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Purpose

This clinical study sought to determine whether the levels of inflammatory markers predicted the survival of advanced gastric cancer (AGC) patients who underwent anti-programmed death 1 (PD-1) therapy.



Methods

Using AGC patient plasma samples and baseline characteristics, we investigated the specific value of inflammatory markers in AGC from a clinical perspective in immunotherapy.



Results

One hundred and six patients with AGC who underwent anti-PD-1 therapy were enrolled in this study between 20 July 2019 and 16 March 2021. A significant decrease in NLR, dNLR, and SII was noticed among the PR (P=0.023; P=0.036; P=0.001), SD (P=0.048; P=0.022; P=0.023), ORR (P=0.021; P=0.032; P=0.001), and DCR (P=0.003; P=0.001; P<0.001) groups after anti-PD-1 therapy. Additionally, a significant decline of PLR was also observed in PR (P=0.010), ORR (P=0.007), and DCR (P=0.005) after anti-PD-1 therapy. Only MLR levels increased significantly at the time of anti-PD-1 immunotherapy the failure compared to baseline (P=0.039). And statistically significant elevations in NLR (P=0.001), MLR (P=0.020), dNLR (P=0.002), and SII (P=0.019) were found in failure of anti-PD-1 treatment compared to optimal efficacy in AGC patients. In first-line treatment, the number of metastatic sites (P=0.001) was an independent prognostic factor for PFS, and peritoneal metastases (P=0.004) and platelet-to-lymphocyte ratio (PLR) level (P=0.014) were independent prognostic predictors of OS according to Cox regression analysis. In second-line or posterior treatment, the number of metastatic sites (P=0.007), ECOG (P=0.011), and PLR level (P=0.033) were independent prognostic factors for PFS in AGC patients, and the number of metastatic sites (P=0.003), differentiation (P=0.030), and NLR level (P<0.001) were independent prognostic factors for OS according to Cox regression analysis.



Conclusions

NLR, PLR, MLR, dNLR, and SII can reflect the short-term efficacy of immunotherapy in patients who underwent anti-PD-1 therapy with AGC. PLR is an independent prognostic factor for OS in AGC patients receiving first-line immunotherapy and PFS in those receiving second-line or posterior immunotherapy. And NLR was an independent prognostic factor for OS in AGC patients receiving second-line or posterior immunotherapy. The number of metastatic sites was significantly associated with the prognosis of AGC patients who received immunotherapy.
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Introduction

Gastric carcinoma is one of the most prevalent malignancies. It remains the fifth most common malignancy and the fourth leading cause of cancer-related death globally (1), and it is typically diagnosed at an advanced stage. Fluoropyrimidine-based regimens combined with platinum have been widely used as first-line chemotherapeutic agents for gastric cancer treatment (2). The application of trastuzumab benefited advanced HER2-positive gastric cancer patients (3).

Several programmed death 1/programmed cell death-legand1 (PD-1/PD-L1) pathway inhibitors have been approved for various tumor malignancies. Immuno-oncological agents targeting PD-1 have shown promising results against several cancer types, such as malignant melanoma (4), non-small cell lung cancer (5), and oesophageal carcinoma (6). According to the results of the ATTRACTION-2 trial (7), nivolumab significantly improved the survival of AGC patients who received two or more lines of therapy. CheckMate 649 trials showed that in patients with strong PD-L1 positivity (CPS≥5), nivolumab plus chemotherapy significantly improved overall survival (OS) and progression-free survival (PFS) in comparison with chemotherapy alone (8). Additionally, multiple anti-PD-1 therapy clinical trials are now underway or have been completed.

The introduction of immune checkpoint inhibitor (ICI) therapy has profoundly facilitated the development of therapeutic strategies for malignancies. However, for most gastric cancer patients, long-term efficacy cannot be maintained. Therefore, there is still the need for a reliable biomarker to find patients who derive a greater clinical benefit from immunotherapy. Previous research has suggested that gastric cancer with higher tumor mutation burden (TMB), high microsatellite instability (MSI-H), and Epstein-Barr virus (EBV)-positive status tends to prefer a therapeutic response to ICI therapy (9–11). However, a large number of patients benefit from a low tumor mutation burden, microsatellite stability (MSS), or EBV-negative state (12). Moreover, most biomarkers rely on tumor tissue testing, and the access and testing methods are complicated, which increases the invasive operation risk of patients. It is not easy to repeat testing. Therefore, convenient and straightforward inflammation indices as a part of prognostic cancer tools for AGC patients receiving anti-PD-1 therapy need to be explored and discovered.

