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Background

This study aimed to develop and validate a novel nomogram to predict survival in advanced non-small cell lung cancer (NSCLC) receiving programmed cell death 1 (PD-1) inhibitor plus chemotherapy with or without antiangiogenic therapy.





Methods

A total of 271 patients with advanced NSCLC who received anti-PD-1 plus chemotherapy with or without antiangiogenic therapy were enrolled in our center and randomized into the training cohort (n = 133) and the internal validation cohort (n = 138). Forty-five patients from another center were included as an independent external validation cohort. The nomogram was created based on the multivariate Cox regression analysis to predict overall survival (OS) and progression-free survival (PFS). The performance of the nomogram was assessed using the concordance index (C-index), the time-dependent area under the receiver operating (ROC) curves (AUCs), calibration curves, and decision curve analysis (DCA).





Results

Four factors significantly associated with OS were utilized to create a nomogram to predict OS: Eastern Cooperative Oncology Group performance status (ECOG PS), programmed cell death-ligand 1 (PD-L1) expression, chemotherapy cycle, and pretreatment lactate dehydrogenase–albumin ratio (LAR). Six variables significantly associated with PFS were incorporated into the development of a nomogram for predicting PFS: ECOG PS, histology, PD-L1 expression, chemotherapy cycle, pretreatment platelet to lymphocyte (PLR), and pretreatment LAR. The C-indexes of the nomogram for predicting OS and PFS were 0.750 and 0.747, respectively. The AUCs for predicting the 6-month, 12-month, and 18-month OS and PFS were 0.847, 0.791, and 0.776 and 0.810, 0.787, and 0.861, respectively. The calibration curves demonstrated a good agreement between predictions and actual observations. The DCA curves indicated that the nomograms had good net benefits. Furthermore, the nomogram model was well-validated in the internal and external cohorts.





Conclusion

The novel nomogram for predicting the prognosis of advanced NSCLC receiving anti-PD-1 plus chemotherapy with or without antiangiogenic therapy may help guide clinical treatment decisions.
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1 Introduction

Lung cancer is a widespread and fatal malignancy worldwide (1). Non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer (2). Most patients are diagnosed at an advanced stage. Platinum-based chemotherapy is the standard first-line treatment regimen for advanced NSCLC patients without driver mutations (3). However, the efficacy of chemotherapy alone is limited, with response rates ranging from 25% to 35% (4).

Immune checkpoint inhibitors (ICIs) such as programmed cell death 1 (PD-1) inhibitors have demonstrated significant advantages in antitumor therapy and are widely used in clinical practice (5). Several studies have shown that ICIs improve the prognosis of patients with advanced NSCLC in comparison to chemotherapy (6–9). However, it has been reported that only approximately 20% of patients exhibit a favorable response to ICIs (10, 11). Therefore, the combination therapy has attracted the attention of clinicians. An increasing body of evidence suggests that immunotherapy and chemotherapy have a synergistic effect. Firstly, chemotherapy enhances the sensitivity of tumor cells to immune-mediated killing (12). Additionally, chemotherapy increases the immunogenicity of tumor cells and eliminates immunosuppressive cells (13, 14). Moreover, immunotherapy has the potential to enhance patients’ sensitivity to chemotherapy. The KEYNOTE-189 study analyzed the efficacy of pembrolizumab plus chemotherapy versus chemotherapy alone in patients with non-squamous NSCLC, and the results suggested that pembrolizumab combined with platinum-based chemotherapy significantly prolonged overall survival (OS) and progression-free survival (PFS) when compared with chemotherapy alone (6). The KEYNOTE-407 study also demonstrated a significant improvement in OS and PFS for patients with metastatic squamous NSCLC receiving pembrolizumab plus chemotherapy (15).

