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Objective

To evaluate the optimal first-line treatment options for programmed death-ligand 1 (PD-L1) negative lung adenocarcinoma (LUAD) patients without common gene-alterations.





Methods

A total of 159 PD-L1-negative LUAD patients without common gene-alterations were included. Chemotherapy was administered in 44 cases (group A), immunotherapy-chemotherapy combinations in 55 cases (group B) and bevacizumab plus chemotherapy in 60 patients (group C). A head-to-head comparison of the clinical effectiveness and safety for these standard treatment regimens was conducted.





Results

The median follow-up time was 30.9 months. For the entire cohort, median PFS was 6.67 months [95% CI 5.83-7.51], and median OS was 15.83 months [95% CI 13.46-18.21]. OS was significantly longer in group C versus others (C vs B median 21.6 months [95% CI 17.78-25.42] vs 12.63 months [95% CI 8.14-17.13]; HR 0.59 [95% CI 0.39-0.9], P = 0.01; C vs A median 21.6 months [95% CI 17.78-25.42] vs 13.47 months [95% CI 9.68-17.26], HR 0.47 [95% CI 0.3-0.71], P= 0.001), but no substantial difference was noted between group A and B (HR 0.78 [95% CI 0.51-1.2], P= 0.26). For PFS in pairwise comparison, group B and C were statistically superior to group A (B vs A median 5.6 months [95% CI 4.56-6.64] vs 5.17 months [95% CI 4.09-6.25]; hazard ratio (HR) 0.56 [95% CI 0.37-0.87], P = 0.009; C vs A median 8.57 months [95% CI 7.47-9.66] vs 5.17 months [95% CI 4.09-6.25]; HR 0.43 [95% CI 0.28-0.7], P< 0.001), whereas no significant difference was found between group B and C (HR 0.76 [95% CI 0.51-1.11], P= 0.16). The disease control rate (DCR) improvement was sustained with group C (A vs B vs C: 84.09% vs 83.64% vs 96.67%, respectively (P<0.05)). Multivariate analysis showed that the performance status score and treatment regimen were factors influencing PFS as well as OS. The treatment-emergent adverse events (AEs) of grade 3–4 occurred in a similar proportion of patients in each group (P>0.05), and all AEs were manageable without fatal toxicities.





Conclusions

Bevacizumab plus chemotherapy should be prioritized in PD-L1-negative LUAD patients without common driver gene alterations. These findings may facilitate individualized treatment options.
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1 Introduction

Lung cancer is a leading cause of cancer incidence and death, with lung adenocarcinoma (LUAD) being its most dominant histological subtype (1, 2). As most LUAD are diagnosed at an advanced stage, disease management can be challenging (2). Prior to the availability of targeted therapies, median survival for patients with advanced LUAD was only seven to eight months, despite aggressive platinum-based chemotherapy (3). Bevacizumab was among the first targeted therapies available for this cancer and the first recombinant humanized monoclonal antibody against vascular endothelial growth factor (VEGF) to help the patients live longer than one year when added to chemotherapy. Approval in the first-line setting was based on the results of the pivotal study ECOG4599 which demonstrated a reduction in the risk of death by 21% (HR: 079, p=0.003) with the addition of bevacizumab to chemotherapy compared chemotherapy alone and improvement in median overall survival (OS) from 10.3 to 12.3 months (4). Further clinical trials confirmed the survival benefits for bevacizumab in combination with chemotherapy in the first-line treatment of LUAD (5, 6).

In recent years, immune-checkpoint inhibitors (ICIs), specifically those targeting programmed cell death protein 1 (PD-1) or programmed death-ligand 1 (PD-L1), have led to a paradigm shift in the first-line treatment landscape of LUAD, making long-term survival possible (7). Immunotherapy regimens based on ICI therapy, combined with platinum-based chemotherapy have become the standard of care as a first-line treatment for advanced LUAD without sensitizing EGFR or ALK mutations (8, 9). However, only 20-40% of patients derive benefit from these new therapies (8). Indeed, the extent of tumor cell PD-L1 expression is paramount to ICI selection, thus ICI monotherapy or ICI plus chemotherapy are more recommended for those patients with PD-L1 positive expression (7–11). Nevertheless, for patients who were negative for tumoral PD-L1 expression, the efficacy of immunotherapy as the first-line treatment is unclear. Most importantly, this group accounts for about half of the whole patient population (12).

For advanced LUAD patients who present with no known driver mutation and are negative for tumoral PD-L1 expression, first-line treatment strategies include chemotherapy, chemotherapy plus bevacizumab, and chemotherapy-immunotherapy combinations. Many studies demonstrated that chemotherapy combined with ICIs or bevacizumab resulted in better outcomes compared to the use of chemotherapy alone in treatment-naive advanced LUAC patients without known driver mutations (4–13). However, head-to-head comparisons of these treatment regimens in PD-L1-negative patients remain limited. In this study, clinical data from first-line treatment in PD-L1-negative LUAD patients without common driver gene alterations was retrospectively analyzed. The efficacy and safety of platinum-based chemotherapy, with addition of immunotherapy or bevacizumab were evaluated in head-to-head comparison, and the clinical characteristics of the beneficiaries of different treatment plans were analyzed. The present study provides a basis for selecting the optimal first-line therapeutic management for PD-L1-negative LUAD in patients without common driver gene alterations.




