

[image: The Sequence of Intracranial Radiotherapy and Systemic Treatment With Tyrosine Kinase Inhibitors for Gene-Driven Non-Small Cell Lung Cancer Brain Metastases in the Targeted Treatment Era: A 10-Year Single-Center Experience]
The Sequence of Intracranial Radiotherapy and Systemic Treatment With Tyrosine Kinase Inhibitors for Gene-Driven Non-Small Cell Lung Cancer Brain Metastases in the Targeted Treatment Era: A 10-Year Single-Center Experience





ORIGINAL RESEARCH

published: 14 October 2021

doi: 10.3389/fonc.2021.732883

[image: image2]


The Sequence of Intracranial Radiotherapy and Systemic Treatment With Tyrosine Kinase Inhibitors for Gene-Driven Non-Small Cell Lung Cancer Brain Metastases in the Targeted Treatment Era: A 10-Year Single-Center Experience


Siran Yang 1, Jianping Xiao 1*, Qingfeng Liu 1, Ye Zhang 1, Nan Bi 1, Xiaodong Huang 1, Xuesong Chen 1, Kai Wang 1, Yuchao Ma 1, Lei Deng 1, Wenqing Wang 1, Ruizhi Zhao 1, Junling Li 2, Junlin Yi 1, Shulian Wang 1* and Yexiong Li 1


1 Department of Radiation Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China, 2 Department of Medical Oncology, National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing, China




Edited by: 

Alessio Bruni, University Hospital of Modena, Italy

Reviewed by: 

Raphael Pfeffer, Assuta Medical Center, Israel

Evan Marshall Thomas, The Ohio State University, United States

*Correspondence: 
Jianping Xiao
 jpxiao8@163.com
 Shulian Wang
wsl20040118@yahoo.com 

Specialty section: 
 This article was submitted to Radiation Oncology, a section of the journal Frontiers in Oncology


Received: 29 June 2021

Accepted: 24 September 2021

Published: 14 October 2021

Citation:
Yang S, Xiao J, Liu Q, Zhang Y, Bi N, Huang X, Chen X, Wang K, Ma Y, Deng L, Wang W, Zhao R, Li J, Yi J, Wang S and Li Y (2021) The Sequence of Intracranial Radiotherapy and Systemic Treatment With Tyrosine Kinase Inhibitors for Gene-Driven Non-Small Cell Lung Cancer Brain Metastases in the Targeted Treatment Era: A 10-Year Single-Center Experience. Front. Oncol. 11:732883. doi: 10.3389/fonc.2021.732883




Purpose

The high intracranial efficacy of targeted therapeutic agents poses a challenge in determining the optimal sequence of local radiation therapy (RT) and systemic treatment with tyrosine kinase inhibitors (TKIs) in non-small cell lung cancer (NSCLC) patients with brain metastasis (BM). Therefore, we conducted a cohort study to elucidate the appropriate treatment strategy, either upfront RT or deferred RT including a toxicity assessment, in these patients.



Patients and Methods

We retrospectively evaluated patients with gene-driven BMs from a single institution and divided them into deferred and upfront RT groups. Survival was estimated using a log-rank test. Intracranial progression was estimated using Fine-Gray competing risks model. Cox proportional hazards regression was performed for multivariable analysis in the entire group and subgroups.



Results

Among the 198 eligible patients, 94 and 104 patients received deferred and upfront RT, respectively. The upfront RT group showed a lower intracranial progression risk with an adjusted sub-distribution hazard ratios of 0.41 (95% CI, 0.30–0.57) than did the deferred RT group (median intracranial progression-free survival [iPFS], 19.9 months vs. 11.1 months; p < 0.001). The median overall survival (OS; 43.2 months vs. 49.1 months, p = 0.377) and BM-specific survival (92.1 months vs. 82.9 months, p = 0.810) after salvage therapy were not significantly different between the upfront and deferred groups. Among patients with progressed extracranial disease, the deferred RT group showed significantly better OS than did the upfront RT group (44.0 vs. 28.1 months, p = 0.022). Grade 3–4 treatment-related adverse events were rare, and similar toxicities were observed between the two groups.



Conclusion

Compared to the deferred RT group, the upfront RT group achieved longer iPFS and similar survival outcomes in most patients with gene-driven NSCLC BM, although patients with progression of extracranial disease might benefit from deferred RT. Both groups showed well-tolerated toxicities.



Trial registration ID

NCT04832672.
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1 Introduction

As systemic therapies have improved, brain metastases (BM) have been increasingly reported as one of the most common clinical events and causes of mortality in patients with advanced malignancies, especially those with lung cancer. Non-small-cell lung cancer (NSCLC) patients with EGFR mutations have a 50%–70% risk of developing BM (1). Although the survival of patients with BM has improved over time, central nervous system (CNS) events remain the major source of morbidity and mortality.

At present, the standard non-invasive local treatment for BM is radiotherapy (RT). The new generation of molecularly targeted drugs are liposoluble compounds with small molecular weight, and the endogenous receptor-mediated transcytosis employs vesicular trafficking to transport ligands across the endothelium of the blood–brain barrier. Considering that the use of new targeted agents has resulted in good outcomes with well-tolerated toxicities, the treatment strategy for patients with BM might change in the era of targeted treatment. A few clinical studies reported that single-agent EGFR- tyrosine kinase inhibitors (TKIs) showed promising results in TKI treatment-naive patients (2, 3). Compared with crizotinib, brigatinib showed consistent superiority in intracranial objective response rate (iORR) (67%–78%) and progression-free survival (PFS) in patients with ALK rearrangement (4, 5). Furthermore, a few multi-target anti-angiogenesis agents have shown good response rates in clinical studies (6, 7). However, it remains unclear whether it is reasonable enough to defer RT until the intracranial progression is noted in patients on TKIs based on the aforementioned results, considering potential RT toxicity. In the era of targeted therapy, the optimal timing of intracranial RT and TKI treatment in patients with BM remains to be further confirmed.

Because no published phase III clinical trials have addressed this issue, we conducted a retrospective analysis to explore the optimal sequence of local RT and systemic TKI use in the treatment of BM and assessed the feasibility and toxicity of both treatments. Furthermore, we tested the hypothesis that administering RT as upfront treatment, followed by target therapy, is not inferior to reserving RT as salvage treatment for newly diagnosed BM.



2 Methods and Materials


2.1 Eligibility Criteria

We conducted a cohort study and retrospectively reviewed patients from October 2010 to October 2020. The eligibility criteria were as follows: (1) age ≥ 18 years; (2) Karnofsky performance score (KPS) ≥ 60, or KPS ≥ 40 but only caused by BM; (3) histologically proven primary NSCLC and newly diagnosed BM on contrast-enhanced MRI, which was measurable; (4) presence of gene-mutation targets and receipt of TKI treatment for more than 1 month; (5) and receipt of hypofractionated stereotactic RT (HFSRT) with or without whole-brain therapy (WBRT). The exclusion criteria included (1) synchronous or metachronous malignancies that might affect survival; (2) receipt of craniotomy as the initial treatment; (3) receipt of RT without dose prescription in detail; (4) presence of leptomeningeal metastases; (5) unfinished RT course; (6) receipt of RT alone, or palliative WBRT alone; or (7) incomplete sociodemographic and/or clinicopathologic baseline data.

