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Objective

Inflammation plays a crucial role in tumorigenesis and progression. Our purpose was to investigate the prognostic value of neutrophil-to-lymphocyte ratio (NLR), systemic inflammation response index (SIRI) and systemic immune-inflammation index (SII), and develop a nomogram to predict the cancer-specific survival (CSS) and disease-free survival (DFS) of stage I lung adenocarcinoma patients.



Methods

1431 patients undergoing surgical resection with pathologically confirmed stage I lung adenocarcinoma were reviewed. The optimal cut-off values for NLR, SII, and SIRI were defined by the receiver operating characteristic (ROC) curve. Cox proportional hazards regression analyses were performed to recognize factors significantly correlated with CSS and DFS to construct the nomogram. The value of adjuvant chemotherapy on model-defined high-risk and low-risk patients was further explored.



Results

The cohort had a median follow-up time of 63 months. Multivariate analysis revealed that higher NLR (≥2.606), higher SIRI (≥0.705), higher SII (≥580.671), later T stage, histological pattern with solid or micropapillary components and radiologic features with solid nodules were significantly associated with worse CSS and DFS. The concordance index (C-index) of the nomogram established by all these factors was higher than that of the TNM staging system both in CSS (validation set 0.778 vs 0.652) and DFS (validation set 0.758 vs 0.695). Furthermore, the value of the established nomogram on risk stratification in stage I lung adenocarcinoma patients was validated.



Conclusions

Higher NLR, SII and SIRI pretreatment were associated with worse survival outcomes. A practical nomogram based on these three inflammatory biomarkers may help clinicians to precisely stratify stage I lung adenocarcinoma patients into high- and low-risk and implement individualized treatment.
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Introduction

Lung cancer is the first leading cause of cancer deaths worldwide (1), with lung adenocarcinoma accounting for the majority. Only 21% of patients are diagnosed at stage I. Despite the early stage, the 5-year survival rate is about 73%-90% (2, 3). Surgical resection remains the standard of care for stage I lung adenocarcinoma. The cumulative incidence of 5-year local-recurrence and distant-metastasis is approximately 12%-15% and 17%-22% (4, 5). Stage IB patients with high-risk factors may be considered with adjuvant chemotherapy on the basis of National Comprehensive Cancer Network (NCCN) guidelines (6). How to select patients with a high risk of recurrence and metastasis is one of the academic research hotspots. Many prognostic factors have been summarized to recognize high-risk individuals, such as tumor size, wedge resection, differentiation grade, and visceral pleural involvement (7). Nevertheless, patients’ immune and inflammatory indices are not included, which may be the same critical.

It is known that inflammation plays an indispensable role in cancer development, tumor angiogenesis and metastasis (8–10). The local immune response induced by tissue injury as well as systemic inflammation mediates the initiation and progression of carcinogenesis (11). NLR, as a representative parameter of systemic inflammation, is considered to be valuable in prognosis (12). Many studies revealed that high NLR could serve as an indicator of poor prognosis in patients with many solid tumors, such as pancreatic cancer, gastric cancer, cervical cancer, liver cancer, hepatocellular carcinoma, colorectal cancer, and non-small cell lung cancer (NSCLC) (13–18). Recently, SII and SIRI were developed and seemed to have a stronger prognostic power (19, 20). However, few previous studies to date focused on patients with stage I lung adenocarcinoma in such a big sample size. Multi histological types and TNM stages may lead to selection bias and heterogeneity. Furthermore, as far as we know, no prediction model includes inflammation markers for stage I adenocarcinoma.

This study retrospectively analyzed the prognostic significance of NLR, SII and SIRI in surgically resected stage I lung adenocarcinoma patients and established a prognostic nomogram incorporating inflammation-based biomarkers.



