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Purpose

The KEAP1-NFE2L2 (Kelch-like ECH-associated protein 1 (KEAP1)-Nuclear factor (erythroid-derived 2)-like 2 (NFE2L2)) mutations are associated with resistance to chemotherapy or immunotherapy in non-small cell lung cancer (NSCLC). Conversely, it has been reported that NFE2L2 mutations potentiate improved clinical outcome with immunotherapy. However, therapeutic benefits for patients with KEAP1/NFE2L2 mutations remain unclear. The purpose of this study was to investigate the association between KEAP1/NFE2L2 and NSCLC prognosis, and to explore whether immunotherapy can improve prognosis in populations with KEAP1/NFE2L2 mutations.



Experimental Design

The impact of KEAP1/NFE2L2 mutations on survival outcomes in NSCLC patients received immunotherapy and chemotherapy was verified in the randomized phase II/III POPLAR/OAK trials (blood-based sequencing, bNGS cohort, POPLAR (n = 211) and OAK (n = 642)). The Cancer Genome Atlas (TCGA) NSCLC cohort (n=998) and an in-house Chinese NSCLC cohort (n=733) was used For the analysis of immune-related markers.



Results

Compared with KEAP1/NFE2L2 wild-type, patients with KEAP1/NFE2L2 mutations were significantly associated with poorer overall survival (OS, HR = 1.97, 95% CI 1.48–2.63, P < 0.001) on atezolizumab and docetaxel (HR = 1.66, 95% CI 1.28–2.16, P < 0.001). In KEAP1/NFE2L2 mutant group, there was no significant difference in median OS between atezolizumab and docetaxel (HR 0.74, 95% CI 0.53–1.03, P = 0.07). NFE2L2/KEAP1 mutations were significantly associated with higher TMB values and PD-L1 expression in the OAK/POPLAR and in-house Chinese NSCLC cohorts. GSEA revealed that KEAP1/NFE2L2mutant subgroup was associated with deficient infiltration of CD4+ T cells, NK T cells and natural Treg cells, and lower expression of DNA damage response genes in TCGA NSCLC cohort.



Conclusions

Our study revealed that patients with KEAP1/NFE2L2 mutations have a worse prognosis than wild-type patients, both on immunotherapy and chemotherapy. In addition, in patients with KEAP1/NFE2L2 mutations, immunotherapy did not significantly improve prognosis compared to chemotherapy.
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Introduction

The Kelch-like ECH-associated protein 1 (KEAP1)/nuclear factor erythroid-2-related factor 2 (NRF2, also known as NFE2L2) pathway plays a critical role in the oxidative stress response (1). Mutations in this pathway are common in non-small cell lung cancer (NSCLC) and have been associated with enhanced tumor growth and aggressiveness (2). With the development of evidence on the role of KEAP1/NFE2L2 pathway on chemotherapy resistance in pre-clinical NSCLC models (3), there have been increasing efforts to evaluate the impact of KEAP1/NFE2L2 mutations on the prognosis of survival in NSCLC patients.

The effect of KEAP1/NFE2L2 mutations on chemotherapy efficacy has been examined in several studies. In a retrospective cohort study of over 1400 NSCLC patients from the Regina Elena National Cancer Institute, Memorial Sloan Kettering Cancer Center and The Cancer Genome Atlas (TCGA) network, it is found that KEAP1/NFE2L2 mutations represent a mechanism of intrinsic resistance to chemotherapy (4). A retrospective cohort study of 103 NSCLC patients, found a poor survival in patients with KEAP1/NFE2L2 mutations. Consistent with the above study results, other study had also demonstrated that KEAP1/NFE2L2 mutation reduces response rate and survival in NSCLC patients receiving chemotherapy (5).