The protocol of this trial was approved by the institutional ethics review board (approval number: 2021010711263002); given its retrospective nature, the need for informed consent was waived by the review board.



2.2 Treatments and Evaluation

Pretreatment evaluation was performed within 1 week before treatment and included a full medical history, physical and neurologic examinations, and laboratory investigations; brain MRI was routinely performed for all patients in both groups. All patients underwent weekly physical and neurologic examinations, as well as a complete blood count and blood biochemical examinations during concurrent or sequential treatment. The following variables were reviewed for analyses: age, sex, Karnofsky Performance Score (KPS) at the time of BM, date of initial cancer and BM diagnosis, histology of primary disease, gene mutation type, presence of BM symptoms, and extracranial disease status. BM number, BM volume, RT treatment regimens, name of TKI and date the first treatment for BM were documented in detail. A complete clinical evaluation, laboratory tests, and MRI were performed 1 to 2 months after treatment. The follow-up evaluations consisted of clinical evaluations, enhanced brain MRI, and imaging examinations of the primary tumor and extracranial metastases every 3 months. The first progression site, date, and salvage treatments after any progression were recorded. The most recent follow-up time and death were documented.

The iORR was evaluated based on the Response Assessment in Neuro-Oncology of Brain Metastases (RANO-BM) criteria (8). Toxicity was recorded during treatment with TKIs and RT, and late neurological treatment-emergent adverse event (AEs) were recorded before the intracranial progression events, according to the NRG-RTOG Acute and Late CNS Toxicity Criteria and the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0).



2.3 Endpoints

The endpoints included overall survival (OS), brain metastasis-specific survival (BMSS), intracranial progression-free survival (iPFS), iORR, and toxicities. OS was derived from the date of BM diagnosis until death from any cause or censored on the last follow-up. BMSS was defined as the interval from BM diagnosis to death resulting from BM or censored on the last follow-up. iPFS was defined as the interval from BM diagnosis to intracranial progression (including the growth of a previous lesion or the development of a new lesion), or death due to intracranial progression. iORR was defined as the percentage of patients who showed intracranial complete and partial response.



2.4 Statistical Analysis

The patients’ characteristics and iORR in different groups were compared using chi-square test or Fisher’s exact test for categorical variables, and Wilcoxon or Kruskal–Wallis H rank-sum test of variance for continuous data.

OS, BMSS, and iPFS were calculated using Kaplan–Meier plots. The log-rank test was used to assess for differences. Cox proportional hazards regression was performed for multivariable analysis in the entire patient group and all subgroups. Univariate and multivariate Fine-Grey competing risk regression was performed with the endpoint of intracranial progression, in the context of the competing risk of death (9). Significance for inclusion in the multivariate model was set at p < 0.10 and p < 0.05 was considered as a significant predictor of outcomes.

All analyses were performed using the SPSS (version 26.0, IBM Corporation, Armonk, NY) and R software package (version 4.0.3, http://www.r-project.org/).




3 Results


3.1 Patient Characteristics

Between October 2010 and October 2020, 899 patients were newly diagnosed and referred to receive HFSRT with or without WBRT at our institution. A total of 198 patients were finally included in the study (Figure 1): 94 (47.5%) patients first received target therapy followed by RT (deferred RT group), and 104 patients first received RT followed by target therapy (57, 28.8%) or concurrent RT and target therapy (47, 23.7%) (upfront RT group).




Figure 1 | Flow diagram showing patient selection.



Patient baseline characteristics are listed in Table 1. The median age of the entire cohort was 54 years (range, 29–83). The median BM number and volume were 3 (range, 1–39) and 3.7 cc (range, 0.01–103.9). The median time from primary disease to BM was 10.5 months (range, 0.0–115.9). The median time from BM to first RT was 8.3 months (range, 1.1–40.8) and 0.7 months (0.0–5.9) for the deferred and upfront RT groups. More patients were treated with upfront RT in the early 5 years. The main clinical characteristics between the deferred and upfront RT group were similar, except for BM at diagnosis, symptomatic BM and TKI before BM.


Table 1 | Clinical characteristics of patients in the deferred RT and upfront RT groups.





3.2 Treatments

RT was performed using the Brainlab planning system, Varian linear accelerator, and helical tomotherapy system. The techniques included stereotactic RT (n = 96), intensity-modulated RT (n = 2), volumetric modulated arc therapy (n = 35), and tomotherapy (n = 65). Treatment regimens for patients were chosen according to a risk-prognosis model (10). The regimens in the upfront RT group included upfront SRS (n = 113) and WBRT (n = 85). WBRT was first used in 49 (47.1%) patients in the upfront RT group and 36 (38.3%) patients in the deferred RT group (p = 0.211). The median fraction schedule was determined as follows: 50–52.5 Gy/10–15 fraction (f) for large (≥5 cc) lesions, 32–42 Gy/4–7 f for lesions close to the functional area, 40–45 Gy/10–15 f for lesions within the brainstem, 20–36 Gy/1–3 f for single small focus, 60 Gy/15–20 f for other concurrent small lesions, 40 Gy/20 f for WBRT concurrent with HFSRT, and 30 Gy/10 f for WBRT followed by HFSRT. Fifty-eight patients received a simultaneous integrated boost (SIB).

Supplementary Table S1 summarizes the dose prescriptions and their corresponding biologically effective doses, equivalent doses in 2 Gy/f and the effects of response.



3.3 Outcomes


3.3.1 iORR

The iORR in the entire cohort was 59.1%. In the deferred RT group, 38 (40.4%) patients showed complete and partial responses, 37 (39.4%) patients showed stable disease, and 19 (20.2%) showed progressed disease. The corresponding numbers were 79 (76.0%), 18 (17.3%), and 7 (6.7%) in the upfront RT group, respectively (p < 0.001).



3.3.2 Patterns of Failure

Until the last follow-up, 182 (91.9%) of the 198 patients experienced intracranial and/or extracranial progression. A total of 71 (75.5%) and 47 patients (45.2%) developed intracranial cranial failure in the deferred RT and the upfront RT group, respectively. As shown in Table 2, the deferred RT group had a higher rate of intracranial failure alone than the upfront RT group (72.3% vs. 37.5%, p < 0.001), while the upfront RT group showed a higher rate of extracranial failure alone (47.1% vs. 16.0%, p < 0.001). Among patients who showed intracranial progression alone, the upfront RT group showed a higher rate of intracranial distant failure than the deferred RT group (46.2% vs. 26.5%, p = 0.020).


Table 2 | Patterns of failure in the entire cohort.





