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Background

Owing to improved systemic therapies, the survival of patients with non-small cell lung cancer (NSCLC) was prolonged, and the risk of brain metastases was consequently increased. This study aims to compare different radiotherapy for brain metastases in patients with NSCLC.



Materials and methods

The patients with NSCLC who were treated with whole brain radiation therapy (WBRT) or stereotactic radiosurgery (SRS) for brain metastases at three medical centers between January 2012 and December 2017 were retrospectively analyzed.



Results

Of the 684 eligible patients, 217 received WBRT plus focal radiation boost (WBRT+boost), 324 received WBRT, and 143 received SRS. Patients with WBRT+boost lived longer than those with WBRT (median overall survival (OS), 22.2 vs 13.7 months, P < 0.001) or SRS (22.2 vs 17.3 months, P = 0.011). In subgroup analyses, the survival advantage of WBRT+boost was more obvious among patients with 1 to 3 brain metastases or who received targeted therapy than did SRS. From pair-wise comparisons of intracranial progression-free survival (iPFS), WBRT+boost was also superior to WBRT (12.9 vs 10.6 months, P = 0.028) and SRS (12.9 vs 9.1 months, P = 0.001).



Conclusions

Patients who were treated with WBRT+boost experienced significantly longer OS and iPFS than those with WBRT or SRS alone. WBRT+boost should be a preferred strategy for brain metastases in NSCLC patients.
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Introduction

Brain metastasis is the most common source of central nervous system tumors, and the majority of brain metastases originate from non-small cell lung cancer (NSCLC) (1, 2). The prognosis of NSCLC patients with brain metastasis is poor. With the best supportive care (dexamethasone), the median overall survival (OS) is only 8.5 weeks (3). In 1970 to 1990s, whole brain radiation therapy (WBRT) became the standard treatment for brain metastasis, which doubled the median OS to 16 weeks (4). However, no studies were conducted to identify whether other altered fractionation schemes could obtain a longer survival benefit or less neurotoxicity than the scheme of 30Gy in 10 fractions (5). Since 1990s, the treatment of brain metastasis evolved localized therapies such as surgery, stereotactic radiosurgery (SRS), three-dimensional conformal radiotherapy (3D-CRT), intensity-modulated radiation therapy (IMRT), or combinations of the above treatments, together with systemic therapies, such as chemotherapy, molecular targeted therapy, and immunotherapy (6, 7). With these treatments, median OS has been prolonged to more than 10 months (8, 9). For patients with drug-sensitive gene mutations, tyrosine kinase inhibitor (TKI) therapy could even prolong the median OS to 46 months (10). Owing to various of effective systemic therapies, the risk of brain metastases was also increased because of the prolonged survival. Currently, whether WBRT should be administered or not is still of considerable controversy. In order to decrease the neurotoxicity, some investigators suggested that SRS should/might be a standard treatment for limited brain metastases (up to 4 brain metastases), and even for multiple brain metastases (5–10 brain metastases) (8, 11, 12). In order to improve the intracranial control rate, some investigators proposed the use of WBRT plus focal radiation boost (13, 14). Therefore, it is important to identify a better strategy for brain metastasis in patients with NSCLC.



Materials and Methods


Data Collection

This was a multi-center retrospective study. The NSCLC patients who treated with WBRT or SRS for brain metastases in three medical institutions between January 2012 and December 2017 were reviewed. The eligible criteria included pathologically identified NSCLC and imaging (MRI/CT) identified brain metastases. All patients were treated with WBRT or SRS for brain metastases. Cranial MRI/CT surveillance was performed every 2 to 3 months after brain radiotherapy, then every 5 to 6 months after 3 years. Patients with incomplete medical records or those who did not complete the prescribed treatment were excluded (Figure 1). According to the accepted brain radiotherapy, the remaining 684 patients were divided into three groups: the WBRT plus focal radiation boost group (WBRT+boost, n = 217), WBRT group (n = 324), and SRS group (n = 143). The general characteristics were recorded, including gender, age, Karnofsky Performance Status (KPS), diagnosis-specific Graded Prognostic Assessment (DS-GPA), gene mutations, number of brain metastases, maximum size of brain metastasis, systemic treatment, type of radiotherapy, and extracranial metastases.