Combination immunotherapy is increasingly recommended as a first-line treatment regimen for advanced NSCLC (16). However, identifying the optimal population for combination immunotherapy remains a significant challenge. Programmed cell death-ligand 1 (PD-L1) expression is now commonly used as a predictor of immunotherapy efficacy in NSCLC. However, PD-L1 expression alone is not sufficient to predict efficacy accurately (17), especially in the modality of combination immunotherapy. As the combination immunotherapy approach is widely applied in clinical practice, it is necessary to explore more potential indicators to predict survival. Therefore, in this study, we aim to identify predictive markers that influence efficacy and attempt to create a novel nomogram predicting the prognosis of advanced NSCLC patients who were treated with anti-PD-1 plus chemotherapy with or without antiangiogenic therapy, which is beneficial for guiding clinical treatment decisions.




2 Methods



2.1 Study population

This retrospective study included 316 patients with advanced NSCLC receiving anti-PD-1 plus chemotherapy with or without antiangiogenic therapy from two centers: 271 patients from our center between January 2018 and January 2023 and 45 patients from another center between January 2021 and March 2023. The inclusion criteria were as follows: 1) pathologically confirmed NSCLC, 2) diagnosis with stages IIIB–IV, 3) age ≥18 years, and 4) Eastern Cooperative Oncology Group performance status (ECOG PS) 0–2. The exclusion criteria were as follows: 1) had EGFR/ALK/ROS1 mutations, 2) had infection and steroid hormone treatment within 1 month prior to treatment initiation, 3) had other sites of primary malignancy, and 4) previously received other antitumor treatments.




2.2 Data collection

The clinical information included age, gender, smoking history, Eastern Cooperative ECOG PS, histology, PD-L1 expression, clinical stage, brain metastases, bone metastases, liver metastases, chemotherapy cycle, antiangiogenic therapy, and hematological biomarkers including neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte (PLR), monocyte to lymphocyte ratio (MLR), and lactate dehydrogenase–albumin ratio (LAR). Peripheral blood biomarkers were collected from 1 week before the initiation of anti-PD-1 treatment. The NLR, PLR, MLR, and LAR were calculated as follows: NLR = absolute neutrophil count (ANC)/absolute lymphocyte count (ALC), PLR = platelet count/ALC, MLR = absolute monocyte count (AMC)/ALC, and LAR = lactate dehydrogenase (LDH)/albumin (Alb).




2.3 Treatment

All patients received first-line anti-PD-1 therapy in combination with chemotherapy. The PD-1 inhibitors included pembrolizumab, sintilimab, camrelizumab, and tislelizumab. Chemotherapy regimens included PP (pemetrexed + cisplatinum/carboplatin) and TP (paclitaxel + cisplatinum/carboplatin). Anti-angiogenic agents included bevacizumab and endostar. All patients received at least two cycles of anti-PD-1 plus chemotherapy.




2.4 Outcomes

The primary outcome was overall survival (OS) and progression-free survival (PFS). OS was measured from the time of first treatment with PD-1 inhibitors until death due to any cause. PFS was calculated from the date of first treatment with PD-1 inhibitors until disease progression or death by any cause. The secondary outcome was immunotherapy response, including objective response rate (ORR) and disease control rate (DCR). ORR was the proportion of complete response (CR) or partial response (PR). DCR was the proportion of CR or PR or stable disease (SD). The iRECIST criteria were used to assess tumor treatment response (18). The evaluation of the efficacy of tumor treatment was performed independently by two experienced clinicians. When there were disagreements between two clinicians, another experienced clinician was invited to participate in the efficacy assessment. The follow-up was conducted through an electronic medical record system and telephone. The last follow-up was conducted in June 2023. The median follow-up time for the overall population was 24 months.




2.5 Nomogram

Eligible patients at our center were randomly assigned to either the training cohort (n = 133) or the internal validation cohort (n = 138). The training cohort was used to identify prognostic factors and construct the nomogram model, while the internal validation cohort was used to validate the performance of the nomogram model. Additionally, we included an external validation cohort consisting of 45 patients from another center. Furthermore, we utilized the concordance index (C-index), the time-dependent area under the receiver operating characteristic (ROC) curves (AUCs), calibration curves, and decision curve analysis (DCA) to assess the performance of the nomogram model.