3.3.3 Survival Outcomes

The median follow-up time for all patients was 55.7 months (interquartile range, 21.8–50.8 months). Of the 122 patients who died, 65 (53.3%) died of extracranial metastases, 43 (35.2%) died of BM progression, 13 (10.7%) died of internal medical diseases, and one (0.8%) met with an accident. The median survival time (MST) for the entire cohort was 44.2 months [95% confidence interval (CI): 37.2–51.3 months]. OS did not differ significantly between the deferred RT and upfront RT groups, with a MST of 49.1 months (95% CI, 38.9–59.2 months; p = 0.377) months and 43.2 months (95% CI, 34.2–52.2 months; Figure 2A) months. After the Cox proportional hazards analysis, age (≥60 years; HR, 1.55; 95% CI, 1.06–2.28; p = 0.025), BM volume (≥5 cc; HR, 1.54; 95% CI, 1.01–2.33; p = 0.044), progressed extracranial disease (controlled: HR, 0.66; 95% CI, 0.44–0.99, p = 0.044; none: HR, 0.40; 95% CI, 0.23–0.72, p = 0.002), and gene mutation type (others: HR, 4.09; 95% CI, 1.45–11.55, p = 0.008) were factors influencing OS (Table 3). For patients with progressed extracranial disease (HR, 1.95; 95% CI, 1.10–3.45; p = 0.022; Figure 3), MST was longer in the deferred RT group (Figure 4A). No OS difference was observed between two groups for patients with controlled or non-extracranial disease (Figures 4B, C).




Figure 2 | Kaplan–Meier analysis comparing survival stratified by treatment regimens in the entire cohort. Overall survival (A), brain metastases-specific survival (B), intracranial progression-free survival (C), and cumulative incidence of intracranial progression using competing risks regression analysis (D).




Table 3 | Univariable and multivariable analyses of variables associated with OS in the entire group.






Figure 3 | Forest plot depicting the HRs of deferred RT vs. upfront RT regimens in different subgroups.






Figure 4 | OS and BMSS stratified by treatment regimens in patients with different extracranial disease statuses. OS (A) and BMSS (D) of patients with progressed extracranial disease. OS (B) and BMSS (E) of patients with controlled extracranial disease. OS (C) and BMSS (F) of patients with non-extracranial disease.



The median BMSS time for the entire cohort was 82.9 months (95% CI, 58.9–106.9 months). BMSS did not differ significantly between the deferred RT and upfront RT groups, with a median time of 82.9 months (95% CI, 59.4–106.4 months; p = 0.810) and 92.1 months (95% CI, 48.5–135.6 months; Figure 2B). After controlling for competing risk factors (death due to non-BM causes) with the Fine-Gray competing risks regression model, the upfront RT group still showed a similar probability of BMSS as the deferred RT group, with adjusted sub-distribution hazard ratios (SHRs) of 1.06 (95% CI, 0.61–1.83; p = 0.850). After the Cox proportional hazards analysis, extracranial disease status (controlled: HR, 0.58; 95% CI, 0.31–1.10, p = 0.095) was the factor nearly influencing BMSS (Supplementary Table S2). For patients showing progressed extracranial disease, the median BMSS was nearly longer in the deferred RT group (HR, 2.18; 95% CI, 0.88–5.41; p = 0.092; Figure 4D). No BMSS difference was observed between two groups for patients with controlled or non-extracranial disease (Figures 4E, F).



3.3.4 Intracranial Progression

The median iPFS for the entire cohort was 16.9 months (95% CI, 14.9–18.9 months). The median iPFS for the deferred RT and upfront RT groups was 11.1 months (95% CI, 6.7–15.5 months) and 19.9 months (95% CI, 14.9–25.0 months), respectively (p < 0.001, Figure 2C). After controlling for competing risk factors (death before any intracranial progress) with the Fine-Gray competing risks regression model, the upfront RT group still showed a significantly lower probability of intracranial progression, with an adjusted SHR of 0.41 (95% CI: 0.30–0.57; p < 0.001, Figure 2D). After the Cox proportional hazards analysis, upfront RT (upfront SRS: HR, 0.49; 95% CI, 0.32–0.74; upfront WBRT: HR, 0.40, 95% CI, 0.27–0.59; p < 0.001) and extracranial disease status (controlled: HR, 0.64; 95% CI, 0.50–1.03, p = 0.072; none: HR, 0.54; 95% CI, 0.33–0.90, p = 0.019) were the factors significantly related to longer iPFS (Table 4).


Table 4 | Univariable and multivariable analyses of prognostic variables for iPFS in the entire group (competing risks regression analysis).






3.4 AEs

AEs possibly associated with the treatment are reported in Supplementary Table S3. Overall, TKI combined with RT was well tolerated. The rates of possible TKI-related systemic AEs were similar between groups. There were no statistically significant differences in terms of acute or late CNS toxicities. Forty-four patients (22.2%) reported acute neurological AEs, which appeared as various degrees of intracranial hypertension during treatment, most of which belonged to symptomatic BM. Only one patient had G4 acute neurological AEs, but showed resolution after completing the RT course. Forty-eight patients (24.2%) developed late CNS toxicity. Patients with G3 late CNS toxicity tended to have large tumor volume and symptoms before RT. After treatment, the symptoms were mostly relieved but reappeared several years later because of radiation necrosis or possible intracranial progression.



3.5 Salvage Treatments

Until the last follow-up, 150 out of 228 (65.8%) patients received salvage RT owing to intracranial local recurrent or distant failure, including 80 (80.8%) in the deferred RT group and 70 (54.3%) in the upfront RT group (p < 0.001). Of the 80 patients in the deferred RT group, 22 (27.5%) received re-irradiation. In all, 155 (78.3%) patients received salvage systemic treatment, including 84 (89.4%) in the deferred RT group and 71 (68.3%) in the upfront RT group (p < 0.001). Of the 84 patients in the deferred RT group, 58 (69.0%) received second-line TKI. The median time from BM diagnosis to salvage intracranial treatment did not differ significantly between groups (deferred RT: 30.3 months, 95% CI, 22.5–38.0 months; upfront RT: 21.9 months, 95% CI, 14.7–29.0 months; p = 0.183). Only 1 (1.1%) patient in the deferred RT group and 3 (2.9%) in upfront RT group received salvage craniotomy.




4 Discussion

In a direct comparison of upfront and deferred RT, we found that upfront RT may increase iPFS but did not significantly prolong the median OS or BMSS time. The deferred RT group showed survival advantages over the progressed extracranial disease subgroup. Both groups showed well-tolerated toxicities.

