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Introduction

Brain metastases (BM) from lung cancer are heterogeneous, and accurate prognosis is required for effective treatment strategies. This study aimed to identify prognostic factors and develop a prognostic system exclusively for epidermal growth factor receptor (EGFR)-mutated lung cancer BM.





Methods

In total, 173 patients with EGFR-mutated lung cancer from two hospitals who developed BM and received tyrosine kinase inhibitor (TKI) and brain radiation therapy (RT) were included. Univariate and multivariate analyses were performed to identify significant EGFR-mutated BM prognostic factors to construct a new EGFR recursive partitioning analysis (RPA) prognostic index. The predictive discrimination of five prognostic scoring systems including RPA, diagnosis-specific prognostic factors indexes (DS-GPA), basic score for brain metastases (BS-BM), lung cancer using molecular markers (lung-mol GPA) and EGFR-RPA were analyzed using log-rank test, concordance index (C-index), and receiver operating characteristic curve (ROC). The potential predictive factors in the multivariable analysis to construct a prognostic index included Karnofsky performance status, BM at initial lung cancer diagnosis, BM progression after TKI, EGFR mutation type, uncontrolled primary tumors, and number of BM.





Results and discussion

In the log-rank test, indices of RPA, DS-GPA, lung-mol GPA, BS-BM, and EGFR-RPA were all significant predictors of overall survival (OS) (p ≤ 0.05). The C-indices of each prognostic score were 0.603, 0.569, 0.613, 0.595, and 0.671, respectively; The area under the curve (AUC) values predicting 1-year OS were 0.565 (p=0.215), 0.572 (p=0.174), 0.641 (p=0.007), 0.585 (p=0.106), and 0.781 (p=0.000), respectively. Furthermore, EGFR-RPA performed better in terms of calibration than other prognostic indices.BM progression after TKI and EGFR mutation type were specific prognostic factors for EGFR-mutated lung cancer BM. EGFR-RPA was more precise than other models, and useful for personal treatment.
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1 Introduction

Lung cancer remains the most common cause of cancer and cancer-related mortality worldwide (1),Brain metastases (BM) are common in patients with lung cancer, 20-25% of non-small-cell lung cancer (NSCLC) patients are estimated to have BM at initial diagnosis (2, 3). Around 40- 60% of the patients diagnosed with NSCLC develop BM during the course of their disease, and this cumulative risk increases up to 70% in patients with epidermal growth factor receptor (EGFR) mutation (4). Mutations that constitutively activated the EGFR kinase domain are present in 10-15% of patients with lung adenocarcinoma in North America and up to 60% of patients in Asia (5). In the past, survival after the diagnosis of BM in NSCLC patients was uniformly poor, and its management was futile (6, 7). However, with advances in systemic treatment and technology, including molecularly targeted therapies and stereotactic radiosurgery (SRS), survival from BM has improved (8). Extensive efforts have focused on predicting outcomes for the considerable heterogeneity of patients with BM. An accurate and easy diagnosis-specific tool for clinicians is urgently required to improve their ability to assess patient prognosis and create clinical risk groups for informing treatment or patient stratification by disease severity in clinical trials.

Considerable research efforts have focused on predicting outcomes for the extremely heterogeneous population of patients with BM. Gaspar et al. (9)presented RPA prognostic system, Lorenzoni et al. (10) proposed BS-BM, and Sperduto et al. (11) developed GPA. However, these BM prognostic indices included various tumor types. Sperduto et al. (12) recognized the variability of the prognostic factors according to primary diagnosis and constructed a new prognostic index named DS-GPA. Based on the effect of gene alterations on survival in patients with lung cancer, Sperduto et al. (12)proposed lung-mol GPA that included the addition of gene status. The limitation of previous studies on BM was the inconsistency in treatment methods, especially those considering EGFR mutations. Tyrosine kinase inhibitors (TKIs) and brain radiation therapy (RT), which are the most important treatments for patients with EGFR-mutated BM. Recently, the use of TKIs for treating BM in patients who are EGFR-TKI naïve has been demonstrated to have a central nervous system (CNS) objective response rate of 91% (Osimertinib) and 68% (Gefitinib or Erlotinib) (13). Inconsistency in treatment methods may affect the construction of a BM model. Whether the existing BM indices were applicable was unknown in an era of lung cancer with targeted therapies. Therefore, in this study, only the patients with EGFR-mutated NSCLC BM who received TKIs and brain RT were included in order to reduce the risk of bias. We evaluated previous BM indices and established a new prognostic index EGFR recursive partitioning analysis (RPA) referring to the RPA model based on a reasonable combination of EGFR mutation-specific predictors.