2 Materials and methods



2.1 Study design

1170 medical records of advanced LUAD were randomly sampled from the database of Henan Cancer Hospital from January 2015 to May 2023. Eligibility criteria for inclusion in this study were as follows: (1) Confirmed to have advanced LUAD by histopathology and treated with platinum-based chemotherapy or platinum-based chemotherapy combined with ICIs or bevacizumab as the first-line treatment plan; (2) Age > 18 years old, regardless of sex; (3) Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0–2 points; (4) Received at least 2 cycles of first-line regimen treatment, and the efficacy was evaluated; (5) Without sensitizing EGFR, ALK, ROS1, Met, Ret or Braf V600E mutations. Exclusion criteria: (1) Small cell lung cancer, squamous cell carcinoma, or undifferentiated type; (2) Multiple primary tumors. The selection process is shown in Figure 1.




Figure 1 | Selection process and enrollment. 1170 medical records of advanced LUAD were randomly sampled from the database, and 159 patients were enrolled. Among the 159 patients, chemotherapy was administered in 44 cases (group A), immune-checkpoint inhibitors (ICIs) in combination with chemotherapy in 55 cases (group B) and bevacizumab plus chemotherapy in 60 patients (group C).



A total of 159 patients with advanced LUAD lacking common driver gene alterations and tumoral PD-L1 expression were retrospectively analyzed. All patients provided informed consent, and the study was approved by the Ethics Committee of Henan Cancer Hospital. Treatment regimens included chemotherapy alone (Group A, n = 44), chemoimmunotherapy (Group B, n = 55) or bevacizumab plus chemotherapy (Group C, n = 60). Patient disposition is detailed in Figure 1, and baseline characteristics are summarized in Table 1.


Table 1 | Baseline demographic and clinical characteristics.






2.2 Interventions

Group A: Platinum-based chemotherapy consisting of either carboplatin (AUC 5) or cisplatin (75 mg/m2) combined with pemetrexed (500 mg/m2) was administrated intravenously on day 1 of each 21-day cycle for 4–6 cycles, followed by maintenance pemetrexed treatment. Group B: anti-PD-1 monoclonal antibody (200mg) plus platinum-based chemotherapy were used on day one of each 21-day cycle for 4–6 cycles, followed by maintenance anti-PD-1 monoclonal antibody plus pemetrexed treatment. Among 55 patients in this group, 26 received camrelizumab, 8 tislelizumab, 13 sintilimab, and 8 pembrolizumab. Group C: bevacizumab 15 mg/kg plus platinum-based chemotherapy once every 3 weeks intravenously for four to six cycles, followed by maintenance bevacizumab plus pemetrexed treatment. Patients were required to complete ≥ 2 treatment cycles and undergo at least one efficacy assessment.




2.3 Study outcomes and endpoints

The effectiveness and safety data were collected. Tumor response was evaluated by investigators according to RECIST version 1.1 criteria. Evaluation indicators included complete response (CR), partial response (PR), stable disease (SD), and progressive disease (PD). The objective response rate (ORR) = (CR+PR)/total number of cases × 100% and the disease control rate (DCR) = (CR+PR+SD)/total number of cases × 100% were calculated. Progression-free survival (PFS) was defined as the time from the first-line treatment until confirmation of PD, death, or last follow-up. OS was defined as the time from the first-line treatment to death or the last follow-up. The National Cancer Institute CTCAE (version 5.0) was used to grade adverse events (AEs). Patients were consulted and followed up in the inpatient and outpatient system of the Henan Cancer Hospital until May 2023.




2.4 Statistical analysis

Chi-Square or Fisher’s exact probability analysis was used to identify the difference of the incidence of adverse reactions between groups. Kaplan-Meier analysis was used to estimate the OS or PFS, and log-rank test was used to identify differences between groups. The Cox regression model was fitted based on multiple risk factors and OS or PFS, and Hazard Ratios (HR) were estimated to identify the relationship between these risk factors and the outcomes. GraphPad Prism 8.0 software was used to plot survival curves. The significant level alpha was set to be 0.05. All statistical analysis was conducted using SPSS software v.26.0.





3 Results



3.1 Patient characteristics

159 patients were included in this analysis, including 44 patients in Group A (27.67%), 55 patients in Group B (34.59%), and 60 patients in Group C (37.74%). There was no substantial difference in baseline characteristics among the three groups of patients (P>0.05, Table 1). Of 159, 47 (29.56%) patients were female. The median age was 61 years (range 32-85), with 59 (37.11%) patients aged ≥ 65 years. 136 patients (85.53%) had ECOG PS of 0-1. All patients had stage IV LUAD at diagnosis with negative PD-L1 expression and without sensitizing EGFR, ALK, ROS1, Met, Ret or Braf V600E mutations, thereby ERBB2 (13, 8.18%), Kras (27, 16.98%) and TP53 (27, 16.98%) mutations were allowed. Most of the patients had liver (24, 15.09%), brain (36, 22.64%), and bone metastasis (56, 35.22%) (Table 1).




3.2 Clinical response

All the patients were included in the response assessment, with an ORR of 30.81% and a DCR of 88.68%. DCR for patients in group C (96.67%) was significantly higher than group A (84.09%) and B (83.64%) (P=0.04), but there was no difference between group A and B (P=0.95). ORR for patients in group C (40%) was higher than for patients including group A (22.73%) and B (27.27%), whereas the difference was not significant among them (P=0.13) (Tables 2, 3, Figure 2).


Table 2 | Summary of tumor response.




Table 3 | Multiple comparisons of disease control rate.






Figure 2 | The objective response rate (ORR) and the disease control rate (DCR). (A) ORR of the three groups was similar (P>0.05). (B) DCR for patients in group C was significantly higher than group A, B (P<0.05). *p<0.05.