A few other studies (Supplementary Table S4) focused on the treatment sequence of EGFR-mutated NSCLC BM patients. Magnuson (11) reported that upfront RT improved survival outcomes more than upfront TKI (iPFS: 37.9 vs. 10.6 months, p < 0.001; MST: 34.1 vs. 19.4 months, p = 0.01), and upfront SRS showed the best response in the subgroup of ds-GPA 2.0–4.0. The follow-up study (12) also confirmed that upfront SRS showed a better MST than upfront WBRT or upfront TKI despite the prognosis status. Miyawaki (13) showed that only patients with one to four BMs had longer MST and iPFS time. One study compared the outcomes of RT with crizotinib or crizotinib alone and showed that early SRS had survival benefit for oligo-BM patients at baseline, but it could be deferred for symptomatic patients with multiple BM (14). Gerber (15) has also demonstrated that patients with a more favorable ds-GPA who received upfront SRS had a longer MST than those who received upfront WBRT and TKI. However, factors such as extracranial diseases status may have introduced biases between groups. Ds-GPA included extracranial metastases, but the previous studies did not estimate the primary and regional diseases status and determine whether the extracranial diseases was under control. Notably, some of the previous studies included patients who received craniotomy as local treatment (LT), and only approximately 50% of the patients in the upfront TKI group received subsequent LT or RT (12, 13). These factors may have influenced the survival results and underestimated the benefit of deferred RT.

Previous studies seemed to indicate that upfront SRS may provide greater iPFS and even OS benefits than upfront TKI, especially for patients with limited BM or those showing favorable results in the prognostic assessment. In this study, we focused on BM patients who received HFSRT with or without WBRT, and all patients in the deferred RT group received subsequent or salvage RT. The results showed a slightly less IPFS but a higher OS in the entire cohort than in previous studies (16, 17), and the upfront RT regimen reduced the intracranial cumulative incidence risk by more than 50% in comparison with deferred RT, but was not related to longer survival. This might be explained by the following reasons. First, the intracranial RT technique has changed substantially over the past decade. Proper RT strategies have been suggested to effectively prolong survival, especially for cases with complex BM (18). Since VMAT and tomotherapy with SIB have been routinely used after 2016, the majority (77.7% vs. 22.1%, p < 0.001) of patients recruited from 2010 to 2015 received SRS and two/three-dimensional WBRT without SIB. Second, osimertinib demonstrated greater penetration of the blood–brain barrier than gefitinib or afatinib (19), and showed benefits in terms of PFS in BM patients in comparison with the standard EGFR-TKIs (20). In addition, lorlatinib had also been confirmed to be much more effective for iORR and iPFS than crizotinib (21). However, most of the patients before 2016 received first-generation TKIs as initial targeted agents instead of third-generation TKIs (97.8% vs. 64.7%, p < 0.001). We had excluded the patients who received TKI alone and those with intracranial disease in a controlled status who did not receive RT, which would have reduced the IPFS in comparison with previous studies. Moreover, we found that progression of extracranial diseases was the most common cause of death and a solid factor for survival. About 60% of the patients in the entire patient population had extracranial diseases, and approximately 50% of the patients in the upfront RT group experienced extracranial failure. The higher extracranial tumor burden in this study may have influenced the survival outcomes and may explain why the improved IPFS in the upfront RT group did not translate into an OS benefit. This study also upheld the view that among the patients showing progression of extracranial disease, the deferred RT group showed better OS than the upfront RT group. The salvage RT for intracranial progression after initial TKI prolonged the period of adequate control, and helped patients achieve similar or even better MST than the RT group. However, few other therapies were effective after initial RT. A recent study (22) showed that the median duration of TKI > 14 months was an independent factor related to better OS (HR 0.17, 95% CI 0.10–0.30; p < 0.001), not only for patients with oligometastatic/oligoprogressive disease, but also for those with polymetastatic/polyprogressive disease. A randomized trial of osimertinib with or without SRS for EGFR-mutated NSCLC with BMs from the Trans-Tasman Radiation Oncology Group to compare the iPFS at 12 months is ongoing (NCT03497767).

We had previously explored the effectiveness of upfront SRS and deferred WBRT in BM patients with focus larger than 3 cm (23). The results showed that the use of SRS as the initial treatment while reserving WBRT as the salvage therapy in case of distant intracranial recurrence made about 50% of the patients avoid WBRT throughout their lives. Moreover, we established a risk-prognosis model of distant brain failure to choose the optimal RT regimen for BM patients (10). Several other studies have also suggested that WBRT cannot confer a survival benefit despite being effective in controlling intracranial progression (24, 25). Jiang (26) showed that WBRT combined with TKIs offered no survival benefit over TKIs alone in EGFR-mutation BM patients. In the present study, we considered that target therapy may decrease the risk of brain failure and could further postpone the use of WBRT as salvage treatment. The results suggested that upfront WBRT provided a similar survival prognosis as deferred WBRT in the targeted treatment era. Therefore, the oncologists should still give a careful consideration to WBRT as the initial treatment for gene-driven BM patients to avoid deterioration in the patients’ cognitive functions and health-related quality of life (27, 28).

Patients who received TKI before BM were included because, in most cases, the intracranial site was the only failure site and extracranial disease was well-controlled. Furthermore, the targeted agents were changed to the next-generation TKI under most circumstances. Therefore, we did not exclude these patients from the study and included the whole group in the final analysis, which might reflect the real-world clinical practice data more accurately and appropriately. The results of univariable analysis showed that it did not influence the survival as well.

Although our study showed promising results with different treatment regimens for BM patients, some limitations should be addressed. First, this is a retrospective study that has inherent biases despite our effort to narrow down the inclusion criteria. Second, we have to acknowledge that several patients used TKI as salvage treatment other than sequential treatment in the upfront RT group, considering it was quite difficult to distinguish the treatment purpose because of the possible simultaneous extracranial disease progression. Overall, the appropriate sequence of RT and new-generation TKI needs more clinical evidence.



5 Conclusion

The present study suggests that upfront RT is more effective than deferred RT for intracranial control in BM patients, but offers no significant survival benefit. Upfront TKI is recommended in patients with progressed-extracranial disease if close surveillance and timely salvage local therapy can be achieved. Upfront RT might also be recommended in patients with a heavy intracranial tumor burden that mainly influences the survival.



Data Availability Statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by 2021010711263002. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author Contributions

Conception/design: JX, SW, and YL. Provision of study material or patients: SY, NB, JX, JL, and JY. Collection and/or assembly of data: SY, QL, YZ, NB, YM, KW, XH, XC, LD, WW, and RZ. Data analysis and interpretation: SY, NB, JX, and SW. Manuscript writing: SY. Final approval of manuscript: JX, SW, and YL. All authors contributed to the article and approved the submitted version.



Funding

This work was supported by the National Key Projects of Research and Development of China (grant number 2016YFC0904600), the Beijing Hope Marathon Special Fund (grant number LC2011A07), and the Chinese Anticancer Association Professional Committee of Neuro-Oncology (grant number CSNO-2015-MSD01).