Inflammation and inflammation-related factors are intricately linked to tumorigenesis (13, 14). Inflammatory factors have been suggested to be conducive to cancer initiation, progression, and metastasis (15, 16). Neutrophils are the most abundant white blood cells among circulating white blood cells and play a vital role in body immunity. In addition, neutrophils are also involved in the formation of the tumor microenvironment (17). Tumor‐associated neutrophils (TANs) are related to tumor development and progression without eliciting immunosuppressive activity (18). Our team’s previous findings suggested that extracellular traps released by neutrophils are also markers of AGC (19). As another critical cell in the immune system, lymphocytes may contribute to weakening the inhibitory effect of tumor cell proliferation (20). Furthermore, blood platelets play an essential role in cancer metastasis, and their mechanism in cancer is still unknown (21).

The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are markers that reflect the systemic inflammatory burdens in patients. Multiple studies have proven the advantages of NLR and PLR as tumor biomarkers in diagnosis, curative effect evaluation, and prognosis monitoring in gastric cancer (22), non-small cell lung cancer (23), and malignant melanoma (24). Therefore, they may serve as biomarkers in response to ICI therapy. Previous studies have shown that the derived neutrophil-to-lymphocyte ratio (dNLR) and NLR have similar prognostic values in various types of cancer (25). In addition, serum baseline dNLR levels among non-small cell lung cancer patients can predict the efficacy of immunotherapy (26). Furthermore, SII (the systemic immune-inflammation index) has advantages over NLR and PLR in predicting the survival of AGC patients (27). In immunotherapy, previous research reported that the SII could not serve as an independent factor of the prognosis of PFS in patients with gastric cancer (28). The monocyte-to-lymphocyte ratio (MLR) was shown to be an independent factor of prognosis for PFS and OS in a study involving both advanced gastric and colorectal cancer patients who accepted anti-PD-1 therapy (29). Overall, the prognostic value of inflammatory marker levels in patients with AGC remains contentious and imperfect. In this retrospective study, we analyzed the correlation between NLR, PLR, MLR, dNLR, SII, and PFS, OS to explore the changes in inflammatory markers and prognostic value in AGC patients treated with anti-PD-1. The main endpoints of this research are PFS and OS.

Hence, the clinical research sought to determine whether the NLR, PLR, MLR, dNLR, and SII can be used as markers for patients with AGC receiving immunotherapy. Concretely, our goals are as follows: i) to evaluate the association between the level of inflammatory markers and clinical characteristics. ii) Comparison of baseline, optimal effect, changes in inflammatory markers when progression, and the association between inflammatory markers and short-term effects. iii) To assess the relationship between the levels of inflammatory markers and the progression-free survival (PFS) and overall survival (OS) of patients with AGC. iv) To evaluate the correlation between the level of inflammatory markers and prognosis.



Materials and Methods


Patients and Data Collection

The retrospective analysis included data from one hundred and six patients with AGC treated with anti-PD-1 therapy between 20 July 2019 and 16 March 2021, which was enrolled by the Department of Medical Oncology and oncology-related departments, the First Affiliated Hospital of Anhui Medical University. Additionally, this project was approved by the Ethics Committee of the First Affiliated Hospital of Anhui Medical University. The clinical data were obtained from the electrical clinical medical record system, where variables including age, sex, differentiation, primary tumor location, metastatic site, number of metastatic sites, number of prior treatments, performance of the Eastern Cooperative Oncology Group, first-line chemotherapeutic regimen, alcohol consumption, serum tumor markers, HER2 status when starting anti-PD-1 therapy and previous therapies. The tumor-node-metastasis (TNM) stage was assessed based on the AJCC 8th edition TNM classification system. The inclusion criteria were as follows: i) all patients were diagnosed with gastric adenocarcinoma by pathology; ii) patients with advanced or unresectable cancer. iii) the patients’ physical condition can tolerate anti-PD-1 treatment or chemotherapy; iv) complete clinical data. The exclusion criteria were as follows: i) the patients’ cases were related to acute or uncontrolled infectious diseases, rheumatic disease, or severe cardiovascular or cerebrovascular diseases; ii) patients with two or more primary malignant carcinomas or other species of pathology; iii) when combined chemotherapy occurs if bone marrow suppression occurs, data after using granulocyte colony-stimulating factor or recombinant human thrombopoietin.