3.3 Survival analysis

As of May 2023, the median follow-up time was 30.9 months. For the entire cohort, median PFS was 6.67 months [95% CI 5.83-7.51], and the median OS was 15.83 months [95% CI 13.46-18.21]. For PFS in pairwise comparison, group B and C were statistically superior to group A (B vs A median 5.6 months [95% CI 4.56-6.64] vs 5.17 months [95% CI 4.09-6.25]; hazard ratio (HR) 0.56 [95% CI 0.37-0.87], P = 0.009; C vs A median 8.57 months [95% CI 7.47-9.66] vs 5.17 months [95% CI 4.09-6.25]; HR 0.43 [95% CI 0.28-0.7], P< 0.001), whereas no significant difference was found between group B and C (HR 0.76 [95% CI 0.51-1.11], P= 0.16) (Figure 3). OS was significantly longer in group C versus the other ones (C vs B median 21.6 months [95% CI 17.78-25.42] vs 12.63 months [95% CI 8.14-17.13]; HR 0.59 [95% CI 0.39-0.9], P = 0.01; C vs A median 21.6 months [95% CI 17.78-25.42] vs 13.47 months [95% CI 9.68-17.26], HR 0.47 [95% CI 0.3-0.71], P= 0.001), but no substantial difference was noted between group A and B (HR 0.78 [95% CI 0.51-1.2], P= 0.26) (Figure 4).




Figure 3 | Progression-free survival and forest plot of hazard ratios for its risk factors. (A) Kaplan-Meier estimates of progression-free survival. (B) Logistic regression analyses to identify risk factors of progression-free survival in comparison to the control subjects after adjusting for gender, age, smoking (yes/no), ECOG PS, ERBB2 mutation, KRAS mutation, TP53 mutation, liver metastasis (yes/no), bone metastasis (yes/no), brain metastasis (yes/no) and therapeutic regimens.






Figure 4 | Overall survival and multivariable analysis of it. (A) Kaplan-Meier estimates of overall survival. (B) Forest plot of multivariable Cox proportional-hazard models for overall survival with hazard ratio for each of the factors included: gender, age, smoking, ECOG PS, ERBB2 mutation, KRAS mutation, TP53 mutation, liver metastasis, bone metastasis, brain metastasis and therapeutic regimens.






3.4 Prognostic factors

Multivariate analysis showed that the ECOG PS score and treatment regimen were factors influencing PFS as well as OS. The prognostic factor analysis showed that P and HR for PFS favored patients receiving therapeutic regimen such as group B or C with ECOG PS 0–1 and negative ERBB2 (P<0.05), and P and HR for OS favored patients receiving therapeutic regimen such as group C with ECOG PS 0–1 and aged < 65 years but without liver metastasis and TP53 mutation (P<0.05) (Figures 3, 4).

We evaluated the impact of TP53, KRAS and ERBB2 mutations on PFS and OS across different subgroups. The results revealed that patients with TP53 mutations other than KRAS and ERBB2 in group C exhibited significantly worse survival outcomes [HR for PFS: 2.06 (95%CI 1.03-4.09); HR for OS: 5.8 (95%CI 2.66-12.66)]. In contrast, the mutation status of TP53, ERBB2 and KRAS in group B did not show a significant association with PFS and OS (Tables 4, 5).


Table 4 | Biomarkers associated with progression-free survival.




Table 5 | Biomarkers associated with overall survival.






3.5 Safety

All 159 patients completed at least two cycles of treatment. Treatment-emergent AEs occurred in all patients enrolled, but most (120 patients, 75.47%) occurrences were grade 1-2, and all the AEs were manageable without any fatal toxicities. 3 patients (5%) in group C were reported epistaxis of grade 1 or 2, which was often caused by bevacizumab.

Treatment-related AEs of grade 3–4 were reported in 39 patients (24.53%). The most common grade 3–4 AEs were anemia, decreased neutrophil, white blood cell or platelet counts, chemotherapy-induced nausea and vomiting (CINV) and hepatic dysfunction. The grade 3 or 4 immune-related AEs (irAEs) including rash or itching (2 patient, 3.64%), thyroid dysfunction (1 patient, 1.82%), adrenal insufficiency (1 patient, 1.82%), checkpoint inhibitor pneumonitis (1 patient, 1.82%) and colitis (1 patient, 1.82%) resulted from the ICI-mediated activation of the immune system in group B, but total treatment-emergent AEs of grade 3–4 occurred in a similar proportion of patients in each group (P>0.05) (Table 6).


Table 6 | Occurrence of adverse reactions.