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2021.732883/full#supplementary-material



References

1. Andratschke, N, Kraft, J, Nieder, C, Tay, R, Califano, R, Soffietti, R, et al. Optimal Management of Brain Metastases in Oncogenic-Driven Non-Small Cell Lung Cancer (NSCLC). Lung Cancer (2019) 129:63–71. doi: 10.1016/j.lungcan.2018.12.009

2. Yang, JJ, Zhou, C, Huang, Y, Feng, J, Lu, S, Song, Y, et al. Icotinib Versus Whole-Brain Irradiation in Patients With EGFR-Mutant Non-Small-Cell Lung Cancer and Multiple Brain Metastases (BRAIN): A Multicentre, Phase 3, Open-Label, Parallel, Randomised Controlled Trial. Lancet Respir Med (2017) 5(9):707–16. doi: 10.1016/S2213-2600(17)30262-X

3. Mok, TS, Wu, YL, Ahn, MJ, Garassino, MC, Kim, HR, Ramalingam, SS, et al. Osimertinib or Platinum-Pemetrexed in EGFR T790M-Positive Lung Cancer. N Engl J Med (2017) 376(7):629–40. doi: 10.1056/NEJMoa1612674

4. Camidge, DR, Kim, HR, Ahn, MJ, Yang, JC, Han, JY, Lee, JS, et al. Brigatinib Versus Crizotinib in ALK-Positive Non-Small-Cell Lung Cancer. N Engl J Med (2018) 379(21):2027–39. doi: 10.1056/NEJMoa1810171

5. Camidge, DR, Kim, HR, Ahn, MJ, Yang, JCH, Han, JY, Hochmair, MJ, et al. Brigatinib Versus Crizotinib in Advanced ALK Inhibitor-Naive ALK-Positive Non-Small Cell Lung Cancer: Second Interim Analysis of the Phase III ALTA-1l Trial. J Clin Oncol (2020) 38(31):3592–603. doi: 10.1200/JCO.20.00505

6. Xu, J, Liu, X, Yang, S, and Shi, Y. Apatinib Monotherapy or Combination Therapy for Non-Small Cell Lung Cancer Patients With Brain Metastases. Oncol Res (2020) 28(2):127–33. doi: 10.3727/096504019X15707896762251

7. Jiang, S, Liang, H, Liu, Z, Zhao, S, Liu, J, Xie, Z, et al. The Impact of Anlotinib on Brain Metastases of Non-Small Cell Lung Cancer: Post Hoc Analysis of a Phase III Randomized Control Trial (Alter0303). Oncologist (2020) 25(5):e870–4. doi: 10.1634/theoncologist.2019-0838

8. Lin, NU, Lee, EQ, Aoyama, H, Barani, IJ, Barboriak, DP, Baumert, BG, et al. Response Assessment Criteria for Brain Metastases: Proposal From the RANO Group. Lancet Oncol (2015) 16(6):e270–8. doi: 10.1016/S1470-2045(15)70057-4

9. Fine, JP, and Gray, RJ. A Proportional Hazards Model for the Subdistribution of a Competing Risk. J Am Stat Assoc (1999) 94(446):496–509. doi: 10.1080/01621459.1999.10474144

10. Chen, XJ, Xiao, JP, Li, XP, Jiang, XS, Zhang, Y, Xu, YJ, et al. Risk Factors of Distant Brain Failure for Patients With Newly Diagnosed Brain Metastases Treated With Stereotactic Radiotherapy Alone. Radiat Oncol (2011) 6:175. doi: 10.1186/1748-717X-6-175

11. Magnuson, WJ, Yeung, JT, Guillod, PD, Gettinger, SN, Yu, JB, and Chiang, VL. Impact of Deferring Radiation Therapy in Patients With Epidermal Growth Factor Receptor-Mutant Non-Small Cell Lung Cancer Who Develop Brain Metastases. Int J Radiat Oncol Biol Phys (2016) 95(2):673–9. doi: 10.1016/j.ijrobp.2016.01.037

12. Magnuson, WJ, Lester-Coll, NH, Wu, AJ, Yang, TJ, Lockney, NA, Gerber, NK, et al. Management of Brain Metastases in Tyrosine Kinase Inhibitor-Naive Epidermal Growth Factor Receptor-Mutant Non-Small-Cell Lung Cancer: A Retrospective Multi-Institutional Analysis. J Clin Oncol (2017) 35(10):1070–7. doi: 10.1200/JCO.2016.69.7144

13. Miyawaki, E, Kenmotsu, H, Mori, K, Harada, H, Mitsuya, K, Mamesaya, N, et al. Optimal Sequence of Local and EGFR-TKI Therapy for EGFR-Mutant Non-Small Cell Lung Cancer With Brain Metastases Stratified by Number of Brain Metastases. Int J Radiat Oncol Biol Phys (2019) 104(3):604–13. doi: 10.1016/j.ijrobp.2019.02.051

14. Ni, J, Li, G, Yang, X, Chu, L, Wang, J, Li, Y, et al. Optimal Timing and Clinical Value of Radiotherapy in Advanced ALK-Rearranged Non-Small Cell Lung Cancer With or Without Baseline Brain Metastases: Implications From Pattern of Failure Analyses. Radiat Oncol (2019) 14(1):44. doi: 10.1186/s13014-019-1240-1

15. Gerber, NK, Yamada, Y, Rimner, A, Shi, W, Riely, GJ, Beal, K, et al. Erlotinib Versus Radiation Therapy for Brain Metastases in Patients With EGFR-Mutant Lung Adenocarcinoma. Int J Radiat Oncol Biol Phys (2014) 89(2):322–9. doi: 10.1016/j.ijrobp.2014.02.022

16. Wang, C, Lu, X, Zhou, Z, Wang, J, Hui, Z, Liang, J, et al. The Efficacy of Upfront Intracranial Radiation With TKI Compared to TKI Alone in the NSCLC Patients Harboring EGFR Mutation and Brain Metastases. J Cancer (2019) 10(9):1985–90. doi: 10.7150/jca.30131

17. Chen, XR, Hou, X, Dinglin, XX, Liu, YD, Li, Y, Zheng, W, et al. Treatment Patterns and Survival Outcomes of Non-Small Cell Lung Cancer Patients Initially Diagnosed With Brain Metastases in Real-World Clinical Practice. Front Oncol (2020) 10:581729. doi: 10.3389/fonc.2020.581729

18. Bi, N, Ma, Y, Xiao, J, Zhang, H, Xu, Y, Tian, Y, et al. A Phase II Trial of Concurrent Temozolomide and Hypofractionated Stereotactic Radiotherapy for Complex Brain Metastases. Oncologist (2019) 24(9):e914–20. doi: 10.1634/theoncologist.2018-0702

19. Ballard, P, Yates, JW, Yang, Z, Kim, DW, Yang, JC, Cantarini, M, et al. Preclinical Comparison of Osimertinib With Other EGFR-TKIs in EGFR-Mutant NSCLC Brain Metastases Models, and Early Evidence of Clinical Brain Metastases Activity. Clin Cancer Res (2016) 22(20):5130–40. doi: 10.1158/1078-0432.CCR-16-0399

20. Soria, JC, Ohe, Y, Vansteenkiste, J, Reungwetwattana, T, Chewaskulyong, B, Lee, KH, et al. Osimertinib in Untreated EGFR-Mutated Advanced Non-Small-Cell Lung Cancer. N Engl J Med (2018) 378(2):113–25. doi: 10.1056/NEJMoa1713137

