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Background

In Switzerland, approximately 6000 new breast cancer cases and 1300 deaths are reported annually. Brain metastasis from breast cancer (BMBC) has a major effect on prognosis. This study aimed to identify prognostic factors for overall survival (OS) in a cohort of Swiss patients with BMBC. This study evaluated the prognosis on older BMBC, which has not been completely addressed in the literature.





Methods

We performed a retrospective chart review analysis with the primary endpoint of OS after a diagnosis of BMBC. The study population was divided into 2 groups based on an OS cut-off value of 12 months after diagnosis. Univariate and multivariate analyses of several risk factors, including age, were performed. To evaluate differences in OS according to age, we performed a secondary analysis to examine the prognostic value of clinical symptoms, metastatic pattern, and lymph node involvement in an older (≥65 years) vs. younger (<65 years) cohort.





Results

From 1989 to 2019, 55 patients were identified as having BMBC, among whom 47 patients were confirmed to be dead. The median patient age was 58 years (range 25–83 years). Comorbidities were present in 45 (81.8%) patients. The median survival in the OS <12 and OS ≥12 months groups was 4.3 and 30.7 months, respectively (p<0.001). Multivariate analysis revealed no significant differences in terms of comorbidities, medication use, M-stage, and symptomatology between the 2 groups. Additionally, there was no significant difference in OS in the 2 subgroups of patients aged <65 and ≥65 years.





Discussion

We concluded that age should not be a decisive factor in therapy planning for advanced breast cancer patients with BMBC.
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1 Introduction

Breast cancer (BC) is a global healthcare burden and was the most diagnosed cancer in women in 2020, accounting for 25% of newly diagnosed cancers worldwide. An estimated 2.2 million new BC cases occurred worldwide in the same year (1).

In Switzerland, the annual incidence of newly diagnosed BC in women is approximately 6000 cases, with an annual death rate of 1300 cases (1). Around 3–6% of all patients with newly diagnosed primary BC in high income countries have synchronous metastatic disease (Stage IV) (2, 3).

Lymph nodes, bones, liver, lungs, and the central nervous system (CNS) are among the most frequent locations of metastasis (4). Earlier stage disease shows varying risks of recurrence or metastasis depending on several factors such as molecular subtype, tumor size, histologic grade, and proliferation rate (Ki-67) (5, 6). In patients with early stage, hormone receptor (HR)-positive BC, the recurrence rate at 10 years is around 20% (7), and this risk remains high for decades (8). In contrast, the highest risk of recurrence of triple-negative BC (TNBC) is within the first 3 years after surgery. Similarly, patients with HER2-positive BC have the highest risk of recurrence within the first 5 years after diagnosis (8, 9).

Metastasis to the CNS is associated with poor prognosis, regardless of the cancer type (10, 11). The frequency of brain metastasis from BC (BMBC) ranges from 5% to 50% and has a major effect on patient survival (12–17). The median overall survival (OS) of patients following the diagnosis of cerebral metastasis ranges from 3.5 to 9 months, with a 1-year-survival rate of approximately 20% (10, 18, 19).

The risk and prognosis of CNS metastasis differ depending on the BC subtype. Approximately 7–15% of all patients with HR-positive BC will develop CNS metastasis during the course of their disease (6, 8). Higher rates of brain metastasis are observed in patients who are positive for HER2 and who have TNBC. According to the literature, 20–50% of all patients with HER2-positive BC (at primary advanced stage) and 25–46% of patients with TNBC will develop brain metastasis (8, 10, 14–17, 19, 20).

Voduk et al. showed that the risk of relapse in BC can be dependent on molecular subtype (20). Likewise, several risk factors for the development of BMBC have been identified, such as diagnosis at young age, positive lymph node status, and liver metastasis (21). Furthermore, positive HER2 status, lack of estrogen receptor expression (ER-), ductal tumor histology, small tumor size (T1/2), and M0 metastatic status were identified as risk factors for the development of cerebral metastasis by Heitz et al. (19). There are also well-established prognostic factors for patients diagnosed with brain metastasis, such as molecular subtype (better prognosis for positive HER2 and/or ER status), early detection of brain metastasis (within 6 months after diagnosis of metastatic disease), and asymptomatic disease, all of which are associated with longer OS (22).