2.6 Statistical analysis

Statistical analyses were performed using SPSS software version 25.0 and R version 4.2.1. Quantitative data was presented using the median (interquartile range, IQR). Categorical variables were analyzed by the chi-square test or the Fisher’s exact test, and numerical variables were analyzed by the Kruskal–Wallis test. Kaplan–Meier curves and log-rank test were utilized to analyze OS and PFS. Univariate Cox analyses was performed for each variable, and variables that were statistically significant (P < 0.05) were included in the multivariate Cox analyses to identify independent prognostic factors affecting OS and PFS. Univariate and multivariate logistic regression analyses were used to identify factors that independently influenced the ORR. The results were considered statistically significant when the two-sided P-value was less than 0.05.





3 Results



3.1 Patients’ characteristics

A total of 316 patients with advanced NSCLC who received anti-PD-1 plus chemotherapy with or without antiangiogenic therapy were included in this study. Among them, 184 (58.2%) were younger than 65 years, 266 (84.2%) were men, and 226 (71.5%) had smoking history. The majority of patients (88.0%) had an ECOG PS of 0–1. According to PD-L1 expression, patients with low PD-L1 expression (1%–49%) accounted for 24.4%, and those with high PD-L1 expression (≥50%) accounted for 15.8%. There were 271 eligible patients in our hospital, of whom 133 and 138 were randomly assigned to the training cohort and the internal validation cohort, respectively. We also included 45 patients from another hospital as an external independent validation cohort. The baseline clinical characteristics are listed in Table 1. No statistically significant differences in baseline characteristics were observed in the different cohorts.


Table 1 | Baseline characteristics.






3.2 Efficacy and survival analysis

Of the 316 patients, 12 (3.8%) achieved CR, 111 (35.1%) achieved PR, 157 (49.7%) had SD, and 36 (11.4%) had PD. The ORR and DCR were 38.9% and 88.6%, respectively (Table 2). A total of 174 (55.1%) patients died with a median OS of 18 months (95% CI, 17–22 months) (Figure 1A). The 1-year, 2-year, and 3-year OS rates were 65.2%, 40.3%, and 31.2%, respectively. Two hundred fifty-six patients (81.0%) had disease progression with a median PFS of 8 months (95% CI, 7–9 months) (Figure 1B). The 1-year, 2-year, and 3-year PFS rates were 32.6%, 17.0%, and 10.3%, respectively.


Table 2 | Evaluation of efficacy.






Figure 1 | Kaplan–Meier analysis for OS (A) and PFS (B) in advanced NSCLC receiving PD-1 inhibitor plus chemotherapy with or without antiangiogenic therapy in the whole cohort.






3.3 Univariate and multivariate Cox analyses for OS

To determine the effect of different variables on OS, we performed univariate and multivariate Cox analyses in the training cohort (Table 3). Univariate Cox analysis showed that ECOG PS, PD-L1 expression, chemotherapy cycle, and pretreatment LAR were significantly associated with OS (all P < 0.05). The results of multivariate Cox analysis demonstrated that ECOG PS 2 (HR, 3.807; 95% CI, 2.032–7.134; P < 0.001) and pretreatment LAR (HR, 1.106; 95% CI, 1.052–1.162; P < 0.001) were unfavorable independent prognostic factors for OS, while PD-L1 expression (1%–49%: HR, 0.413; 95% CI, 0.202–0.845; P = 0.015; ≥50%: HR, 0.185; 95% CI, 0.062–0.555; P = 0.003) and chemotherapy cycle ≥4 (HR, 0.319; 95% CI, 0.167–0.607; P < 0.001) were favorable independent prognostic factors for OS.


Table 3 | Univariate and multivariate Cox analyses for overall survival in the training cohort.