4 Discussion

LUAD is a serious threat to human life. In particular, the prognosis for advanced patients is very poor, with the 5-year survival rate being exceedingly low (1, 2, 14). Clinical data shows that the combination of bevacizumab with chemotherapy versus chemotherapy alone can result in a better anti-tumor effect and delay drug resistance with controllable adverse reactions, thus such combination therapy is now a standard first-line treatment for advanced LUAD (4–6). In recent years, strategies using ICIs, which can enhance antitumor immune responses, have revolutionized the LUAD therapeutic landscape (15, 16), and the combination of anti-PD1 or anti-PD-L1 and platinum chemotherapy achieved better survival outcomes than chemotherapy alone in several randomized controlled trials (RCTs) (17–20), however, not all patients can benefit from immunotherapy, and PD-L1 expression is the most valuable biomarker for predicting the efficacy of immunotherapy (21). While multiple studies have demonstrated improved immunotherapy response in LUAD patients with elevated PD-L1 expression, a substantial proportion of PD-L1-negative cases represents a clinically significant population that warrants further investigation (9, 11, 15–20). The optimal treatment approach for patients with PD-L1-negative LUAD was not defined yet, and the real-world evidence published regarding these patients remained scarce, thus most of the data available came from subgroup or pooled analyses of different clinical trials (18–20). Promising results of adding pembrolizumab to chemotherapy has been reported from keynote-189 trial in all subgroups including the PD-L1-negative (8, 17), and the pooled analysis demonstrated a substantial clinical benefit (18), but the exploratory analyses in PD-L1-negative patients of Impower 150 trial revealed similar median OS in the three subgroups including atezolizumab and bevacizumab plus carboplatin-paclitaxel (ABCP), atezolizumab plus carboplatin-paclitaxel (ACP) and bevacizumab plus carboplatin-paclitaxel (BCP) (13). A meta-analysis of first-line immunotherapy combinations for advanced NSCLC demonstrated that the addition of bevacizumab to chemotherapy plus ICI does not provide significant survival benefits over chemotherapy plus ICI alone for PD-L1-negative patients, while also increasing toxicity and treatment complexity (22). Given the lack of evidence supporting the combination of chemotherapy, ICI, and bevacizumab as a recommended first-line treatment strategy, no participants received this regimen in our study. Tislelizumab and sintilimab also demonstrated the lack of clear benefit for first-line treatment of non-squamous NSCLC patients with PD-L1 negative and driver-gene wildtype (11, 23). Since most clinical trials of immunotherapy have not targeted PD-L1-negative patients with LUAD, only the results of subgroups analysis with limited statistical power are available and should be carefully considered. Therefore, the optimal therapy of LUAD patients with PD-L1-negative expression needs to be further explored in real-world studies. Approved first-line treatment strategies for LUAD patients with PD-L1 negative expression and without diver-gene mutations now include chemotherapy, immunochemotherapy and bevacizumab plus chemotherapy in the absence of head-to-head comparisons. To our knowledge, our study represents the first real-world analysis and the longest follow-up describing optimal first-line treatment options for PD-L1 negative LUAD patients with no known driver mutation.

Diver gene mutations including EGFR, ALK, ROS1, Met, Ret or Braf V600E are detected in approximately 50-70% of patients with LUAD (23–25), and standard first-line treatments for these patients were targeted therapies, thus these patients were not included in our study. Of the 1170 total LUAD patients randomly sampled from the database of the Hospital from January 2015 to May 2023, only 159 patients (13.59%) met the inclusion criteria and were successfully enrolled in this analysis, and the incidence was consistent with previous reports (23–25). In this retrospective cohort study, we conducted a head-to-head comparison of the clinical effectiveness and safety for these standard treatment regimens including chemotherapy alone, immunochemotherapy and bevacizumab plus chemotherapy. Here, the median PFS was 6.67 months [95% CI 5.83-7.51] and the median OS was 15.83 months, representing a poorer prognosis in real-world compared to RCTs (4–6, 8–11).

Bevacizumab plus chemotherapy demonstrated promising results in the present study. This regimen achieved much longer OS than ICI plus chemotherapy and chemotherapy alone, which could be considered the gold standard endpoint for identifying patients benefiting most from this regimen. Both bevacizumab and ICIs substantially extended the PFS of chemotherapy, thus the combination regimens could delay treatment resistance, which were consistent with previous evidence (4–6, 8–11). Compared to ICI plus chemotherapy, bevacizumab plus chemotherapy led to an improvement in PFS, but failed to show significant superiority. PFS was affected by multiple factors, including the patient population, imaging methods, and concomitant treatment, therefore it was only used as a surrogate marker of OS in some clinical trials and not always consistent with OS (26–28). The bevacizumab plus chemotherapy was also associated with a higher DCR than ICI plus chemotherapy and chemotherapy alone. In addition, we found that the ICI plus chemotherapy failed to show superior OS, DCR and ORR compared with chemotherapy alone in PD-L1 negative LUAD patients (HR 0.78 [95% CI 0.51-1.2], P= 0.264), and this findings were consistent with the subgroup analysis of tislelizumab and sintilimab, but contrary to subgroup and pooled analysis of pembrolizumab in the absence of head-to-head controlled comparisons. Given these results it is not clear that the differences in the structure and efficacy of ICIs and survival benefits between global populations and Chinese patients are clinically meaningful. Moreover, only 8 (14.55%) patients in this study accepted pembrolizumab plus chemotherapy, which might contribute to such differences. Therefore, we should focus on exploring the immunosuppressive microenvironment, and further research, particularly phase III prospective RCTs comparing treatment options in PD-L1-negative patients are urgently required.

Multivariate analysis showed that the ECOG PS score and treatment regimen were factors influencing PFS as well as OS. P and HR for PFS favored patients receiving therapeutic regimen such as group B or C with ECOG PS 0–1 and negative ERBB2 (P<0.05), and P and HR for OS favored patients receiving therapeutic regimen such as group C with ECOG PS 0–1 and aged < 65 years but without liver metastasis and TP53 mutation (P<0.05). Our findings indicated that bevacizumab plus chemotherapy brought more satisfactory efficacy and favorable survival to PD-L1-negative patients with treat-naïve advanced LUAD without common gene alterations than ICI plus chemotherapy and chemotherapy alone. Subgroup analysis revealed that TP53 mutations served as an independent adverse prognostic marker in bevacizumab-based chemotherapy group, aligning with previous studies (29, 30). However, TP53, ERBB2 and KRAS mutations showed no significant association with prognosis in the chemoimmunotherapy group. STK11 and KEAP1 mutations are also not reliable predictors of response to ICI therapy, given their association with a non-inflamed tumor microenvironment (TME) and frequent co-occurrence with mutations such as KRAS (31–33). Moreover, there is no evidence to date indicating that STK11 and KEAP1 mutations impact outcomes with chemotherapy or bevacizumab (31, 33). In this study, a technical limitation exists wherein earlier cohort patients (predominantly 2015-2018) were primarily tested with PCR-based methods rather than comprehensive NGS panels, preventing full assessment of non-core driver mutations such as TP53, KRAS, STK11 and KEAP1. Consequently, the observed TP53 and KRAS mutation rates were lower than these in contemporary NGS-based studies (29–33), and STK11/KEAP1 status could not be analyzed.