Evaluation of the Inflammatory Markers

Patients underwent at least two cycles of immunotherapy, and peripheral blood samples were gathered up to two weeks before treatment. The samples were sonicated in a timely manner and centrifuged for 2 h. Venous blood (2 ml) was collected from the patient under fasting and resting states and injected into a vacuum anticoagulation tube containing dipotassium ethylenediaminetetraacetate (EDTA-K2). Additionally, 3-4 ml venous blood was collected and injected into a separation-promoting gel tube. Patients’ routine blood and blood biochemical parameters were collected. Peripheral blood samples of absolute neutrophil counts (ANCs), lymphocyte counts (ALCs), monocyte counts (AMCs), and platelet counts were recorded to calculate inflammatory markers. The NLR was calculated as ANC/ALC. The PLR was calculated as platelet count/ALC. The MLR was calculated as AMC/ALC. The dNLR was calculated as ANC/(WBC-ANC). The SII was calculated as ANC×platelet count/ALC. Inflammation markers were then categorized by Youden’s index using receiver operating characteristic (ROC) analysis as the cut-off.



Follow-Up

Follow-up data were retrospectively obtained by the electrical clinical medical record system or telephone follow-up. To evaluate the therapeutic response, clinical evaluation and imaging examinations, including computed tomography (CT) scanning or other examinations needed, were performed every two courses or obvious clinical deterioration according to Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1 or iRECIST. Clinical efficacy was evaluated by the researchers and defined as either complete response (CR), partial response (PR), stable disease(SD), or progressive disease (PD), on the basis of RECIST version 1.1 or iRECIST. For patients with PD who were evaluated for the first time, we reaffirmed the exclusion of false progression. The objective response rate (ORR) was calculated by CR plus PR. The disease control rate (DCR) was calculated as CR and PR and SD. PFS was calculated from the date of the initial treatment with the anti-PD-1 agent to disease progression or death or the last follow-up. OS was calculated from the date of the initial treatment with the anti-PD-1 agent to death, or the last follow-up. In the research, the date cut-off for follow-up was 1 December 2021. Treatment persisted until disease progression, unacceptable toxicity, or consent withdrawal.



Statistical Analyses

Qualitative variables were compared between groups through the χ2 test or Fisher’s exact test. Inflammatory markers were then categorized by Youden’s index using ROC analysis as the cut-off value. Kaplan–Meier methodology was used to construct survival curves to estimate the PFS and OS of patients. Univariate and multivariate Cox proportional hazards regression of prognostic factors were conducted, and the 95% confidence interval (CI) was given. Multivariable models were generated based on including all variables with p<0.05 on univariable survival analysis. The final models were determined using stepwise backward method elimination of any variables with p<0.05 in the multivariable analyses. For all tests, a two-sided P<0.05 was considered statistically significant. All statistical analyses were performed using GraphPad Prism 8 (GraphPad Software, San Diego, CA) and SPSS version 22.0 (SPSS Inc., Chicago, IL, USA).




Results

One hundred and six patients with AGC who underwent anti-PD-1 therapy were enrolled in this study, 53 patients in the first-line treatment, and 53 patients in the second-line or posterior line. The short-term effect was collected in all events. The number of PFS events was 81, 37 patients in first-line treatment and 44 patients in second-line or posterior treatment. And the number of OS events was 60, 27 patients in first-line treatment and 33 patients in second-line or posterior-line treatment. There were no unanticipated serious adverse events or other diseases during the study. Inflammatory markers were then categorized by Youden’s index using ROC analysis as the cut-off value [NLR=3.11 (range 0.53–12.93), PLR=172.79 (range 28.28–542.86), MLR=0.20 (range 0.01–1.26), dNLR=2.09 (range 0.29–6.28), SII=1140.91 (range 31.67–4687.76)]. The median PFS and OS time were 7.3 months (95% CI: 5.464–9.136) and 13.3 months (95% CI: 8.111–18.489) in first-line treatment, and 5.3 months (95% CI: 2.678–7.922) and 10.7 months (95% CI: 9.508–11.892) in the second-line or posterior line, respectively. The median follow-up durations in first-line treatment were 17.5 months (95% CI: 16.487–18.513) and 15.9 months (95% CI: 14.413–17.387) in the second-line or posterior line, respectively.


