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Epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitors (TKIs) targeted therapy has become the standard of care for patients with EGFR-mutated metastatic non-small cell lung cancer (NSCLC) on the basis of improved prognosis and reduced toxicities compared with chemotherapy. In view of the therapeutic potential of EGFR-TKIs in EGFR-mutated advanced NSCLC, several scholars have explored the value of preoperative use of EGFR-TKIs in patients with EGFR-mutated resectable NSCLC. However, the field of neoadjuvant targeted therapy for EGFR-mutated resectable NSCLC is currently in its infancy. In this mini-review, we summarize the current evidence on neoadjuvant EGFR-TKIs targeted therapy for resectable EGFR-mutated NSCLC and focus on discussing potential clinical strategies of treating resectable EGFR-mutated patients by preoperative administration of EGFR-TKIs-based multimodality therapy.
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1 INTRODUCTION
Lung cancer remains the leading cause of cancer death in China and worldwide (Sung et al., 2021; Xia et al., 2022). Non-small cell lung cancer (NSCLC) accounts for more than 85% of all lung cancers, of which 30%–40% are resectable (Goldstraw et al., 2016). Radical surgical resection is the cornerstone of standard of care for resectable NSCLC (Duma et al., 2019). However, approximately 25%–70% of patients diagnosed with resectable NSCLC will experience recurrence even after complete resection (Goldstraw et al., 2016).
Neoadjuvant therapy aims to allow the timely treatment of subclinical micrometastatic disease and increase R0 resection rate, ultimately improving prognosis (Hu et al., 2021). However, preoperative administration of chemotherapy resulted in only a 5% improvement in 5-year survival for stage Ib-III NSCLC, compared with surgery alone (Group, 2014). This is equivalent to the survival benefit of adjuvant chemotherapy (Group et al., 2010).
The advent of tyrosine kinase inhibitors (TKIs), including first-generation gefitinib, erlotinib, and icotinib, second-generation afatinib and dacomitinib, and third-generation osimertinib, furmonertinib, and almonertinib, has changed the treatment mode of EGFR-mutant advanced NSCLC. Compared with reversible first-generation TKIs, irreversible second-generation TKIs showed improved progression-free survival (PFS), and in the case of dacomitinib, improved overall survival (OS) at the cost of increased toxicity for EGFR-mutant advanced NSCLC (Park et al., 2016; Mok et al., 2018). Moreover, afatinib had better activity in patients with uncommon EGFR mutations (Ke and Wu, 2016). However, more than 50% of EGFR-mutated NSCLC patients using first or second-generation TKIs developed acquired resistance due to gatekeeper T790M point mutation, leading to the development of third-generation TKIs (Andrews Wright and Goss, 2019). As reported in FLAURA trial, osimertinib can significantly prolong PFS and OS of patients with treatment-naïve EGFR-mutant advanced NSCLC and reduce the risk of central nervous system (CNS) metastasis, compared with first-generation EGFR-TKIs (Ramalingam et al., 2020). Moreover, adjuvant osimertinib showed longer disease-free survival (DFS) compared with placebo in patients with stage Ib-IIIa EGFR-mutant NSCLC (Wu et al., 2020).
The field of neoadjuvant targeted therapy for resectable NSCLC with EGFR mutations is currently in its infancy (Hu et al., 2022). In view of the therapeutic potential of EGFR-TKIs in EGFR-mutated advanced NSCLC, several scholars have explored the value of preoperative use of EGFR-TKIs in patients with resectable NSCLC with EGFR mutations. In this mini-review, we summarize the current evidences on neoadjuvant targeted therapy for resectable EGFR-mutated NSCLC and focus on discussing potential clinical strategies of treating resectable EGFR-mutant patients by preoperative administration of EGFR-TKIs-based multimodality therapy.
2 CURRENT STATUS OF RESEARCH ON THE NEOADJUVANT TARGETED THERAPY WITH EGFR-TKIS
2.1 First-generation EGFR-TKIs
Several single-arm phase II trials have investigated the efficacy and safety of preoperative use of erlotinib or gefitinib in the neoadjuvant setting for patients with resectable NSCLC with EGFR mutations (Zhong et al., 2019; Zhang et al., 2021) (see Table 1). Zhang et al. (2021) included 33 patients with stage II-IIIA EGFR-mutated NSCLC who received neoadjuvant gefitinib therapy and found an objective response rate (ORR) of 54.5% and a major pathological response (MPR) rate of 24.2%, with no serious side effects observed. Xiong et al. (2019) reported the clinical outcomes of 19 patients with stage IIIA-N2 EGFR-mutated NSCLC receiving neoadjuvant therapy with erlotinib, with median PFS and OS of 11.2 and 51.6 months, respectively. Furthermore, ORR, R0 resection rate and pathological downstaging rate was 42.1%, 68.4%, and 21.1%, respectively. The CTONG 1103 study conducted a head-to-head comparison of the efficacy and safety of erlotinib versus gemcitabine plus carboplatin as neoadjuvant therapy in stage IIIA-N2 EGFR-mutated NSCLC (Zhong et al., 2019). The results showed that the neoadjuvant