2 Methods



2.1 Study design and patients

Patients with EGFR-mutated NSCLC who were diagnosed with BM at any point of the disease course and treated with EGFR-TKI and brain radiotherapy from January 2008 to December 2018 at the Fudan University Shanghai Cancer Center and the People’s Hospital Affiliated to Jiangsu University were identified. Since this study aimed to retrospectively evaluate prognostic factors for OS and construct a new prognostic grading system for NSCLC, the following patients were included: (i) those histologically diagnosed with lung adenocarcinoma, (ii) those who presented with EGFR mutations in the primary tumor or metastatic brain lesions, (iii) those with confirmed BM using computed tomography and (or) magnetic resonance imaging, and (iv) those who received first-generation and second- generation EGFR TKIs and brain radiotherapy, including whole brain radiation therapy (WBRT) and SRS. Patients who received EGFR-TKI for less than 1 month and patients lost to follow-up were excluded. Patient data included detailed clinical data, follow-up examination results and death dates (if applicable). Patients were followed up via clinic visits and telephone interviews. OS was calculated from the date of diagnosis of BM to the date of death owing to cancer or by patient censoring on the date of the last follow up. All patients were followed up until death or April 2020 (end of follow-up). The study was conducted according to the Helsinki Declaration and the study protocol was approved by the Ethics Review Board of the Fudan University Shanghai Cancer Center and the People’s Hospital Affiliated to Jiangsu University.




2.2 Analyses of prognostic factors

To evaluate prognostic factors for OS for EGFR-mutated lung cancer BM patients, data on the following variables were gathered for the analysis: sex, age, Karnofsky performance score (KPS) at the time of BM, stage at initial diagnosis, whether patients were symptomatic because of BM, whether there was BM progression after TKI, presence or absence of extracranial metastases concurrent with the BM, EGFR mutation site, symptoms related to BM, control of the primary tumor, number of BM, and type of RT delivered. The dates of the initial cancer diagnosis, BM diagnosis, intracranial progression, RT treatments, systemic therapy treatments, most recent follow-up, and death were also recorded. These variables were included in the univariate analysis which was performed using the Kaplan–Meier method plus the log-rank test. The variables that were significant in the univariate analysis (p<0.05) were evaluated for independent associations with survival in the multivariate analysis (Cox proportional hazards model).




2.3 Construction of a new prognostic index

By referring to the RPA scoring system (9), we established a new BM scoring system named EGFR mutation-specific RPA (EGFR-RPA) based on the multivariate analysis results. The variables significantly associated with survival (p<0.05) in the Cox proportional hazard analysis were incorporated in the EGFR-RPA.




2.4 Analyses and assessment of prognostic stratification

To evaluate the prognostic factors for EGFR-mutated NSCLC BM patients receiving EGFR-TKI and brain RT using the prognostic grading systems, patients were stratified according to RPA, DS-GPA, BS-BM, lung-mol GPA and EGFR-RPA.




2.5 Statistics

The Kaplan-Meier analysis was used to estimate the OS, from the date of diagnosis of BM to the date of death or last follow-up. The univariate Cox proportional hazards analysis examined the factors associated with an increased risk of death. With the significant variables obtained in the univariate analysis, multivariate Cox regression analysis was performed to determine the new model for predicting survival. Log-rank testing was used to compare the adjacent classes with OS for five prognostic indices. The AUC and C-index were used to estimate the discriminative ability with the five existing indices. All analyses were performed using SPSS version 17.0 (IBM Corporation, Chicago, IL) and R version 3.5.1. (The R Foundation, Vienna, Austria).





3 Results



3.1 Patient characteristics

From January 2008 to December 2018, a total of 173 patients were included in this retrospective study conducted in two hospitals. The process of screening eligible patients is provided in the Supplementary Materials (Supplement Figure 1). The median follow-up time for these patients was 67 months (range, 1-112 months). The median age was 57 years (range, 31-84 years). The patients were predominantly ≤70 old years (91.3%), were males (77.8%), had a KPS score ≥70 (72.3%), BM ≤3 (64.2%), had extracranial metastases (ECM) (72.8%), had symptomatic BM (59.5%), had metachronous BM (52.6%), and received upfront or concurrent WBRT or SRS (79.2%). Patients’ characteristics at baseline are shown in Table 1.


Table 1 | Clinical characteristics of the 173 patients.