Figure 1 | Patients screened and determined to be, eligible or ineligible for inclusion in the study. Abbreviations: WBRT+boost, WBRT plus focal radiation boost.





Study Treatment

WBRT was performed using 3D-CRT or IMRT techniques, and for 19 patients, WBRT was administered under guidance by 2D-CRT. In WBRT, the clinical target volume (CTV) was contoured as the region of the whole brain, and expansion of the CTV by 3 mm was used as the planning tumor volume (PTV). The radiation dose was 25 to 45 Gy in 10 to 20 fractions, 2 to 3 Gy per fraction. The additional radiation boost following WBRT was delivered by linear accelerators, with the total dose of 10 to 30 Gy in 5 to 15 fractions. The gross tumor volume (GTV) was defined as the range of contrast-enhanced tumor, and expansion of the GTV by 2 to 3 mm was used as the PTV. SRS was performed using gamma knife according to the size of the brain metastasis and the location of the tumor in the functional area, with a 40% to 60% isodose line. The prescribed radiation dose of SRS was 13.5 to 21.0 Gy in 1 to 2 fractions, 8.5 to 16.0 Gy per fraction.



Study End Points and Statistical Analysis

The primary end point was OS, and the secondary end point was iPFS (the progression of intracranial metastases or death). Disease progression was assessed according to the Response Evaluation Criteria in Solid Tumors version 1.1 criteria (15). All end points were defined as the time from the start of brain radiotherapy to the respective events, which were censored at the final follow-up (data cutoff was December 31, 2018) if no respective events were observed. The general characteristics of patients were calculated by ANOVA or Chi-square test. The OS and iPFS were evaluated by Kaplan–Meier method, and groups were compared using the Breslow test. For pairwise comparisons of OS, multiplicity adjustment was implemented by the sequentially rejective Bonferroni method (16). Planned subgroup analyses of OS among WBRT+boost and SRS group did not adjust for multiplicity adjustment, so these results should be interpreted as exploratory. Univariate and multivariate analyses based on Cox proportional hazards regression models were performed to assess the impact of prognostic variables (17). A two-sided value of P < 0.05 was considered as statistically significant. All analyses were performed using IBM SPSS version 22.0 (IBM Corp).




Results


Patient Characteristics

Among the 684 included patients, 447 (65.3%) patients had died, 130 (19.0%) patients remained alive, and 107 (15.6%) patients were lost to follow-up. The mean age was 58 years (SD, 10 years); 399 (58.3%) patients were men. The baseline characteristics of patients are presented in Table 1.


Table 1 | Baseline characteristics of the included NSCLC patients with brain metastases.





Overall Survival

The median follow-up time was 13.0 months. Significant differences in OS were observed among the WBRT+boost, WBRT, and SRS groups (22.2 vs 13.7 vs 17.3 months, P < 0.001, Figure 2). Upon pairwise comparison of the OS rates, WBRT+boost resulted in longer OS than in WBRT (22.2 vs 13.7 months; P < 0.001) or SRS (22.2 vs 17.3 months; P = 0.011). This finding was also supported by univariate analysis (Table 2). Additionally, no significant difference in OS was observed between the WBRT and SRS groups (13.7 vs 17.3 months; P = 0.221, Figure 2).




Figure 2 | Comparison of overall survival according to the type of adjuvant radiotherapy received. WBRT+boost indicates whole brain radiotherapy plus focal radiation boost; WBRT, whole brain radiotherapy; SRS, stereotactic radiosurgery. There were significant differences in overall survival among the WBRT+boost, WBRT, and SRS groups (22.2 vs 13.7 vs 17.3 months, P < 0.001).




Table 2 | Univariate and multivariate analyses of factors influencing OS of NSCLC patients with brain metastases.