Materials and Methods


Patients

Patients diagnosed with stage I lung adenocarcinoma pathologically after receiving complete surgical resection at Shanghai Chest Hospital between January 2014 and December 2015 were retrospectively reviewed. The inclusion criteria included: pathologically confirmed primary stage I (T1/T2aN0M0) lung adenocarcinoma according to the criteria of the American Joint Committee on Cancer (AJCC 8th); a history of complete surgical resection (lobectomy, pneumonectomy); documentation of complete blood counts (CBCs) within 1 week before the operation. Patients were excluded from undergoing sub-lobar resection (segmentectomy, wedge resection) or no lymph node dissection; R1 or R2 resection; treated with neoadjuvant chemotherapy or chemoradiotherapy; a history of the hematological disease, autoimmune disease and infection; no information on extracted data.



Data Collection

Patients’ clinicopathologic characteristics and routine blood results were obtained from medical records. The clinicopathologic variables such as age, gender, smoking history, tumor location, tumor size, histological classification and radiologic features were collected. Subsolid nodules were defined as nodules with ground-glass opacity (GGO) components in radiologic evaluation. The NLR, SII, and SIRI were calculated as follows: NLR= neutrophil count/lymphocyte count; SII= neutrophil count × platelet count/lymphocyte count; SIRI= neutrophil count × monocyte count/lymphocyte count.

Follow-up information was obtained retrospectively through electronic medical records and telephone interviews. After surgery, the patients underwent routine follow-up once every 2-3 months for the first 2 years, every 6 months for the next 2 years, and annually thereafter. The last follow-up date was December 16, 2020.



Statistical Analysis

The outcomes of this study were CSS and DFS. CSS was defined as the time from the date of surgery to death due to lung cancer or the last follow-up. DFS was defined as the time between the day of surgery to the earliest recurrence, lung cancer-related death, or last follow-up. Categorical variables were presented as numbers and percentages, whereas continuous variables were showed by the median and range. Chi-square was used to compare differences between categorical variables and t-test was performed to investigate comparisons of numerical variables.

The ROC curve analysis was performed to identify the optimal cut-off values for NLR, SII and SIRI by calculating the maximum Youden index. A logistic regression model was performed to find independent clinicopathologic variables associated with NLR, SII and SIRI. Variables associated with each inflammatory biomarker in the univariate logistic regression were incorporated in the multivariate logistic regression analyses. CSS and DFS rates were estimated with the Kaplan-Meier survival method and compared by the log-rank test. Cox regression model was performed to detect independent predictors of CSS and DFS. The significant variables detected by univariate survival analysis were then subjected to the multivariate regression model.

Thereafter, all patients we included in this study were classified into the nomogram training cohort and validation cohort in a proportion of 7:3 randomly. We established a prognostic nomogram to predict CSS and DFS in the training set based on the outcomes of the multivariate Cox regression model. The C-index was calculated to determine the discrimination ability both in the training and validation cohort. ROC curve was performed to compare the sensitivity and specificity of survival prediction. Furthermore, bootstrap resampling with 1000 times was performed to prevent the overestimation of the established nomogram and calibrate the evaluation.

Finally, to investigate the impact of adjuvant chemotherapy on patients divided by the nomogram, stage IB patients were included. Because of the imbalanced data between observation and adjuvant chemotherapy groups, propensity score matching (PSM) analysis was conducted to correct for selection bias. PSM accounted for variables including age, gender, smoking history, tumor location, radiologic features, histological classification, and inflammation-based biomarkers status. Patients were matched using one-to-one nearest-neighbor matching without replacement. The caliper used for matching was set at 0.01.

Variables with all two-sided P<0.05 were considered statistically significant. All statistical analyses were accomplished by SPSS statistical software (version 26) and R software (version 3.6.2).




Results


Patient Characteristics

Records for a total of 1868 Patients with stage I lung adenocarcinoma who received surgical resection were identified for this study. After examining the medical records, 403 were excluded from receiving sub-lobar resection, one was excluded from R1 or R2 resection, 5 were excluded from receiving neoadjuvant chemotherapy. Of the remaining 1459 patients, 1431 patients had documentation of CBCs within 1 week before surgery. Finally, a total of 1431 patients pathologically diagnosed as resected lung adenocarcinoma were finally included (Supplementary Figure 1). Patients’ baseline characteristics were summarized in Table 1.


Table 1 | Clinicopathological characteristics of the patients.