3.2 Prognostic factors for outcomes of OS

The median OS was 30 (95% confidence interval [CI], 26-34, Supplement Figure 2) months. In the univariate analysis, a significantly shorter OS was observed in patients with KPS <70 (p=0.000), BM at initial diagnosis (p=0.001), BM progression after TKI (p=0.000), extracranial metastases (p=0.007), EGFR mutation type that was not exon 19 deletion (p=0.007), uncontrolled primary tumor (p=0.000), and number of BM >3 (p=0.016). In addition, we observed that the patients who underwent SRS or surgical resection with or without WBRT tended to have a longer OS than those who underwent only WBRT; however, the difference was not statistically significant (p= 0.063). Further, there was no significant difference observed in the patients with respect to sex, age, stage at initial diagnosis, symptomatic BM, and timing of RT. In the multivariate analysis using multiple Cox proportional hazards models, we observed that the performance status (KPS<70, p= 0.006), BM at the time of initial lung cancer diagnosis (p= 0.024), BM progression after TKI (p=0.000), EGFR mutation (p=0.023), uncontrolled primary tumor (p=0.002), and more than three BM (p=0.005) were the independent prognostic factors for OS (Table 2).


Table 2 | Univariable and multivariable analyses of covariables associated with OS.






3.3 Prognostic indices and a new model

The prognostic values of the five indices examined are presented in Figure 1 and Supplement Table 1. In the log-rank test, the indices of RPA, DS-GPA, lung-mol GPA, and BS-BM were all significant predictors of OS. However, they did not demonstrate superiority of their predictive effect. In the multivariate analysis using multiple Cox proportional hazards models, age and extracranial metastases were not found to be the independent prognostic factors for OS. BM at the time of the initial diagnosis of lung cancer (p= 0.024), BM progression after TKI (p=0.000), and EGFR mutation type (p=0.023) were independent prognostic factors (Table 2); however, they were not associated with the four prognostic indices. Therefore, referring to the RPA model, we established a new BM scoring system named EGFR-RPA based on the results of the multivariate analysis (Figure 2). The first node split by BM progression after TKI indicated that the survival difference between patients was greater than the difference between any other subset among them. Among the patients with non-TKI advanced BM, the most significant split was the number of prognostic factors. Patients who met 5 prognostic factors or developed BM progression after TKI had the worst survival (Class I). The best survival was observed in patients who had either no or only one prognostic factor (Class III). All the other patients had two to four prognostic factors, forming a middle stage (Class II). The median OS for Class I, Class II, and Class III were 11 months (95% CI, 7-15), 32 months (95% CI, 27-37), and 52 months (95% CI, 34-69), respectively (p=0.000 Figure 1 and Supplement Table 1). The 3-year OS rates for Class I, Class II, and Class III were 12%, 40%, and 63%, respectively. The 5-year OS rates for Class I, and Class II, and Class III were 0%, 19%, and 36%, respectively.




Figure 1 | Kaplan-Meier Curves of overall survival showing Survival by the RPA (A), DS-GPA (B), BS-BM (C), lung-mol GPA (D) and EGFR-RPA (E) for EGFR-mutated lung cancer BM.






Figure 2 | Recursive tree for the new specific prognostic system for epidermal growth factor receptor-mutated lung cancer brain metastases.






3.4 Comparison of predictive accuracy for overall survival between prognostic indices

The ROC and C-indices were used to compare the prognostic validity. The AUC values for 1-year OS were 0.565 for RPA (p=0.214), 0.752 for DS-GPA (p=0.175), 0.641 for lung-mol GPA (p=0.007), 0.585 for BS-BM (p=0.106), and 0.781 for EGFR-RPA (p=0.000). The C-indices for the survival probability prediction were 0.603, 0.569, 0.613, 0.595, and 0.671, for each scoring system, respectively. These results suggested that the EGFR-RPA model presented with the best AUC values and C-indices (Tables 3, 4). Furthermore, the calibration plot for the probability of 1- year OS presented a good correlation between the EGFR-RPA prediction and actual observation. (Supplement Figure 3).


Table 3 | AUC of each scoring model to predict 1 year survival.




Table 4 | Predictive value analyses of the 5 scoring systems (C-index).







