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Purpose

The aim of this study was to explore how a multidisciplinary team (MDT) affects patterns of local or systematic treatment.





Methods

We retrospectively reviewed the data of consecutive patients in the breast cancer with brain metastases (BCBM) database at our institution from January 2011 to April 2021. The patients were divided into an MDT group and a non-MDT group.





Results

A total of 208 patients were analyzed, including 104 each in the MDT and non-MDT groups. After MDT, 56 patients (53.8%) were found to have intracranial “diagnosis upgrade”. In the matched population, patients in the MDT group recorded a higher proportion of meningeal metastases (14.4% vs. 4.8%, p = 0.02), symptomatic tumor progression (11.5% vs. 5.8%, p = 0.04), and an increased number of occurrences of brain metastases (BM) progression (p < 0.05). Attending MDT was an independent factor associated with ≥2 courses of intracranial radiotherapy (RT) [odds ratio (OR) 5.4, 95% confidence interval (CI): 2.7–10.9, p < 0.001], novel RT technique use (7.0, 95% CI 3.5–14.0, p < 0.001), and prospective clinical research (OR 5.7, 95% CI 2.4–13.4, p < 0.001).





Conclusion

Patients with complex conditions are often referred for MDT discussions. An MDT may improve the qualities of intracranial RT and systemic therapy, resulting in benefits of overall survival for BC patients after BM. This encourages the idea that treatment recommendations for patients with BMBC should be discussed within an MDT.
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Background

Breast cancer (BC) is the prevalent malignancy among women, accounting for 30% of new cancer cases (1). It is also the leading cause of cancer-related deaths in women, contributing to 15% of mortality from female cancers (2). Previous research revealed that approximately 10%–30% of patients with BC ultimately develop brain metastasis (BM) (3), which was associated with a poor prognosis (4).

The multidisciplinary team (MDT) strategy has been a standard pattern of care for patients with newly diagnosed malignant tumors. Previous work in esophageal cancer confirmed that MDTs increased twice in chances of multimodality treatment and resulted in a better overall survival (OS) (5). In an international survey of 39 countries, MDTs were considered to improve the overall quality of treatment and produce more evidence-based treatment decisions in BC (6). In the United Kingdom, MDTs helped newly diagnosed BC by monitoring non-implementation reasons to make optimal patient-centered decisions (7). In advanced BC patients with BM, the therapeutic strategy includes local treatment [surgery/radiotherapy (RT)] and systemic treatment (chemotherapy/targeted agents/endocrine therapy) (8). In a large-sample study, multidisciplinary treatment was an independent factor for decreased BM death risk in patients (9).

Systemic therapy based on molecular subtypes as well as local therapy, including different choices of radiotherapeutic and surgical techniques, has greatly altered the landscape of therapeutic strategies for patients with BM from BC. Whether an efficient MDT would affect the pattern of care regarding different lines of treatment in these patients is unknown. The present study aims to analyze the influence of MDT on local and systematic therapeutic strategies for breast cancer with brain metastases (BCBM) patients.





Methods




Study population

We retrospectively reviewed the consecutive BC patients with BM diagnosed in Ruijin Hospital, Shanghai Jiaotong University, School of Medicine between January 2011 and April 2021. Two MDTs that were involved in the treatment decision of patients with BCBM: the MDT of Breast Disease Center within the same period, and the MDT for metastatic central nervous system tumors, which was established in June 2019. Each MDT met every 7 days, and the participating physicians had the following disciplines depending on patient history: surgical/radiation/medical/neuro-oncology, radiology/interventional radiology, pathology, pain specialties, and nutritional support when needed.

A complete record of the treatment decisions made by the MDT, including any findings of new intra- or extracranial metastatic lesions beyond the recognition of the treating physician, was given to the patients. Local treatment recommendations included brain surgery, whole-brain radiation therapy (WBRT) or WBRT with hippocampal avoidance (WBRT-HA), stereotactic radiosurgery (SRS)/fractionated stereotactic radiotherapy (fSRT), or cranio-spinal irradiation (CSI). Systemic treatment recommendations included endocrine therapy, chemotherapy/targeted therapy, participation in a clinical trial, and supportive care. New agents are defined as those indicated for metastatic BC but not yet covered by national healthcare in China before 2019, which includes pertuzumab, trastuzumab, TDM-1, pyrotinib maleate tablets, CDK4/6 inhibitors, and PD-1/PDL-1 inhibitors in the current study. Breast-GPA was used to quantify the prognosis based on age at diagnosis of BM, number of intracranial metastases, extracranial metastases, molecular type, and KPS (10). Prospective clinical trials (PCTs) refer to registration trials of new anti-cancer agents (Supplementary Table 1). In the MDT group, if new lesions were discovered after the MDT meetings, they were recorded as “diagnosis updated”.