The safety profile for bevacizumab plus chemotherapy was previously reported (4–6) and no safety signals were observed in our study, supporting the well-established and manageable AE profile for bevacizumab. Grade 1 or 2 epistaxis occurred in 3 patients (5%) receiving bevacizumab plus chemotherapy in this study, prompting the recommendation to avoid its use in high-bleeding-risk populations.




5 Conclusion

In summary, our study represents the first real-world analysis and the longest follow-up describing optimal first-line treatment options for PD-L1-negative LUAD patients without common driver gene alterations. Our findings suggest that bevacizumab plus chemotherapy appears the most effective therapeutic strategy for this patient population in terms of OS and DCR, respectively. Further research, particular prospective phase III RCTs comparing treatment options in PD-L1-negative patients are required.





Data availability statement

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





Ethics statement

The studies involving humans were approved by The Ethics Committee of Henan Cancer Hospital (20150101). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.





Author contributions

LC: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Investigation, Methodology, Project administration, Resources, Software, Validation, Visualization, Writing – original draft, Writing – review & editing. JL: Conceptualization, Data curation, Investigation, Methodology, Project administration, Software, Visualization, Writing – original draft, Writing – review & editing. JFL: Conceptualization, Data curation, Formal Analysis, Investigation, Methodology, Project administration, Validation, Visualization, Writing – original draft, Writing – review & editing. XH: Conceptualization, Formal Analysis, Investigation, Methodology, Project administration, Writing – original draft, Writing – review & editing. EA: Conceptualization, Formal Analysis, Methodology, Supervision, Writing – original draft, Writing – review & editing. YZ: Conceptualization, Data curation, Funding acquisition, Investigation, Methodology, Project administration, Resources, Supervision, Validation, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was supported by the National Science Foundation of China (81902344) and Henan Provincial Medical Science and Technology Research Joint Venture Project (SBGJ202102061, SBGJ202102062).




Acknowledgments

We thank Henan Cancer Hospital for providing us the network data sets. The authors would like to thank the patients, their families and caregivers, and all investigators involved in this study.





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.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.




Abbreviations


PD-L1, programmed death-ligand 1; LUAD, lung adenocarcinoma; PFS, progression-free survival; OS, overall survival; ECOG PS, Eastern Oncology Group performance status; VEGF, vascular endothelial growth factor; PD-1, programmed cell death protein 1; ICIs, immune-checkpoint inhibitors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control rate; AE, hazard Ratios; AE, adverse events; irAEs, immune-related; TME, tumor microenvironment.




References

1. Siegel, RL, Giaquinto, AN, and Jemal, A. Cancer statistics, 2024. CA Cancer J Clin. (2024) 74:12–49. doi: 10.3322/caac.21820

2. Li, Y, Jiang, M, Aye, L, Luo, L, Zhang, Y, Xu, F, et al. UPP1 promotes lung adenocarcinoma progression through the induction of an immunosuppressive microenvironment. Nat Commun. (2024) 15:1200. doi: 10.1038/s41467-024-45340-w

3. Schiller, JH, Harrington, D, Belani, CP, Langer, C, Sandler, A, Krook, J, et al. Comparison of four chemotherapy regimens for advanced non-small-cell lung cancer. N Engl J Med. (2002) 346:92–8. doi: 10.1056/NEJMoa011954

4. Lopez-Chavez, A, Young, T, Fages, S, Leon, L, Schiller, JH, Dowlati, A, et al. Bevacizumab maintenance in patients with advanced non-small-cell lung cancer, clinical patterns, and outcomes in the Eastern Cooperative Oncology Group 4599 Study: results of an exploratory analysis. J Thorac Oncol. (2012) 7:1707–12. doi: 10.1097/JTO.0b013e318265b500

5. Zhou, C, Wu, YL, Chen, G, Liu, X, Zhu, Y, Lu, S, et al. BEYOND: a randomized, double-blind, placebo-controlled, multicenter, phase III study of first-line carboplatin/paclitaxel plus bevacizumab or placebo in Chinese patients with advanced or recurrent non-squamous non-small cell lung cancer. J Clin Oncol. (2015) 33:2197–204. doi: 10.1200/JCO.2014.59.4424

6. Reck, M, von Pawel, J, Zatloukal, P, Ramlau, R, Gorbounova, V, Hirsh, V, et al. Overall survival with cisplatin-gemcitabine and bevacizumab or placebo as first-line therapy for non-squamous non-small cell lung cancer: results from a randomised phase III trial (AVAiL). Ann Oncol. (2010) 21:1804–9. doi: 10.1093/annonc/mdq020

7. Grant, MJ, Herbst, RS, and Goldberg, SB. Selecting the optimal immunotherapy regimen in driver-negative metastatic NSCLC. Nat Rev Clin Oncol. (2021) 18:625–44. doi: 10.1038/s41571-021-00520-1

8. Gandhi, L, Rodríguez-Abreu, D, Gadgeel, S, Esteban, E, Felip, E, De Angelis, F, et al. Pembrolizumab plus chemotherapy in metastatic non-small cell lung cancer. N Engl J Med. (2018) 378:2078–92. doi: 10.1056/NEJMoa1801005