Treatment of BMBC in older patients is challenging; therefore, it is likely that this group of patients has worse prognosis. Although most patients with BMBC are diagnosed at around 48–55 years of age (12, 23–26), no differences have been reported between the molecular subtypes with respect to age at the diagnosis of BMBC (26, 27). There have been conflicting reports regarding age as a possible independent prognostic risk factor in patients with BMBC. In the literature review by Rostami et al., there was no association between age and prognosis (28), while in a retrospective analysis by Bir et al., patients aged ≤65 years had better OS (12). Therefore, this issue remains controversial.

Hence, in this retrospective, single-center study, we focused on clinical outcomes of patients with BMBC. In Switzerland, all patients with brain metastasis are treated at dedicated cancer centers where all treatment modalities are available. The primary aim was to analyze outcomes (OS and progression-free survival [PFS]) among patients with BMBC and assess the prognostic value of specific factors described in the literature and seen in our population. The secondary aim was to determine differences in treatment allocation among younger and older patients with BMBC. The tertiary aim was to investigate risk factors associated with poorer (OS <12 months) and better prognosis (OS >12 months).




2 Methods

This retrospective chart review was conducted at the University Hospital of Basel, Switzerland between 1989 and 2019. Only patients with histologically confirmed BC and radiologically confirmed BMBC, with BC being the primary cancer, were included. The histological findings of brain metastases were reviewed where available. Patients without a clear histological diagnosis of BC or unclear cerebral metastases (for example, with additional malignancies as possible primaries) were excluded. Clinical and pathological data were collected using an electronic hospital information system. Patient data were pseudonymized and transferred to an MS Excel spreadsheet.



2.1 Endpoints and analysis

The primary endpoint of the study was the assessment of OS after the diagnosis of BMBC. Subsequent multivariate analysis to identify risk factors (e.g., age, molecular subtype, primary vs. secondary metastatic disease, prior cancer therapy, therapy for metastatic disease) in patients with poor prognosis (OS <12 months after diagnosis of CNS metastasis) and long-term survivors (OS ≥12 months after diagnosis of CNS metastasis) was performed. Further multivariate analysis was performed according to comorbidities, which were divided into lung and heart disease, diabetes mellitus (type 1 or 2), chronic infections (e.g., HIV), arterial hypertension, and peripheral artery disease, among others.

In a secondary analysis, we assessed outcome according to age (age <65 vs. ≥65 years), symptoms (asymptomatic vs. symptomatic), metastatic pattern, and lymph node involvement.




2.2 BC subtypes

BC subtypes were subdivided according to the St. Gallen International Breast Cancer Conference and ASCO CAP-Guidelines 13 into luminal A-like (ER+ and/or PR+ and HER2− and low proliferation factor), luminal B-like (ER+ and/or PR+ and/or HER2- and high proliferation factor), triple-negative BC (ER−/PR−/HER2−), and HER2-enriched (ER− and PR−/HER2+) (29).




2.3 Statistical analyses

Patient characteristics are summarized using descriptive statistics. Statistical significance was set at p values <0.05. The Kaplan–Meier method was used to calculate OS, and a log-rank test was used to compare OS between the groups. Markers that appeared to be significant using the log-rank test were included in a Cox regression model to predict OS, together with other known prognostic factors (e.g., age, stage, grading, and Ki-67). Patient age indicated was at the time of initial diagnosis of BC. For each patient, OS was measured from the date of diagnosis of CNS metastasis until the date of death. Patients without recorded death dates were censored on the date of the last available follow-up.




2.4 Ethical approval

The local ethics board (EKNZ, Number 2020-03023) approved this study. Patient`s consent was waived.





3 Results



3.1 Baseline characteristics

From 1989 to 2019, 55 patients with BMBC treated at the University Hospital Basel, Switzerland were included in this study. Approximately 200 patients diagnosed with BC were treated at our hospital. The total number of patients with brain metastasis possibly differed because of other treatments in hospitals outside Basel. At the time of analysis, 3 patients were still alive, while the time of death for 5 patients was unclear due to lack of data. The median age of the patients at the time of diagnosis was 58 years (range 25–83 years).




3.2 Comorbidities and medication

Comorbidities were present in 45 (82%) patients, and 7 (18%) patients had no previous history of comorbidities (Table 1). Unassigned secondary diseases (marked as other) were present in 63% of patients at time of primary diagnosis. In addition, 21 (38%) patients had arterial hypertension and 6 (11%) patients had diabetes mellitus at diagnosis.