There were 607 males (42.4%) and 824 females (57.6%), with a median age of 60.2 years (range, 25-82y). According to the TNM 8th edition, 1061 (74.1%) patients were diagnosed as stage IA and 370 (25.9%) patients were stage IB. In terms of the predominant pattern of the histological classification, there were 584 (40.8%) with acinar predominant, 487 (34.0%) with papillary predominant, 76 (5.3%) with solid predominant, 207 (14.5%) with lepidic predominant, 13 (0.9%) with micropapillary predominant, and 64(4.5%) others which mostly were invasive mucinous adenocarcinoma. To reach a better understanding, patients were divided into three groups according to the proportion of solid or micropapillary components. Solid/micropapillary-predominant (SMPP) was defined as patients with a predominant subtype of solid/micropapillary components. Solid/micropapillary-minor (SMPM) was defined as patients with a solid/micropapillary pattern but not the predominant one, and those without these two components were classified as solid/micropapillary-negative (SMPN). The 1431 patients included 89 (6.2%) in the SMPP group, 374 (26.1%) in the SMPM group, and 968 (67.6%) in the SMPN group.

The median follow-up time was 63.0 months (range, 1.0–82.0 months). The median CSS has not reached, with the 5-year CSS rate was 93.9%.



Optimal Cut-Off Value for Biomarkers (NLR, SII, SIRI)

Using CSS as the endpoint, we performed ROC curves to determine the optimal cut-off values of these three biomarkers. Based on the maximum Youden index, the optimal cut-off values for NLR, SII, SIRI were 2.606, 580.671 and 0.705, respectively (Supplementary Figure 2). The area under the curves (AUCs) of NLR, SII, SIRI were 0.638 (95% CI: 0.571–0.705, P<0.001), 0.627 (95% CI: 0.561–0.693, P<0.001) and 0.659 (95% CI: 0.597–0.721, P<0.001), respectively. Consequently, patients were classified into two groups based on the optimal cut-off values of pretreatment NLR, SII and SIRI in the further survival analysis.



Correlation Between the Clinicopathologic Variables and Inflammation-Based Biomarkers

The association between NLR and clinicopathologic indices of patients with stage I lung adenocarcinoma was listed in Table 2. Gender (P=0.004), smoking history (P=0.001) and T stage (P=0.002) were significantly associated with pretreatment NLR according to univariate logistic regression. Stepwise multivariate logistic regression identified only 2 variables significantly associated with pretreatment NLR: smoking history (P=0.040) and T stage (P=0.003). The patients with higher NLR (≥ 2.606) were more likely with a smoking history and higher pathological T stage. Similar to NLR, patients with higher SII (≥ 580.671) were more likely with a smoking history (Table S1). Nevertheless, patients with higher SIRI (≥ 0.705) were more likely to be male and relatively older (Table S2).


Table 2 | Univariate and multivariate logistic regression associating clinicopathologic variables with NLR.





Survival Analysis

After a median follow-up of 63 months, 99 patients (6.9%) died and 89 deaths (6.2%) were related to lung cancer. Among the other 10 patients, one died of pulmonary embolism, 2 of other tumors, 3 of cerebral hemorrhage and 4 of accidents. The 3-year and 5-year CSS rates for all patients were 96.3% and 93.9%, respectively. In terms of inflammatory markers, the 5-year CSS rates were 84.4% and 95.8% for patients in the high NLR and low NLR group, 88.5% and 95.9% for patients in the high and low SIRI group, 86% and 95.4% for patients in the high and low SII group, respectively. The 3-year and 5-year DFS rates for all included patients were 93.3% and 90.1%, respectively. Survival curves, estimated by the Kaplan-Meier method, indicated that the patients in the high NLR, SII and SIRI groups had both a poorer CSS (P < 0.001) and DFS (P < 0.001) than those in the low NLR, SII and SIRI groups (Figure 1).




Figure 1 | Kaplan–Meier curves for (A–C) cancer-specific survival and (D–F) disease-free survival according to NLR, SIRI and SII. (A, D) Patients were stratified by NLR group; (B, E) Patients were stratified by SII group; (C, F) Patients were stratified by SIRI group. NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index.