3.4 Univariate and multivariate Cox analyses for PFS

Table 4 shows the results of the univariate and multivariate Cox analyses of PFS in the training cohort. In the univariate Cox analysis, ECOG PS, histology, PD-L1 expression, chemotherapy cycle, pretreatment PLR, and pretreatment LAR were significantly associated with PFS (all P < 0.05). In the multivariate Cox analysis, PD-L1 expression (1%–49%: HR, 0.427; 95% CI, 0.225–0.811; P = 0.009; ≥50%: HR, 0.373; 95% CI, 0.176–0.793; P = 0.010), adenocarcinoma (HR, 0.589; 95% CI, 0.387–0.896; P = 0.013), and chemotherapy cycles ≥4 (HR, 0.229; 95% CI, 0.136–0.285; P = 0.001) were favorable prognostic factors for PFS. In contrast, ECOG PS 2 (HR, 3.802; 95% CI, 2.029–7.125; P < 0.001), pretreatment PLR (HR, 1.003; 95% CI, 1.001–1.004; P = 0.003), and pretreatment LAR (HR, 1.065; 95% CI, 1.015–1.118; P = 0.011) were unfavorable prognostic factors for PFS.


Table 4 | Univariate and multivariate Cox analyses for progression-free survival in the training cohort.






3.5 Factors associated with ORR

Multivariate logistic regression results confirmed that PD-L1 expression and pretreatment LAR were independent predictors of ORR (Table 5). Compared with patients with PD-L1-negative tumors, ORR was significantly improved in patients with PD-L1 ≥50% (OR, 5.923; 95% CI, 1.459–24.044; P = 0.013). In addition, patients with higher pretreatment LAR had lower ORR (OR, 0.773; 95% CI, 0.612–0.976; P = 0.030).


Table 5 | Univariate and multivariate logistic regression for ORR.






3.6 Construction of the nomogram

The results of the multivariate Cox analysis of the training cohort indicated that ECOG PS, PD-L1 expression, chemotherapy cycle, and pretreatment LAR were independent prognostic factors affecting OS. Therefore, we incorporated these four factors into the construction of the nomogram model to predict the 6-month, 12-month, and 18-month OS (Figure 2A). Moreover, ECOG PS, histology, PD-L1 expression, chemotherapy cycle, pretreatment PLR, and pretreatment LAR were independent prognostic factors affecting PFS. Subsequently, we combined these six factors into the construction of the nomogram model to predict the 6-month, 12-month, and 18-month PFS (Figure 2B).




Figure 2 | The construction of the nomogram. The nomogram for predicting the 6-month, 12-month, and 18-month OS (A). The nomogram for predicting the 6-month, 12-month, and 18-month PFS (B).






3.7 Validation of the nomogram

The C-indexes of the nomogram model for predicting OS were 0.750 (95% CI, 0.718–0.783) in the training cohort, 0.684 (95% CI, 0.651–0.718) in the internal validation cohort, and 0.880 (95% CI, 0.843–0.917) in the external validation cohort. The AUCs for predicting the 6-month, 12-month, and 18-month OS were 0.847, 0.791, and 0.776, respectively, in the training cohort (Figure 3A); 0.795, 0.659, and 0.648, respectively, in the internal validation cohort (Figure 3B); and 0.970, 0.886, and 0.896, respectively, in the external validation cohort (Figure 3C). The calibration curves for the 6-month, 12-month, and 18-month OS probabilities showed a good agreement between predictions and actual observations (Figures 3D–F). In addition, the DCA curves of the nomogram model in predicting the 18-month OS showed good net benefits (Figures 3G–I).




Figure 3 | The evaluation of the nomogram for predicting OS. The area under the time-dependent receiver operating characteristic curves for predicting the 6-month, 12-month, and 18-month OS in the training cohort (A), the internal validation cohort (B), and the external validation cohort (C). Calibration curves for predicting the 6-month, 12-month, and 24-month OS in the training cohort (D), the internal validation cohort (E), and the external validation cohort (F). Decision curve for predicting the 18-month OS in the training cohort (G), the internal validation cohort (H), and the external validation cohort (I).