9. Yang, Y, Sun, J, Wang, Z, Fang, J, Yu, Q, Han, B, et al. Updated overall survival data and predictive biomarkers of sintilimab plus pemetrexed and platinum as first-line treatment for locally advanced or metastatic non-squamous NSCLC in the phase 3 ORIENT-11 study. J Thorac Oncol. (2021) 16:2109–20. doi: 10.1016/j.jtho.2021.07.015

10. Doroshow, DB, Bhalla, S, Beasley, MB, Sholl, LM, Kerr, KM, Gnjatic, S, et al. PD-L1 as a biomarker of response to immune-checkpoint inhibitors. Nat Rev Clin Oncol. (2021) 18:345–62. doi: 10.1038/s41571-021-00473-5

11. Lu, S, Wang, J, Yu, Y, Yu, X, Hu, Y, Ai, X, et al. Tislelizumab plus chemotherapy as first-line treatment for locally advanced or metastatic non-squamous NSCLC (RATIONALE 304): a randomized phase 3 trial. J Thorac Oncol. (2021) 16:1512–22. doi: 10.1016/j.jtho.2021.05.005

12. Dietel, M, Savelov, N, Salanova, R, Micke, P, Bigras, G, Hida, T, et al. Real-world prevalence of programmed death ligand 1 expression in locally advanced or metastatic non-small-cell lung cancer: the global, multicenter EXPRESS study. Lung Cancer. (2019) 134:174–9. doi: 10.1016/j.lungcan.2019.06.012

13. Socinski, MA, Nishio, M, Jotte, RM, Cappuzzo, F, Orlandi, F, Stroyakovskiy, D, et al. IMpower150 final overall survival analyses for atezolizumab plus bevacizumab and chemotherapy in first-line metastatic non-squamous NSCLC. J Thorac Oncol. (2021) 16:1909–24. doi: 10.1016/j.jtho.2021.07.009

14. Zhou, Y, Gao, W, Xu, Y, Wang, J, Wang, X, Shan, L, et al. Implications of different cell death patterns for prognosis and immunity in lung adenocarcinoma. NPJ Precis Oncol. (2023) 7:121. doi: 10.1038/s41698-023-00456-y

15. Reck, M, Rodríguez-Abreu, D, Robinson, AG, Hui, R, Csőszi, T, Fülöp, A, et al. Updated analysis of KEYNOTE-024: pembrolizumab versus platinum-based chemotherapy for advanced non-small cell lung cancer with PD-L1 tumor proportion score of 50% or greater. J Clin Oncol. (2019) 37:537–46. doi: 10.1200/jco.18.00149

16. Mok, TSK, Wu, YL, Kudaba, I, Kowalski, DM, Cho, BC, Turna, HZ, et al. Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing, locally advanced or metastatic non-small-cell lung cancer (KEYNOTE-042): a randomised, open-label, controlled, phase 3 trial. Lancet. (2019) 393:1819–30. doi: 10.1016/S0140-6736(18)32409-7

17. Garassino, MC, Gadgeel, S, Speranza, G, Felip, E, Esteban, E, Dómine, M, et al. Pembrolizumab plus pemetrexed and platinum in non-squamous non-small cell lung cancer: 5-year outcomes from the phase 3 KEYNOTE-189 study. J Clin Oncol. (2023) 41:1992–8. doi: 10.1200/JCO.22.01989

18. Borghaei, H, Langer, CJ, Paz-Ares, L, Rodríguez-Abreu, D, Halmos, B, Garassino, MC, et al. Pembrolizumab plus chemotherapy versus chemotherapy alone in patients with advanced non-small cell lung cancer without tumor PD-L1 expression: a pooled analysis of 3 randomized controlled trials. Cancer. (2020) 126:4867–77. doi: 10.1002/cncr.v126.22

19. Peng, L, Liang, WH, Mu, DG, Xu, S, Hong, SD, Stebbing, J, et al. First-line treatment options for PD-L1-negative non-small cell lung cancer: a Bayesian Network meta-analysis. Front Oncol. (2021) 11:657545. doi: 10.3389/fonc.2021.657545

20. Cheng, Y, Yang, JC, Okamoto, I, Zhang, L, Hu, J, Wang, D, et al. Pembrolizumab plus chemotherapy for advanced non-small-cell lung cancer without tumor PD-L1 expression in Asia. Immunotherapy. (2023) 15:1029–44. doi: 10.2217/imt-2023-0043

21. Garon, EB, Hellmann, MD, Rizvi, NA, Carcereny, E, Leighl, NB, Ahn, MJ, et al. Five-year overall survival for patients with advanced non-small cell lung cancer treated with pembrolizumab: results from the phase 1 KEYNOTE-001 study. J Clin Oncol. (2019) 37:2518–27. doi: 10.1200/JCO.19.00934

22. Liu, L, Bai, H, Wang, C, Seery, S, Wang, Z, Duan, J, et al. Efficacy and safety of first-line immunotherapy combinations for advanced NSCLC: A systematic review and network meta-analysis. J Thorac Oncol. (2021) 16:1099–117. doi: 10.1016/j.jtho.2021.03.016

23. Zhang, L, Wang, Z, Fang, J, Yu, Q, Han, B, Cang, S, et al. Final overall survival data of sintilimab plus pemetrexed and platinum as first-line treatment for locally advanced or metastatic non-squamous NSCLC in the Phase 3 ORIENT-11 study. Lung Cancer. (2022) 171:56–60. doi: 10.1016/j.lungcan.2022.07.013

24. Lamberti, G, Andrini, E, Sisi, M, Rizzo, A, Parisi, C, Di Federico, A, et al. ALK and ROS1: current evidence and future perspectives on newly targetable oncogenic drivers in lung adenocarcinoma. Crit Rev Oncol Hematol. (2020) 156:103119. doi: 10.1016/j.critrevonc.2020.103119