Baseline Characteristics

The characteristics of the patients are given in Table 1. One hundred and six patients with AGC who accepted anti-PD-1 therapy were enrolled in this research, including 72 males (67.9%) and 34 females (32.1%). There were 29 patients (27.4%) aged >65 years and 77 (72.6%) aged ≤65 years; 53 patients (50.0%) received first-line treatment, and 53 (50.0%) received second-line or posterior therapy. Data were collected on the differentiation of gastric cancer in 101 patients and on the location of tumourigenesis in 102 patients. Data were also collected on 105 LDH levels, 96 CEA levels, 96 CA199 levels, and 79 CA724 levels. 7 patients were HER2 positive, 67 were negative and 32 had unknown HER2 status. Statistically, NLR level was found to correlate significantly with peritoneal metastasis (P=0.039) and CEA level (P=0.034). Patients with poor differentiation AGC (P=0.009) had a higher percentage of higher MLR levels in plasma. And in the dNLR groups, significant differences were found in peritoneal metastasis (P=0.005). Additionally, the number of metastatic sites was significantly related to NLR level (P=0.039), MLR level (P=0.031), dNLR level (P=0.005), and SII level (P=0.020). However, there were no relationships between inflammatory markers and other clinicopathologic factors.


Table 1 | Baseline clinical characteristics of AGC patients.






Relationships Between Inflammatory Markers and Short-Term Efficacy

The short-term effect of anti-PD-1 therapy treatment was collected in all events. These patients had received at least two courses of treatment when the outcome was achieved with PD-1 inhibitor therapy. One patient achieved CR, 23 patients achieved PR, 29 patients had PD, and 53 patients remained in stable condition. Additionally, the ORR and DCR were 22.6% and 72.6%. In the CR group, inflammatory markers, except for MLR, decreased after immunotherapy (Figures 1A–E). In particular, a significant decrease in SII was noticed among the PR (P=0.001) (Figure 1J), SD (P=0.023) (Figure 1O), ORR (P=0.001) (Figure 2E), and DCR (P<0.001) (Figure 2J) groups after anti-PD-1 therapy. A similar downward trend was also noticed in NLR with PR (P=0.023) (Figure 1F), SD (P=0.048) (Figure 1K), ORR (P=0.021) (Figure 2A), and DCR (P=0.003) (Figure 2F) and dNLR with PR (P=0.036) (Figure 1I), SD (P=0.022) (Figure 1N), ORR (P=0.032) (Figure 2D), and DCR (P=0.001) (Figure 2I). Additionally, a significant decline of PLR was also observed in PR (P=0.010) (Figure 1G), ORR (P=0.007) (Figure 2B), and DCR (P=0.005) (Figure 2G) after anti-PD-1 therapy. However, none of the levels of inflammatory markers in PD (Figures 1P–T) were significantly changed before and after anti-PD-1 therapy.




Figure 1 | Efficacy of anti-PD-1 treatment according to the changes in inflammatory markers in AGC patients in the CR group (A–E), PR group (F–J), SD group (K–O), and PD group (P–T).






Figure 2 | Efficacy of anti-PD-1 treatment according to the changes in inflammatory markers in AGC patients in the ORR group (A–E), DCR group (F–J), and subgroup analysis groups (K–T). A: Levels of inflammatory markers in patients in the baseline. B: Levels of inflammatory markers in patients with optimal effects. C: Levels of inflammatory markers when disease progression.



In total, inflammatory markers were recorded when anti-PD-1 treatment failed in 72 patients. Only MLR level increased significantly at the time of anti-PD-1 immunotherapy failure compared to baseline (P=0.039) (Figure 2M). However, statistically significant elevations in NLR (P=0.001) (Figure 2P), MLR (P=0.020) (Figure 2R), dNLR (P=0.002) (Figure 2S), and SII (P=0.019) (Figure 2T) were found in failure of anti-PD-1 treatment compared to optimal efficacy in AGC patients. No significant changes in inflammatory markers in other short-term efficacy groups after anti-PD-1 therapy (Figures 1H, L, M and Figures 2C, H, K, L, N, O, Q).