Similarly, the C-indexes of the nomogram model for predicting PFS were 0.747 (95% CI, 0.723–0.771) in the training cohort, 0.665 (95% CI, 0.638–0.693) in the internal validation cohort, and 0.758 (95% CI, 0.716–0.800) in the external validation cohort. The AUCs for predicting the 6-month, 12-month, and 18-month OS were 0.810, 0.787, and 0.861, respectively, in the training cohort (Figure 4A); 0.706, 0.699, and 0.658, respectively, in the internal validation cohort (Figure 4B); and 0.834, 0.833, and 0.750, respectively, in the external validation cohort (Figure 4C). The calibration curves for the 6-month, 12-month, and 18-month OS probabilities showed a good agreement between predictions and actual observations (Figures 4D–F). In addition, the DCA curves of the nomogram model in predicting the 18-month OS showed good net benefits (Figures 4G–I).




Figure 4 | The evaluation of the nomogram for predicting PFS. The area under the time-dependent receiver operating characteristic curves for predicting the 6-month, 12-month, and 18-month PFS in the training cohort (A), the internal validation cohort (B), and the external validation cohort (C). Calibration curves for predicting the 6-month, 12-month, and 24-month PFS in the training cohort (D), the internal validation cohort (E), and the external validation cohort (F). Decision curve for predicting the 18-month PFS in the training cohort (G), the internal validation cohort (H), and the external validation cohort (I).







4 Discussion

The efficacy of anti-PD-1 monotherapy is limited in the setting of NSCLC. Consequently, combination treatment has received widespread attention. Preclinical studies have confirmed that anti-PD-1 plus chemotherapy can achieve interactive synergistic effects. Furthermore, multiple clinical studies have demonstrated improvement in patients’ prognosis with the use of anti-PD-1 plus chemotherapy (19, 20). In our study, patients who received anti-PD-1 plus chemotherapy with or without antiangiogenic therapy had a median OS and PFS of 19 months and 8 months, respectively, with an ORR of 38.9%, suggesting that this combination therapy has a favorable clinical benefit. However, the selection of the best population is still challenging. Therefore, our study included advanced NSCLC patients from two independent centers. The results suggested that ECOG PS, PD-L1 expression, chemotherapy cycle, and pretreatment LAR were independent prognostic factors for OS, while ECOG PS, histology, PD-L1 expression, chemotherapy cycle, pretreatment PLR, and pretreatment LAR were independent prognostic factors for PFS. Then, a novel nomogram was constructed based on these factors to predict OS and PFS. So far, there is no valid and reliable predicted model to predict the prognosis of advanced NSCLC receiving anti-PD-1 plus chemotherapy with or without antiangiogenic therapy. The nomogram models in our study were evaluated and validated to have good predictive performance.

Pretreatment LAR, a novel hematological marker, is derived from the combination of serum LDH and Alb levels. LAR was found to be associated with survival in many malignancies and may be an independent poor prognostic factor (21, 22). Currently, there are few reports on the value of pretreatment LAR in advanced NSCLC. Our previous study found that pretreatment LAR was significantly associated with survival for advanced EGFR-mutated NSCLC (23). In this study, we also demonstrated that pretreatment LAR was an independent prognostic factor affecting OS, PFS, and ORR in advanced NSCLC patients who received anti-PD-1 plus chemotherapy with or without antiangiogenic therapy. LDH is an enzyme that plays a role in glycolysis, converting pyruvate into lactate. Serum LDH reflects the degree of tumor load and hypoxia (24). The increase in tumor volume leads to increased tumor cell load and hypoxia, which subsequently enhances glycolytic metabolism and results in an elevation of LDH levels (25, 26). High LDH levels may lead to lactate production and acidification of the extracellular environment, thereby inhibiting the antitumor immune response (27). Clinical studies have demonstrated that patients with high LDH do not respond well to immunotherapy (28). Serum Alb reflects the nutritional status of tumor patients. Poor nutritional status is usually correlated with worse survival. A retrospective study included NSCLC patients who were treated with PD-1 inhibitors and showed that patients with high Alb (≥3.5 g/dl) had better ORR, PFS, and OS (29). A possible explanation is that patients with poor nutritional status have a poorly functioning immune system that does not activate immune cells to kill tumor cells. LAR comprehensively reflects the nutritional status and systemic inflammation by integrating serum LDH and Alb, which might be promising hematological biomarkers for advanced NSCLC receiving PD-1 inhibition plus chemotherapy with or without antiangiogenic therapy.