21. Shaw, AT, Bauer, TM, de Marinis, F, Felip, E, Goto, Y, Liu, G, et al. First-Line Lorlatinib or Crizotinib in Advanced ALK-Positive Lung Cancer. N Engl J Med (2020) 383(21):2018–29. doi: 10.1056/NEJMoa2027187

22. Borghetti, P, Bonu, ML, Giubbolini, R, Levra, NG, Mazzola, R, Perna, M, et al. Concomitant Radiotherapy and TKI in Metastatic EGFR- or ALK-Mutated Non-Small Cell Lung Cancer: A Multicentric Analysis on Behalf of AIRO Lung Cancer Study Group. Radiol Med (2019) 124(7):662–70. doi: 10.1007/s11547-019-00999-w

23. Chen, X, Xiao, J, Li, X, Jiang, X, Zhang, Y, Xu, Y, et al. Fifty Percent Patients Avoid Whole Brain Radiotherapy: Stereotactic Radiotherapy for Multiple Brain Metastases: A Retrospective Analysis of a Single Center. Clin Transl Oncol (2012) 14(8):599–605. doi: 10.1007/s12094-012-0849-4

24. Kocher, M, Soffietti, R, Abacioglu, U, Villa, S, Fauchon, F, Baumert, BG, et al. Adjuvant Whole-Brain Radiotherapy Versus Observation After Radiosurgery or Surgical Resection of One to Three Cerebral Metastases: Results of the EORTC 22952-26001 Study. J Clin Oncol (2011) 29(2):134–41. doi: 10.1200/JCO.2010.30.1655

25. Brown, PD, Ballman, KV, Cerhan, JH, Anderson, SK, Carrero, XW, Whitton, AC, et al. Postoperative Stereotactic Radiosurgery Compared With Whole Brain Radiotherapy for Resected Metastatic Brain Disease (NCCTG N107C/CEC·3): A Multicentre, Randomised, Controlled, Phase 3 Trial. Lancet Oncol (2017) 18(8):1049–60. doi: 10.1016/s1470-2045(17)30441-2

26. Jiang, T, Su, C, Li, X, Zhao, C, Zhou, F, Ren, S, et al. EGFR TKIs Plus WBRT Demonstrated No Survival Benefit Other Than That of TKIs Alone in Patients With NSCLC and EGFR Mutation and Brain Metastases. J Thorac Oncol (2016) 11(10):1718–28. doi: 10.1016/j.jtho.2016.05.013

27. Brown, PD, Jaeckle, K, Ballman, KV, Farace, E, Cerhan, JH, Anderson, SK, et al. Effect of Radiosurgery Alone vs Radiosurgery With Whole Brain Radiation Therapy on Cognitive Function in Patients With 1 to 3 Brain Metastases: A Randomized Clinical Trial. JAMA (2016) 316(4):401–9. doi: 10.1001/jama.2016.9839

28. Brown, PD, Gondi, V, Pugh, S, Tome, WA, Wefel, JS, Armstrong, TS, et al. Hippocampal Avoidance During Whole-Brain Radiotherapy Plus Memantine for Patients With Brain Metastases: Phase III Trial NRG Oncology Cc001. J Clin Oncol (2020) 38(10):1019–29. doi: 10.1200/JCO.19.02767




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Yang, Xiao, Liu, Zhang, Bi, Huang, Chen, Wang, Ma, Deng, Wang, Zhao, Li, Yi, Wang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The Sequence of Intracranial Radiotherapy and Systemic Treatment With Tyrosine Kinase Inhibitors for Gene-Driven Non-Small Cell Lung Cancer Brain Metastases in the Targeted Treatment Era: A 10-Year Single-Center Experience

      

        		

          Purpose

        



        		

          Patients and Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Trial registration ID

        



        		

          1 Introduction

        



        		

          2 Methods and Materials

        

          		

            2.1 Eligibility Criteria

          



          		

            2.2 Treatments and Evaluation

          



          		

            2.3 Endpoints

          



          		

            2.4 Statistical Analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Patient Characteristics

          



          		

            3.2 Treatments

          



          		

            3.3 Outcomes

          

            		

              3.3.1 iORR

            



            		

              3.3.2 Patterns of Failure

            



            		

              3.3.3 Survival Outcomes

            



            		

              3.3.4 Intracranial Progression

            



          



          



          		

            3.4 AEs

          



          		

            3.5 Salvage Treatments

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-11-732883-g003.jpg
Subgroup

Overall
Age
> 60
<60
KPS
>80
<80
Ds-GPA
2.5-40
0-2.0
Symptomatic BM
Yes
No
BM number
=3
2-4
1
BM volume
> 5ce
<5cc
Extracranial disease status
Progressed
Controlled
None
Time to BM
> 36 months
<36 months
TKI before BM
Yes
No
Gene-mutation type
EGFR
ALK

\

0 1 2
Deferred RT Better Upfront RT Better

HR for OS (95% Cl)

1.18 (0.82 — 1.72)

1.15 (0.65 —2.05)
1.15 (0.70 — 1.89)

1.09 (0.73 — 1.65)
1.37 (0.55 - 3.41)

1.32 (0.66 —2.61)
1.24 (0.79 — 1.94)

0.65 (0.35 —1.20)
1.39 (0.85 —2.28)

1.33 (0.70 —2.53)
0.84 (0.44—1.58)
1.88 (0.94 —3.75)

1.15 (0.65 —2.04)
1.17 (0.71 —1.91)

1.95 (1.10 —3.45)
1.22 (0.69 —2.17)
0.98 (0.30 —3.17)

1.55 (0.56 —4.31)
1.11 (0.74 — 1.66)

1.34 (0.69 —2.62)
1.24 (0.77 — 1.99)

1.12 (0.75 — 1.68)
1.33 (0.43 —4.14)

Pvalue
0.377

0.626
0.586

0.671
0.502

0.433
0.352

0.165
0.190

0.391
0.579
0.076

0.631
0.540

0.022
0.496
0.973

0.401
0.627

0.390
0.383

0.572
0.626





OEBPS/Images/table2.jpg
Site of the first progression

Intracranial site alone
Local

Distant

Concurrent

None

Extracranial site alone
Primary
Regional
Metastases
Concurrent

Both intra and extra cranial site

None

Deferred RT (n = 94)
N (%)

68 (72.3)
33 (48.5)
8(26.5)
6(23.5)
1(1.8)

15 (16.0)

2(18.3)
3(200)
6 (40.0)
4(26.7)
3(32)

8(8.5)

Upfront RT (n = 104)
N (%)

39 (37.5)
5(38.5)
18 (46.2)
6(15.4)
0(0.0)

49 (47.1)
4(82)
5(102)

26 (53.1)
14 (28.6)

8(7.7)

8(7.7)

N, number: BM, brain metastases; KPS, Kamofsky Performance Score; TKI, tyrosine kinase inhibitor; RT, radiation therapy.

p-value

<0.001
0.314
0.020
0.316
0.582

<0.001
0.618
0.377
0.376
1.000

0.167

0.637





OEBPS/Images/fonc-11-732883-g001.jpg
877 patients with BM
received hypo-
fractionated stereotactic

radiotherapy between
October 2010 to October
2020

Exclusion due to:
¢ Simultaneous
diagnosis with

. multiple primary
* Craniotomy after the 856 patients left cancers (n=21).

diagnosis of BM
(n=58).