Factors that impact CSS and DFS identified by univariate and multivariate analysis were summarized in Tables 3, 4. Since solid and micropapillary components seemed to be more clinically significant, histological patterns (SMPN/SMPM/SMPP) were incorporated into the Cox regression model. In the univariate analysis, gender, T stage, histological patterns, radiologic features, NLR, SII, SIRI were all significant prognostic indicators of CSS and DFS, with age and lymphovascular invasion also valuable in predicting CSS and DFS, respectively. Because of the strong collinearity of NLR, SII and SIRI, we put them separately into the multivariate analysis. In the three multivariable modes, higher NLR (CSS: HR 3.756, 95% CI: 2.446-5.766, P<0.001; DFS: HR 1.666, 95% CI:1.150-2.413, P=0.007), higher SII (CSS: HR 3.545, 95% CI: 2.306-5.449, P<0.001; DFS: HR 1.679, 95% CI: 1.146-2.460, P=0.008) and higher SIRI (CSS: HR 2.281, 95% CI: 1.477-3.524, P<0.001; DFS: HR 1.781, 95% CI: 1.267-2.504, P=0.001) were all identified as independent prognostic factors for worse CSS and DFS in invasive stage I lung adenocarcinoma. Also, later T stage, histological pattern with solid or micropapillary components and radiologic features with solid nodules were significantly associated with poorer CSS and DFS (P<0.05).


Table 3 | Univariate and multivariate cox regression analysis of factors associated with cancer-specific survival.




Table 4 | Univariate and multivariate cox regression analysis of factors associated with disease-free survival.





Prognostic Nomogram for CSS and DFS

Patients were then randomly classified into training cohort and validation cohort in a proportion of 7:3. The clinicopathological characteristics of the two cohorts were shown in Table S3. A nomogram was established incorporating the identified significant independent prognostic factors including T stage, histological pattern, radiologic features, NLR, SII and SIRI, which was applied to predict the 3- and 5-year CSS and DFS of the training cohort. Since age showed significant prognosis value in one model (model 2 SII), we included age as an independent factor to construct the nomogram in CSS. The nomogram indicated radiologic features as sharing the largest contribution to predict CSS, followed by histological pattern. NLR, SII, SIRI, age and T stage showed a moderate influence on survival. In the prognosis of DFS, radiologic features, histological pattern and T stage shared relatively the same large contribution, followed by NLR, SII and SIRI status (Figure 2). Each factor of these variables in the nomogram was assigned a score on the point scale. By adding up the total score and drawing a vertical line down to locate the score on the total point scale, it was easy to predict the estimated probability of CSS and DFS at each score point.




Figure 2 | Postoperative prognostic nomogram for predicting (A) 3- and 5-year cancer-specific survival probability (B) 3- and 5-year disease-free survival probability for patients with stage I adenocarcinoma. SMPP, solid/micropapillary-predominant; SMPM, solid/micropapillary-minor; SMPN, solid/micropapillary-negative; NLR, neutrophil-to-lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index.





Calibration and Validation of the Nomogram

The C-index for the established nomogram to predict CSS was 0.858 (95% CI, 0.840–0.876) in the training cohort and 0.778 (95% CI, 0.738–0.818) in the validation cohort. For DFS, the C-index was 0.830 (95% CI, 0.813–0.847) in the training cohort and 0.758 (95% CI, 0.727–0.789) in the validation cohort, which was superior to the TNM staging system both in the training (CSS: 0.668, 95% CI, 0.636-0.700, DFS: 0.72, 95% CI, 0.696-0.744) and validation set (CSS: 0.652, 95% CI, 0.604-0.700, DFS: 0.695, 95% CI, 0.661-0.729).

Additionally, the calibration plots adjusted by 1000 bootstrapping resamples were performed to verify the performance of the nomogram. The calibration curves of 3-year and 5-year postoperative CSS and DFS probability invalidated a high consistency between the model prediction and the actual observation, both in the training and validation set, demonstrating the nomogram’s reliable repeatability (Figures 3, 4).




Figure 3 | Nomogram calibration curves for predicting cancer-specific survival probabilities (A) at 3 year and (B) 5 years in the training cohort; at 3 year (C) and 5 years (D) in the validation cohort.