erlotinib group was significantly better than the neoadjuvant chemotherapy group in terms of ORR (54.1% vs. 34.3%), MPR rate (9.7% vs. 0) and median PFS (21.5 vs. 11.4 months); however, there was no significant difference in median OS between the two groups. In addition, Chen et al. reported that for patients with stage IIIA EGFR-mutated NSCLC receiving neoadjuvant therapy, erlotinib resulted in a higher ORR (67.4% vs. 44.2%), better pathological response rates (65.1% vs. 41.9%), and lower hematologic toxicities compared to chemotherapy. However, there was no significant difference between the two groups in terms of intraoperative bleeding, time to drainage tube removal, and complication rates (Chen Wenqing et al., 2018). Sun et al. (2020) recently performed a pooled analysis of five published prospective clinical trials assessing the efficacy and safety of neoadjuvant EGFR-TKIs for treatment of EGFR-mutated NSCLC. Although neoadjuvant EGFR-TKIs achieved satisfactory surgical outcomes and favorable toxicity profile, the pathological downstaging and pathological complete response (pCR) rates were quite low.
TABLE 1 | Neoadjuvant EGFR-TKIs targeted therapy for EGFR-mutated resectable NSCLC with published results.
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The ASCENT study (NCT01553942) is the only clinical trial reporting the outcomes of the preoperative use of second-generation EGFR-TKIs for treatment of EGFR-mutated locally progressive NSCLC (LV et al., 2018). The study was designed to assess the efficacy and safety of afatinib induction therapy followed by radical chemoradiotherapy or induction chemoradiotherapy followed by surgery decided by sequential MDT evaluation. 19 patients were enrolled in this study, including 10 with potentially resectable stage IIIA and 9 with unresectable stage IIIA/B. All patients received a 2-month course of afatinib induction therapy, and 2 patients were withdrew from this study due to disease progression during afatinib therapy. Imaging evaluation after afatinib treatment suggested an ORR of 58% (11/19), with 7 patients receiving radical chemoradiotherapy and another 10 receiving induction chemoradiotherapy followed by surgery. Postoperative pathology showed MPR in 7 (70%) patients, including pCR in 1 (10%). Although no treatment-related deaths occurred, most patients experienced grade 3/4 toxic reactions, including rash in 6 patients, diarrhea in 5, esophagitis in 3, nausea in 3, pneumonia in 2 and febrile neutropenia in 1. With a median follow-up of 30.6 months, disease recurrence occurred in 3 (30%) and 5 (71.4%) patients receiving surgery and radical chemoradiotherapy, respectively. Median PFS and OS were 34.6 and 69.1 months, respectively, with a 2-year OS of 88%.
2.3 Third-generation EGFR-TKIs
2.3.1 Prospective clinical trials
Only two single-arm phase II studies have investigated the feasibility of osimertinib as neoadjuvant treatment for EGFR-mutated resectable NSCLC (Blakely. et al., 2021; Lyu et al., 2022). The NCT03433469 study included a total of 13 patients with EGFR-mutated stage I-IIIA resectable NSCLC who received 1-2 cycles (28 days/cycle) of osimertinib followed by surgery (Blakely. et al., 2021). The results showed 6 (46%) patients achieved partial response (PR) and 7 patients stable disease (SD), with the disease control rate (DCR) of 100%. Postoperative pathology indicated MPR in 2 (15%) patients and no pCR was observed, with rates of pathologic and lymph node downstaging of 69% and 80% (4/5), respectively. Similar to the outcomes of first-generation EGFR-TKIs studies, neoadjuvant osimertinib therapy was well tolerated, with only one patient developing grade 2 treatment-related pneumonia and no serious adverse events observed. Moreover, no unplanned delays in surgery or surgical complications occurred. Interestingly, this study found that most patients who did not respond pathologically to osimertinib carried RNA-binding motif 10 (RBM10) loss-of-function mutations. RBM10, one of the members of the RNA-binding protein family, has been implicated in the carcinogenesis of multiple cancers (Cao et al., 2022). Nanjo et al. further revealed that RBM10 loss-of-function could affect tumor apoptosis by regulating mRNA alternate splicing of the mitochondrial apoptosis regulator Bcl-x, thereby reducing the efficacy of treatment with EGFR-TKIs (Nanjo et al., 2022). In addition, the NEOS study updated its outcomes at ELCC 2022 meeting, reporting that neoadjuvant osimertinib treatment resulted in an ORR of 71.1% and an R0 resection rate of 94% (Lyu et al., 2022). Of the 28 patients evaluated pathologically, 3 (11%) patients achieved MPR, including 1 (4%) patient with pCR, and 13 (46%) patients obtained more than 50% of pathological remission. Moreover, preoperative administration of osimertinib was well-tolerated, with no significant increase in perioperative complications.
2.3.2 Real-world retrospective studies