4 Discussion

To the best of our knowledge, this is the first analysis of patients with EGFR-mutated NSCLC who developed BM after receiving all the effective treatments, including first-generation TKIs as first line treatment, Osimertinib as subsequent therapy and brain RT. In this study, we observed that KPS, BM at the time of initial diagnosis, BM progression after TKI, EGFR mutation type, uncontrolled primary tumor and the number of BM were the independent prognostic factors for OS in real-world practice. Moreover, our finding confirms that BM progression after TKI presented significantly worse outcome, with a median survival of only 10 months. Therefore, it was necessary to establish a new prognostic index specific for patients with EGFR-mutated NSCLC who developed BM and BM progression after TKI should be brought into the index. Compared with the previous models of BM, the new prognostic system (EGFR-RPA) can accurately classify or categorize patients according to their prognosis, which can be used to determine optimal and personalized management of patients with EGFR-mutated NSCLC who develop BM.

Currently, the scoring systems for BM include RPA, BS-BM, DS-GPA and Lung-mol GPA. The differences between them mainly existed in the selection and management of the prognostic factors. The selection of prognostic factors was based on population differences selected at the time of establishment of each scoring system. KPS plays a decisive role in RPA scoring system. The prognostic factors were equivalent in BS-BM, DS-GPA, and lung-mol GPA, and patient outcomes were stratified by scoring methods. The new model differs from the previous model such that age was not an independent prognostic factor, which is consistent with the results of a study conducted on Chinese patients with BM from EGFR-mutated lung cancer (14). We speculated that older patients could tolerate targeted therapy well and, thus, benefit from SRS. Further, Sperduto et al. (15) observed that patients with BM from EGFR-mutated NSCLC presented with significantly different survival prognosis with different genetic status, thus, introducing EGFR gene mutation status and establishing the lung-mol GPA scoring system. However, the type of EGFR mutation was not distinguishable in this system. It has been confirmed that EGFR-mutated NSCLC is a genetically heterogeneous disease (16). The most common EGFR mutations (exon 19 deletion or L858R mutations) predict sensitivity to EGFR TKIs. However, patients with exon 19 deletions demonstrate improvement in OS and progression-free survival (PFS) compared to those harboring the L858R mutations following treatment with first-generation EGFR TKIs (17). Additionally, 10% of the patients have an uncommon EGFR mutation and are less responsive to EGFR-TKI therapy compared to the patients with either of the common mutations (18). In our study, the EGFR mutation subtype was an independent predictor for prognosis stratification. Finally, focusing on the EGFR-mutated NSCLC BM system, this study observed that BM resistance after TKI, which was not accounted for in the previous BM scoring systems, could identify the patients with the worst outcomes.

In this study, BM progression after TKIs was extremely poor prognostic factor for EGFR-RPA for patients with EGFR mutations.BM progression after TKIs belongs to metachronous BM. However, previous studies (19, 20) and our study have demonstrated that patients with metachronous BM have a better prognosis compared to patients who subsequently develop brain metastases. Most importantly, the other validated prognostic indices, such as KPS, EGFR mutation type, control of primary tumor, and the number of BM, were similar between groups with and without BM progression after TKI. The current findings suggest that the poor OS observed in patients with BM after TKI is not secondary to selection bias or differences between patient cohorts, albeit due to the prognostic factor itself. Similarly, Kimberly et al. (21)reported that patients treated with TKI prior to BM diagnosis presented worse outcomes than patients who did not receive targeted therapy prior to BM diagnosis (OS: 9 versus 19.6 months). However, unlike the current study in which the groups included 173 patients and the median follow-up was 67 months, only 54 patients were evaluated with a median follow-up at 8.6 months.

In this study, the second-line treatments for patients with BM progression after TKIs included bevacizumab combined with chemotherapy, Osimertinib targeted therapy, and salvage brain RT. In general, the traditional chemotherapeutic agents used to treat NSCLC do not cross the blood-brain barrier (BBB); Therefore, their effect on CNS metastases is limited (22). Recently, Wu (23) observed that the T790 mutation showed low consistency between cerebrospinal fluid (CSF) and plasma in the study of CSF genotyping in EGFR-mutated NSCLC, which could explain the poor response to Osimertinib in patients with T790 mutations detected in plasma. In this study, patients with BM progression after TKIs were treated with salvage RT, and the effect was poor. Performing RT for BM after TKI resistance worsened the occurrence of cerebral radiation necrosis in patients treated with TKIs (24).This may also be one of the reasons for the poor survival rate. Therefore, the presence of BM after TKIs indicates drug resistance, and currently, there is currently a lack of effective treatment.

Despite significant results, our study had limitations. First, the study had the limitations inherent to a retrospective analysis. Second, the potential toxicities associated with RT and their impact on the quality of life were not assessed. Last, all the patients received first- or second-generation EGFR-TKIs, but did not receive third-generation TKIs, which have a greater ability to penetrate the BBB than that of first- or second-generation EGFR TKIs (25)and could reduce the risk of CNS progression versus standard EGFR-TKI (13).