Analysis of Kaplan–Meier Survival Curves

Figure 3 shows the Kaplan–Meier curves of PFS and OS in the first-line therapy. The more than three metastatic sites group had a significantly shorter median PFS time than the less than three metastatic sites group (mPFS, 3.7 months, 95% CI: 2.564–4.836 vs. 8.8 months, 95% CI: 5.550–12.050, P<0.001) (Figure 3A). In comparison to the peritoneal metastasis negative group, the peritoneal metastasis positive group had a significantly poorer PFS time (mPFS, 6.4 months, 95% CI: 2.770–10.030 vs. 8.8 months, 95% CI: 5.011–12.589, P=0.008) (Figure 3B). Moreover, in contrast to the lung metastasis negative group, the lung metastasis positive group had a significantly poorer PFS time (mPFS, 3.7 months, 95% CI: 1.780–5.620 vs. 8.4 months, 95% CI: 6.272–10.528, P=0.038) (Figure 3C). Unfortunately, none of the inflammatory marker levels had significant differences in PFS in the first-line therapy. Similarly, more than three metastatic sites and positive peritoneal metastases had poorer OS compared to fewer than three metastatic sites and negative peritoneal metastases in the first-line therapy. (mOS, 6.7 months vs. 16.9 months, P=0.002) (Figure 3D), (mOS, 7.6 months, 95% CI: 3.621–11.579 vs. not reached, P=0.001) (Figure 3E), respectively. OS was shorter in patients with PLR>243.33 than in those with PLR ≤ 243.33 (mOS, 6.7 months, 95% CI: 0.963–12.437 vs. 20.7 months, 95% CI: 11.079–30.321, P=0.006) (Figure 3F). And compared to the MLR>0.20, patients with MLR ≤ 0.20 had a significantly longer OS (mOS, 12.8 months, 95% CI: 10.030–15.570 vs. not reached, P=0.028) (Figure 3G). Patients with low ECOG had a longer OS than those with high ECOG (mOS, 14.4 months vs. 3.6 months, P=0.021) (Figure 3H). Figure 4 shows the Kaplan–Meier curves of PFS in second-line or posterior therapy. PFS was worse in the more than three metastatic sites group than in the less than three metastatic sites group (mPFS, 2.2 months, 95% CI: 0.183–4.217 vs. 6.1 months, 95% CI: 5.162–7.038, P=0.003) (Figure 4A). With respect to inflammatory makers, PFS was shorter in patients with PLR>243.33, NLR>3.11, dNLR>2.09, and SII>1140 than in those with PLR ≤ 243.33 (mPFS, 3.3 months, 95% CI: 2.070–4.530 vs. 6.1 months, 95% CI: 5.122–7.078, P=0.019) (Figure 3B); NLR ≤ 3.11 (mPFS, 2.8 months, 95% CI: 1.995–3.605 vs. 6.5 months, 95% CI: 5.457–7.543, P=0.041) (Figure 3D); dNLR ≤ 2.09 (mPFS, 2.8 months, 95% CI: 1.527–4.073 vs. 6.5 months, 95% CI: 5.367–7.633, P=0.012) (Figure 3E); and SII ≤ 1140 (mPFS, 2.8 months, 95% CI: 0.000–6.598 vs. 6.1 months, 95% CI: 5.151–7.049, P=0.027) (Figure 3F), respectively. Additionally, the low ECOG group had significantly longer PFS than the high ECOG group (mPFS, 5.8 months, 95% CI: 4.194–7.406 vs. 1.9 months, 95% CI: 1.041–2.759, P=0.030) (Figure 4C). Figure 5 shows the Kaplan–Meier curves of OS in second-line or posterior therapy. OS was worse in the group with more than three metastatic sites than in the group with less than three metastatic sites (mOS, 3.2 months, 95% CI: 1.439–4.961 vs. 13.5 months, 95% CI: 9.214–17.786, P=0.005) (Figure 5A). And OS was worse in the poor differentiation group than in the moderate or well differentiation group (mOS, 8.3 months, 95% CI: 5.144–11.456 vs. 15.3 months, 95% CI: 9.721–20.879, P=0.021) (Figure 5B). Regarding inflammatory markers, high levels of PLR, NLR, dNLR, and SII are had shorter OS than those in low level groups (PLR: mOS, 4.0 months, 95% CI: 2.232–5.768 vs. 10.9 months, 95% CI: 6.369–15.431, P=0.006; NLR: mOS, 4.0 months, 95% CI: 0.000–8.916 vs. 14.5 months, 95% CI: 8.506–20.494, P=0.001; dNLR: mOS, 8.3 months, 95% CI: 1.174–15.426 vs. 15.0 months, 95% CI: 8.911–21.089, P=0.001; SII: mOS, 3.2 months, 95% CI: 2.031–4.369 vs. 11.4 months, 95% CI: 6.946–15.854, P<0.001) (Figures 5C–F), respectively.