Leng et al. (Leng et al., 2021) reported the results of a multicenter real-world study (ChiCTR210004995) at 2021 WCLC meeting. They retrospectively analyzed the clinical data of 17 patients with EGFR-mutated stage IA-IIIB NSCLC who received neoadjuvant osimertinib treatment for 1–3 months followed by surgical resection and found an ORR of 88.2%. Among them, 4 (23.5%) patients achieved MPR, including 1 patient achieving pCR (5.9%). Rates of pathological and N2 lymph node downgrading were 52.9% and 42.9%, respectively, with no serious adverse effects or surgical complications observed. Furthermore, we retrospectively analyzed the clinical data of patients receiving neoadjuvant treatment with osimertinib for EGFR-mutated resectable NSCLC at our institute (Hu et al., 2022). Patient demographic characteristics, radiological and pathological response assessment, surgical information and data on complications, toxicities and prognosis were collected. Thirteen patients with a median age of 57 years (interquartile range: 52–64 years) were included in the study, of whom 8 (61.5%) were female. Our study showed ORR, complete resection rate, pathological and lymph node downstaging rate were 69.2% (9/13), 100%, 100% and 66.7% (6/9), respectively. Toxicity data were favorable as well, with no patients experiencing drug withdrawal or surgical delays due to the adverse events or grade 2 or worse adverse reactions. No perioperative deaths was observed and only 3 (23.1%) patients occurred postoperative complications. Moreover, all 12 patients who received follow-up survived without disease recurrence, with a median follow-up time of 9.5 months.
3 FUTURE CONSIDERATIONS OF RESEARCH ON THE NEOADJUVANT TARGETED THERAPY WITH EGFR-TKIS
3.1 Is neoadjuvant target therapy with EGFR-TKIs better than neoadjuvant chemotherapy?
We are aware that, based on the promising results of Checkmate 816 trial (Forde et al., 2022), neoadjuvant nivolumab plus chemotherapy has been approved by the FDA for treatment of EGFR/ALK-negative resectable NSCLC and also has been included in the 2022 NCCN V3 edition guideline recommendations. However, there is no conclusive evidence whether neoadjuvant targeted therapy has clinical application value for EGFR-mutated resectable NSCLC and whether neoadjuvant targeted therapy is superior to neoadjuvant chemotherapy. Although the CTONG 1103 study found no significant difference in median OS between the neoadjuvant/adjuvant erlotinib group and the neoadjuvant/adjuvant gemcitabine plus cisplatin group, neoadjuvant/adjuvant erlotinib group outperformed in terms of ORR (54.1% vs. 34.3%), MPR rate (9.7% vs. 0), and median PFS (21.5 vs. 11.4 months). The study was flawed by the small sample size and the relatively longer drug exposure in the neoadjuvant erlotinib group, which affected the credibility of the results (Zhong et al., 2019). Phase 3 RCTs with a higher level of evidence are lacking to confirm the superiority of EGFR-TKIs as neoadjuvant therapy versus chemotherapy. Based on relatively higher ORR and lower drug toxicity, in my opinion, neoadjuvant targeted therapy appears to be the better choice compared with chemotherapy (Chen Wenqing et al., 2018). Prospective studies [like NeoADAURA (Tsuboi et al., 2021)] will bring us more information on this topic (see Table 2).
TABLE 2 | Ongoing clinical trials investigating neoadjuvant EGFR-TKIs in EGFR-mutated NSCLC.
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It is well known that osimertinib has showed superior efficacy for treatment of EGFR-mutated advanced NSCLC compared with first-generation EGFR-TKIs, as demonstrated by significantly improving prognosis without increasing toxic side effects and reducing the risk of CNS metastasis (Ramalingam et al., 2020). However, there are no head-to-head prospective studies available to compare third-generation versus first-generation EGFR-TKIs as neoadjuvant therapy. The ANSWER study (NCT04455594), prospectively exploring the efficacy and safety of aumolertinib versus erlotinib or chemotherapy as neoadjuvant therapy for stage IIIA EGFR-mutated NSCLC is currently recruited and expected to provide more clues to ask this question (Liang et al., 2022).
3.3 Can prolonging drug exposure of neoadjuvant targeted therapy improve pCR rate?
Previous studies have shown that first-generation EGFR-TKIs can achieve an ORR of 62%–70% for treatment of EGFR-mutated advanced NSCLC, but radiologic remission usually occurs after 2 months of targeted therapy (Liu et al., 2022). However, several studies such as CTONG 1103 have treated patients with EGFR-mutated resectable NSCLC with a 42-day regimen of neoadjuvant therapy and achieved an ORR of only 54.1%–58.3% (Zhong et al., 2015; Zhong et al., 2019; Zhang et al., 2021). It is possible that short drug exposure time may affect treatment efficacy. Paradoxically, Rizvi et al. used a 21-day neoadjuvant regimen and obtained an ORR of 81% (Rizvi et al., 2011). We believe that this may be related to the fact that the study included only stage IA-IIB patients. An abstract presented at 2022 ASCO annual meeting reported on 4 patients with EGFR mutations and 1 patient with ALK rearrangement who received extended neoadjuvant targeted therapy (treatment continued until radiologic remission stopped) followed by surgical resection (ZH et al., 2022). All five patients achieved pCR with a mean neoadjuvant duration of 185 days (range: 163–248 days); the other four patients with non-driver mutations included in the study had similarly excellent outcomes after extended neoadjuvant chemotherapy, with three patients achieving MPR and another one achieving pCR. Whether prolonged neoadjuvant targeted therapy or even prolonged time until radiological non-remission before surgical intervention can be considered for patients with good response to EGFR-TKIs during neoadjuvant therapy remains to be further investigated.