798 patients received RT

as the first local
treatment

¢ Concurrent

leptomeningeal

611 patients with metastases (n=187).
parenchymal BM
* Palliative WBRT or
RT alone (n=259).
352 patients treated with
« None NSCLC driven- & * Did not finish the dose

prescription of RT
(n=28).

* Missing clinical data
(n=18).

gene mutation/non-

first line targeted
therapy (n=108).

216 patients with gene-

mutation receiving the
whole course of RT

198 patients included
in the analysis

Deferred
RT

Upfront
RT
(n=104)

(n=94)

RT Concurrent

followed by RT and TKI
TKI (n=57) (n=47)






OEBPS/Images/table4.jpg
Variables

Years of treatment
2010-2015
2016-2020

Age at BM, years
>60 vs. <60

Sex
Male vs. female

KPS
>80 vs. <80

GPA
2.5-4.0vs. 0-2

Symptomatic BM
Yes vs. no

BM number
>5
2-4
1

BM volume
25 ccvs. <5 cc

Extracranial disease status

Progressed
Controlled
None

Time to BM
>36myvs. <36 m

TKI before BM
Yes vs. no

Gene-mutation type
EGFR
ALK
Others

Treatment regimens
Upfront TKI
Upfront SRS
Upfront WBRT

Univariable Analysis Multivariable Analysis
HR 95% Cl P HR 95% CI P
Reference
0.70 0.51-0.96 0.026 0.97 0.69-1.36 0.850
1.18 0.85-1.67 0.350 = = -
0.85 0.62-1.18 0.340 = = =
1.14 0.74-1.77 0.540 - - =
1.19 0.86-1.64 0.290
1.24 0.89-1.73 0.210 = = &
Reference & = =
1.02 0.70-1.49 0910 = = =
0.93 0.62-1.38 0.720 - - -
1.20 0.87-1.66 0.260 = = =
Reference Reference
0.70 0.49-1.00 0.049 0.72 0.50-1.03 0.072
0.51 0.31-0.83 0.006 0.54 0.33-0.90 0.019
1.50 0.82-2.73 0.190 = - —
0.83 0.59-1.18 0310 = = =
Reference Reference
1.38 0.95-2.01 0.093 1.25 0.84-1.85 0.270
0.80 0.26-2.47 0.700 1.01 0.31-3.32 0.990
Reference Reference
0.43 0.29-0.65 < 0.001 0.49 0.82-0.74 <0.001
0.40 0.27-0.58 < 0.001 0.40 0.27-0.59 <0.001

BM, brain metastases; KPS, Karnofsky Performance Score; TKI, tyrosine kinase inhibitor; RT, radiation therapy; WBRT, whole brain radiotherapy; SRS, stereotactic radiosurgery; HFSRT,
hypofractionated stereotactic radiotherapy; Cl, confidence interval: SHR, sub-distribution hazard ratios.





OEBPS/Images/table3.jpg
Variables

Years of treatment
2010-2015
2016-2020

Age at BM, years
>60 vs. <60

Sex
Male vs. female

KPS
>80 vs. <80

GPA
2.5-4.0vs. 0-2

Symptomatic BM
Yes vs. no

BM number
>5
2-4
1

BM volume
25 ccvs. <5 cc

Extracranial disease status

Progressed
Controlled
None

Time to BM
>36myvs. <36 m

TKI before BM
Yes vs. no

Gene-mutation type
EGFR
ALK
Others

Treatment regimens
Upfront TKI
Upfront SRS
Upfront WBRT

Univariable Analysis

Multivariable Analysis

HR

0.93

1.71

1.05

0.67

0.67

1.37

0.79

0.73

1.73

0.59

0.44

1.54

1.30

0.57
2.85

1.24
1

95% ClI

Reference
0.62-1.39

1.19-2.47
0.73-1.51
0.43-1.06
0.46-0.99
0.96-1.97
Reference
0.50-1.26
0.47-1.13
1.20-2.49
Reference
0.40-0.88
0.25-0.75
0.90-2.64
0.88-1.92
Reference
0.32-1.02
1.03-7.85
Reference

0.80-1.91
0.73-1.75

0.710

0.004

0.797

0.087

0.041

0.084

0.322

0.159

0.003

0.009

0.003

0.113

0.194

0.058
0.043

0.340
0.572

HR

1.06

1.32

1.54

0.66
0.40

0.61
4.09

95% Cl

1.06-2.28

0.63-1.78

0.90-1.95

1.01-2.33

Reference
0.44-0.99
0.23-0.72

Reference
0.33-1.11
1.45-11.55

0.025

0.824

0.160

0.044

0.044
0.002

0.103
0.008

BM, brain metastases; KPS, Karnofsky Performance Score; TKI, tyrosine kinase inhibitor; RT, radiation therapy; WBRT, whole brain radiotherapy; SRS, stereotactic radiosurgery; HFSRT,
hypofractionated stereotactic radiotherapy; Cl, confidence interval: HR, hazard ratios.





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc.2021.732883_cover.jpg
, frontiers
in Oncology

The Sequence of Intracranial
Radiotherapy and Systemic
Treatment With Tyrosine Kinase
Inhibitors for Gene-Driven Non-Small
Cell Lung Cancer Brain Metastases
in the Targeted Treatment Era: A
10-Year Single-Center Experience