Figure 4 | Nomogram calibration curves for predicting disease-free survival probabilities (A) at 3 year and (B) 5 years in the training cohort; at 3 year (C) and 5 years (D) in the validation cohort.



Furthermore, we analyzed the prognostic ability of the nomogram by the ROC analysis, which was then compared with the traditional TNM staging system. In the analysis of the 3- and 5-years CSS, the AUCs of the nomogram were 0.876 and 0.855, respectively, which were both higher than those of the TNM stage (0.715 and 0.678). In the validation cohort, the AUCs of the nomogram were 0.753 and 0.779, which were also higher than those of the TNM stage (0.656 and 0.648) (Figure 5). In the analysis of the 3- and 5-years DFS, we observed similar results (Figure 6), which demonstrated that the established nomogram was an accurate measure to predict the postoperative CSS and DFS of stage I adenocarcinoma patients.




Figure 5 | The ability of ROC analysis of nomogram to predict the (A) 3-year and (B) 5-year CSS rate in the training cohort; (C) 3-year and (D) 5-year CSS rate in the validation cohort. ROC, receiver operating characteristic; CSS, cancer-specific survival.






Figure 6 | The ability of ROC analysis of nomogram to predict the (A) 3-year and (B) 5-year DFS rate in the training cohort; (C) 3-year and (D) 5-year DFS rate in the validation cohort. ROC, receiver operating characteristic; DFS, disease-free survival.





Clinical Significance of the Established Nomogram as the Risk Stratification Indicator

Furthermore, the value of the established nomogram on risk stratification in stage I lung adenocarcinoma patients was explored. Using CSS and DFS as endpoints, ROC curves were performed to define the optimal cut-off values of the total score of the established nomogram in the training cohort. Based on the maximum Youden index, the optimal cut-off values were 140 and 116 for CSS and DFS, respectively. After applying them to the validation cohort, we distinguished two risk groups in terms of CSS (low-risk: <140, and high-risk: ≧̸140) and DFS (low-risk: <116, and high-risk: ≧̸116), which successfully stratified patients into high- and low-risk groups within the same T category (Figure 7).




Figure 7 | Risk group stratification within each staging system (IA, IB) in (A) cancer-specific survival and (B) disease-free survival.





Influence of Adjuvant Chemotherapy

Finally, we performed an exploratory research of the predictive value of the established model on adjuvant chemotherapy. We focused on patients with stage IB lung adenocarcinoma. Patients who accepted adjuvant chemotherapy were younger (P<0.001) in comparison with those treated with observation. To reduce selection bias from pretreatment factors, PS matching between the patients who underwent adjuvant chemotherapy (n=180) and those who received observation (n=190) was conducted, and 133 cases in each group were finally matched. All confounding factors before and after PS matching were listed in Table S4.

Adjuvant chemotherapy failed to contribute to a survival benefit for both high-risk and low-risk patients, though survival analysis stratified by the score of the established nomogram showed that patients in the high-risk group who received adjuvant chemotherapy seemed to have longer CSS without statistical significance (HR 0.81, 95%CI: 0.432-1.497, P=0.49) (Figure 8).




Figure 8 | Cancer-specific survival of propensity score-matched (A) high-risk and (B) low-risk subgroups and disease-free survival of propensity score-matched (C) high-risk and (D) low-risk subgroups compared between patients treated with observation and adjuvant chemotherapy after surgery. ACT, Adjuvant chemotherapy.






Discussion

For lung adenocarcinoma, the TNM staging system is widely applied for prognostication. Nevertheless, the clinical prognosis varies even in the same stage. Although the prognosis for stage I lung adenocarcinoma is generally favorable, there is still a probability of locoregional recurrence and distant metastasis (21). A growing body of evidence suggested that inflammation was critical to tumorigenesis, tumor angiogenesis and metastasis (8–10). Tumor-induced inflammatory reactions caused changes in hematology (8). Many studies indicated that systemic inflammatory indices in peripheral blood could help to predict the prognosis of many solid tumors included esophageal squamous cell carcinoma, gastric cancer, gallbladder carcinoma and NSCLC (13, 22–24).