3.4 Does neoadjuvant targeted therapy plus chemotherapy outperform neoadjuvant targeted therapy for treatment of EGFR-mutated resectable NSCLC?
A series of phase II clinical trials reported that neoadjuvant treatment with EGFR-TKIs significantly reduced tumor volume, improved radiologic response, and increased radical surgical resection rates. However, this promising effect of tumor radiological regression did not translate into tumor downstaging or pathologic remission. This result may be highly related to the inhibitory nature of EGFR-TKIs’ anti-tumor mechanism and spatial heterogeneity within the tumor. Feng et al. (2022) recently reported 3 cases of EGFR-mutant stage III unresectable NSCLC who initially received 1-2 cycles of neoadjuvant chemotherapy but were replaced with 2 cycles of neoadjuvant aumolertinib therapy due to poor therapeutic efficacy or intolerance of chemotherapy. Interestingly, two of these patients obtained MPR and another one obtained pCR. The ASCENT study attempted to assess the feasibility of neoadjuvant targeted therapy followed by chemoradiotherapy for potentially resectable EGFR-mutated NSCLC, and found that a 2-year OS reached 88% with a median OS of 69.1 months, 23%–47% of patients experienced dose reduction or discontinuation due to adverse effects (LV et al., 2018). In addition, the high CNS metastasis rate underscored the potential for improved prognosis with third-generation EGFR-TKIs that more easily breach the blood-brain barrier. Previous studies have shown that gefitinib plus chemotherapy significantly improves ORR and prolongs PFS and OS for treatment of EGFR-mutated advanced NSCLC compared with gefitinib alone at the cost of increased toxicities (Hosomi et al., 2020; Noronha et al., 2020). It is worthwhile to consider whether neoadjuvant TKIs plus chemotherapy can be a better treatment option for patients with EGFR mutated resectable NSCLC. The FORSEE study (NCT05430802) is a single-arm phase 2 study aiming to investigate the efficacy and safety of neoadjuvant furmonertinib plus cisplatin and pemetrexed for EGFR-mutated stage IIIA-B resectable NSCLC. Future clinical trials (like FORSEE and NeoADAURA studies) will hopefully reveal the value of neoadjuvant targeted combination chemotherapy with third-generation EGFR-TKIs in EGFR-mutated resectable NSCLC (Tsuboi et al., 2021).
3.5 Can circulating tumor DNA dynamic monitoring accurately guide neoadjuvant targeted therapy?
ctDNA monitoring has become a routine non-invasive tool for assessing tumor burden and minimal residual disease (MRD), with value for early diagnosis, efficacy assessment, recurrence monitoring, and prognosis determination. Currently, there is no evidence for ctDNA monitoring to guide neoadjuvant targeted therapy for EGFR-mutated resectable NSCLC. The FRONT study (NCT04965831) has been initiated to explore the efficacy and safety of the neoadjuvant 8-week plus adjuvant 3-year regimen of furmonertinib for treatment of EGFR-mutated stage IIIA-IIIB resectable NSCLC, while tissue and blood ctDNA monitoring will be performed at multiple time points. The APPROACH study (NCT04841811) will prospectively explore the efficacy and safety of induction aumolertinib therapy followed by different adjuvant therapy regimens guided by ctDNA dynamics in the MDT setting for unresectable stage III EGFR-mutated NSCLC. These studies are expected to bring evidence for genetic testing to assess efficacy and guide treatment.
3.6 Do concurrent mutations have impact on the response to neoadjuvant EGFR-TKIs therapy?
Advanced NSCLC studies have shown that concurrent genetic alterations, including common alterations (intra-EGFR co-mutation, TP53, PIK3CA, and PTEN) and driver gene alterations (ALK, KRAS, ROS1, and MET), may affect EGFR-TKI efficacy and partially explain the heterogeneous clinical outcomes (Guo et al., 2020). Little is unknown about the effect of concurrent genetic alterations on the efficacy of neoadjuvant EGFR-TKI therapy. The NCT03433469 study reported RBM10 loss-of-function mutations occurred in three out of four (75%) patients with no evidence of pathological response to neoadjuvant osimertinib therapy. Xiong et al. investigated the effects of concomitant TP53 mutation on prognosis of stage IIIa-N2 patients who received neoadjuvant erlotinib therapy. In their study, seven out of eight EGFR-mutant patients who underwent NGS testing had a combined TP53 mutation. To be noticed, two patients who experienced longer PFS (36 and 38 months, respectively) had no TP53 mutations or very low TP53 abundance. In contrast, the patient with the highest TP53 abundance had a limited benefit in PFS (only 8 months). The limited current evidence indicate the negative impact of co-mutations Clearly, the understanding of whether concurrent mutations affect neoadjuvant EGFR-TKI efficacy is limited by the small number of cases and unclear concurrent mutation status in the existing literature, but it warrants further exploration in the future.
