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Objective: This study aimed to develop a novel scoring system, named the integrated oxidative stress score (IOSS), based on oxidative stress indices to predict the prognosis in stage III gastric cancer.
Methods: Retrospective analysis of stage III gastric cancer patients who were operated on between January 2014 and December 2016 were enrolled into this research. IOSS is a comprehensive index based on an achievable oxidative stress index, comprising albumin, blood urea nitrogen, and direct bilirubin. The patients were divided according to receiver operating characteristic curve into two groups of low IOSS (IOSS ≤ 2.00) and high IOSS (IOSS > 2.00). The grouping variable was performed by Chi-square test or Fisher’s precision probability test. The continuous variables were evaluated by t-test. The disease free survival (DFS) and overall survival (OS) were performed by Kaplan-Meier and Log-Rank tests. Univariate Cox proportional hazards regression models and stepwise multivariate Cox proportional hazards regression analysis were determined to appraise the potential prognostic factors for DFS and OS. A nomogram of the potential prognostic factors by the multivariate analysis for DFS and OS was established with R software. In order to assess the accuracy of the nomogram in forecasting prognosis, the calibration curve and decision curve analysis were produced, contrasting the observed outcomes with the predicted outcomes.
Results: The IOSS was significantly correlated with the DFS and OS, and was a potential prognostic factor in patients with stage III gastric cancer. Patients with low IOSS had longer survival (DFS: χ2 = 6.632, p = 0.010; OS: χ2 = 6.519, p = 0.011), and higher survival rates. According to the univariate and multivariate analyses, the IOSS was a potential prognostic factor. The nomograms were conducted on the potential prognostic factors to improve the correctness of survival prediction and evaluate the prognosis in stage III gastric cancer patients. The calibration curve indicated a good agreement in 1-, 3-, 5-year lifetime rates. The decision curve analysis indicated that the nomogram’s predictive clinical utility for clinical decision was better than IOSS.
Conclusion: IOSS is a nonspecific tumor predictor based on available oxidative stress index, and low IOSS is found to be a vigorous factor of better prognosis in stage III gastric cancer.
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INTRODUCTION
Gastric cancer ranked sixth among the global cancer burdens in both females and males in 2020, and remains one of the prime causes of cancer-related morbidity and cancer-related death in the world [1, 2]. The incidence of gastric cancer is highest in Eastern Asia, such as South Korea and China, and is largely dependent on Helicobacter pylori infection, co-infection by Epstein-Barr virus (EBV), gastroesophageal reflux disease, and obesity [3, 4]. Despite changes in dietary habits and improvements in living conditions, the mortality of gastric cancer is still high in recent decades [5, 6]. Currently, the surgical operation remains the primary curative therapy for early-stage gastric cancer [7]. Complex treatment, such as chemotherapy, radiotherapy, targeted therapy and immunotherapy, is used for gastric cancer or metastatic disease [8]. Although these treatments have significantly improved the overall survival of gastric cancer patients, unfortunately, the long-term survival rate is unsatisfactory. Approximately 70% of gastric cancer patients have distant metastasis or recurrence within 5 years [9]. As a result of geographical, genetic, and dietary differences, predicting the survival and prognosis of gastric cancer patients can be challenging [10, 11]. However, the precise prediction of prognosis is crucial for treatment election and doctor-patient communication. Consequently, it is very important to look for the potential prognostic factor for gastric cancer.
Previous studies have indicated that systemic inflammation, malnutrition, and TNM staging system can usually predict survival of gastric cancer patients [12–14]. Nevertheless, gastric cancer is a heterogeneous disorder. Even if the patients are at the same stage of disease, they may have different prognoses [15]. The present TNM staging system is uniform and simple, and does not consider several noteworthy variables that may influence the survival of gastric cancer patients, comprising clinicopathological characteristics and adjuvant treatment. Hence, the prognosis of gastric cancer patients cannot be accurately predicted. Currently, the long-term prognosis of gastric cancer is still poor, and warranting an effective and reasonable predictive model is needed to evaluate the long-term prognosis of gastric cancer patients.