OEBPS/Images/fonc-11-732883-g004.jpg
1.00] Z2  100]
B
z £
E 075 201075
2
S s
L 8
S 050 --mmmmmmmmmmmemchaoooooE S 0501
; : b
5 ' g 1 |
= ~~ Upront RT | 7 ~~ Upront RT H 3
g 025{ - Deferred RT i g 025 - Deferred RT ] :
|4 I 2 ' '
o) ' 2 ' '
HR, 1.95 (95% CL, 1.10 to 3.415); P = 0.022 £ HR,2.18 (95%CL 0.88t0541); P=0.092 | 4
0.009 ! g 0.001 ! '
0 12 % 36 8 60 72 g 0 12 % 36 4 60 7
Time (months) M Time (months)
Number at risk Number at risk
rontRT:I 30 23 17 8 4 2 1 mmRTi 30 23 17 8 4 2 1
De! fpn—edRT 38 35 28 16 10 6 1 De! fpl’l’CdRT 38 35 28 16 10 6 1
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (months) Time (months)
E
1.00] 2z 100
B8
z 2
E 075 £¢ 0754
E
5 :
[ 0:50] ~ormorcemmessocsemememenm. 1 o 0.501
[ A g
K - UprontRT L & - Upront RT
:2; 0.25] - Deferred RT T ] 0.25] = Deferred RT
> [ S
1<) o 2
HR, 1.22(95% CL, 0.69 t0 2.17); P = 0.496 i £ HR, 0.98 (95% CI, 0.37 to 2.60); P = 0.970
0.001 td g 0.001
0 12 24 36 48 60 72 g 0 12 24 36 48 60 72
Time (months) m Time (months)
Number at risk Number at risk
UprontRT{ 49 45 39 28 19 10 5 UprontRT{ 49 45 39 28 19 10 3
EfngedRT 42 39 32 19 11 4 1 DeferredRT{_42 39 32 19 11 4 1
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time (months) Time (months)
F
1.00 2 1.00
)
=
z ]
= 0.75 = 0.759
2 £
E g
E 050 & 080 memmsmsccmsssscmessssscomossssssossmesosSEeSeR
Z [ G
] ! 2
e ~~ Upront RT i 7 ~~ Upront RT
g 0.25 = Deferred RT ' g 0251 = Deferred RT
> 1 s
o ! 2z
HR, 0.98 (95% CI, 03010 3.17); P =0.973 H g HR, 0.79 (95% CI, 0.23 to 2.66); P = 0.702
0.00 ! E 0.004
0 12 24 36 48 60 72 s 0 12 24 36 48 60 72
Time (months) ;M Time (months)
Number at risk Number at risk
rontRT{ 25 24 19 15 13 9 5 rontRTY 25 24 19 15 13 9 5
fprrcdRT1 13 7 5 2 0 0 fpm:dRT1 13 7 3 2 0 0
0 12 24 36 48 60 72 0 12 24 36 48 60 72

Time (months)

Time (months)





OEBPS/Images/table1.jpg
Characteristic

Year of treatment
2010-2015
2016-2020

Age at BM (median, years)
Sex
Male
Female
KPS
<80
>80
Ds-GPA
0-2
25-4.0
Symptomatic BM
Yes
No
BM number
1
2-4
25
BM volume
<5cc
>5 cc
Extracranial disease
Primary/regional site
Metastases
Both
None
Extracranial disease status
Progressed
Controlled
None
BM at diagnosis
Synchronous
Metachronous
Time to BM
<36 m
>36 m
TKI before BM
Yes
No
Gene-mutation type
EGFR mutation

Recorded mutation
Uncertain

ALK rearrangements

Other mutations
RET fusion
C-MET mutations
ROS-1 rearrangements

Total

94 (47.5)
104 (52.5)
54

87 (43.9)
111 (66.1)

31(15.7)
167 (84.3)

119 (60.1)
79 (39.9)

80 (40.4)
118 (59.6)

62 (31.3)
71 (35.9)
65 (32.8)

122 (61.6)
76 (38.4)

3(21.7)
26 (13.1)
0 (45.5)
9 (19.7)

68 (34.3)
91 (46.0)
39 (19.7)

59 (29.8)
139 (70.2)

176 (88.9)
22 (11.1)

58 (29.3)
140 (70.7)

159 (80.3)
12:3 (62.1)
18.2)
16.2)
3.5)
1.5)
1.0)

36 (
32(
(
(
(
0.5)

7
3
2
1

Deferred RT (n = 94)
N (%)

23 (24.5)
71 (75.5)
53

40 (42.6)
54 (57.4)

11 (11.7)
83 (88.3)

60 (63.8)
34 (36.2)

21 (22.3)
73(77.7)

30 (31.9)
26 (27.7)
38 (40.4)

60 (63.8)
34 (36.2)

7(18.1)
20 (21.3)

3 (45.7)
14 (14.9)

38 (40.4)
42 (44.7)
14 (14.9)

20 (21.3)
74 (78.7)

84 (89.4)
10 (10.6)

39 (41.5)
55 (58.5)

72 (76.6)
69 (73.4)
3(32)
20 (21.3)
2(2.1)
1(1.1)
0(0.0)
0(0.0)

Upfront RT (n = 104)
N (%)

71(68.3)
33(31.7)
54

59 (56.7)
45 (43.3)

59 (56.7)
45 (43.3)

32(30.8)
45 (43.3)
27 (26.0)

62 (59.6)
42 (40.4)

26 (25.0)
6(5.8)
47 (45.2)
25 (24.0)

30 (28.8)
49 (47.1)
25 (24.0)

39 (37.5)
65 (62.5)

92 (88.5)
12 (11.5)

9(183)
85(81.7)

87 (83.7)
54 (51.9)
33(31.7)
12(11.5)
5(4.8)
2(19)
2(19)
1(1.0)

p-value

<0.001

0.792
0.709

0.145

0.308

<0.001

0.238

0.543

0.268

0.045

0.013

0.840

<0.001

0212

0.063
0.308

N, number; BM, brain metastases; KPS, Karnofsky Performance Score; Ds-GPA, disease specific-graded prognostic assessment; TKI, tyrosine kinase inhibitor; RT, radiation therapy;

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; C-MET, cellular-mesenchymal epithelial transition factor; ROS-1, ¢c-Ros Oncogene 1.





OEBPS/Images/fonc-11-732883-g002.jpg
Overall survival probability

1.00

0.759

=~ Upront RT
0251 = Deferred RT

HR, 118 (95% CI, 0.82 0 0.72); P = 0.377

0.00;
0 12 24 36 48 60 72
Time (months)
Number at risk
UprontRT{ 104 92 75 51 36 21 11
DeferredRT{_94 87 67 40 23 10 2
0 12 24 36 48 60 72
Time (months)
£ 100f
B
2 ~~ Upront RT
% == Deferred RT
= 075
E HR, 0.46 (95% CI, 0.33 t0 0.65); P < 0.001
3
g 050] ------Yo--- !
& e
1 ' '
= \ '
2 '
%2 025 ! !
o | 1
g [
g oo L . . :
g 0 12 24 36 48 60 72
‘E Time (months)
Number at risk
UprontRT{ 104 70 38 19 13 8 3
DeferredRT{_94 43 16 3 0 0 0
0 12 24 36 48 60 72

Time (months)

Brain metastases—specific survival probability

1.00

0.75

=~ Upront RT
0.25] = Deferred RT

HR, 1.07(95% CI, 061 to 1.88); P=0.810

0.00
0 12 24 36 48 60 72
Time (months)
Number at risk
UprontRT{ 104 92 75 51 36 21 11
DeferredRT{ 94 87 67 40 23 10 2
0 12 24 36 48 60 72
Time (months)
=
* |
8 <
=
3
)
s S
2
.‘_; ;'. i ——— Upfront RT
g —— Deferred RT
© (]
9 4
<
<
T T T T T T T
0 12 24 36 48 60 72
Time(months)
Number at risk

U, romRTi 104 70 38 19 13 8 3
DeferredRT{ 94 43 16 S 0 0 0

0 12 24 36 48 60 72
Time (months)