In terms of immunotherapy, a previous study of 550 NSCLC patients from Memorial Sloan Kettering, has shown that patients with KEAP1/NFE2L2 co-mutation in KRAS have significantly shorter survival (6). A letter to the editor present a cohort of 69 patients from the Memorial Sloan Kettering Sequencing with KEAP1/NFE2L2 mutations who were treated with immunotherapy and demonstrated inferior survival compared with patients with KEAP1/NFE2L2 wild-type tumors (7).Similar results were also described in KEAP1 mutations of a prospective study with 66 NSCLC patients, which are unresponsive to immunotherapy (8). In the immunotherapy group of MYSTIC trial, patients with KEAP1/NFE2L2 mutations had poor overall survival compared with KEAP1/NFE2L2 wild-type patients (9). Congruent with prior studies, KEAP1 mutations were associated with significantly shorter overall survival (OS) in patients receiving immunotherapy (10, 11). However, the impact of KEAP1/NFE2L2 mutation on the efficacy of immunotherapy in advanced NSCLC remains a controversial topic. There has been conflicting evidence on the role of KEAP1/NFE2L2 mutations in ICI response with several series reporting better response to ICI. For example, a small (N=34) retrospective analysis found that KEAP1 mutations were more frequent in pembrolizumab-treated NSCLC patients who had sustained clinical benefits (12). In addition, an exploratory analysis of the KEYNOTE-042 trial presented at the AACR 2020 meeting suggested a possible role for ICI therapy in KEAP1-mutant NSCLC (13). Based on the above study, the clinical significance of KEAP1/NFE2L2 mutations in immunotherapy remains elusive and somewhat contradictory.

Since many previous studies have shown that KEAP1/NFE2L2 mutation is associated with poor prognosis of NSCLC, it is of great clinical significance to determine which treatment method can improve the prognosis of NFE2L2/KEAP1 mutant population. A previous study of NSCLC patients with KEAP1/NFE2L2 mutations from Memorial Sloan Kettering Cancer Center database, has shown that KEAP1/NFE2L2 mutations were associated with inferior overall survival but improved survival in the KEAP1-NFE2L2 mutant tumors treated with immunotherapy compared with other treatments (14). However, no prospective study datas have been retrospectively used to compare the outcomes of patients with KEAP1/NFE2L2 mutations who receive immunotherapy versus chemotherapy.

Therefore, in order to evaluate the prognostic effect of KEAP1/NFE2L2 mutations on immunotherapy and chemotherapy using data from two independent cohorts (the prospective randomized phase II/III POPLAR/OAK trials with both immunotherapy and chemotherapy groups) were used to analyze the prognostic effect of KEAP1/NFE2L2 mutations on atezolizumab and docetaxel, and the correlation with immunogenic markers. In addition, TCGA data and Chinese real world data were used to analyze prognostic mechanisms. Our findings suggest that the KEAP1/NFE2L2 mutations may be a poor prognostic biomarker for NSCLC, and compared with docetaxel, atezolizumab did not prolong OS in patients with KEAP1/NFE2L2 mutations.



Materials and Methods


Clinical Cohorts and Study Design

We searched literatures and found two NSCLC cohorts treated with anti-PD-L1 and docetaxel, which were POPLAR study (phase II trial, NCT01903993) and OAK study (phase III trial, NCT02008227), with 211 and 642 patients had blood-based next-generation sequencing data (Foundation One panel), respectively. We retrieved the targeted-sequencing and clinical data of these patients (n=853) from previously published article (PMID: 30082870) (15). Survival analysis were conducted to explore the prognostic value of mutations in these two cohorts. To further explore the transcriptome mechanism, the mRNA expression data from Cancer Genome Atlas (TCGA) NSCLC cohort (n=998) were also included for Gene set enrichment analysis (GSEA, see below). We obtained the WES and mRNA expression data from the GDC data portal (https://portal.gdc.cancer.gov/projects). To clarify the immune-related characteristics, we compare the PD-L1 and TMB levels of mutational subgroups in the OAK/POPLAR cohorts and an in-house Chinese NSCLC cohort (n=733).