Subgroup Analyses

To further analyze the OS between WBRT+boost and SRS group, subgroup analyses were conducted based on number of brain metastases, and use of systemic treatment. Patients with WBRT+boost experienced a longer OS than SRS in patients with 1 to 3 brain metastases (24.6 vs 14.3 months, P = 0.001; eFigure 1A in the Supplement), or in patients who received targeted therapy (31.0 vs 17.3 months, P = 0.026; eFigure 2A in the Supplement). No survival advantage was observed in patients with multiple (>3) brain metastases (19.1 vs 18.3 months, P = 0.649; eFigure 1B in the Supplement) or in patients who did not receive targeted therapy (19.2 vs 18.3 months, P = 0.146; eFigure 2B in the Supplement).



Intracranial Progression-free Survival

Significant differences in the iPFS were observed among the WBRT+boost, WBRT, and SRS groups (12.9 vs 10.6 vs 9.1 months, P = 0.004; Figure 3). From pairwise comparisons of groups, the iPFS of WBRT+boost group was significantly longer than WBRT (12.9 vs 10.6 months, P = 0.028) or SRS (12.9 vs 9.1 months, P = 0.001). No significant difference in iPFS was observed between the WBRT and SRS groups (10.6 vs 9.1 months, P = 0.108; Figure 3).




Figure 3 | Comparison of intracranial tumor progression-free survival according to the type of adjuvant radiotherapy received. Abbreviations: WBRT+boost indicates whole brain radiotherapy plus focal radiation boost; WBRT, whole brain radiotherapy; SRS, stereotactic radiosurgery. The intracranial tumor progression-free survival time was different among the WBRT+boost, WBRT alone, and SRS alone groups (12.9 vs 10.6 vs 9.1 months, P = 0.004).





Univariate and Multivariate Analyses of Survival

Statistically significant covariates in univariate analysis were further analyzed by multivariate Cox proportional hazards analyses. In multivariate analyses for OS, female sex, high DS-GPA score (1.5–4), targeted therapy, and WBRT+boost were significant protective factors. The mortality rates in patients who were treated with WBRT and SRS alone were about 1.4-fold greater than those with WBRT+boost. KPS scores, the size and number of brain metastases were not significantly associated with OS (Table 2). Additionally, sex, DS-GPA score, systemic therapy, and the type of radiotherapy were also significant prognostic factors for iPFS (Table 3).


Table 3 | Univariate and multivariate analyses of factors influencing iPFS in NSCLC patients with brain metastases.






Discussion

Our data showed that WBRT+boost resulted in significantly longer iPFS and OS than did WBRT or SRS, in agreement with other reported series (9, 18). For iPFS, Rades et al. found that WBRT plus stereotactic boost achieved better iPFS at 1-year than WBRT (71% vs 48%, P = 0.005) (18). Additionally, Brown et al. reported that patients who were treated with WBRT plus SRS was associated with significantly higher 1-year intracranial control rate than SRS alone (90.1% vs 72.8%, P = 0.003) (9). As for OS, some studies observed a survival advantage in WBRT+boost group over WBRT group (13, 19). In the RTOG 9508 randomized clinical trial, Andrews et al. found that compared to WBRT alone, WBRT plus SRS increased the OS in patients with single brain metastasis (6.5 vs 4.9 months, P = 0.039) (13). Sun et al. also found that WBRT plus radiation boost increased OS than WBRT alone in SCLC patients (13.4 vs 8.5 months, P = 0.004) (19). Of note, none of the above studies only included NSCLC patients.