25. Kaneko, S, Takasawa, K, Asada, K, Shiraishi, K, Ikawa, N, Machino, H, et al. Mechanism of ERBB2 gene overexpression by the formation of super-enhancer with genomic structural abnormalities in lung adenocarcinoma without clinically actionable genetic alterations. Mol Cancer. (2024) 23:126. doi: 10.1186/s12943-024-02035-6

26. Miyauchi, E, Morita, S, Nakamura, A, Hosomi, Y, Watanabe, K, Ikeda, S, et al. Updated analysis of NEJ009: gefitinib-alone versus gefitinib plus chemotherapy for non-small cell lung cancer with mutated EGFR. J Clin Oncol. (2022) 40:3587–92. doi: 10.1200/JCO.21.02911

27. Kawashima, Y, Fukuhara, T, Saito, H, Furuya, N, Watanabe, K, Sugawara, S, et al. Bevacizumab plus erlotinib versus erlotinib alone in Japanese patients with advanced, metastatic, EGFR-mutant non-small-cell lung cancer (NEJ026): overall survival analysis of an open-label, randomised, multi-centre, phase 3 trial. Lancet Respir Med. (2022) 10:72–82. doi: 10.1016/S2213-2600(21)00166-1

28. Zhou, Q, Xu, CR, Cheng, Y, Liu, YP, Chen, GY, Cui, JW, et al. Bevacizumab plus erlotinib in Chinese patients with untreated, EGFR-mutated, advanced NSCLC (ARTEMIS-CTONG1509): A multicenter phase 3 study. Cancer Cell. (2021) 39:1279–1291.e3. doi: 10.1016/j.ccell.2021.07.005

29. Donehower, LA, Soussi, T, Korkut, A, Liu, Y, Schultz, A, Cardenas, M, et al. Integrated analysis of TP53 gene and pathway alterations in the cancer genome atlas. Cell Rep. (2019) 28:1370–84. doi: 10.1016/j.celrep.2019.07.001

30. Tornesello, ML. TP53 mutations in cancer: Molecular features and therapeutic opportunities (Review). Int J Mol Med. (2025) 55:7. doi: 10.3892/ijmm.2024.5448

31. Skoulidis, F, Goldberg, ME, Greenawalt, DM, Hellmann, MD, Awad, MM, Gainor, JF, et al. STK11/LKB1 mutations and PD-1 inhibitor resistance in KRAS-mutant lung adenocarcinoma. Cancer Discov. (2018) 8:822–35. doi: 10.1158/2159-8290.CD-18-0099

32. Arbour, KC, Jordan, E, Kim, HR, Dienstag, J, Yu, HA, Sanchez-Vega, F, et al. Effects of co-occurring genomic alterations on outcomes in patients with KRAS-mutant non-small cell lung cancer. Clin Cancer Res. (2018) 24:334–40. doi: 10.1158/1078-0432.CCR-17-1841

33. Ricciuti, B, Arbour, KC, Lin, JJ, Vajdi, A, Vokes, N, Hong, L, et al. Diminished efficacy of programmed death-(Ligand)1 inhibition in STK11- and KEAP1-mutant lung adenocarcinoma is affected by KRAS mutation status. J Thorac Oncol. (2022) 17:399–410. doi: 10.1016/j.jtho.2021.10.013




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 © 2025 Chen, Liu, Lu, Hu, An and Zhao. 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-15-1533048-g001.jpg
1170 records randomly sampled
from advanced LUAD data.

1011 excluded
¢ 94] PD-L1 expression or
the most common driver gene

mutations.
* 39 PD-LI not identified
159 patients * 20 with simultaneous other
included in analysis primary cancer.
¢ 11 data not adequate.
Treatment
Group A Group B Group C

N=44 N=55 N=60






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

        		Cover



  		

        First-line treatment options for PD-L1-negative lung adenocarcinoma: a real-world analysis

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design

          



          		

            2.2 Interventions

          



          		

            2.3 Study outcomes and endpoints

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Patient characteristics

          



          		

            3.2 Clinical response

          



          		

            3.3 Survival analysis

          



          		

            3.4 Prognostic factors

          



          		

            3.5 Safety

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Generative AI statement

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/table6.jpg
Adverse reaction event

Anemis 4 009%) 1027%) s )
Lakopenia 2059 e 4(667%) oss
Neucopenia 36m%) o st o0
Thrombocyopenia 36m1%) s L 026
Hepic dysfuncion s a1 e 2639 o
anv 10095 2068 265% o
irAEs o s0105%) o ooms
Attt one esmentreid AE 16.3636%) nam na ass

CINV, chemotberspy-induced nauses and vomiting irAEs, mmune.elted advers events.





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-15-1533048-g002.jpg
DCR%

Group A Groups GroupC o
ok e ey





OEBPS/Images/fonc-15-1533048-g004.jpg
3
8

—— Group A: 13.47 months [95% C1 9.68-17.26]
—— Group B: 12.63 months [95% CI 8.14-17.13]
=~ Group C: 21.6 months [95% CI 17.78-25.42]

2 g =
& 8 8

N
38

Overall survival (%)

0 10 20 30 40 50 60 70
Time (months)