KEAP1/NFE2L2 Mutations

Nonsynonymous mutations including TRUNC (frameshift del, frameshift ins, nonsense, nonstop, splice region, and splice site), INFRAME (inframe del and inframe ins), and MISSENSE mutations of KEAP1/NFE2L2 were defined as KEAP1/NFE2L2 mutations in this study.



Gene Set Enrichment Analysis (GSEA)

GSEA was performed in the TCGA NSCLC cohort using gene sets from Molecular Signature Database (MSigDB) v.7.0 to investigate the biological features of KEAP1/NFE2L2 mutant NSCLC (16). GSEA was conducted by clusterProfilter R package (17). The P-value estimates the statistical significance of the normalized enrichment score (NES). A gene set with P < 0.05 was determined to be significantly enriched in genes.



Statistical Analysis

Continuous variables were compared by the Mann Whitney U test and categorical variables were compared using chi-squared or Fisher’s exact tests. The Kaplan–Meier method was used to delineate the OS curve, and the log-rank method was used to assess the significance. The hazard ratio (HR) was determined through the univariable and multivariable Cox regression. Variables with a P-value below 0.10 in the univariable regression were included in the multivariable analyses.

All analyses and graphs were performed using R 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria). If not specified, tests were two-tailed, and a P-value of <0.05 was considered statistically significant. The workflow of the study is illustrated in Figure 1.




Figure 1 | Workflow of the study. Flow diagram illustrating the cohorts considered and the main purposes of the analytical process.






Results


Characteristics of the Patients and Mutational Patterns

A pooled analysis of two independent cohorts of 853 advanced NSCLC patients showed that 171 (20.0%) harbored KEAP1/NFE2L2 mutations, comprising 211 patients from the POPLAR trial (49 [23.2%] with KEAP1/NFE2L2 mutations) and 642 from the OAK trial (122 [19.0%] with KEAP1/NFE2L2 mutations). KEAP1/NFE2L2 had higher mutation frequency in lung squamous cell carcinoma (OAK/POPLAR, P = 0.05; OAK, P = 0.044; POPLAR, P = 0.069). A high proportion of smokers were found in patients with KEAP1/NEF2L2 mutations (OAK/POPLAR, P < 0.001; OAK, P < 0.001; POPLAR, P = 0.009). The characteristics of patients with KEAP1/NEF2L2 mutations versus wild-type in the overall cohort are shown in Table 1. The genomic mutational landscape of 853 patients showed that KEAP1 or NEF2L2 mutations prevailed in 118 (14%) or 58 (7%) (Supplementary Figure 1), respectively.


Table 1 | Clinical characteristics of patients with NFE2L2/KEAP1 mutations treated with atezolizumab or docetaxel in the OAK/POPLAR cohorts.





Immunotherapy and Chemotherapy Are Not Effective in Patients With NFE2L2/KEAP1 Mutations

In the KEAP1/NFE2L2-mutant cohort, the median OS was not significantly different between docetaxel and atezolizumab. (OAK/POPLAR, HR = 0.74, 95% CI 0.53–1.03, P = 0.07; OAK, HR = 0.72, 95% CI 0.48–1.06, P = 0.094; POPLAR, HR = 0.79, 95% CI 0.42–1.47, P = 0.45) (Figures 2A, C, E).




Figure 2 | Survival analyses in the OAK/POPLAR cohorts. (A) Kaplan–Meier curves of overall survival (OS) in the patients with KEAP1/NFE2L2 mutations who received atezolizumab and docetaxel in the OAK/POPLAR cohorts. (B) Kaplan–Meier curves of OS in the patients without KEAP1/NFE2L2 mutations who received atezolizumab and docetaxel in the OAK/POPLAR cohorts. (C) Kaplan–Meier curves of OS in the patients with KEAP1/NFE2L2 mutations who received atezolizumab and docetaxel in the OAK cohort. (D) Kaplan–Meier curves of OS in the patients without KEAP1/NFE2L2 mutations who received atezolizumab and docetaxel in the OAK cohort. (E) Kaplan–Meier curves of OS in the patients with KEAP1/NFE2L2 mutations who received atezolizumab and docetaxel in the POPLAR cohort. (F) Kaplan–Meier curves of the OS in the patients without KEAP1/NFE2L2 mutations who received atezolizumab and docetaxel in the POPLAR cohort.



