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Objective

This retrospective study evaluated the survival advantage of local treatment targeted to brain metastases, relative to systemic therapy, as the first option for brain metastases of non-small cell lung cancer (NSCLC).



Methods

First reviewed were 291 cases of NSCLC brain metastases from two centers. All patients were at least 18 years old, with histologically confirmed NSCLC, and required and underwent both local (radiotherapy or brain surgery) and systemic treatment (chemotherapy and tyrosine kinase inhibitor [TKI] medication). Demographics, clinical characteristics, and treatment-related variables were collected.



Results

The final population comprised 160 patients. Overall, the multivariate analysis suggested that the following were associated with better survival: >3 cycles of chemotherapy; stereotactic radiosurgery; and TKI medication (all, P = 0.000). Local treatment that began within 1 week of the diagnosis of brain metastases was associated with poorer survival (P = 0.006). Among the 111 patients with symptomatic brain metastases, the multivariate analysis indicated that better survival was associated with >3 cycles of chemotherapy (P = 0.000), radiation dose >40 Gy (P = 0.001), stereotactic radiosurgery (P = 0.000), and TKI medication (P = 0.000), while local treatment that began within 1 week after the diagnosis of brain metastases was associated with poorer survival (P = 0.015).



Conclusions

For patients with NSCLC brain metastases, regardless of the presence of clinical symptoms associated with brain metastases, systemic treatment before local may be better for survival. Even when used to relieve clinical symptoms, local treatment should be within a setting of sufficient systemic treatment.
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Introduction

Lung cancer is the deadliest malignancy in both China and the United States (1, 2). The incidence of lung cancer metastasized to the brain is about 30% to 50% and seriously threatens the life of patients (3). Left untreated, the median overall survival (OS) time of patients with lung cancer brain metastases is 3 to 6 months, or even less (4). With rapid developments in medicine, the median survival time has become about 16 months (5).

The treatment of lung cancer brain metastases involves both local (surgery and radiation) and systemic therapies (molecularly targeted agents, chemotherapy, and immunotherapy) (6, 7), depending on whether patients are symptomatic or asymptomatic. Chinese and American guidelines generally recommend that patients with symptomatic brain metastases receive both local and systemic treatment, especially for intracranial masses. Patients who are asymptomatic receive systemic treatment, and local treatment is applied as necessary (8, 9).

The present retrospective study addressed whether the treatment sequence, that is, whether systemic or local therapy is applied first, influences survival outcomes in both symptomatic and asymptomatic patients.



Materials and Methods


Data Collection

The records of 291 patients with brain metastases of non-small cell lung cancer (NSCLC) were reviewed at Tianjin Medical University Cancer Institute and Hospital (2015.1–2017.1) and Tangshan Gongren Hospital (2011.3–2019.1). Patients included in the analysis met the following criteria: at least 18 years of age; with histologically confirmed NSCLC; and requiring both local and systemic treatment. Among the initial 291 patients considered, 131 were excluded for receiving local treatment only, systemic treatment only, or neither treatment. Local treatment meant targeted to the brain metastases and included radiotherapy and brain surgery. Systemic treatment was directed toward all lesions, such as chemotherapy and tyrosine kinase inhibitor (TKI) medication. Examples of the latter are epidermal growth factor receptor (EGFR) TKI and anaplastic lymphoma kinase (ALK) TKI. The use of immune checkpoint inhibitors was not included in this analysis.

Finally, 160 patients met the above criteria. Data concerning background, clinical characteristics, and treatment-related variables were collected. The following stratification factors were selected according to clinical knowledge: age; Karnofsky Performance Scale (KPS) score; brain metastatic symptoms; brain metastatic lesions; extracranial metastases; primary lesion control; and liver metastases. Factors pertaining to treatment were type and starting time of initial treatment, the number of chemotherapy cycles, TKI medication, and the cycle of systemic treatment at which local treatment began, and radiation dosage.



Follow-Up

Telephone follow-ups and search of the hospital medical record systems were conducted by C-LM at Tianjin Medical University Cancer Institute and Hospital and H-ML at Tangshan Gongren Hospital. If the patient’s phone was disconnected, the last discharge date was considered the date of loss of follow-up (21 patients). OS was defined as the time from the diagnosis of brain metastases to tumor-related death or loss of follow-up. The end date of the follow-up was 1 October 2020.



Statistical Analysis

The Cox proportional hazard model was used for univariate and multivariate analyses. Chi-squared and Fisher’s exact test were used to analyze categorical variables. P < 0.05 was considered statistically significant. SPSS version 24.0 was used as the statistical software.




Results

The study population comprised 160 patients (100 men, 60 women) who met the criteria and were treated from March 2011 to January 2019. Among them, there were 111 and 49 symptomatic and asymptomatic patients, respectively (Table 1). Local treatments for brain metastases were the following: three-dimensional conformal radiation therapy (3D-CRT), intensity-modulated radiation therapy (IMRT), stereotactic radiosurgery (SRS), or brain surgery. Among the 160 patients, 15 (9.4%) underwent brain surgery, and 52 (32.5%) were given TKI medication. A total of 50 patients took first-generation EGFR-TKI, and 1 patient each was administered, respectively, with second-generation EGFR-TKI and second-generation ALK-TKI. Nine patients were given osimertinib after progressive disease.


Table 1 | Patient characteristics of the overall (n = 160) and symptomatic (n = 111) populations, n.