The most important finding in this study was that WBRT+boost resulted in significantly longer iPFS and OS than SRS. To further analyze the survival difference between WBRT+boost and SRS group, several subgroup analyses were performed. Compared to SRS in patients with either 1 to 3 brain metastases, WBRT+boost improved survival (25.3 vs 17.8 months, P < 0.001). Similarly, compared to patients who received targeted therapy, WBRT+boost also improved survival (32.5 vs 23.7 months, P = 0.033). These results challenged the current guidelines for brain metastases. For example, National Comprehensive Cancer Network (NCCN) guidelines version 7·2019 recommend SRS alone for patients with limited brain metastases. WBRT or additional focal boost was totally abandoned in the treatment for these patients. This strong recommendation was originated from Brown’s famous randomized clinical trial published on JAMA 2016. Although they reported that the SRS plus WBRT lead to much lower cumulative incidence of intracranial tumor progression than SRS alone (6.3% vs 24.7% at 3 months, 11.6% vs 35.3% at 6 months, and 15.0% vs 49.5% at 12 months; P < 0.001), there was no significant difference in OS (7.4 vs 10.4 months, P = 0.92). Thus, they concluded that SRS alone were a preferred strategy in patients with limited brain metastases (9). The conclusion was then widely accepted by oncologists because it originated from the multicenter randomized clinical trial, and was therefore cited in NCCN guidelines. WBRT has been abandoned because of the side effects of cognitive impairment (20). Notably, the median OS in our study were much better than those reported by Brown et al. (9). Such improvement in OS could possibly be attributed to the use of multidisciplinary comprehensive treatments, particularly the targeted therapy (8, 21). According to the published articles included in Table 4, the median OS in NSCLC patients with brain metastases has been prolonged by administration of targeted therapy (8–10, 13, 21). Other researches have showed that prolonged survival can also result in higher incidence of intracranial metastasis recurrence, which was always associated with a neurologic deficit (22–24). With the improved extracranial control by effective targeted therapy or other systematic therapy, the high intracranial tumor control rate following WBRT+boost may translate into OS benefit. Therefore, this study suggested that WBRT+boost might be a preferred strategy for brain metastases in NSCLC patients, especially in patients with 1 to 3 brain metastases in the era of effective systematic therapy.


Table 4 | Literature review of adjuvant treatments with radiotherapy or TKI for brain metastases.



Of course, we did not ignore the cognitive decline caused by WBRT, too. NRG Oncology CC001 trial showed that in the absence of differences in OS and intracranial PFS, hippocampus sparing during WBRT plus memantine significantly reduced the risk of cognitive failure than did WBRT plus memantine (HR, 0.74; 95% CI, 0.58–0.95; P = 0.02) (25). RTOG 0933 trail also showed that hippocampus sparing during WBRT was associated with preservation of neurocognitive function (26). Hippocampus sparing during WBRT plus focal boost may be associated with longer OS and lower neurotoxicity, of course, which needs to be verified by prospective randomized clinical trial.

Our present study also has several limitations. Firstly, the inherent characteristics of retrospective research and patient heterogeneity may have led to bias in the results. Second, the average prescription dose in this study was lower than RTOG prescription isodose (27), which may bias the results. Thirdly, this retrospective study did not evaluate radiation-related neurotoxicity.



Conclusions

Our data showed that for NSCLC patients who experienced brain metastases, WBRT+boost is associated with better OS and iPFS than WBRT or SRS alone. The additional focal radiation boost is not accompanied by increased neurotoxicity, the adjuvant WBRT is always associated with better intracranial local control. Therefore, WBRT+boost should be considered for NSCLC patients with brain metastases.
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Supplementary Figure 1 | Overall survival impact of number of brain metastases. Abbreviations: WBRT+boost indicates whole brain radiotherapy plus focal radiation boost; SRS, stereotactic radiosurgery. The plots showed that compared to SRS alone, a significant survival benefit of WBRT+boost in patients with 1 to 3 brain metastases (A) (24.6 vs 14.3 months, P = 0.001).

Supplementary Figure 2 | Comparison of overall survival among subgroups based on the administration of systemic treatment. Abbreviations: WBRT+boost indicates whole brain radiotherapy plus focal radiation boost; SRS, stereotactic radiosurgery. The plots showed a significant difference in OS was observed in patients who received targeted therapy (A) in the comparison of groups (31.0 vs 17.3 months, P = 0.026).
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