3.7 Will neoadjuvant immunotherapy be another choice for the treatment of EGFR-mutated NSCLC?
Immunotherapy show impaired efficacy in most EGFR-mutated NSCLC patients (Gainor et al., 2016), even in those with high PD-L1 expression (Lisberg et al., 2018). The lack of CD8+ tumor-infiltrating lymphocytes in the tumor microenvironment, lower PD-L1 expression and overactivated oncogenic pathway may be possible explannations for the lack of efficacy of PD-L1 inhibitors in these populations (Gainor et al., 2016; Lin et al., 2019). Due to the favorable pathologic response and controlled safety profile, neoadjuvant chemoimmunotherapy currently becomes the standard of care for EGFR/ALK-negative resectable NSCLC. However, little is known about the value of neoadjuvant immunotherapy for EGFR-mutated NSCLC. Two previous phase 2 neoadjuvant chemoimmunotherapy trials reported excellent pathological response in EGFR-mutated NSCLC, which was underpowered by the small sample (Provencio et al., 2020; Shu et al., 2020). Zhang et al. (2022) recently performed a multicenter pooled analysis of 40 oncogene-mutant NSCLC treated with induction immunotherapy. Among the 19 patients harboring EGFR mutation, 8 (42.1%) and 2 (10.5%) patients obtained MPR and pCR, respectively, indicating the potential clinical feasibility of neoadjuvant immunotherapy for resectable EGFR-mutated NSCLC. As known, PD-L1 expression is considered as a predictive biomarker for immunotherapy. Zhao et al. (2022) reported a case of EGFR-mutated NSCLC patient with high PD-L1 receiving chemoimmunotherapy experienced quick disease progression with distant metastasis. Further examination of pretreatment tumor microenvironment revealed rare infiltration of CD8+ T lymphocytes, which might explain the primary resistance to chemoimmunotherapy. Comprehensive analysis of driver mutation status, PD-L1 expression, together with tumor immune microenvironment may offer a better prediction of treatment efficacy for EGFR-mutated NSCLC patients, even in the case of high PD-L1 expression (Zhao et al., 2022).
4 CONCLUSION
Compared to the hot-spot neoadjuvant immunotherapy studies in resectable NSCLC, the field of neoadjuvant targeted therapy with EGFR-TKIs is relatively less studied. The current literature suggest that neoadjuvant therapy with EGFR-TKIs significantly reduce tumor volume, improve imaging response, and increase radical surgical resection rate, but does not translate into disease downstaging or pathological remission. Whether RBM10 loss-of-function mutations are co-mutations that negatively modulate the efficacy of neoadjuvant EGFR-TKIs remains to be further explored. The results of clinical studies such as ANSWER and NeoADAURA are expected to guide neoadjuvant targeted therapy strategies for EGFR-mutated resectable NSCLC.
AUTHOR CONTRIBUTIONS
WL and SR provided important information for the completion, searched and checked the references. YX, LY, and CZ search and checked the references. YH conceived and designed the study, and wrote the manuscript. All authors read and approved the final manuscript.
FUNDING
This work was supported by the Natural Science Foundation of Hunan Province, China (2019JJ30038) and the Scientific Research Program of Hunan Provincial Health Commission (B2018-0541).
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.
REFERENCES
 Andrews Wright, N. M., and Goss, G. D. (2019). Third-generation epidermal growth factor receptor tyrosine kinase inhibitors for the treatment of non-small cell lung cancer. Transl. Lung Cancer Res. 8 (3), S247–S264. doi:10.21037/tlcr.2019.06.01
 Blakely., C., Urisman, A., Kerr, D., Wu, W., Bacaltos, B., Rotow, J., et al. (2021). P26.02 A phase II trial of neoadjuvant osimertinib for surgically resectable EGFR-mutant non-small cell lung cancer: Updated results. J. Thorac. Oncol. 16 (10), S1039–S1040. doi:10.1016/j.jtho.2021.08.383
 Cao, Y., Geng, J., Wang, X., Meng, Q., Xu, S., Lang, Y., et al. (2022). RNA-binding motif protein 10 represses tumor progression through the Wnt/β- catenin pathway in lung adenocarcinoma. Int. J. Biol. Sci. 18 (1), 124–139. doi:10.7150/ijbs.63598
 Chen, W., Li, P., Wang, Q., Zhang, Y., Li, H., Jin, X., et al. (2018). A randomized controlled study of erlotinib versus pemetrexed combined with cisplatin in neoadjuvant therapy of stage IIIA EGFR-mutant lung adenocarcinoma. Chin. J. Oncol. 40 (2), 133–137. doi:10.3760/cma.j.issn.0253-3766.2018.02.010
 Duma, N., Santana-Davila, R., and Molina, J. R. (2019). Non-small cell lung cancer: Epidemiology, screening, diagnosis, and treatment. Mayo Clin. Proc. 94 (8), 1623–1640. doi:10.1016/j.mayocp.2019.01.013
 Feng, S., Qiang, Z., Wanwan, C., Zhaozhun, Z., Yuewu, X., and Shencun, F. (2022). Case report: Aumolertinib as neoadjuvant therapy for patients with unresectable stage III non-small cell lung cancer with activated EGFR mutation: Case series. Front. Oncol. 12, 872225. doi:10.3389/fonc.2022.872225