Table 1 | Baseline characteristics of patients with brain metastasis from breast cancer.



Among all patients, 45 (81.8%) had prescribed medication at time of diagnosis, while 33 (60%) patients were taking 3 or more daily medications.




3.3 Primary stage

Primary tumor stage was classified according to the TNM criteria, as far as feasible (30). Thirteen (27%), 18 (38%), 4 (9%), and 8 (17%) patients were diagnosed as having T1 (tumor size 1–20 mm), T2 (20–50 mm), T3 (>50 mm), and T4 tumors, respectively. The T stage for 5 (11%) patients could not be identified (Tx). The majority of patients (n = 33, 60%) had no metastasis at primary diagnosis (M0) and 17 (45%) had no locoregional lymph node involvement.




3.4 Histopathology

Among the abovementioned subtypes, the following were observed: luminal A-like (n = 1, 1.8%), luminal B-like (n = 20, 36.4%), TNBC (n = 11, 20%) and HER2-enriched (n = 8, 14.5%) subtypes. In 15 (27.3%) patients, the subtype could not be specified due to the lack of specific pathological information. Histopathological grading of the primary cancer revealed that 33 (60%), 12 (21.8%), and 2 (3.6%) patients had high-grade (G3) carcinoma, intermediate grade (G2) differentiation, and low-grade (G1) carcinoma, respectively.




3.5 Clinical presentation of brain metastasis at diagnosis

Forty-two (76%) patients had symptoms associated with brain metastasis at diagnosis. Six (11%) patients were asymptomatic at the time of diagnosis, and 7 (13%) patients had unclear symptoms at primary presentation.




3.6 Imaging

A midline shift was radiologically detected in 7 (13%) patients. In 6 (11%) patients, there were signs of intracranial pressure due to brain metastasis.

Radiographic brain metastasis distribution was complex, and no typical pattern was recognized. In most cases, metastases were localized in more than one anatomical brain region (n = 27, 49%). In 19 (34.5%), 5 (9%), and 1 (1.8%) patient, metastasis was localized exclusively in the cerebrum, the meninges, and the spine and cerebellum, respectively. In 2 patients (3.6%), the location of CNS metastases could not be retrospectively specified.




3.7 Treatment

Primary treatment of BMBC included radiotherapy only (e.g., whole-brain radiation (WBRT), stereotactic surgery (Stx-RT)) (38, 69%), surgery followed by radiotherapy (5, 9%), surgery alone (2, 4%), and chemotherapy (3, 5%). In 22 and eight patients WBRT and Stx-RT was applied. In eight patients, type of radiotherapy was not clear. There was no statistical difference in prognosis between WBRT vs. Stx-RT. (p=0.4545). One (2%) patient received hormonal therapy in combination with a CDK4/6 inhibitor. Six (11%) patients had no specific treatment assigned. After documented progression following initial treatment of brain metastasis, 11 (20%) patients received radiotherapy as a second treatment, 6 (11%) patients received systemic therapy, and 36 (65%) patients were assigned no treatment either because of their response to the initial treatment or due to the advanced state of disease without any benefit of further treatment. For one patient, further treatment was not documented.




3.8 Subgroup analysis

Our cohort was divided into 2 groups according to OS following BMBC diagnosis: OS <12 months and OS ≥12 months and subsequently labeled as short-term survivors (STS) and long-term survivors (LTS), respectively (Table 2). A total of 47 patients were identified in the 2 groups, among whom 29 (62%) survived less than 1 year and 18 (38%) more than 1 year from diagnosis of BMBC.


Table 2 | Baseline characteristics of short-term and long-term survivors.



In the LTS subgroup, the median age was 47 years (range 38–77). Fourteen (78%) patients had one comorbidity and were taking at least one prescription medication, while 9 (50%) were taking 3 or more medications at the time of diagnosis. In addition, only 2 (11%) patients had no locoregional lymph node involvement at the time of initial diagnosis, while 9 (50%) already had distant metastasis at the time of initial diagnosis.