Statistical analysis

Post-brain metastasis OS (post-BM OS) was defined as the interval from the date when the first BM was diagnosed to the date of death or the last follow-up.

Statistical analyses were performed using IBM SPSS for Mac, version 26.0. (SPSS, Chicago, IL). The demographic, clinicopathological, and treatment characteristics of the patients recorded as categorical variables were summarized and compared between those who entered in MDT discussion and those who did not, utilizing the chi-squared test at a significance level of 0.05 (Tables 1, 2). Odds ratios (ORs) were estimated by logistic regression modeling. To estimate the odds ratios associated with various patient characteristics for receiving intracranial RT or participation in clinical trials, a multivariable logistic regression analysis was conducted (Tables 3–5). Survival curves were constructed using the Kaplan−Meier method and compared using the log-rank test. p < 0.05 was considered statistically significant.


Table 1 | Baseline clinicopathological characteristics at the presentation or at the initial BM.





Table 2 | Disease status and treatment characteristics of two groups after initial BM or DM.





Table 3 | Multivariate regression analyses of receiving courses of intracranial RT.




Table 4 | Multivariate regression analyses associated with radiotherapeutic techniques (SRS/WBRT-HA vs. WBRT only).




Table 5 | Multivariate regression analyses associated with participation in prospective clinical trials.








Results




Baseline patient characteristics at the first presentation and the initial BM

A total of 211 female patients diagnosed with BCBM with follow-up information were eligible for inclusion in the current study (see Figure 1). Among these patients, 105 (49.8%) attended at least one MDT discussion while 106 (50.2%) did not. At baseline, the clinicopathological, treatment, and characteristics at the first presentation and the initial BM were generally balanced between the two groups (Table 1). There were 35.5 (16.6%) patients and 37 (17.5%) patients aged older than 60 years in the MDT and no-MDT cohorts, respectively. Patients with Luminal A, Luminal B, triple‐negative, and HER2 overexpression were 10 (4.7%), 49 (23.2%), 25 (11.8%), and 21 (10.0%) in the MDT group, and 13 (6.2%), 35 (16.6%), 22 (10.4%), and 36 (17.1%) in the no-MDT group, respectively.




Figure 1 | Flowchart of enrollment.







MDT and “diagnosis updated”

Among the MDT group, all patients with initial BM and a proportion of patients with recurrent brain metastases participated in the MDT meeting. In the MDT group (n = 105), 56 cases (53.3%) were documented as intracranial “diagnosis updated” at initial BM. Six cases (5.7%) were revised from 0 to 1 lesion, 4 (3.8%) from “single lesion” to “limited metastases (2–4 lesions)”, and 25 (23.8%) from “limited metastases” to multiple metastasis” (>4 lesions). The median number of intracranial BM lesions in patients before and after MDT discussion were 3 [interquartile range (IQR): 1–4] and 3 (IQR: 2–5), respectively (p < 0.001) (see Figure 2A). Throughout the whole course of disease of BM, 14 cases (13.4%) were documented as extracranial “diagnosis updated”, including new metastatic lesions in the skull (6.7%), adrenal gland (5.8%), and musculus ocularis (1.0%). Before MDT, 89 patients (84.8%) were diagnosed with no meningeal metastases, 12 patients (11.4%) were diagnosed with leptomeningeal metastases, and 3 patients (2.9%) were diagnosed with dural metastases. After MDT, another 12 cases (11.4%) were revised from no meningeal metastases to leptomeningeal metastases, and 3 (2.9%) were revised from no meningeal metastases to dural metastases (see Figure 2B).




Figure 2 | Estimation plot of intracranial “diagnosis updated”: comparison of number of intracranial lesions before and after MDT discussion at initial brain metastasis (A), and comparison of meningeal metastases before and after MDT discussion throughout the course of disease (B).



