou, C.; et al.
The prognostic contribution of clinical breast cancer subtype, age, and race among patients with breast cancer brain metastases.
Cancer 2010, 117, 1602–1611. [CrossRef]

33. Ogawa, K.; Yoshii, Y.; Nishimaki, T.; Tamaki, N.; Miyaguni, T.; Tsuchida, Y.; Kamada, Y.; Toita, T.; Kakinohana, Y.; Tamaki, W.;
et al. Treatment and prognosis of brain metastases from breast cancer. J. Neuro-Oncol. 2007, 86, 231–238. [CrossRef]

34. Hung, M.-H.; Liu, C.-Y.; Shiau, C.-Y.; Hsu, C.-Y.; Tsai, Y.-F.; Wang, Y.-L.; Tai, L.-C.; King, K.-L.; Chao, T.-C.; Chiu, J.-H.; et al. Effect
of Age and Biological Subtype on the Risk and Timing of Brain Metastasis in Breast Cancer Patients. PLoS ONE 2014, 9, e89389.
[CrossRef]
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