Histopathologically, there were 8 (44%) luminal B-like BC cases, 7 (39%) HER2-positive cases, 1 (5.5%) TNBC case, and 2 (11%) unidentifiable molecular subtype cases in the LTS group. Seven (39%), 6 (33%), and 1 (5.5%) patient had a high-grade tumor (G3), moderately differentiated BC (G2), and low-grade tumor (G1), respectively. In 4 (22%) cases, grading could not be determined because of the lack of pathological data. Eleven (61%) patients had initial cerebral metastasis in more than one anatomic region; in 5 (28%) cases, metastasis was confined to the cerebrum, while in one (5.5%) case, metastases were found in the cerebellum and spine. In most cases in this subgroup, brain metastasis treatment included radiotherapy alone (12, 66%), surgical resection (2, 11%), resection followed by radiation (3, 17%), and no treatment (1, 5.5%).

The median survival in the STS group (OS <12 months) was 4.3 months, and that in the LTS group (OS ≥12 months) was 30.7 months (p<0.001). In the multivariate analysis, there were no statistically significant differences between the 2 groups in terms of comorbidities, medication use, M-stage, or symptomatology (Table 2). In addition, no significant differences adjusted for age (<65 years/≥65 years) or lymph node status (N0/N≥1) were detected.

We observed a significant difference (p = 0.001) in terms of the effect of molecular subgroup on OS. While a higher proportion (10, 34%) of TNBC was observed in the STS group than in the LTS group (1, 5.5%), HER2-positive subtypes were observed exclusively in the LTS group (7, 39%).

No significant difference (p = 0.02) was observed when adjusting for tumor grading. More G3 tumors were observed in the STS group (23, 79%) than in the LTS group (7, 39%).

Anatomical distribution and in particular disseminated cerebral metastasis compared to low-volume disease in the CNS had no statistically significant effect on survival (p = 1.0). Distribution according to therapy administration in the STS and LTS groups showed no notable differences with 65% and 66% respectively, having received radiotherapy alone. However, substantially more patients did not receive any therapy for BMBC in the STS group when compared with those in the LTS group (17% vs. 5.5%). Second-line therapy for BMBC showed significant (p = 0.003) differences in therapeutic modalities, with substantially more patients who received radiotherapy as a second-line therapy in the LTS group (N=8/44% vs. N=3/10.3%).




3.9 Survival analysis of risk groups

We compared the OS (defined as the time from diagnosis of BMBC to death or last follow-up) in 2 age groups (age <65 years (A) and ≥65 (B) years at diagnosis of BC). Further evaluations were made based on the presence or lack of symptoms of BMBC and disseminated and non-disseminated BMBC.

Thirty-six patients in group A and 14 in group B were identified. The median OS was not significantly different (8.8 months in A, 95% CI: 5.1–18 vs. 9.6 months in B, 95% CI: 4.6–41) (p = 0.95), (Figure 1). With regard to symptoms of BMBC, 6 patients had asymptomatic disease, while 37 patients were symptomatic at the diagnosis of BMBC. No symptoms were identified in 7 patients. The median OS was 7.0, 7.4, and 16.1 months in the asymptomatic, symptomatic, and unclear BMBC manifestation groups, respectively. No statistically significant difference in OS was observed between patients with symptomatic and asymptomatic BMBC (p = 0.34) (Figure 2).




Figure 1 | Kaplan–Meier graph of overall survival in older and younger patients with brain metastasis from breast cancer. Time from diagnosis of brain metastasis from breast cancer to death of patients younger than 65 years vs. those older than 65 years using Kaplan–Meier curves, p = 0.95.






Figure 2 | Kaplan–Meier graph of overall survival in patients with and without symptomatic brain metastasis. Survival of patients with a diagnosis of brain metastasis from breast cancer, defined as the time from diagnosis of brain metastases from breast cancer to death using Kaplan–Meier curves. No significant difference is noted between symptomatic and asymptomatic patients, p = 0.34.



Moreover, we compared the median OS of patients with one or more brain metastasis to OS of those with radiologically identified multiple disseminated brain metastasis or meningeal carcinomatosis. Seventeen (35%) patients with disseminated and 32 (65%) patients with one or more brain metastases were identified. The median OS of patients with disseminated brain metastasis was 6.3 months, while that of patients with non-disseminated (≥1) BMBC was 9.4 months, with no statistical significance (p = 0.67) (Figure 2).

On comparing patients with one BMBC, >1 BMBC, and disseminated metastasis, we identified 20 (41%) patients with a single lesion, 12 (24%) with more than one, and 17 (35%) with disseminated brain metastasis (e.g., meningeal carcinomatosis). The median OS among these groups were 11.8, 8.8, and 6.2 months, respectively (p = 0.42) (Figures 3, 4).