These updated diagnoses led to revision of the therapeutic decision, including a switch from WBRT-HA to WBRT in four cases (3.8%) following the discovery of a new lesion close to the hippocampus and a switch to WBRT from SRS/fSRT in 10 patients (9.6%) following newly found multifocal or meningeal metastases.





Disease status throughout the whole course of disease

During the disease course, patients in the MDT group were recorded a higher proportion of meningeal metastases (14.3% vs. 4.8%, p = 0.02), symptomatic tumor progression such as moderate amount of malignant pericardial/pleural effusion or pathologic fracture (11.2% vs. 5.7%, p = 0.04), and an increased number of occurrences of BM progression (p < 0.05) (Table 2).





Influence of MDT on therapeutic strategy

Treatment information associated with local intracranial or systematic therapies after the initial BM or distant metastases (DM) were collected. As shown in Table 2, the number of intracranial RT courses, techniques of intracranial RT, enrollment in clinical trials, utilization of new agents, and number of posterior-line systemic therapy after initial BM exhibited significant differences between the two groups (all p < 0.05, Table 2).

Among the nine patients who underwent surgical resection followed by postsurgical intracranial RT, five were in the MDT group and four were in the non-MDT group. A total of 185 patients (87.6%) received intracranial RT. The MDT group had a higher proportion of patients receiving ≥2 courses of intracranial RT compared to the non-MDT group (18.9% vs. 2.9%, p < 0.001, Table 2). Factors such as primary surgery style, re-biopsy after initial DM or BM, and intracranial RT techniques at initial BM were associated with the number of courses of intracranial RT (all p < 0.05, Supplementary Table 2). On multivariable ordinal logistic regression analysis, attending MDT [OR 9.1, 95% confidence interval (CI) 2.9–21.3, p < 0.001] was associated with an increased course of intracranial RT (Table 3). Patients treated with WBRT at initial BM had approximately 80% lower odds of receiving repeat intracranial RT compared to those treated with novel RT techniques such as WBRT-HA or SRS/fSRS (OR 0.2, 95% CI 0.1–0.6,  p = 0.002). Molecular subtype showed no statistical significance in univariate analysis, but luminal A type showed a lower proportion of repeat RT compared to triple-negative type on multivariate analysis (OR 0.3, 95% CI 0.1–0.9, p = 0.044) (Table 3).

Patients in the MDT group had a higher likelihood of being treated with novel RT techniques such as WBRT-HA or SRS/fSRS compared to the non-MDT group (28.8% vs. 8.7%, p < 0.001). Univariate analysis also revealed that factors such as no infratentorial involvement and primary surgery style were significantly associated with the use of novel RT techniques (all p < 0.05, Supplementary Table 3). On multivariable analysis, attending MDT (OR 7.0, 95% CI 3.3–14.7, p < 0.001) was the only independent factor associated with novel RT technique use (see Table 4).

In terms of systemic therapy, the MDT group had a higher likelihood to undergo multiple lines of posterior systemic therapy compared to the non-MDT group [no-MDT vs. MDT (median, IQR): 1 (IQR: 0–2) vs. 1 (IQR: 1–2), p < 0.001]. A total of 51 (24.1%) patients received treatment with new anti-cancer agents. The MDT group had a higher opportunity to receive new agents for posterior systemic therapy lines after initial BM than non-MDT patients (20.7% vs. 3.4%, p < 0.001). Among 40 (19.2%) patients enrolled in clinical trials, 26 (65%) were treated with new agents. In univariate analysis, MDT patients had a higher chance of participating in clinical trials compared to non-MDT patients (15.2% vs. 3.8%, p < 0.001). Other factors, such as HER-2 positive status, grade I–II at presentation, receiving neo-adjuvant systematic therapy (NAST) and adjuvant systematic therapy (AST), clinical symptom at initial BM, and increased posterior line systemic therapy after initial BM were associated with PCT participation (Supplementary Table 4). Multivariate analysis showed that attending MDT (OR 4.7, 95% CI 1.2–11.9, p = 0.001) and HER-2-positive status (OR 2.3, 95% CI 1.1–4.6, p = 0.039) were independently associated with PCT participation (Table 5).





Analysis of disease outcomes

After a median follow-up time of 50.2 months, a total of 134 death events were recorded, with 84 in the non-MDT group and 50 in the MDT group. The post-BM OS was 15.5 ± 1.2 months in the entire cohort, with 34.2 ± 8.4 months in the MDT group and 8.2 ± 1.1 months in the non-MDT group (p < 0.01, Figure 3).