5 Conclusions

In conclusion, this study presented that BM progression after TKI and EGFR mutation type were specific prognostic factors for EGFR-mutated lung cancer BM. The new index, whose ROC and C-index were better than those of previous indices, was more prognostic and divisive than the previous indices. According to the EGFR-RPA index, the worst median survival was 10 months, whereas the best median survival was 52 months.





Data availability statement

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





Ethics statement

The study was conducted according to the Helsinki Declaration and the study protocol was approved by the Ethics Review Board of the Fudan University Shanghai Cancer Center and the People’s Hospital Affiliated to Jiangsu University. Written informed consent from the patients was not required to participate in this study in accordance with the national legislation and the institutional requirements.





Author contributions

X-WF provided direction and guidance throughout the preparation of this manuscript. L-HZ wrote and edited the manuscript. L-HZ, LS, T-TN, and Y-QL collected and prepared the related papers. X-WF, L-HZ, K-LW, and C-YW reviewed and made significant revisions to the manuscript. All authors contributed to the article and approved the submitted version.





Funding

This work was supported by grants from National Natural Scientific Foundation of China (81872551, 81903252). The Key Clinical Specialty Project of Shanghai and the Key area research and development of Guangdong Province (2020B1111190001).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1093084/full#supplementary-material




References

1. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, Jemal, A, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca-Cancer J Clin (2018) 68:394–424. doi: 10.3322/caac.21492

2. Quint, LE, Tummala, S, Brisson, LJ, Francis, IR, Krupnick, AS, Kazerooni, EA, et al. Distribution of distant metastases from newly diagnosed non-small cell lung cancer. Ann Thorac Surg (1996) 62:246–50. doi: 10.1016/0003-4975(96)00220-2

3. Riihimaki, M, Hemminki, A, Fallah, M, Thomsen, H, Sundquist, K, Sundquist, J, et al. Metastatic sites and survival in lung cancer. Lung Cancer (2014) 86:78–84. doi: 10.1016/j.lungcan.2014.07.020

4. Dagogo-Jack, I, Gill, CM, Cahill, DP, Santagata, S, Brastianos, PK, et al. Treatment of brain metastases in the modern genomic era. Pharmacol Therapeut. (2017) 170:64–72. doi: 10.1016/j.pharmthera.2016.10.011

5. Li, C, Fang R and Sun, Y, Han, X, Li, F, Gao, B, et al. Spectrum of oncogenic driver mutations in lung adenocarcinomas from East Asian never smokers. PloS One (2011) 6:e28204. doi: 10.1371/journal.pone.0028204

6. Nathoo, N, Chahlavi, A, Barnett, GH, Toms, SA, et al. Pathobiology of brain metastases. J Clin Pathol (2005) 58:237–42. doi: 10.1136/jcp.2003.013623

7. Mulvenna, P, Nankivell M and Barton, R, Faivre-Finn, C, Wilson, P, McColl, E, et al. Dexamethasone and supportive care with or without whole brain radiotherapy in treating patients with non-small cell lung cancer with brain metastases unsuitable for resection or stereotactic radiotherapy (QUARTZ): results from a phase 3, non-inferiority, randomised trial. Lancet (2016) 388:2004–14. doi: 10.1016/S0140-6736(16)30825-X

8. Magnuson, WJ, Yeung, JT, Guillod, PD, Gettinger, SN, Yu, JB, Chiang, VL, et al. 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 (2016) 95:673–9. doi: 10.1016/j.ijrobp.2016.01.037

9. Gaspar, L, Scott, C, Rotman, M, Asbell, S, Phillips, T, Wasserman, T, et al. Recursive partitioning analysis (RPA) of prognostic factors in three radiation therapy oncology group (RTOG) brain metastases trials. Int J Radiat. Oncol (1997) 37:745–51. doi: 10.1016/s0360-3016(96)00619-0

10. Lorenzoni, J, Devriendt, D, Massager, N, David, P, Ruíz, S, Vanderlinden, B, et al. Radiosurgery for treatment of brain metastases: estimation of patient eligibility using three stratification systems. Int J Radiat. Oncol (2004) 60:218–24. doi: 10.1016/j.ijrobp.2004.02.017

11. Sperduto, PW, Berkey, B, Gaspar, LE, Mehta, M, Curran, W, et al. A new prognostic index and comparison to three other indices for patients with brain metastases: an analysis of 1,960 patients in the RTOG database. Int J Radiat. Oncol (2008) 70:510–4. doi: 10.1016/j.ijrobp.2007.06.074