Figure 3 | Kaplan–Meier curves of progression-free survival (PFS) and overall survival (OS) in the first-line treatment according to PFS: metastatic sites (A), peritoneal metastasis (B), lung metastasis (C); OS: metastatic sites (D), peritoneal metastasis (E), PLR (F), MLR (G), and ECOG PS (H) at baseline. The P values were calculated using the log-rank test (two-sided).






Figure 4 | Kaplan–Meier curves of progression-free survival (PFS) in the second-line or posterior treatment according to metastatic sites (A), PLR (B), ECOG PS (C), NLR (D), dNLR (E), and SII (F) at baseline. The P values were calculated using the log-rank test (two-sided).






Figure 5 | Kaplan–Meier curves of overall survival (OS) in the second-line or posterior treatment according to metastatic sites (A), differentiation (B), PLR (C), NLR (D), dNLR (E), and SII (F) at baseline. The P values were calculated using the log-rank test (two-sided).





Prognostic Value of Inflammatory Markers in AGC Patients

For patients who accepted anti-PD-1 therapy in the first-line treatment, univariable and multivariate Cox regression analyses demonstrated only the number of metastatic sites (HR: 3.155, 95% CI: 1.601–6.216, P=0.001) was significantly correlated with PFS (Table 2). Nevertheless, no significant difference was observed in PFS within any other baseline clinical characteristic. In Addition, both PLR level (HR: 2.770, 95% CI: 1.234–6.219, P=0.014) and peritoneal metastases (HR: 3.098, 95% CI: 1.446–6.634, P=0.004) were independent prognostic predictors for GC patients with OS according to Cox regression analyses (Table 3). In second-line or posterior therapy, PLR level, ECOG PS, and number of metastatic sites were independent factors of prognosis for PFS in AGC patients depending on univariate and multivariate COX regression analysis (HR: 2.682, 95% CI: 1.083–6.639, P=0.033; HR: 3.595, 95% CI: 1.348–9.588, P=0.011; HR: 2.751, 95% CI: 1.324–5.714, P=0.007) (Table 4), respectively. With respect to OS in second-line or posterior therapy, patients with baseline NLR>3.11 had a shorter OS than those with NLR ≤ 3.11 (HR: 4.474, 95% CI: 1.942–10.308, P<0.001) (Table 5). The number of metastatic sites and differentiation were also independent factors of prognosis for OS in AGC patients (HR: 3.789, 95% CI: 1.590–9.028, P=0.003; HR: 0.398, 95% CI: 0.173–0.916, P=0.030) (Table 5).


Table 2 | Univariate and multivariate analysis of factors according to PFS in AGC patients treated with anti-PD-1 drugs in the first-line therapy.




Table 3 | Univariate and multivariate analysis of factors according to OS in AGC patients treated with anti-PD-1 drugs in the first-line therapy.




Table 4 | Univariate and multivariate analysis of factors according to PFS in AGC patients treated with anti-PD-1 drugs in the second-line or posterior therapy.




Table 5 | Univariate and multivariate analysis of factors according to OS in AGC patients treated with anti-PD-1 drugs in the second-line or posterior therapy.






Discussion

Although immunotherapy has been changing the landscape of oncologic therapies, there is still a lack of biomarkers that can assess therapeutic responses and predict prognosis. Previous studies reported that immunotherapy efficacy is related to HER2 expression, MMR state, EBV state, and PD-L1 expression (9–11). However, most biomarkers are too expensive and complicated for patients. Thus, convenient and straightforward inflammation markers need to be discovered. The tumorigenesis and development of cancers are closely related to inflammation (13). Inflammatory markers have been reported to reflect the biological characteristics of AGC (30). The NLR, PLR, MLR, dNLR, and SII are prognostic markers that have been used to predict the outcome of immunotherapy in non-small cell lung cancer (31) and renal cancer (32). However, there is little information about the application of inflammatory markers in patients with AGC receiving anti-PD-1 treatment.

In our study, none of the inflammation markers corresponded precisely to clinicopathologic factors. We found that peritoneal dissemination was associated with high levels of NLR and dNLR in patients with AGC at baseline. It is generally known that the peritoneum is the most frequent metastatic site for AGC, which often predicts poor prognosis (33). Similarly, Patients with more than three metastatic sites are related to high levels of NLR, MLR, dNLR, and SII, which is comparable to the results of previous studies (22). The outcome indirectly suggested that high levels of inflammatory markers might be associated with poor prognosis in AGC patients. Additionally, a high MLR is related to poor differentiation. At present, the MLR has been reported as a marker in advanced gastric and colorectal cancer patients treated with ICIs for the efficacy of DCR and an independent prognostic factor (29).