Figure 3 | Kaplan–Meier analysis of MDT and non-MDT: post-brain metastases overall survival.








Discussion

This research included 211 patients diagnosed as BCBM who received intracranial RT and posterior line systemic therapy after MDT discussion or not. We compared the pattern of treatment in patients who participated in MDT and those who did not participate, and thus analyzed the impact of MDTs on BCBM patients in a public health center. The findings of this research highlighted that the increased chances of receiving repeat intracranial RT, innovative RT techniques, and PCT participation significantly correlate with MDT discussion. In addition, MDT discussions could also play a valuable role of “diagnosis upgraded” in the diagnostic process. These improvements in treatment patterns ultimately led to better survival outcomes for patients involved in MDT discussions. To the best of our knowledge, it is the first study to provide direct evidence supporting the beneficial effects of MDTs in improving treatment patterns for BCBM patients.

MDT models for solid tumors with BM have been recommended as a standard strategy by the National Comprehensive Cancer Network (NCCN) guidelines as far back as 2011 (11). However, there are notable differences in the structures and functions of MDTs across countries and regions (6, 12). In the United Kingdom, MDT discussions are mandatory for all BC patients (7), whereas they are only mandatory in less than half of the countries in Asia (6). At our health center, the BC MDT system is routinely utilized for addressing surgery and (neo)adjuvant therapy for early BC cases (13). In our current research, BC patients have nearly a 50% chance of participating in MDT discussion after developing BM, particularly those with complex conditions such as tumor-related complications, recurrent BM, or meningeal metastases throughout the course of BM disease. One role of MDT is to provide a multidisciplinary combination of therapeutic interventions. Previous studies have also supported the positive impact of MDTs on improved medical and palliative care (14). In our study, out of the 36 (17.3%) patients with symptomatic tumor progression, 24 (11.5%) patients were recommended for MDT discussions to alleviate their symptoms. BC is the second most common malignant tumor associated with various organ-specific metastases, both intra- and extracranially (15–17). These complications often contribute to poor prognosis (18–20) and serve as common reasons for MDT referrals (21, 22). Another important role of MDTs is to facilitate effective and efficient communication among different specialists (23), shortening the time required for differential diagnosis and therapeutic decision-making (24, 25). In our current research, although only the intracranial lesions at the time of initial BM were recorded, it was found that 53.3% of patients experienced upgrades in their intracranial diagnoses following MDT discussions. Throughout the entire course of BM, 14.3% of patients were diagnosed with meningeal metastases, resulting in corresponding modifications to their therapeutic strategies in 15.7% of cases. These findings confirm our hypothesis that MDTs provide efficient diagnostic and therapeutic interventions.

Over the past decades, the therapeutic approaches for BCBM have greatly evolved (26). Systemic therapy has become increasingly important, especially for HER2-positive disease. The novel anticancer agents such as monoclonal antibodies, tyrosine kinase inhibitors, and ADCs targeting the HER2 receptor have expanded treatment options. CDK4/6 inhibitors for hormone receptor-positive disease and immunotherapy for triple-negative disease have also made a significant impact. However, a part of these therapies was less available before they were included by national healthcare since 2019. Yang reported that 40.5% of HER2-positive patients with BM did not receive anti-HER2 therapy between 2003 and 2015 (19). In a previous study from our center, Ou et al. reported that anti-HER2 agents were used in only 30.8% of BMs from HER2-positive BC between 2009 and 2017 (27). In our current research, by the end of 2021, 20.7% of patients in the MDT group had received at least one of the new agents, which was only 3.4% in the non-MDT group (p < 0.001). MDT patients also had higher rates of receiving multiple lines of systemic therapy after developing BM compared to those without MDT involvement (p < 0.001). In addition, MDT patients were also more likely to participate in PCT, especially patients with HER2-positive disease. Patients in the MDT group have nearly four times higher odds of participating in receiving PCT than those in the non-MDT group. This is in line with previous literature that show that MDT could increase in the proportion of patients being considered for clinical trials (6), supporting the recommendations of guidelines such as those of the American Society of Clinical Oncology (ASCO), the Society for Neuro-Oncology (SNO), and the American Society for Radiation Oncology (ASTRO) (8), and Neuro-Oncology (EANO)–European Society for Medical Oncology (ESMO) Guidelines, which encourage eligible patients to participate in clinical research and highlight the benefits of MDT collaboration in enhancing the overall quality of systemic treatment for BCBM.