However, in the KEAP1/NFE2L2 wild-type cohort, OS for patients treated with atezolizumab was longer than patients treated with docetaxel (OAK/POPLAR, HR = 0.63, 95% CI 0.53–0.76, P < 0.001; OAK, HR = 0.63, 95% CI 0.51–0.78, P < 0.001, POPLAR, HR = 0.64, 95% CI 0.44–0.92, P = 0.016) (Figures 2B, D, F).

When EGFR and ALK mutations were excluded, survival analysis in KEAP1/NFE2L2 mutant cohorts indicated no significant difference in OS between patients treated with atezolizumab or docetaxel (OAK/POPLAR, HR = 0.74, 95% CI 0.52–1.05, P = 0.095; OAK, HR = 0.73, 95% CI 0.48–1.1, P = 0.13; POPLAR, HR = 0.73, 95% CI 0.35–1.4, P = 0.31) (Supplementary Figures 2A, C, E). However, analysis in the KEAP1/NFE2L2 wild-type cohort showed that the OS for patients treated with atezolizumab was longer than that for patients treated with docetaxel (OAK/POPLAR, HR = 0.6, 95% CI 0.5–0.73, P < 0.001; OAK, HR = 0.6, 95% CI 0.48–0.75, P < 0.001; POPLAR, HR = 0.62, 95% CI 0.41–0.94, P = 0.025) (Supplementary Figures 2B, D, F).



KEAP1/NFE2L2 Mutations Are Associated With Worse Immunotherapy Survival in NSCLC

In the OAK/POPLAR-atezolizumab cohort, KEAP1/NEF2L2 mutations (55.7%) were associated with a higher disease control rate (DCR) (OAK/POPLAR, P = 0.0074) than KEAP1/NEF2L2 wild-type (38.5%) (Supplementary Figure 3A).

Patients with KEAP1/NEF2L2 mutations had a significantly shorter median OS than KEAP1/NFE2L2 wild-type patients (OAK/POPLAR, HR = 1.97, 95% CI 1.48–2.63, P < 0.001) (Figure 3A). In addition, the survival analysis in the OAK-atezolizumab cohort and POPLAR-atezolizumab cohort showed that patients with KEAP1/NFE2L2 mutations exhibited shorter OS than KEAP1/NFE2L2 wild-type (OAK, HR = 1.8, 95% CI 1.28–2.52, P<0.001; POPLAR, HR = 2.44, 95% CI 1.42–4.2, P<0.001) (Figures 3B, C). When EGFR and ALK mutations were excluded, survival analysis in the OAK/POPLAR-atezolizumab with the EGFR/ALK wild-type cohort, OAK atezolizumab with EGFR/ALK wild-type cohort, and POPLAR-atezolizumab with EGFR/ALK wild-type cohort showed that patients with KEAP1/NFE2L2 mutations still exhibited shorter OS than those with KEAP1/NFE2L2 wild-type (OAK/POPLAR, HR = 1.97, 95% CI 1.48–2.63, P < 0.001; OAK, HR = 1.8, 95% CI 1.28–2.52, P<0.001; POPLAR, HR = 2.44, 95% CI 1.42–4.2, P<0.001) (Supplementary Figure 4).




Figure 3 | Survival analyses in the OAK/POPLAR-atezolizumab cohorts. (A) Kaplan–Meier curves of overall survival (OS) in the atezolizumab treated patients with or without KEAP1/NFE2L2 mutations in the OAK/POPLAR cohorts. (B) Kaplan–Meier curves of OS in the atezolizumab treated patients with or without KEAP1/NFE2L2 mutations in the OAK cohort. (C) Kaplan–Meier curves of OS in the atezolizumab treated patients with or without KEAP1/NFE2L2 mutations in the POPLAR cohort.