Although changes in inflammatory markers can reflect the patients’ response to treatment (34), few studies have reported dynamic changes in inflammatory markers in patients with AGC who underwent anti-PD-1 treatment. In our research, we discovered that inflammatory markers were closely associated with short-term efficacy in patients with AGC accepting anti-PD-1 treatment. Although only one patient achieved CR, four inflammatory markers declined after immunotherapy. This change also happened in the PR and SD groups. In the PR group, we found that NLR, PLR, dNLR, and SII levels decreased significantly in patients who achieved the optimal effect. In the SD state, this trend was also observed among NLR, dNLR, and SII. Additionally, similar downward trends were also noticed in ORR and DCR groups with NLR, PLR, dNLR, and SII. In particular, significant decreases in NLR, dNLR, and SII were observed among the PR, SD, ORR, and DCR groups after anti-PD-1 therapy. The outcome suggested that inflammation markers, especially SII, may be involved in the associated short-term efficacy. The SII appears to have more advantages than the NLR, PLR, and other inflammatory markers in AGC patients accepting anti-PD-1 therapy in predicting short-term efficacy, which might be because the SII combines several blood cell counts, reduces errors, and can reflect the balance between host inflammation and the immune response more comprehensively and objectively. Similarly, a significant decrease in SII was also observed after neoadjuvant chemotherapy in patients with gastric cancer (30). Notably, the bone marrow toxicity of neutrophils may change due to chemotherapy, which may affect the results. In our study, a significant decline in inflammatory markers in the PR and SD groups did not appear in the PD group. This suggested that the decline in inflammatory markers might be based on changes in short-term efficacy without interference from bone marrow suppression.

To our knowledge, our research is the first to show that AGC patients who underwent anti-PD-1 therapy with a higher baseline SII level had worse short-term effects than patients who had a lower SII level. However, SII, which has a curative effect evaluation value in the short-term curative effect, did not show statistical significance in PFS or OS according to multivariate Cox regression analyses. This situation may be due to many factors influencing the conversion of recent tumor control to prolonged survival and the limited sample size. Additionally, a significant decrease was also noticed in the PR, SD, ORR, and DCR groups with NLR and dNLR. These results are in accordance with previous reports that enrolled patients with both advanced gastric and colorectal cancer (29). To further explore the changes in inflammatory markers in PD patients, we compared the levels of inflammatory markers in patients receiving immunotherapy with baseline and disease progression and with optimal efficacy and disease progression. Interestingly, baseline inflammatory marker levels in AGC patients all tended to rise when immunotherapy failed, but only MLR was statistically significantly elevated. Furthermore, NLR, MLR, dNLR, and SII were significantly increased in AGC patients during disease progression compared to optimal efficacy, which echoes the results of a previous study exploring changes in NLR before and after immunotherapy (35). Taken together, the outcomes suggested that NLR, MLR, dNLR, as well as SII, can predict the progression of the disease for patients receiving anti-PD-1 treatment. The dynamic changes in inflammatory markers may imply the impact of anti-PD-1 therapy on the immune system.

In this research, the baseline levels of inflammatory markers were not related to PFS in the first-line therapy. This situation is associated with many factors that might affect the prognosis and survival of patients receiving first-line therapy. However, the prognosis of patients with fewer than three metastatic sites significantly outperformed that of patients with more than three metastatic sites, according to the multivariate Cox analysis. Additionally, both peritoneal metastasis positive and high PLR level were independent factors of prognosis for short OS in AGC patients by multivariate Cox regression analyses. Interestingly, previous clinical trials have reported that the outcome of AGC patients receiving PD-1 inhibitor monotherapy with peritoneal metastasis negative or fewer metastatic sites is significantly better than those of patients with peritoneal metastasis positive or more metastatic sites (36). Our study obtained similar results according to peritoneal metastasis positive and more metastatic sites for poorer prognosis. In second-line or posterior therapy, the number of metastatic sites, ECOG PS, and PLR level were independent factors of prognosis for PFS in AGC patients by multivariate Cox proportional hazards regression. It is well known that patients with poor ECOG status often do not tolerate conventional doses of medication and have poorer outcomes and prognosis. Similar to our findings, in a prospective analysis, ECOG≥2 was a poor prognostic factor for AGC patients on second-line chemotherapy (37). In terms of OS, a retrospective study that included 1733 patients with progressive gastric cancer, NLR and histological differentiation were reported to be independent prognostic factors for fluoropyrimidine-platinum combination chemotherapy after first-line treatment in patients with advanced gastric cancer (38). We obtained similar results in AGC patients treated with anti-PD-1 in the second-line or posterior therapy. And patients with fewer metastatic sites had significantly better OS than those with more metastatic sites. However, in our study, HER2 status was not an independent factor affecting the prognosis of patients with progressive gastric cancer receiving immunotherapy, which may be related to the fact that immunotherapy significantly improved the prognosis of patients with HER2-negative gastric cancer, compensating for the pre-existing survival differences across HER2 status. Notably, previous reports indicated that the PLR can serve as an independent prognostic factor for patients receiving ICI treatment in non-small cell lung (23) and malignant melanoma (39), which corresponded to our results. To the best of our knowledge, this is the first report that a high baseline PLR is an independent predictor of poor PFS in the second-line or posterior therapy and poor OS in first-line therapy in AGC patients receiving anti-PD-1 therapy, which further enriches the application value of inflammatory markers in immunotherapy.