12. Sperduto, PW, Kased, N, Roberge, D, Xu, Z, Shanley, R, Luo, X, et al. Summary report on the graded prognostic assessment: an accurate and facile diagnosis-specific tool to estimate survival for patients with brain metastases. J Clin Oncol (2012) 30:419–25. doi: 10.1200/JCO.2011.38.0527

13. Reungwetwattana, T, Nakagawa, K, Cho, BC, Cobo, M, Cho, EK, Bertolini, A, et al. CNS response to osimertinib versus standard epidermal growth factor receptor tyrosine kinase inhibitors in patients with untreated EGFR-mutated advanced non-Small-Cell lung cancer. J Clin Oncol (2018), O2018783118. doi: 10.1200/JCO.2018.78.3118

14. Li, H, Lian, J, Jin, H, Wang, W, Cao, J, Zhang, X, et al. Assessment of prognostic scores of brain metastases from lung adenocarcinoma with EGFR mutations. J Neuro-Oncol. (2017) 133:129–35. doi: 10.1007/s11060-017-2411-2

15. Sperduto, PW, Yang, TJ, Beal, K, Pan, H, Brown, PD, Bangdiwala, A, et al. The effect of gene alterations and tyrosine kinase inhibition on survival and cause of death in patients with adenocarcinoma of the lung and brain metastases. Int J Radiat. Oncol (2016) 96:406–13. doi: 10.1016/j.ijrobp.2016.06.006

16. Castellanos, E, Feld, E, and Horn, L. Driven by mutations: The predictive value of mutation subtype in EGFR-mutated non-small cell lung cancer. J Thorac Oncol (2017) 12:612–23. doi: 10.1016/j.jtho.2016.12.014

17. Lee, CK, Wu, YL, Ding, PN, Lord, SJ, Inoue, A, Zhou, C, et al. Impact of specific epidermal growth factor receptor (EGFR) mutations and clinical characteristics on outcomes after treatment with EGFR tyrosine kinase inhibitors versus chemotherapy in EGFR-mutant lung cancer: A meta-analysis. J Clin Oncol (2015) 33:1958–65. doi: 10.1200/JCO.2014.58.1736

18. Arrieta, O, Cardona, AF, Corrales, L, Campos-Parra, AD, Sánchez-Reyes, R, Amieva-Rivera, E, et al. The impact of common and rare EGFR mutations in response to EGFR tyrosine kinase inhibitors and platinum-based chemotherapy in patients with non-small cell lung cancer. Lung Cancer (2015) 87:169–75. doi: 10.1016/j.lungcan.2014.12.009

19. Ashworth, AB, Senan, S, Palma, DA, Riquet, M, Ahn, YC, Ricardi, U, et al. An individual patient data metaanalysis of outcomes and prognostic factors after treatment of oligometastatic non-small-cell lung cancer. Clin Lung Cancer (2014) 15:346–55. doi: 10.1016/j.cllc.2014.04.003

20. Zabel, A, Milker-Zabel, S, Thilmann, C, Zuna, I, Rhein, B, Wannenmacher, M, et al. Treatment of brain metastases in patients with non-small cell lung cancer (NSCLC) by stereotactic linac-based radiosurgery: prognostic factors. Lung Cancer (2002) 37:87–94. doi: 10.1016/s0169-5002(02)00030-2

21. Mak, KS, Gainor, JF, Niemierko, A, Oh, KS, Willers, H, Choi, NC, et al. Significance of targeted therapy and genetic alterations in EGFR, ALK, or KRAS on survival in patients with non-small cell lung cancer treated with radiotherapy for brain metastases. Neuro-Oncology (2015) 17:296–302. doi: 10.1093/neuonc/nou146

22. Postmus, PE, and Smit, EF. Chemotherapy for brain metastases of lung cancer: a review. Ann Oncol (1999) 10:753–9. doi: 10.1023/a:1008318515795

23. Zheng, MM, Li, YS, Tu, HY, Jiang, BY, Yang, JJ, Zhou, Q, et al. Genotyping of cerebrospinal fluid associated with osimertinib response and resistance for leptomeningeal metastases in EGFR-mutated NSCLC. J Thorac Oncol (2021) 16:250–8. doi: 10.1016/j.jtho.2020.10.008

24. Zhuang, H, Tao, L, Wang, X, Shi, S, Yuan, Z, Wang, E, et al. Tyrosine kinase inhibitor resistance increased the risk of cerebral radiation necrosis after stereotactic radiosurgery in brain metastases of non-small-Cell lung cancer: A multi-institutional retrospective case-control study. Front Oncol (2020) 10:12. doi: 10.3389/fonc.2020.00012