When systemic therapy contributes to extracranial disease control, the need for better intracranial disease control with less toxicities is increasing. According to EANO–ESMO Clinical Practice Guidelines (28), surgical resection could rapidly relieve symptoms of cerebral edema and hydrocephalus. However, in our current research, only a few patients underwent surgical resection for extracranial metastases. Instead, more than 85% of patients received intracranial RT. SRS and WBRT-HA were high-precision RT approaches that cause less cognitive deterioration compared to conventional WBRT (29–31). A previous radiologic study from our team also found a low rate of hippocampal involvement in newly diagnosed BMs from BC and lung cancer (32). The indication of SRS/fSRT depends on the anatomical location and size of a single metastasis and is less limited by the number of metastases than before. SRS/fSRT has shown comparable therapeutic outcomes in patients with 4 to 10 brain metastases compared to those with 1–3 metastases (33, 34). In our study, patients in the MDT group underwent a more comprehensive review of radiological images. As a result, 53.3% of patients had their intracranial “diagnosis updated” regarding the number of lesions (p < 0.05). Although some patients had their RT strategy modified after the updated diagnosis, MDT patients were approximately 6.0 times more likely to undergo novel RT techniques compared to non-MDT patients (OR 7.0, 95% CI 3.3–14.7, p < 0.001). Following SRS/fSRT alone, local or distant brain failures have been reported in 25% to 50% of patients within 1 year (35, 36). The salvage strategy typically involves WBRT or a repeated course of SRS/fSRT. Moreau et al. demonstrated that implementing a second SRS required careful dose and volume limitations to ensure favorable rates of local control and acceptable toxicities (37). In our study, one factor influencing repeat intracranial RT was the previous technique used for the initial BM. Patients who have previously received novel technique had four times higher odds of repeat intracranial RT compared to those who have not (WBRT vs. WBRT-HA or SRS/fSRS: OR 0.2, 95% CI 0.1–0.6,  p = 0.002). Another important factor was attending MDT. MDT patients had eight times higher odds of undergoing repeat intracranial RT (OR 9.1, 95% CI 2.9–21.3, p < 0.001) when there was progression of BM. This was due to the communication platform facilitating a better differential diagnosis of disease progression or necrosis through the evaluation of treatment planning and MRI in the MDT, particularly for patients who had received previous intracranial RT. This helps guide the decision-making regarding salvage WBRT or a repeated SRS strategy.

In summary, MDT plays a crucial role in promoting the practical application of local and systemic treatment patterns. Huang et al. discovered that patients who received repeat RT to control intracranial progression experienced greater clinical benefits in terms of progression-free survival, compared to those with uncontrolled intracranial lesions (7.7 vs. 4.6 months, p = 0.009) (38), suggesting a potential delay in death through repeat RT. Walker et al. demonstrated that patients receiving SRS had longer OS than those receiving WBRT (HR 0.633 [0.535–0.750]; p < 0.001) (39). In our current research, owing to more comprehensive evaluation of the intracranial and extracranial metastatic burden, increased utilization of novel anticancer agents, and higher application rate of precise modern radiotherapeutic techniques, all these treatment patterns improved by MDT contributed to enhanced OS outcomes for patients after BM (34.2 ± 8.4 vs. 8.2 ± 1.1 months, p < 0.01).

As a retrospective study, our study has some inherent limitations, such as inevitable selection bias. The relatively limited sample size prevents us from further discussing the personalized treatment plans and performing recognition analysis. In addition, our research does not provide detailed descriptions of toxicity, adverse reactions, or the timing of RT interventions. Nevertheless, our data can serve as encouragement for physicians to organize and refer BM patients to MDTs.





Conclusion

Patients with complex conditions such as tumor-related complications, meningeal metastases, or repeated BM progressions are more likely to be referred to MDT discussion. Our study suggests that MDT for BCBM patients improves the pattern of care including both intracranial therapeutic decision and systemic therapy choices, resulting in benefits of OS after BM. Our finding encourages the recommendations of BMBC patients to be presented to an MDT not only at first diagnosis of BM but also at the time of subsequent progresses.
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