At present, the potential mechanism of PLR in anti-PD-1 therapy is not fully understood. As studies have shown, malignant tumors are often accompanied by platelet rise and aggregation. Reducing the number of platelets or inhibiting the function of platelets inhibits the metastasis of tumor cells (21). The reasons for this phenomenon are multifocal. First, platelets can promote the formation of tumor thrombi and protect tumor cells from the blood flow shear force of blood flow and NK cell lysis (40). Second, platelets have been identified as a major source of basic fibroblast growth factor (bFGF) and transforming growth factor-β (TGF-β), promoting tumor growth (41). Third, platelets can enhance the invasion potential of tumor cells. Studies have shown that circulating tumors (CTCs) activate platelet secretion of TGF-β, which induces platelets to accelerate or maintain CTC epithelial-mesenchymal transition (EMT) to promote abscission, migration, and invasion of tumor cells from the primary site (42). Blocking the TGF-β signaling pathway might attenuate tumor extravasation and pulmonary metastasis (43). Platelets bound by tumor cells release soluble media, such as ADP, thromboxane A2 (TXA2), or high mobility group 1 (HMGB1), which are linked to Toll-like receptor 4 (TLR4) on platelets and mediate platelet-tumor cell interactions, which increase the permeability of the blood vessel wall, thereby promoting the metastasis of tumor cells (44). Additionally, platelets also play an essential role in promoting the adhesion, retention, and metastasis of cancer cells in blood vessels, and current studies have shown that the molecules that mediate platelet adhesion function are mainly p-selectin and integrin αIIBβ3 expressed on the surface of activated platelets. Blocking p-selectin or αIIBβ3 integrin with antibodies significantly reduces platelet interactions with tumor cells (45). In summary, a higher PLR could serve as an indicator of poorer clinical outcomes in anti-PD-1 therapy, which provides new insights for future research.

Nevertheless, this study is limited by being a single-center retrospective study, which might result in selection biases and confounders. Thus, further prospective studies are required to support the use of inflammatory markers as prognostic factors for AGC patients treated with anti-PD-1 therapy. Consequently, there is still a larger sample size and an extended follow‐up to confirm the conclusions.



Conclusions

In summary, peritoneal dissemination was significantly associated with high levels of NLR and dNLR in patients with AGC at baseline. Additionally, more than three metastatic sites was more frequent in AGC patients accepting anti-PD-1 therapy with high levels of NLR, MLR, dNLR, and SII. The decrease in NLR, PLR, MLR, dNLR, and SII levels was associated with better short-term efficacy of immunotherapy. For patients with optimal efficacy, elevated NLR, MLR, dNLR, and SII levels often indicate disease progression. And elevated baseline MLR level is also indicative of disease progression. High PLR level is a poor independent prognostic factor that affects PFS in the second-line or posterior therapy and OS in the first-line therapy with AGC patients receiving immunotherapy. Furthermore, NLR and histological differentiation were independent prognostic factors for OS in the second-line or posterior therapy. The number of metastatic sites and peritoneal metastases were significantly associated with the prognosis of AGC patients who received immunotherapy. Alternatively, ECOG≥2 is a poor prognostic factor for PFS in AGC patients receiving second-line or posterior immunotherapy. Our findings can further screen AGC patients who benefit from immunotherapy and are useful for treatment decisions in clinical practice.
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