In addition, PLR is another common hematologic marker reflecting the platelet to lymphocyte ratio, which is an important component of the systemic inflammatory response. Studies have confirmed that PLR was associated with the efficacy of immunotherapy in multiple solid tumors (30, 31). A retrospective study showed that PLR ≥200 was related to worse OS (HR, 1.94; 95% CI, 1.29–2.94; P = 0.002) and PFS (HR, 1.894; 95% CI, 1.27–2.82; P = 0.002) (31). Russo et al. also found that patients had shorter PFS in the high PLR group (30). Similar to their results, our study demonstrated that pretreatment PLR was a poor prognostic factor, and patients with high PLR had poor PFS. Therefore, pretreatment PLR may also serve as a significant biomarker for advanced NSCLC patients undergoing PD-1 inhibition combined with chemotherapy, regardless of antiangiogenic therapy.

PD-L1 expression is currently the most widely reliable clinical predictor of response to ICIs. Several clinical trials have confirmed that a higher level of PD-L1 expression was associated with a more substantial benefit from ICIs (7–9). The KEYNOTE-042 study compared pembrolizumab with chemotherapy for advanced NSCLC. The results showed that OS was significantly longer in the pembrolizumab group than in the chemotherapy group and patients with higher PD-L1 expression had a lower risk of death (8). In our study, PD-L1 expression was an important prognostic indicator as well, and the benefit was particularly significant for patients with PD-L1 expression ≥50%. Nevertheless, PD-L1 expression also has some inherent flaws and does not fully predict the efficacy of immunotherapy accurately (32, 33). Therefore, it is necessary to combine multiple markers that might improve predictive accuracy.

ECOG PS is also an important prognostic factor. A meta-analysis that included 67 studies evaluated the efficacy and safety of ICIs in patients with ECOG PS ≥2. The results showed that ECOG PS predicted not only the prognosis but also the response to ICIs (34). In addition, a large study included 1,426 patients with advanced NSCLC and confirmed that patients with an ECOG PS of 2 had a lower median OS (35). In our study, the multivariate analysis result similarly suggested that ECOG PS was an independent prognostic factor for OS and PFS. The number of chemotherapy cycle is an essential factor affecting prognosis as well. Our study revealed a significant prolongation of OS and PFS in patients who received four or more cycles of chemotherapy. Therefore, we recommend at least four cycles of platinum-based chemotherapy if the patient can tolerate it.

The nomogram is a convenient and reliable predictive tool (36). More studies focus on creating a nomogram to predict the prognosis of NSCLC patients receiving PD-1/PD-L1 monotherapy. For example, Yuan et al. established a nomogram for predicting treatment response and prognosis in NSCLC patients who were treated with anti-PD-1 (37). Moreover, Botticelli et al. also established a prognostic nomogram based on three factors (liver and lung metastases and ECOG PS) for predicting survival in NSCLC patients undergoing nivolumab (38). However, to date, no studies have constructed nomogram models to accurately predict the prognosis of patients with advanced NSCLC receiving PD-1 antibody plus chemotherapy with or without antiangiogenic therapy. To the best of our knowledge, our study was the first to build a nomogram model based on clinical characteristics and hematological markers to predict survival. This nomogram model has been evaluated and validated to have good predictive ability, which is worthy to be promoted in the clinic and may help physicians to make clinical treatment decisions.

Our study also has some limitations. Firstly, our study is a retrospective study with some unavoidable bias. Secondly, our study has a proportion of patients with missing PD-L1 expression data, which may affect the predictive value of the study population. Finally, the data were obtained from two independent medical centers in the same city, and the sample size of external validation in this study was limited. Therefore, further large sample size, prospective, multicenter studies are needed to validate our model in the future.




5 Conclusion

Our study built a novel nomogram, which was validated to accurately predict the prognosis of advanced NSCLC after receiving anti-PD-1 plus chemotherapy with or without antiangiogenic therapy. The nomogram has been validated and is worth promoting in the clinical setting.
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