Figure 3 | Kaplan–Meier graph of overall survival in patients with low- versus high-volume disease Time from diagnosis of brain metastasis from breast cancer (BMBC) to death of patients with multiple disseminated BMBC vs. single (≥1) BMBC using linear Cox regression, p = 0.67.






Figure 4 | Kaplan–Meier graphs of overall survival in patients with single-site metastases versus low-volume versus high-volume disease. Time from diagnosis of brain metastases from breast cancer (BMBC) to death of patients with disseminated BMBC, 1 BMBC, and >1 BMBC, p = 0.42.







4 Discussion

There is a need for early detection and treatment for patients with BMBC. In this small retrospective chart review study, we identified specific factors that could be used to predict outcomes of patients with BMBC treated at our institution. According to the current literature, 5–50% of all patients with BC develop brain metastasis; however, only a small number of patients could be identified at our hospital (12–16). The relatively small number of patients diagnosed with BMBC could be explained by the relative abundance of treatment centers in a rather geographically confined region. As such, it is highly possible that after primary diagnosis, patients may have chosen different treatment sites based on their place of residence.

Overall, this study was illustrative for a heterogeneous group of patients, with most patients having HER2-positive and luminal B-like disease. Luminal A-like BC was significantly under-represented in our cohort compared with the proportion of all subtypes, as reported in the literature (only one patient in our study) (8, 31). According to the literature, luminal A-like tumors rarely develop metastasis and brain metastasis have a high cure rate (8, 26). However, interpretation of results is critical because much of the current decisive histological data at the time of diagnosis were not part of the generally accepted guidelines (32).

In our population, luminal B-like BC represented the largest group (36%), suggesting that elevated Ki-67 and/or HER2-positive status are risk factors for BMBC. These data are further supported by the findings of Heitz et al. and Sanna et al. who showed that HER2-positive patients have the highest risk of developing BMBC (10, 19). However, according to the literature, most BMBC cases are related to HER2 positive or TNBC subtypes not luminal BC (14, 25, 26). Whether this is due to the BC subtype not being available or recognized at the time of diagnosis or a lack of histological data (especially HER2 and Ki-67) in 15 (27%) patients, as described above, cannot be excluded with certainty.

Heitz et al. described primary non-metastatic disease as a risk factor for brain metastasis development (19). In our study, the majority (N=33, 60%) of patients had no distant metastasis (M0) at initial presentation. A possible explanation for this could be competing sites of metastasis such as in the lung or liver, contributing to overall shortening of OS before BMBC occurrence. Another mechanism by which late metastasis occurs, despite an initial M0 status, is a stock of dormant-disseminated or circulating cancer cells (CTCs), from which metastasis may develop later in the course of the disease. These were particularly found in the bone marrow of patients with BC (33–36). The prognostic relevance of CTCs in terms of recurrence and survival has already been demonstrated (36, 37). However, the relationship between the complex development of BMBC and the presence of CTC is not yet completely understood. Some genetic drivers of CTCs in the formation of brain metastasis in patients with BC have been documented; however, much research is needed for specific confirmation and routine test implementation (38).

Another clinical problem associated with the increased risk of developing BMBC is endocrine resistance in BC patients with ER+BC (39). 15-20% of ER+ BC are initially resistant while another 30-40% develop resistance to endocrine treatment over time (40). Lucke-Wold et al. showed in their review the need of specific systemic therapies in patients with endocrine resistance developing BMBC, especially monoclonal antibodies or CDK4/6 Inhibitors but the blood-brain barrier remains a major hurdle to the establishment of effective therapy for BMCB (41). In line with this, in our study we saw mostly local therapy (surgery, radiotherapy) options with chemotherapy being used in only 2 patients (once intrathecally).

In the hospital where the study was conducted, there are established treatment algorithms regarding BCBM. In particular, the BMBC patients are discussed in a tumor board to determine an optimal therapy following international guidelines. For singular BMBC, both neurosurgical resection and Stx-RT may be feasible. Stx-RT after resection can also be discussed, Mahajan et al. showed a lower local recurrence rate after stereotactic irradiation of completely resected brain metastasis in their study (42). WBRT was conducted in 22 patients while Stx-RT was done in only 8 patients. WBRT should be considered in patients with multiple BMBC not feasible for Stx-RT or Surgery due the possible effect on neurocognitive function (43). In our work 17 patients had disseminated BMBC which may be an explanation for the large proportion of WBRT in this study.