 Forde, P. M., Spicer, J., Lu, S., Provencio, M., Mitsudomi, T., Awad, M. M., et al. (2022). Neoadjuvant nivolumab plus chemotherapy in resectable lung cancer. N. Engl. J. Med. 386 (21), 1973–1985. doi:10.1056/NEJMoa2202170
 Gainor, J. F., Shaw, A. T., Sequist, L. V., Fu, X., Azzoli, C. G., Piotrowska, Z., et al. (2016). EGFR mutations and ALK rearrangements are associated with low response rates to PD-1 pathway blockade in non-small cell lung cancer: A retrospective analysis. Clin. Cancer Res. 22 (18), 4585–4593. doi:10.1158/1078-0432.CCR-15-3101
 Goldstraw, P., Chansky, K., Crowley, J., Rami-Porta, R., Asamura, H., Eberhardt, W. E. E., et al. (2016). The IASLC lung cancer staging project: Proposals for revision of the TNM stage groupings in the forthcoming (Eighth) edition of the TNM classification for lung cancer. J. Thorac. Oncol. 11 (1), 39–51. doi:10.1016/j.jtho.2015.09.009
 Group, N. M.-A. C., Arriagada, R., Auperin, A., Burdett, S., Higgins, J. P., Johnson, D. H., et al. (2010). Adjuvant chemotherapy, with or without postoperative radiotherapy, in operable non-small-cell lung cancer: Two meta-analyses of individual patient data. Lancet 375 (9722), 1267–1277. doi:10.1016/S0140-6736(10)60059-1
 Group, N. M.-A. C. (2014). Preoperative chemotherapy for non-small-cell lung cancer: A systematic review and meta-analysis of individual participant data. Lancet 383 (9928), 1561–1571. doi:10.1016/S0140-6736(13)62159-5
 Guo, Y., Song, J., Wang, Y., Huang, L., Sun, L., Zhao, J., et al. (2020). Concurrent genetic alterations and other biomarkers predict treatment efficacy of EGFR-TKIs in EGFR-mutant non-small cell lung cancer: A review. Front. Oncol. 10, 610923. doi:10.3389/fonc.2020.610923
 Hosomi, Y., Morita, S., Sugawara, S., Kato, T., Fukuhara, T., Gemma, A., et al. (2020). Gefitinib alone versus gefitinib plus chemotherapy for non-small-cell lung cancer with mutated epidermal growth factor receptor: NEJ009 study. J. Clin. Oncol. 38 (2), 115–123. doi:10.1200/JCO.19.01488
 Hu, Y., Ren, S., Yang, L., Tong, Z., Wang, R., Han, W., et al. (2022). Osimertinib as neoadjuvant therapy for resectable non-small cell lung cancer: A case series. Front. Pharmacol. 13, 912153. doi:10.3389/fphar.2022.912153
 Hu, Y., Ren, S. Y., Wang, R. Y., Zeng, C., Li, J. N., Xiao, P., et al. (2021). Surgical outcomes after neoadjuvant chemoimmunotherapy for resectable non-small cell lung cancer. Front. Oncol. 11, 684070. doi:10.3389/fonc.2021.684070
 Ke, E. E., and Wu, Y. L. (2016). Afatinib in the first-line treatment of epidermal-growth-factor-receptor mutation-positive non-small cell lung cancer: A review of the clinical evidence. Ther. Adv. Respir. Dis. 10 (3), 256–264. doi:10.1177/1753465816634545
 Leng, X., Tang, J., Wang, S., Wang, Y., Li, P., Wang, S., et al. (2021). P03.02 osimertinib as neoadjuvant therapy for resectable EGFR mutant non-small cell lung cancer: A real-world multicenter retrospective study. J. Thorac. Oncol. 16 (10), S979. doi:10.1016/j.jtho.2021.08.270
 Liang, W., Xu, E., Zhao, J., Wang, M., Zhang, Z., Liang, Y., et al. (2022). EP05.02-009 aumolertinib versus erlotinib/chemotherapy for neoadjuvant treatment of stage IIIA EGFR-mutant NSCLC (ANSWER). J. Thorac. Oncol. 17 (9), S285–S286. doi:10.1016/j.jtho.2022.07.491
 Lin, A., Wei, T., Meng, H., Luo, P., and Zhang, J. (2019). Role of the dynamic tumor microenvironment in controversies regarding immune checkpoint inhibitors for the treatment of non-small cell lung cancer (NSCLC) with EGFR mutations. Mol. Cancer 18 (1), 139. doi:10.1186/s12943-019-1062-7
 Lisberg, A., Cummings, A., Goldman, J. W., Bornazyan, K., Reese, N., Wang, T., et al. (2018). A phase II study of pembrolizumab in EGFR-mutant, PD-l1+, tyrosine kinase inhibitor naive patients with advanced NSCLC. J. Thorac. Oncol. 13 (8), 1138–1145. doi:10.1016/j.jtho.2018.03.035
 Liu, S. Y., Zhang, J. T., Zeng, K. H., and Wu, Y. L. (2022). Perioperative targeted therapy for oncogene-driven NSCLC. Lung Cancer 172 , 160–169. doi:10.1016/j.lungcan.2022.05.007
 Sequist, L., Willers, H., Lanuti, M., Muzikansky, A., Chen, A., Janne, P., et al. (2018). The ASCENT trial: A phase II study of neoadjuvant afatinib, chemoradiation and surgery for stage III EGFR mutation-positive NSCLC. J. Clin. Oncol. 36.
 Lyu, C., Fang, W., Jiao, W., Ma, H., Wang, J., Xu, S., et al. (2022). 81MO Osimertinib as neoadjuvant therapy in patients with EGFR mutated resectable stage II-IIIB lung adenocarcinoma (NEOS): Updated results. Ann. Oncol. 33, S71–S72. doi:10.1016/j.annonc.2022.02.091
 Mok, T. S., Cheng, Y., Zhou, X., Lee, K. H., Nakagawa, K., Niho, S., et al. (2018). Improvement in overall survival in a randomized study that compared dacomitinib with gefitinib in patients with advanced non-small-cell lung cancer and EGFR-activating mutations. J. Clin. Oncol. 36 (22), 2244–2250. doi:10.1200/JCO.2018.78.7994
 Nanjo, S., Wu, W., Karachaliou, N., Blakely, C. M., Suzuki, J., Chou, Y. T., et al. (2022). Deficiency of the splicing factor RBM10 limits EGFR inhibitor response in EGFR-mutant lung cancer. J. Clin. Invest. 132 (13), e145099. doi:10.1172/JCI145099