Subgroup HR for OS95%CI)  p value
Gender male vs female  —o—— L11(0.76-1.62) 0579
Age 265 vs <65 f—— 177(124-253)  0.003
Smoking(current/former)  yes vs no —e— 0.95(0.67-1.34) 0.769
ECOGPS =2vs0-1 {1 e 250(1.55400)  <0.001
ERBB2 mutation yes vs no —_ 0.758
KRAS mutation yes vs no — 0.852
TPS3 mutation yes vs no e — 0.002
Liver metastasis Yes vs o, P 1.93(1.21-3.08) 0.005
Bone metastasis yes vs o —— 129(0.90-1.84)  0.164
Brain metastasis. yes vsno = L16(0.77-1.74) 0477
‘Therapeutic regimen BusA —i- 0.78(051-1.20) 0264
‘Therapeutic regimen CwA = | 047(0300.71) 0,001
‘Therapeutic regimen CwB —— 0.59(0.39-0.90) 0014

0o 05 1 15 2 325 3 35 4





OEBPS/Images/table2.jpg
Group A 8 €

w0 o o - B
me 10 15 % - R
w7 3 M = =
w7 B 2 - -
om® | mn  wy W 105 o1
DOR®) | S e %6 6n 008

(CR.complet esponse; PR, partial response D, stble discases PD, progresive diseases ORR,
Objective response rate; DR, Disease control rat.






OEBPS/Images/table4.jpg
Group

ERBB2 muttion
KRAS muttion
TP53 mution

ERBB2 muttion
KRAS mutation
1953 muttion

ERBE2 mutation
KRAS mutation

TPS3 mutation

yesvsno
yesvsno
yesvsno
yesvsno
yesvsno
yesvsno
yesvsno
yesvsno

yesveno

555

103

217

20

os1

L

161

206

1502056

043246

o

631

081438

061276

oat-161

043465

081308

103409

P
oot
095
016
on
050
055
03
o

004





OEBPS/Images/table3.jpg
Groups DCR [3
AvsB 37 (54099 ve 46 (364%) 0004 095
Awc (5009 v 38 G667) | 508 o2

Cun 58.(96.67%) vs 16 (83.64%) 563 002





OEBPS/Images/fonc.2025.1533048_cover.jpg
& frontiers | Frontiers in Oncology

First-line treatment options for PD-L1-
negative lung adenocarcinoma: a real-world
analysis





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





OEBPS/Images/fonc-15-1533048-g003.jpg
=
3

——= Group A: median 5.17 months [95% CI 4.09-6.25]

@
3

—— Group B: median 5.6 months [95% CI 4.56-6.64]
—— Group C: median 8.57 months [95% CI 7.47-9.66]

N A @
s 38 38

progression-free survival (%)

°

0 5 10 15 20 25 30 35
Time (months)

Subgroup HR for PFS(95%CI) p value
Gender male vs female —e——— 1.46(0.80-2.68) 0.221
Age 265v5<65  4o— 1.31(0.90-1.91) 0.152
Smoking(current/former) yes vs no 0.88(0.50-1.55) 0.648
ECOGPS Z22vs0-1 — 2.07(1.27-3.37) 0.003
ERBB2 mutation yes vs no —e————————— 2.72(1.41-5.26) 0.003
KRAS mutation yes vs no e 1.24(0.79-1.97) 0.350
TP53 mutation yesvsno  —+o—— 133(0.83-2.11) 0235
Liver metastasis. yes Vs no Te—— 1.30(0.78-2.18) 0.312
Bone metastasis yesvsno  —e— 0.76(0.52-1.11) 0.149
Brain metastasis Yesvsno | —ei— 0.90(0.59-137) 0612
‘Therapeutic regimen Bvs A 0.56(0.37-0.87) 0.009
Therapeutic regimen  Cvs A 0.43(0.28:0.70) 0,000
‘Therapeutic regimen CvsB 0.76(0.51-1.11) 0.157

0051 152253354455





OEBPS/Images/table1.jpg
Total GroupA  Group B’

(N=159) (N=44) (N=55)
Age, years 61(32:85)  61(2-8)  64(44-81)  59(36:81) 391 014
< 0@ BEan) 29620 2 G000%)
265 59.(671%) 15609 26@2%) 15 (000%)
Sex,n (%) 254 028
Male WO o) BOMs 3960
Female 7 (o56%) L) ey 2 es0)
Tabacco use history, n (%) 399 014
Curtent orformer smoker S SN BEe 26N
Never smoked W@ s 0N 28667
ECOG, PS n (%) 328 019
01 BeEssN) 38 (E636%) Gooow) | 55 O167%)
2 BN 6036 oo e
ERBB2 mutation, n (%) 043 081
Posiive 13 518%) 3632%) 1027%) 6 1000%)
Negative HOOLEN)  BOUSN) SIS0
Kras mutation, n (%)
Posiive vaeow) 6036 BEsew) 503 261 o
Negative W) 38 E636) Ge3en) | s2s6e7%)
TPS3 mutation, n ()
Posive 1698%) 1009%) 12 QL) nassw 29 o
Negative B0 000% 5 0818%) o616
Liver metastasis
Yes uas0m)  7A591%) oasisn) 7016 095 o6t
o B @) 3 @) BE 5N
Bone metastasis
ves s AW 00636 sosow) 58 006
o 103 (6478%) SEem) 4505000
Brain metastasis
Yes J@e%)  sas1) 100815%) wEoo0) 298 02
No 210760 36 G18%) sEm 20000

[COG P8, Eastern Gospersive Oneslogy Group performance sttis.





OEBPS/Images/table5.jpg
Group.

ERBB2 muttion
KRAS mutation
TP53 mutstion
ERBB mutation
KRAS mutation
1953 mutaion
ERBB2 muttion
KRAS mutation

TP33 mutation

yes v no
yesvs o
yesvsno
yesvsno
yesws o
yes v o
yes v o
yesvsno

yes v o

HR
286
2
02
095
7
128
3
075

550

95%Cl P

083986 010
L0682 003
132027 o0
03426 09
oa276 073
062266 051
i031s 081
036158 045
2661265 000