25. Ballard, P, Yates, JW, Yang, Z, Kim, DW, Yang, JC-H, 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) 22:5130–40. doi: 10.1158/1078-0432.CCR-16-0399




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 © 2023 Zhu, Fan, Sun, Ni, Li, Wu and Wu. 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/Images/fonc-13-1093084-g002.jpg
EGFR-PRA Tree

Root

BM progression not after TKI BM progression after TKI

e D

1 not19 Not control of Numbers of BM at initial |
e : : ¢ KPS <70
Ideletlon primary tumor BM >3 diagnosis 1

Class |

Meet none conditions Meet two conditions

i s Meet all five conditions
or only one condition  or four conditions

Class Il Class Il





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        New prognostic system specific for epidermal growth factor receptor-mutated lung cancer brain metastasis

      

        		

          Introduction

        



        		

          Methods

        



        		

          Results and discussion

        



        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Study design and patients

          



          		

            2.2 Analyses of prognostic factors

          



          		

            2.3 Construction of a new prognostic index

          



          		

            2.4 Analyses and assessment of prognostic stratification

          



          		

            2.5 Statistics

          



        



        



        		

          3 Results

        

          		

            3.1 Patient characteristics

          



          		

            3.2 Prognostic factors for outcomes of OS

          



          		

            3.3 Prognostic indices and a new model

          



          		

            3.4 Comparison of predictive accuracy for overall survival between prognostic indices

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusions

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2023.1093084_cover.jpg
& frontiers | Frontiers in Oncology

New prognostic system specific for
epidermal growth factor receptor-mutated
lung cancer brain metastasis





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Univariable Analysis Multivariable Analysis

Variable Median OS (month) BE 95%Cl HR 95%(Cl
Gender 0.115
Male 29 2.325 24.444 33.556
Female 31 5.086 21.031 40.969
Age 0.192
<70 31 2258 [ 26.574 35426 |
>=70 27 7.059 13.164 40.836
KPS 0.000 ‘ 1.787 1182 2.700 0.006
<70 19 2411 14.274 23.726
>=70 36 3329 29.474 42.526
Stage at diagnosis 0.964
I-IT 30 2.188 25.711 34.289
I\ 27 13.064 1.395 52.605
BM at initial diagnosis 0.001 0.599 0.383 0.935 0.024
Synchronous 24 4272 17.700 30.300
Metachronous 40 3.193 31.600 48.400
BM progrssion after TKI 0.000 2.529 1.557 4.111 0.000
Yes 10 1.829 6.415 13.585
No 35 3.715 27.718 42.282
Extracranial metastases 0.007
Yes 27 2.092 22.900 31.100
No 47 10.344 26.726 67.274
EGEFR site 0.007 1.498 1.058 2.122 0.023
19 deletion 35 3.981 27.197 42.803
others 17 7.707 1.895 32105
Symptomatic BM 0.108
Yes 27 3.426 28.285 41715
No 35 3.501 20.138 33.862
Control of primary tumor 0.000 0.530 0.352 0.797 0.002
Yes 37 4.013 29.134 44.866 ‘
No 23 2.866 17.383 28.617
Numbers of BM 0.016 1.689 1170 2.437 » 0.005
<=3 34 4.078 26.007 41.993
>3 17 4.354 8.466 25.534
Radiotherapy technology 0063
WBRT 27 3.091 20.941 33.059
SRS/Surgeon+ WBRT 32 3.383 | 25.370 38.630
Timing of radiotherapy 0.249
Upfront or concurrentWBRT or SRS 31 2.798 25.516 36.484
Upfront EGFR-TKI 25 7.944 9.429 40.571

KPS, Karnofsky performance status; BM, Brain metastases; TKI, Tyrosine kinase inhibitors; EGER, Epidermal growth factor mutation; WBRT, Whole brain radiation therapy; SRS, Stereotactic
radiosurgery; CI, Confidence interval.





OEBPS/Images/table4.jpg
Score Classes No. of patients
RPA 1/1/11 31/94/48 0.603
DS-GPA 0-0.5/1.0-2.0/2.5-3.5/4.0 27/109/34/3 0.569
Lung-mol GPA 1.0-1.5/2.0-2.5/3.0-3.5/4.0 23/43/80/27 0.613
BS-BM 0/1/2/3 21/45/72/35 0595
EGFR-RPA i v 45/74/54 0671

RPA, Recursive partitioning analysis; DS-GPA, Diagnosis specific graded partitioning analysis; lung-mol GPA, lung-molecular graded prognostic assessment; BS-BM, Basic score for brain
metastases; EGER-RPA, EGFR-recursive partitioning analysis.