A detailed study measured 51 immune cell compositions in NSCLC, which showed neutrophils were the most prevalent immune cell population (25). Tumor-associated neutrophils (TANs) can be distinguished in N1 and N2 TANs according to their effects on tumor cells. N2 TANs stimulate immunosuppression in the process of chronic inflammatory immune response by DNA instability or releasing cytokines and chemokines, which promote tumorigenesis, tumor growth and metastasis (26, 27). TANs may be a critical source of MMP-9, which can promote vascular endothelial growth factor (VEGF) activation and tumor angiogenesis (28). Recent studies showed that neutrophils could synthesize and secret many inflammatory mediators such as prostaglandin E2, which would enhance cell proliferation in NSCLC (29). Lymphocytes, including T lymphocytes and B lymphocytes, are important parts of the immune system which play a critical role in anti-tumor cell-mediated immunity. The activation of CD8 positive cytotoxic T cells is a key step of the “cancer-immunity cycle” which induces cytotoxic immune response (30). CD8+, CD3+, CD45RO+ memory T cells, and tumor-infiltrating lymphocytes (TILs) are widely confirmed as representative potential powerful prognostic instruments for many solid tumors, including NSCLC. The decline of lymphocytes may result in a worse prognosis (31–35). Myeloid-derived suppressor cells (MDSCs) display immunosuppressive function by inducing immunosuppressive cells, producing reactive oxygen species (ROS) and depleting metabolites which are significant to T cell functions (36). In a meta-analysis, elevated pretreatment circulating MDSCs had a negative impact on prognosis in most solid tumors (37). A study illustrated a phenomenon that there was an accumulation of tumor-associated monocytes in advanced lung tumors compared to nonmalignant distal lung, which was not observed in early-stage tumors (38). Platelets are small cells that circulate in the blood. Tumor cells can activate platelets and stimulate aggregation, which can protect tumor cells from attack of NK cells and shear forces (39, 40). ATP released from tumor-associated platelets into the blood relax endothelial barrier function, which may augment tumor cell extravasation and finally leads to metastasis (41). Platelets can induce tumor cells to release soluble NKG2D ligands to avoid the detection by NK cells and inhibit producing inflammatory cytokine (IFNγ). The platelet-derived TGF-mediated suppression of the CD226/CD96-CD112/CD155 axis further suppresses NK cells (42). Therefore, platelets assist immune evasion. Generally, these various blood counts constitute the specific immune environment that may have a significant impact on tumorigenesis and metastasis.

Several compound systemic inflammatory indices have been elicited to predict the prognosis of tumors. NLR, platelet-lymphocyte ratio (PLR), monocyte-lymphocyte ratio (LMR) and Glasgow Prognostic Score (GPS) were consistently validated to have reliable prognostic values in patients with both operable cancers and advanced inoperable cancers (43, 44). Because of the composition of two inflammatory cells, the prediction ability of these biomarkers for survival outcomes may not be the best. Therefore, more inflammatory indices have been developed recently. SII is calculated based on three parameters: neutrophils, platelets and lymphocytes. SII was first depicted and proved effective as a prognostic predictor in hepatocellular carcinoma (19). A growing number of studies indicated that elevated SII was related to poor prognosis in various malignancies: gallbladder carcinoma (23), breast cancer (45), colorectal cancer (46), renal cell carcinoma (47) and NSCLC (48, 49). SIRI is another biomarker that consists of three types of inflammatory cells, which has also been implied to be a promising prognostic indicator in several cancers: esophageal squamous cell carcinoma (50), gallbladder cancer (51), cervical cancer (20), and NSCLC (24).

Previous studies focused on the role of inflammation biomarkers in NSCLC were summarized in Table 5. Most studies included NSCLC patients staged I-IIIA, whose postoperative interventions vary across different stages. As far we know there is insufficient data from researches to focus exclusively on the prognostic value of inflammatory biomarkers in patients with surgically resected stage I lung adenocarcinoma, especially in such a big sample size. Stage I lung adenocarcinoma patients receive less postoperative treatment thus avoiding heterogeneity which may lead to different clinical prognoses. Furthermore, most studies used overall survival (OS) as the endpoint outcome, which ignored death due to other causes rather than lung cancer because of the long survival time of early-stage lung adenocarcinoma. Compared to OS, CSS seems to be more suitable. Last but not least, all studies did not include validation which we examined in our investigation.