For all the 160 patients, the univariate analysis showed that longer survival was linked to the following: age less than 65 years, more than three chemotherapy cycles, SRS, and TKI medication (Table 2). Local treatment proceeding systemic treatment was associated with shorter survival rather than vice versa. The multivariate analysis showed that longer survival was associated with more than three chemotherapy cycles, SRS, and TKI medication (each, P = 0.000; Table 3 and Figure 1). The initiation of local treatment within 1 week of diagnosis of brain metastases was associated with shorter survival (P = 0.006).


Table 2 | Univariate analysis of variables in overall (n = 160) and symptomatic (n = 111) populations, P values.




Table 3 | Multivariate analysis of variables in the overall (n = 160) and symptomatic (n = 111) populations.






Figure 1 | Multivariate analysis of variables in the overall populations.



For the group of 111 patients with symptomatic brain metastases, the univariate analysis showed that factors that led to longer survival were the following: younger than 65 years, more than three chemotherapy cycles, SRS, and TKI medication (Table 2). Local treatment proceeding systemic treatment was associated with shorter survival rather than vice versa. Multivariate analysis showed that longer survival was associated with more than three chemotherapy cycles (P = 0.000), SRS (P = 0.000), radiation dose >40 Gy (P = 0.001), and TKI medication (P = 0.000). Local treatment that was started within 1 week of the diagnosis of brain metastases was associated with shorter survival (P = 0.015; Table 3 and Figure 2).




Figure 2 | Multivariate analysis of variables in the symptomatic populations.



The patients were further stratified based on whether local treatment was given within, or after, 1 week of diagnosis (i.e., ≤1 w cf. >1 w; Table 4). Among the 160 patients overall, compared with the group that received local treatment after 1 week, the percentage of patients older than 65 years was significantly higher (P = 0.037), and the rate of liver metastases was greater (P = 0.032), in the group that was given local treatment within 1 week. None of the patients in the latter group received SRS (P = 0.004). Considering only the 111 patients with symptomatic brain metastases, there were no significant differences in variables between the two groups.


Table 4 | Patient characteristics of the overall and symptomatic populations after stratified.





Discussion

The results of this study suggest that local treatment within 1 week of diagnosis of NSCLC brain metastases, prior to systemic treatment, leads to a shorter survival.

Our results are consistent with some previous studies (10–12). In a phase III clinical trial, Robinet et al. (10) confirmed the efficacy of chemotherapy for treating brain metastases of NSCLC, and concurrent whole brain radiation therapy (WBRT), early or delayed, did not influence survival. Chen et al. (11) found that the median survival associated with combined systemic and local therapy was longer than that of either systemic or local therapy alone. In the same study, however, the median OS of patients given combined systemic and early brain (i.e., local) radiotherapy was inferior to that of patients given combined systemic therapy and deferred brain radiotherapy. Liu et al. (12) showed that, for patients with EGFR mutation and without symptoms of brain metastasis, first-line systemic treatment was associated with longer survival compared with first-line radiotherapy. The above three studies suggest that, for patients with brain metastases, systemic treatment prior to local treatment was more favorable for prognosis than vice versa.

To investigate the poorer prognosis of patients who undergo local treatment within 1 week of diagnosis, the present study compared the clinical features of the groups given early (≤1 w) or late (>1 w) local treatment. Remembering that this was a retrospective study and that patients were not randomly assigned to a specific treatment, the group who received early local treatment contained a higher percentage of elderly patients, a higher percentage of patients complicated by liver metastases, and none of the patients who received SRS. Among the 19 patients who received SRS (i.e., in the late local treatment group), only 1 patient had liver metastases. This may be because of the acknowledged importance to prognosis of systemic treatment for patients with liver metastases (13, 14). And this reminded us that systemic treatment must be given first for patients both with brain metastases and liver metastases.

In a phase III clinical trial (15) concerning the treatment sequence for asymptomatic cerebral oligo-metastases (1-4 lesions) in NSCLC, SRS and then chemotherapy did not improve OS, relative to upfront chemotherapy. Thus, for asymptomatic patients with brain metastases, systemic treatment is preferred first. However, there have been no comparable clinical studies concerning the sequence of treatment for patients with symptomatic brain metastases. The present study indicates that early local treatment (≤1 w) leads to a poor prognosis, and there was no significant difference in clinical features between early local treatment (≤1 w) and late local treatment(>1 w).Therefore, for the patients with symptomatic brain metastasis, systemic treatment first was more appropriate, and local treatment is added to relieve symptoms. If radiotherapy was given to the brain, our study showed that higher doses (>40 Gy) were better for prognosis. Meng et al. (16) also reported that patients who were treated with whole brain radiotherapy plus focal radiation boost experienced significantly longer OS and intracranial progression-free survival than did those with whole brain radiotherapy alone or SRS alone.

The present study also showed that sufficient systemic therapy and TKI medication were associated with longer survival. This has been demonstrated in previous studies (17, 18). Bo et al. (17) showed that systemic therapy plus either SRS or whole brain radiotherapy may significantly reduce the risk of mortality compared with radiotherapy alone for patients with one to three brain metastatic lesions of NSCLC. Hironori et al. (18) reported that, for patients with newly diagnosed brain metastases of NSCLC, the OS was significantly longer than that of patients without a driver mutation.

The present study is limited by the defects that are inherent to a retrospective study, including that the number of brain metastases count not be counted. It should also be noted that systemic therapy did not always include immunotherapy, and that adverse effects associated with brain radiotherapy were not considered.



Conclusions

Our data showed that for patients with NSCLC brain metastasis, regardless of the clinical symptoms associated with brain metastasis, systemic treatment first may be better for survival. Even if local treatment is used to relieve the clinical symptoms, it should be conducted under the condition of sufficient systemic treatment.
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