Systemic therapy for BCBM is also an important part of therapy. Especially in HER2-positive tumors, there are systemic therapy approaches for the treatment of BMBC: for example, the combination of capecitabine with lapatinib in the LANDSCAPE study showed objective response in BCBM (44). Furthermore, trastuzumab emtansine or pyrotinib have been shown to have encouraging results in the systemic treatment of BMBC of HER2-positive patients (45, 46). In our analysis, we could not detect any statistically significant prognostic factors for median OS. Analysis based on by age (cut-off 65 years) did not show any significant differences in terms of OS. In a previous study, a statistically relevant difference in OS was observed in patients aged <65 years in a similarly large population but only in patients whose BMBC was treated with a gamma knife (28). In contrast, this study included all treatment modalities (including none). Therefore, there are conflicting data regarding age as a possible prognostic factor (12, 47). Another study from Italy reported by Greto D et al. evaluates local treatment with gamma knife (48). In this study, patients with the age above 65 years had a worse outcome (HR 4.6). However, there was no clear difference in survival outcome for the number of treated brain metastasis. Overall, we think that the disease volume has an influence on prognosis but this is obviously depending on the included population of patients. Larger randomized studies comparing WBRT vs. Stx-RT are warranted.

The treatment of older patients with BMBC remains a challenge. Old age is associated with more comorbidities and frailty and does not reflect biological age. To optimize care for older patients with cancer, a systematic comprehensive geriatric screening assessment is warranted because it protects patients from under- and over-treatment. Geriatric screening was implemented in 2015 at our institution; however, regular geriatric comprehensive assessments are lacking, especially as this population has poor prognosis. Our data demonstrated the same outcome for patients older than 65 years, which could be biased as patients were selected based on their performance status. Unfortunately, we did not collect these data systematically.

Other selected variables also failed to show a relevant effect on OS. Interestingly, in our analysis, there were no differences in OS between patients with a single BMBC and those with disseminated cerebral metastasis (including meningeal carcinomatosis). The same percentage of patients (35%) in the LTS and STS groups showed disseminated metastasis regardless of OS. In a retrospective study, Thulin et al. showed a significantly longer OS in patients with 1–3 BMBC than in those with meningeal disease or with >3 BMBC, but no difference in OS was observed between patients with meningeal carcinomatosis and those with >3 BMBC (24).

The effect of disease volume on survival has also been shown through various studies (12, 28, 49). It is likely that this was not observed in our study because of the small number of patients. Regarding therapy of BMBC in the 2 groups (STS/LTS), the same proportion (66%) received radiotherapy but a higher proportion in the STS group received WBRT. However, more surgical resections (28% vs. 7%) were performed in in the LTS group. This indicates that patients in the STS group were in a generally poorer condition and/or had more advanced disease state because surgical resection is more invasive than radiotherapy alone. Unfortunately, the small number of patients does not allow a clear prognostic conclusion regarding OS and atamotic site of BMBC. In a literature review by Kancharla et al, however, no clear statement could be made regarding the relationship between anatomy and prognosis (50). As expected and described in literature, a high-grade (G3) tumor was correlated with shorter OS (12). As such, a higher proportion of G3 tumors (79%) was observed among patients in the STS group compared with that in the LTS group (39%). No statistically relevant prognostic factors were observed between the 2 subgroups. Performance status (e.g., Karnofsky performance status [KPS]) (12, 51) could not be accurately assessed owing to the lack of recorded data.

Unsurprisingly, a significantly larger proportion of patients with TNBC (10, 35%) were found in the STS group, while only one (6%) patient with TNBC lived longer than 12 months after the diagnosis of BMBC (p = 0.001). This was consistent with the overall poor prognosis of TNBC compared with those of other molecular BC subtypes (23, 52). For example, a retrospective single-center study showed a median OS of 4.9 months after the diagnosis of brain metastasis in patients with TNBC (16).