In univariate analyses, KEAP1/NFE2L2 mutations, race, smoking status, histological and pathological types (HIST), bTMB, baseline serum lactate dehydrogenase (SLD), and PD-L1 status were significantly correlated with OS (Table 2). In multivariate analyses, KEAP1/NFE2L2 mutations, HIST, baseline SLD, and PD-L1 status were significantly correlated with OS (Table 2).


Table 2 | Hazard ratio (HR) of clinical and genomic variables on overall survival via univariate and multivariate analysis in patients treated with Atezolizumab.



Subgroup analysis based on PD-L1 expression level showed OS benefit in the KEAP1/NFE2L2 wild-type group was significant in patients with PD-L1 < 50% (PD-L1 < 50%, HR = 1.77, 95% CI 1.23–2.55, P = 0.01; PD-L1 ≥ 50%, HR = 1.86, 95% CI 0.74–4.66, P = 0.13) (Supplementary Figure 5).



KEAP1/NFE2L2 Mutations Associated With Worse Chemotherapy Survival in NSCLC

In the OAK/POPLAR-docetaxel cohort, KEAP1/NEF2L2 mutations (45.8%) were associated with lower DCR (OAK/POPLAR, P = 0.0017) than KEAP1/NEF2L2 wild-type (66.7%) (Supplementary Figure 3B).

Survival analysis showed that worse OS was observed in patients with KEAP1/NFE2L2 mutations than in the KEAP1/NFE2L2 wild-type group (OAK/POPLAR, HR = 1.66, 95% CI 1.28–2.16, P<0.001) (Figure 4A). In the OAK and POPLAR-docetaxel cohort, patients with KEAP1/NFE2L2 mutations had a significantly worse OS than those in the KEAP1/NFE2L2 wild-type group (OAK, HR = 1.54, 95% CI 1.13–2.1, P = 0.006; POPLAR, HR = 2.17, 95% CI 1.31–3.6, P = 0.002) (Figures 4B, C).




Figure 4 | Survival analyses in the OAK/POPLAR-docetaxel cohorts. (A) Kaplan–Meier curves of overall survival (OS) in the docetaxel treated patients with or without KEAP1/NFE2L2 mutations in the OAK/POPLAR cohort. (B) Kaplan–Meier curves of OS in the docetaxel treated patients with or without KEAP1/NFE2L2 mutations in the OAK cohort. (C) Kaplan–Meier curves of OS in the docetaxel treated patients with or without KEAP1/NFE2L2 mutations in the POPLAR cohort.



When EGFR and ALK mutations were excluded, patients with KEAP1/NFE2L2 mutations associated with OAK/POPLAR-docetaxel exhibited shorter OS than the KEAP1/NFE2L2 wild-type group (OAK/POPLAR, HR = 1.68, 95% CI 1.27–2.22, P < 0.001; OAK, HR = 1.56, 95% CI 1.13–2.15, P = 0.0068; POPLAR, HR = 2.34,95% CI 1.31–4.19 P = 0.0033) (Supplementary Figure 6).

In univariate analyses, KEAP1/NFE2L2 mutations, race, smoking status, histological and pathological types (HIST), bTMB, and baseline serum lactate dehydrogenase (SLD) were significantly correlated with OS (Table 3). In multivariate analyses, KEAP1/NFE2L2 mutations, bTMB, baseline SLD, and PD-L1 status were significantly correlated with OS (Table 3).


Table 3 | Hazard ratio (HR) of clinical and genomic variables on overall survival via univariate and multivariate analysis in patients treated with Docetaxel.



Subgroup analysis based on PD-L1 expression level indicated a significantly negative impact on KEAP1/NFE2L2 mutations on OS in the PD-L1<50% subgroup (PD-L1<50%, P = 0.0062; PD-L1 ≥ 50%, P = 0.53) (Supplementary Figure 7).