Table 5 | Main characteristics of recent eligible studies (operable-stage NSCLC).



In this study, we performed ROC curve to calculate the optimal cut-off values of NLR, SII and SIRI which were 2.606, 580.671 and 0.705, respectively, which was similar to previous studies (18, 24). Survival curves indicated that the patients in the high NLR, SII and SIRI groups had a poorer CSS (P < 0.001) and DFS (P < 0.001) than those in the low NLR, SII and SIRI groups, which was consistent with the result of previous studies (24, 48). Because of the strong collinearity, NLR, SII and SIRI were tested separately in multivariate analysis. Our study demonstrated that the significant independent markers for CSS in the multivariate analyses were the same for DFS, which included NLR, SII, SIRI, T stage, histological pattern and the presence of GGO components. Furthermore, we established a nomogram based on these factors. Since all the three inflammatory biomarkers were simple and low-cost, which demonstrated our model’s convenience and economics, we included all variables in the nomogram. The prediction model we established displayed better discriminatory ability compared to the traditional TNM staging system, as shown in the C-index and ROC analysis. The calibration curves displayed good consistency between model prediction and practical observation, which guaranteed repeatability. All these results were subsequently validated by the verification cohort. We then successfully separated patients with distinct prognoses within the same T category by stratifying them into high-risk and low-risk subgroups. Though there was a greater CSS difference for high-risk patients who received adjuvant chemotherapy, our study didn’t suggest that adjuvant chemotherapy improved survival in both high-risk and low-risk stage IB lung adenocarcinoma patients, which proposed a hypothesis that inflammatory biomarkers may act as a prognostic factor, not a predictive factor.

Our study specifically highlighted early-stage surgically resected lung adenocarcinoma patients, which could avoid heterogeneity and reflect the biological behavior of the tumor itself better. We investigated the prognostic value of NLR, SII and SIRI simultaneously in one study and the sample size was relatively large. Furthermore, validation of the model we established was accomplished by bootstrap resampling. Although previous studies have successfully reported nomograms to predict the postoperative survival and recurrence in stage IA NSCLC, they didn’t include inflammatory biomarkers (7, 56–59). To our knowledge, this study is the first large cohort study to create a nomogram combining inflammatory biomarkers and other clinicopathological factors to predict CSS and DFS probability in stage I adenocarcinoma patients. Since all factors in the nomogram were the existing information, it applies to clinical practice easily.

There were several limitations for the present study. Firstly, it was based on retrospective information from a single institution, which may lead to the inevitable selection bias. Secondly, though inflammatory indices were obtained within 1 week before surgery, they may vary over different institutions with different test machines. Therefore, whether the cut-off value applies to other institutions is questionable. Thirdly, many diseases such as autoimmune and rheumatic disease may affect circulating inflammatory cells, which may lead to the instability of the value. Finally, because of the unavailability of the external validation, we could not rule out the bias completely. It is necessary to conduct a multi-institutional, specifically a well-designed prospective randomized controlled trial to confirm our conclusions.

If the clinical significance of the inflammatory biomarkers will be confirmed in the future, the preoperative level of inflammatory indices might not only apply as a parameter for predicting survival outcomes and monitoring treatment response which may help clinicians to precisely implement individualized treatment strategies, but also be considered as a stratification variable in clinical research design for lung adenocarcinoma patients in the future. Adjuvant therapy or anti-inflammatory treatment may contribute to a survival benefit for lung adenocarcinoma patients with a preoperative high inflammatory biomarkers level.