OEBPS/Images/table3.jpg
Scores AUC 95% CI

RPA 0.565 0.466 - 0.665 0215
DS-GPA 0.572 0.466 - 0.677 0.174
Lung-mol GPA 0.641 0.538 - 0.744 0.007
BS-BM 0.585 0.483 - 0.687 0.106
EGFR-RPA 0.781 0.693 - 0.868 0.000

AUC, Area under the curve; RPA, Recursive partitioning analysis; DS-GPA, Diagnosis specific graded partitioning analysis; lung-mol GPA, lung-molecular graded prognostic assessment; BS-
BM, Basic score for brain metastases; EGFR-RPA, EGFR-recursive partitioning analysis; Cl, Confidence interval.





OEBPS/Images/fonc-13-1093084-g001.jpg
A RPA B DS-GPA C Lung-mol GPA

< 100 p=0.000 - RPAI 100 —— Class 0-0.5 __100 —= Class 1.0-1.5
g w == ReAll g —— Class 1.02.0 & o — Class 2.0-25
% — RPAIIl - = Class 2535 % ~— Class 3.0-3.5
z @ § 89 — Class 4.0 B o Class 4.0
= 40 - e
g E 40 E 40
o o
6 3 2 3 20
0 0 0
) 07 12 24} 136 48 60. 721 isd: ) 0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
No.at risk Follow-up(months) No.atrisk Follow-up(months) No. at risk Follow-up(months)
RPAI 31 29 25 21 14 8 3 2 Class0-0.5 27 19 10 7 5 2 1 1 Class104525 14 8 & 4 2 1 4
RPAII 94 77 64 41 26 14 7 3 Class1.0-2.0109 90 70 42 25 12 7 3 ClEES201254y 353 207 13 M0} (5| 4 2
RPAIIL 48 38 16 8 5 2 2 1 Class25-3534 27 24 20 13 9 4 2 CI3553.0-3-5 40, (60) 57 875 M8 Wy &8
Class40 3 3 2 2 2 2 1 1 e
ass Class40 27 24 20 16 13 7 3 2
D BS-BM E EGFR-RPA
o 10 p=0.000 -0 10 p=0.000 Eps |
2 -1 8 -
=) 80 =
= 80
% -2 '$>' -l
5 60 - 3 5 60
2] 12}
§ 40 § 40
o o
3 2 3 20
0 0
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84
No. at risk Follow-up(months) No. atrisk Follow-up(months)
0 2 15 7 2 2 1 1 1 I 4 23 10 7 2 1 1 1
1 45 36 24 15 11 5 3 2 I 74 70 49 29 20 10 6
2 72 58 48 32 18 12 7 2 m 54 52 45 33 2 13 6 4
3 35 32 2 22 14 7 3 2





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/table1.jpg
Variables (%)
Sex

Female 100 57.8

Male 73 422
Age(years)

<50 14 254

50 -<60 57 329

60 -<70 57 329

>=70 15 87
KPS

<70 48 27.7

70-80 96 55.5

>=90 29 16.8
Stage at diagnosis

111 51 295

v 122 70.5
BM at initial diagnosis

Synchronous 82 47.4

Metachronous 91 52.6
Extracranial metastases

Yes 126 72.8

No 47 272
EGFR site

19 deletion 90 52.0

21 mutation 72 41.6

Others 11 6.4
Symptomatic BM

Yes 103 59.5

No 70 40.5
Control of primary tumor

Yes 122 70.5

No 51 29.5
Numbers of BM

1 72 416

2-3 39 225

>=4 62 358
EGFR-TKIs

Gefitinib 82 474

Erlotinib 41 237 ‘

Icotinib 47 272 ‘

Afatinib 3 17
Radiotherapy technology

WBRT 122 70.5

SRS 25 145

WBRT+SRS 17 9.8

Surgeon+WBRT 6 35

Surgeon+SRS 3 17
Timing of radiotherapy

Upfront or concurrent WBRT or SRS 137 79.2

Upfront EGFR-TKI 36 20.8

KPS, Karnofsky performance status; BM, Brain metastases; EGFR, Epidermal growth factor
mutation; WBRT, Whole brain radiation therapy; SRS, Stereotactic radiosurgery; TKI,

Tyrosine kinase inhibitors.