NFE2L2/KEAP1 Mutations Were Associated With Higher TMB Values and PD-L1 Expression in the OAK/POPLAR and In-House Chinese NSCLC Cohorts

In the OAK/POPLAR cohorts, patients with KEAP1/NFE2L2 mutations had a greater TMB than those with KEAP1/NFE2L2 wild-type (OAK/POPLAR, P<0.0001; OAK, P<0.0; POPLAR, P < 0.0001) (Supplementary Figures 8A-C). In the in-house Chinese NSCLC cohort, NFE2L2/KEAP1 mutations significantly correlate with higher TMB value (P<0.0001 (Supplementary Figure 8D). KEAP1/NFE2L2 mutations was associated with numerically better PD-L1 expression in the OAK cohort (P= 0.69) (Supplementary Figure 9A). In the in-house Chinese NSCLC cohort, KEAP1/NFE2L2 mutations showed significant correlation with higher PD-L1 expression level (P=0.03) (Supplementary Figure 9B).



KEAP1/NFE2L2 Mutations Are Associated With a Low Immune Infiltration and Low Expression of DNA Damage Response (DDR) Genes in TCGA NSCLC Cohort

We previously identified that KEAP1/NFE2L2 mutations were irrelevant to PD-L1 expression but associated with higher TMB. Therefore, we speculated that other potential mechanisms may contribute to worse clinical benefit in patients with mutant KEAP1/NFE2L2. We conducted gene set enrichment analysis (GSEA) using transcriptome data of TCGA NSCLC cohort. Significant enrichment scores were observed in DDR related and T cell related pathways (Supplementary Table 1). Our results revealed that DNA damage repair related functions were downregulated in KEAP1/NFE2L2 mutant NSCLC. This mutant subgroup was also with deficient infiltration of CD4+ T cells, NK T cells and natural Treg cells (Figure 5).




Figure 5 | Enrichment plot showing biological signatures based on gene set enrichment analysis (GSEA) of KEAP1/NFE2L2 mutant NSCLC. (A): Significant down-regulation in multiple DDR-related pathways including base excision repair, DNA repair, fanconi anemia pathway, G2 M DNA damage checkpoint, HDR through HRR and nucleotide excision repair. (B): Significant down-regulation in CD4 T cell (the green and blue curves) and NK T cell (the purple curve), significant up-regulation in T regulation cell (the pink curve).






Discussion

In this report, we analyzed the prognostic association between KEAP1/NFE2L2 mutations and immunotherapy and chemotherapy in 853 patients from the OAK and POPLAR cohort. As previously reported (10), the analysis revealed NFE2L2/KEAP1 were frequently mutated in NSCLC. Previous studies have demonstrated that KEAP1/NFE2L2 mutation reduces response rate and survival in NSCLC patients receiving chemotherapy or immunotherapy. However, the prognosis of KEAP1/NFE2L2 mutations in immunotherapy remains contradictory (12, 13).

In this study, we found that KEAP1/NFE2L2 mutations were associated with poorer survival in NSCLC patients receiving atezolizumab or docetaxel, while there was no significant difference in survival between atezolizumab and docetaxel. These results revealed that patients with KEAP1/NFE2L2 mutations may not benefit from the treatment that is available at present compared with wild-type patients.

Our research showed that KEAP1/NFE2L2 mutations in NSCLC patients were associated with poor OS in chemotherapy. These results corroborate the proposals of Goeman et al., who suggested that KEAP1/NFE2L2 mutations played an important role in NSCLC progression and chemotherapy resistance (4). Jeong et al. revealed that the KEAP1 deletion conferred chemoresistance in murine lung cancer cells and mutations in KEAP1/NFE2L2/CUL3 were associated with worse outcomes after first-line chemotherapy (3). Chemotherapeutic drugs can kill cancer cells via the generation of reactive oxygen species (ROS) and subsequent DNA damage. KEAP1/NFE2L2 mutations lead to the constitutive activation of NF2E2L2, promoting cellular resistance to oxidative stress, proliferation, and metabolic reprogramming (18), which may be the possible mechanisms of chemotherapy resistance.