In contrast, patients with HER2-positive BC were observed only in the LTS group (N=7, 39%). In the literature, HER2-positive BC was associated with a high risk for the development of brain metastasis (10, 53). Conversely, according to the literature and consistent with our observations, better prognosis or OS was observed in patients with HER2-positive (HR-negative) BC and BMBC, respectively likely due to the above mentioned systemic treatment possibilities (43, 44, 47, 54)

Our study had limitations. The retrospective assessment of the study indicated that certain points could not be investigated, e.g., the KPS and G8 screening, and the small number of patients made statistical analysis difficult. This study is a retrospective cohort study, there was no overall-survival differences in patients that underwent WBRT or Stx-RT, but patients might be selected by performance status. Randomized data are needed to answer the question of best local treatment algorytms, especially also in older and frail patients.

However, this study aimed to illustrate the poor prognosis and unmet needs of patients with brain metastases and poor outcomes. Future trials and analyses should focus on the molecular basis of BC.

In conclusion, patients with BMBC had an overall poor prognosis; however, no statistically significant prognostic factors could be identified to suggest that BMBC is indicative of poor prognosis in populations with BC. In our study, age was deemed to be a relevant prognostic factor in treatment allocation for BMBC; however, because no effect was observed on general OS, our data suggest that all patients should be offered the same treatment modality, irrespective of age. It is important to determine the risk of brain metastasis and prevent its development. Based on our findings, BMBC is particularly important in patients who are positive for HER2 and who have TNBC and also in those with luminal B-like BC.
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TNBC 10 (35%) 1 (6%)
HER2/neu 0 (0%) 7 (39%)
Unclear 7 (24%) 2 (11%)
N-Stage at diagnosis of BC 0.141
NoO 12 (50%) 2 (20%)
N=1 12 (50%) 8 (80%)
M-Stage at diagnosis of BC 0.454
Mo 19 (65%) 9 (50%)
M1 10 (35%) 9 (50%)
Pathological Grade 0.020
G1 (low grade) 1 (3.5%) 1 (6%)
G2 4 (14%) 6 (33%)
G3 (high grade) 23 (79%) 7 (39%)
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Type of treatment of BMBC 0.239
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Radiotherapy 19 (65.5%) 12 (66.7%)
Surgery followed by radiotherapy 2 (6.9%) 3 (16.7%)
Chemotherapy 2 (6.9%) 0
Unclear 1(3.5%) 0
No treatment 5(17.2%) 1 (5.5%)

Table 2 shows a subgroup analysis of short-term survivors (OS <12 months after the diagnosis of BMBC) and long-term survivors (OS 212 months after the diagnosis of BMBC). BC, breast
cancer; BMBC, brain metastasis from breast cancer; BM, brain metastasis; TNBC, triple-negative breast cancer.
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<65 years 41 (74.5%)
265 years 14 (25.5%)
[ Comorbidities
Yes 45 (82%)
No 10 (18%)
Lung diseases 7 (13%)
Heart diseases 6 (11%)
Diabetes mellitus 6 (11%)
Arterial hypertension 21 (32%)
Peripheral artery disease 2 (4%)
Medications n=55
Yes 9 (16%)
No 45 (82%)
BC subtype n=55
Luminal A 1 (2%)
Luminal B 20 (36%)
Triple negative 11 (20%)
HER2/neu + 8 (15%)
Unclear 15 (27%)
Lymph node involvement at diagnosis of BC n=38
No lymph node involvement 17 (45%)
Lymph node involvement 21 (55%)
M-Stage at diagnosis of BC n=55
Mo 33 (60%)
M1 21 (38%)
Pathological grade n=55
G1 (low grade) 2 (3.6%)
G2 12 (21.8%)
G3 (high grade) 33 (60%)
No grading data 8 (14.5%)
Anatomical site of BM n=>55
Cerebrum 19 (34.5%)
Cerebellum 1 (1.8%)
Meningeal carcinomatosis 5 (9%)
Spine 1 (1.8%)
‘ More than one anatomical site 27 (49%)
‘ Unclear 2 (3.6%)
‘ Symptomatic brain metastases n=55
Yes 42 (76%)
No 6 (11%)
Unclear 7 (13%)
Signs of midline shift at diagnosis of BMBC
Yes 7 (13%)
No 48 (87%)
Signs of brain pressure at diagnosis of BMBC
Yes 6 (11%)
No 49 (89%)

Table 1 shows the clinical variables of all patients in the breast cancer and brain metastasis
cohort. BC, breast cancer; BMBC, brain metastasis from breast cancer; BM, brain metastasis.
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