Conclusions

Generally, this study demonstrated that preoperative NLR, SII and SIRI were simple independent prognostic factors of CSS and DFS in stage I lung adenocarcinoma. Compared to the traditional TNM staging system, the nomogram we established integrating three inflammation-based biomarkers and other clinicopathological indicators can help clinicians identify high-risk stage I lung adenocarcinoma patients more objectively after the operation. Furthermore, we investigated that total points calculated by the nomogram were an appropriate risk indicator that can distinguish CSS and DFS based on the TNM category of stage I lung adenocarcinoma, which will help clinicians provide individualized prognostic consulting. Whether adjuvant chemotherapy could contribute to a survival benefit for high-risk patients is still questionable, which may need further studies.
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NLR (Low/High) 4390 28916666  <0.001 3756 24465766 <0.001 NI NI
Sl (Low/High) 3609 23585522  <0.001 N 3545 23065449  <0.001 N
SIRI (Low/High) 2965  1.957-4.494  <0.001 N N 2281 1.477-3524  <0.001

SMPP, solid/micropapillary-predominant; SMPM, solic/micropapillary-minor; SMPN, solic/micropapillary-negative; LVI, lymphovascular invasion; NLR, neutrophi-to-lymphocyte ratio; i, systemic immune-infiammation index; SIRY, systemic
inflammation response index: Ni, not included in the multivariate model: Ref, reference, HR, hazard ratio, Cl, confidence interval.
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Patient characteristics (n=1431) Median (range or %)

Age, years 60.3 (25-82)
Gender

Male 607 (42.4%)

Female 824 (57.6%)
Family history

Yes 63 (4.4%)

No 1368 (95.6%)
Smoking history

Yes 259 (18.1%)

No 1172 (81.9%)
Location

Right 901 (63.0%)

Left 530 (37.0%)
Lung lobe

Upper lobe 810 (56.6%)

Middle lobe 123 (8.6%)

Lower lobe 498 (34.8%)
T stage

T1 1061 (74.1%)

T2a 370 (25.9%)
Histological classification

Acinar predominant 584 (40.8%)

Papillary predominant 487 (34.0%)

Solid predominant 76 (6.3%)

Lepidic predominant 207 (14.5%)

Micropapillary predominant 13 (0.9%)

others 64 (4.5%)
Histological pattern

SMPP 89 (6.2%)

SMPM 374 (26.1%)

SMPN 968 (67.6%)
Lymphovascular invasion

Yes 22 (1.5%)

No 1409 (98.5%)
Radiologic features

Solid 854 (59.7%)

Subsolid 577 (40.3%)

SMPP, solid/micropapillary-predominant; SMPM, solid/micropapillary-minor; SMPN,
solid/micropapillary-negative.





OEBPS/Images/table5.jpg
Author Year Country Study Timeframe Sample size Age TNM stage  Follow-up  Biomarkers Cutoff value Outcome Validation

Yusuke (52) Japan  Retro  2000-2008 343 68 (25-87) | 73.5 (15-159) NLR 25 OS RFS No
2015
Yuan (53) 2017 China Retro  2005-2009 1466 I-IIIA 69.9 (64-75) NLR 2.06 0s No
PLR 204
MLR 0.35
Gao (49) 2018 China  Retro  2009-2011 410 60 (35-82) I-IIA 54 (3-96) Sl 395.4 0s No
NLR 1.9
PLR 108.8
LMR 36
Huang (18) 2018  China  Retro  2006-2009 589 60 (24-82) I-IA 44 NLR 23 0s No
Fibrinogen 3.48 DFS
Guo (48) 2019 China  Retro  2006-2012 569 60 (27-80) - 60.3(0.9- Sl 419.6 0s No
146.7)
NLR 1.74
PLR 88.7
Li (54) 2019 China  Retro  2013-2015 390 I-IIA 50 (12-66) SIRI 0.99 0os No
NLR 3.60 DFs
PLR 106.13
LMR 2.40
Shaji (55) 2020 Japan  Retro  2006-2012 529 68 (30-91) 1A 63 (0-144) Sl 358 RFS No
NLR 15
PLR 184
MLR 0.19

NLR, neutrophil-to-lymphocyte ratio; Sii, systemic immune-inflammation index; SIRI, systemic inflammation response index; MLR, monocyte/lymphocyte ratio; PLR, platelet/lymphocyte
ratio; LMR, lymphocyte/monocyte ratio; RFS, recurrence-free survival: OS, overall survival: DFS, disease-free survival.