TMB and PD-L1 are widely recognized as prognostic biomarkers for immunotherapy (18, 19). Xu et al. reported that all patients who harbored KEAP1/NFE2L2 mutations had higher TMB values and PD-L1 expression in pan-cancer (20). Our study showed consistent results, where the significantly higher TMB values and PD-L1 expression were associated with KEAP1/NFE2L2 mutation compared with KEAP1/NFE2L2 wild-type in NSCLC. Perhaps the most clinically relevant finding is that the OS was shorter in patients treated with atezolizumab with mutated KEAP1/NFE2L2 than in those with wild-type KEAP1/NFE2L2 independent of TMB and PD-L1. This proves that KEAP1/NFE2L2 mutations affect immunotherapy by another mechanism.

In recent years, studies on the tumor immune microenvironment have been at the forefront of cancer research (19). The effect of the tumor immune microenvironment on immunotherapy has been well reported in many cancer types (20, 21). Cai et al. indicated that defective tumor angiogenesis and lack of adequate immune-cell infiltration were the immunological properties of patients with mutated KEAP1/NFE2L2 (22). Our study showed consistent results that mutated KEAP1/NFE2L2 patients lack infiltration of CD4+ T cells, NK T cells and natural Treg cells, which could be the reason that patients with KEAP1/NFE2L2 mutations have a poor response to immunotherapy. ROS is a group of short-lived, highly reactive, oxygen-containing molecules that can induce DNA damage (23). However, KEAP1/NFE2L2 mutation leads to structural activation of NFE2L2, which promotes cellular resistance to oxidative stress and can balance ROS levels, thus reducing the level of DNA damage repair. This could explain why patients with KEAP1/NFE2L2 mutations lack DDR gene expression. Luo et al. reported a negative trend in the association between the GSEA enrichment score of DDR-related pathways and TMB (24), which also validates a higher TMB in KEAP1/NFE2L2 with mutations than in wild-type due to the lack of DDR gene expression. In addition, previous studies have indicated that patients who smoke have higher TMB levels (25). Therefore, a higher proportion of smokers in patients with mutant KEAP1/NFE2L2 may lead to an increase in TMB level.

In combination with the results of previous studies and the present study, the KEAP1/NFE2L2 mutation, as a poor prognostic factor for NSCLC, is associated with poor prognosis with targeted therapy (26), chemotherapy (2–5), or immunotherapy (6–11). But until now little success has been achieved in developing safe and effective KEAP1/NFE2L2 inhibitors for cancer therapy. Therefore, it is of great clinical significance to find a treatment method with relatively good prognosis for patients with KEAP1/NFE2L2 mutations among existing treatment methods. In this study, we compared the prognostic differences between chemotherapy and immunotherapy in patients with KEAP1/NFE2L2 mutation using datas from the OAK/POPLAR cohorts. In this study, compared with docetaxel, atezolizumab did not prolong mOS in patients with KEAP1/NFE2L2 mutations. This suggested that immunotherapy did not significantly improve prognosis compared to chemotherapy in patients with KEAP1/NFE2L2 mutations.

Our study has several limitations. First, to overcome the inadequacy of data from the OAK and POPLAR cohort for mechanism analysis, we introduced TCGA NSCLC transcriptome and in-house Chinese NSCLC datas into our study to analyze the impact of gene mutations. However, differences between these three databases may lead to bias and heterogeneity, which limits the clinical interpretation and clinical application of our study results. Second, only survival data of immunotherapy and chemotherapy were used in this study, it was not possible to analyze the prognostic difference between immunotherapy and other treatments other than chemotherapy in KEAP1/NFE2L2 mutation patients. It has implications for the search for relatively superior therapies in patients with KEAP1/NFE2L2 mutations.

In conclusion, the KEAP1/NFE2L2 mutation, as a poor prognostic factor for NSCLC, is associated with poor prognosis with immunotherapy or chemotherapy. Further research should be undertaken to investigate new therapeutic targets for patients with mutated KEAP1/NFE2L2.
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