 Noronha, V., Patil, V. M., Joshi, A., Menon, N., Chougule, A., Mahajan, A., et al. (2020). Gefitinib versus gefitinib plus pemetrexed and carboplatin chemotherapy in EGFR-mutated lung cancer. J. Clin. Oncol. 38 (2), 124–136. doi:10.1200/JCO.19.01154
 Park, K., Tan, E. H., O'Byrne, K., Zhang, L., Boyer, M., Mok, T., et al. (2016). Afatinib versus gefitinib as first-line treatment of patients with EGFR mutation-positive non-small-cell lung cancer (LUX-Lung 7): A phase 2B, open-label, randomised controlled trial. Lancet. Oncol. 17 (5), 577–589. doi:10.1016/S1470-2045(16)30033-X
 Provencio, M., Nadal, E., Insa, A., Garcia-Campelo, M. R., Casal-Rubio, J., Domine, M., et al. (2020). Neoadjuvant chemotherapy and nivolumab in resectable non-small-cell lung cancer (NADIM): An open-label, multicentre, single-arm, phase 2 trial. Lancet. Oncol. 21 (11), 1413–1422. doi:10.1016/S1470-2045(20)30453-8
 Ramalingam, S. S., Vansteenkiste, J., Planchard, D., Cho, B. C., Gray, J. E., Ohe, Y., et al. (2020). Overall survival with osimertinib in untreated, EGFR-mutated advanced NSCLC. N. Engl. J. Med. 382 (1), 41–50. doi:10.1056/NEJMoa1913662
 Rizvi, N. A., Rusch, V., Pao, W., Chaft, J. E., Ladanyi, M., Miller, V. A., et al. (2011). Molecular characteristics predict clinical outcomes: Prospective trial correlating response to the EGFR tyrosine kinase inhibitor gefitinib with the presence of sensitizing mutations in the tyrosine binding domain of the EGFR gene. Clin. Cancer Res. 17 (10), 3500–3506. doi:10.1158/1078-0432.CCR-10-2102
 Shu, C. A., Gainor, J. F., Awad, M. M., Chiuzan, C., Grigg, C. M., Pabani, A., et al. (2020). Neoadjuvant atezolizumab and chemotherapy in patients with resectable non-small-cell lung cancer: An open-label, multicentre, single-arm, phase 2 trial. Lancet. Oncol. 21 (6), 786–795. doi:10.1016/S1470-2045(20)30140-6
 Sun, L., Guo, Y. J., Song, J., Wang, Y. R., Zhang, S. L., Huang, L. T., et al. (2020). Neoadjuvant EGFR-TKI therapy for EGFR-mutant NSCLC: A systematic review and pooled analysis of five prospective clinical trials. Front. Oncol. 10, 586596. doi:10.3389/fonc.2020.586596
 Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. Ca. Cancer J. Clin. 71 (3), 209–249. doi:10.3322/caac.21660
 Tsuboi, M., Weder, W., Escriu, C., Blakely, C., He, J., Dacic, S., et al. (2021). Neoadjuvant osimertinib with/without chemotherapy versus chemotherapy alone for EGFR-mutated resectable non-small-cell lung cancer: NeoADAURA. Future Oncol. 17 (31), 4045–4055. doi:10.2217/fon-2021-0549
 Wu, Y. L., Tsuboi, M., He, J., John, T., Grohe, C., Majem, M., et al. (2020). Osimertinib in resected EGFR-mutated non-small-cell lung cancer. N. Engl. J. Med. 383 (18), 1711–1723. doi:10.1056/NEJMoa2027071
 Xia, C., Dong, X., Li, H., Cao, M., Sun, D., He, S., et al. (2022). Cancer statistics in China and United States, 2022: Profiles, trends, and determinants. Chin. Med. J. 135 (5), 584–590. doi:10.1097/CM9.0000000000002108
 Xiong, L., Li, R., Sun, J., Lou, Y., Zhang, W., Bai, H., et al. (2019). Erlotinib as neoadjuvant therapy in stage IIia (N2) EGFR mutation-positive non-small cell lung cancer: A prospective, single-arm, phase II study. Oncologist 24 (2), 157–e64. doi:10.1634/theoncologist.2018-0120
 Zh, F., Wang, X., Xu, Y., Li, S., Chen, D. S., and Xiao, M. (2022). Extended neoadjuvant therapy in NSCLC achieved remarkable pathological complete response (pCR) rate and prolonged disease-free survival. J. Clin. Oncol. 40, e20500. doi:10.1200/jco.2022.40.16_suppl.e20500
 Zhang, C., Chen, H. F., Yan, S., Wu, L., Yan, L. X., Yan, X. L., et al. (2022). Induction immune-checkpoint inhibitors for resectable oncogene-mutant NSCLC: A multicenter pooled analysis. NPJ Precis. Oncol. 6 (1), 66. doi:10.1038/s41698-022-00301-8
 Zhang, Y., Fu, F., Hu, H., Wang, S., Li, Y., Hu, H., et al. (2021). Gefitinib as neoadjuvant therapy for resectable stage II-IIia non-small cell lung cancer: A phase II study. J. Thorac. Cardiovasc. Surg. 161 (2), 434–442 e2. doi:10.1016/j.jtcvs.2020.02.131
 Zhao, Q., Zhang, X., Ma, Q., Luo, N., Liu, Z., Wang, R., et al. (2022). Case report: An "Immune-Cold" EGFR mutant NSCLC with strong PD-L1 expression shows resistance to chemo-immunotherapy. Front. Oncol. 12, 765997. doi:10.3389/fonc.2022.765997
 Zhong, W., Yang, X., Yan, H., Zhang, X., Su, J., Chen, Z., et al. (2015). Phase II study of biomarker-guided neoadjuvant treatment strategy for IIIA-N2 non-small cell lung cancer based on epidermal growth factor receptor mutation status. J. Hematol. Oncol. 8, 54. doi:10.1186/s13045-015-0151-3
 Zhong, W. Z., Chen, K. N., Chen, C., Gu, C. D., Wang, J., Yang, X. N., et al. (2019). Erlotinib versus gemcitabine plus cisplatin as neoadjuvant treatment of stage IIia-N2 EGFR-mutant non-small-cell lung cancer (EMERGING-CTONG 1103): A randomized phase II study. J. Clin. Oncol. 37 (25), 2235–2245. doi:10.1200/JCO.19.00075
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.
Copyright © 2022 Liu, Ren, Xiao, Yang, Zeng and Hu. 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.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Neoadjuvant targeted therapy for resectable EGFR-mutant non-small cell lung cancer: Current status and future considerations		1 Introduction

		2 Current status of research on the neoadjuvant targeted therapy with EGFR-TKIs		2.1 First-generation EGFR-TKIs

		2.2 Second-generation EGFR-TKIs

		2.3 Third-generation EGFR-TKIs





		3 Future considerations of research on the neoadjuvant targeted therapy with EGFR-TKIs		3.1 Is neoadjuvant target therapy with EGFR-TKIs better than neoadjuvant chemotherapy?

		3.2 Which is better: Neoadjuvant targeted therapy with third-generation vs. first-generation EGFR-TKIs?

		3.3 Can prolonging drug exposure of neoadjuvant targeted therapy improve pCR rate?

		3.4 Does neoadjuvant targeted therapy plus chemotherapy outperform neoadjuvant targeted therapy for treatment of EGFR-mutated resectable NSCLC?

		3.5 Can circulating tumor DNA dynamic monitoring accurately guide neoadjuvant targeted therapy?





		4 Conclusion

		Author contributions

		Funding

		Publisher’s note

		References









OPS/images/cover.jpg
& frontiers | Frontiers in Pharmacology






OPS/images/fphar-13-1036334-t001.jpg
Study

CTONGI1103
(Zhong et al.,
2019)

Xiong et al. (Xiong
et al., 2019)

Zhong et al.
(Zhong et al.,
2015)

Rizvi et al. (Rizvi
et al,, 2011)

Zhang et al.
(Zhang et al., 2021)

Chen et al. (Chen
Wenqing et al.,
2018)

NCT03433469
NEOS

Leng et al.

Huetal. (Huetal,
2022)

TKIs, tyrosine kinase inhibitors; ORR, objective response rate; AE, adverse events; NA, not available; PFS, progressi
B T

o st

12

21

28

43

27

40

17

13

Ticipoie

Stage

A

A

A

1A-IIB
IL-IA

A

1A
1-IB
1A-

B
1B-1IB

TKIs

erlotinib

erlotinib

erlotinib

gefitinib
gefitinib

erlotinib

osimertinib
osimertinib
osimertinib

osimertinib

Drug
exposure
(days)

42

56

42

21
42

63

28-56

75

ORR
(%)

54

42

58

81
55

67

46
71
88

69

Pathologic
downstaging

10.8%

21.1%

16.7%

NA
20%

NA

NA
NA

52.9%

RO resection

73%

68.4%

25%

NA

82.8%

79.1%

NA

94%

100%

100%

Pathologic
remission

0%

0%

NA

NA
PCR: 12.1%

NA

MPR:15%,
PCRO

MPR:11%,
PCR:A%

MPR:23.5%,
PCR:5.9%

MPRA0, pCRO

free survival; OS, overall survival; D

Prognosis
(months)

PFS:21.5,
08:45.8

DFS:10.3, PFS:

:8.6, PFS:
69, 08:145

NA

DFS:33.5

08:56

NA

NA

NA

DFS: 9.5

Grade

4 AEs

10.5%

16.7%

NA

7.5%

isease-free survival; MPR,





OPS/images/fphar-13-1036334-t002.jpg
Study Status Phase Stage  No. Regimen Primary

endpoint
NCT03749213 Recruiting ] MAN2 36 Icotinib 8w + surgery + Icotinib 2y ORR
NCT04201756 Recruiting 1 m 47 Afatinib 16w + surgery + Afatinib 1y ORR
NCT05104788 Recruiting 1 - 27 lcotinib plus Chemo 2 cycles + surgery MPR
1B N2

ANSWER Not yet 1 MAN2 168  Almonertinib vs. Erlotinib/chemo ORR
(NCT04455594) recruiting
NeoADAURA Recruiting 1t 1I- 328 Osimertinib vs. osimertinib plus chemo vs. placebo plus chemo + surgery + MPR
(NCT04351555) 1B N2 investigator choice
FORSEE (NCT05430802) ~ Recruiting 1 MA-IB 40  Furmonertinib plus chemo + surgery ORR
FRONT (NCT04965831)  Not yet 1 HIA-IIB 40 Furmonertinib 8w + surgery + furmonertinib 3y ORR

recruiting
APPROACH Not yet 1 i 156 Almonertinib 8w + surgery or chemoradiotherapy (by MDT) + almonertinib ~ ORR, EES
(NCT04841811) recruiting or not (by ctDNA monitors)

ORR, objective response rate; MPR, major pathological response; EFS, event-free survival.









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