Oxidative stress, which is defined as an imbalance between reactive metabolites and free radicals, interacts with the occurrence, development, and progression of malignant tumors [16, 17]. Previous studies have shown that foods such as vegetables, fruits, seeds, and whole grains can counteract oxidative stress and inflammation, and may also be beneficial to cancer patients [18]. Henriksen HB et al. found that a healthy diet played a critical role in suppressing oxidative stress and inflammation, affecting survival time and outcome in colorectal cancer patients [19]. Moreover, the progression-related hub oxidative stress genes were confirmed to be conspicuously related to the progression of gastric cancer according to the weighted gene co-expression network analysis (WGCNA) and Gene Expression Omnibus (GEO) database [20]. Early assessment of oxidative stress for patients with gastric cancer can ameliorate the clinical outcomes. One study has indicated that the oxidative stress genes, such as NQO1 and PON1, were the noteworthy prognostic factors in metastatic gastric cancer patients treated with chemotherapy; and the oxidative stress-related genetic variants may facilitate optimization of individualized chemotherapy in clinical practice [21]. Another study indicated that the CRC-Integrated Oxidative Stress Score (CIOSS) based on the combination of available oxidative stress indices (albumin, direct bilirubin, and blood urea nitrogen) was significantly associated with survival in CRC patients; and the CIOSS was a powerful indicator of poor prognosis in CRC patients [22]. Taking into consideration the important function of oxidative stress in the development of gastric cancer, we tried to study the potential prognostic implication of oxidative stress correlated indicators. In the current study, we validated a gastric cancer Integrated Oxidative Stress Score (IOSS), and aimed to determine the prognostic significance of IOSS in stage III gastric cancer. Furthermore, we compared the relevance between IOSS and clinicopathological characteristics.
MATERIALS AND METHODS
Patients and study design
198 patients with gastric cancer who were treated at the North China University of Science and Technology Affiliated Hospital between January 2014 and December 2016 were brought into this study. We excluded patients with clinical evidence of inflammatory, infectious, and hematological diseases, and without complete clinical data. This study was authorized by the Ethics Review Committee of the North China University of Science and Technology Affiliated Hospital, and it meets the criteria of the Declaration of Helsinki and its later revised drafts. All enrolled patients signed the agreement, and individual patient information has been protected and not been shown.
The inclusion criteria were as follows: 1) confirmed gastric cancer by histopathology; 2) received primary tumor resection without evidence of distant metastasis; 3) without inflammatory, infectious, and hematological diseases; 4) availability of whole clinical and pathological data. Participants were considered ineligible if they were gastric cancer patients who had: 1) multiple primary malignant tumors or blood disease; 2) presence of kidney dysfunction, metabolic diseases, or cardiovascular disease; 3) received anti-inflammatory drugs prior to surgery; 4) no follow-up information.
Integrated oxidative stress score (IOSS)
The blood routine and biochemical detection were performed from the first day of admission for gastric cancer patients. In the previous study, the oxidative stress indicators (albumin, bilirubin, and blood urea nitrogen) were found to be independent risk factors and significantly correlated with OS or DFS by performing Cox regression in CRC patients [22]. The Integrated Oxidative Stress Score (IOSS) in our study comprised albumin (ALB), blood urea nitrogen (BUN), and direct bilirubin (DBIL). The IOSS was calculated as follows: 0.074 × albumin (g/L)–0.094 × bilirubin (μmol/L)–0.099 × blood urea nitrogen (mmol/L), according to the previous study [22].
Follow-up
The follow-up data were gathered through telephone interviews or inpatient and outpatient check-ups, and were obtained every 3 months. In this study, disease free survival (DFS) was defined as the time from operation to local recurrence of tumor, or death or last follow-up. Overall survival (OS) was defined as the time from operation to death or last follow-up. The last follow-up was assessed in June 2022.
Statistical analysis
SPSS 22.0 (SPSS Inc., Chicago, IL, United States) and R 4.1.2 software (Institute for Statistics and Mathematics, Vienna, Austria) were used to perform all statistical analyses. The optimal cutoff value for IOSS was performed by the receiver operating characteristic (ROC) curve analysis. The nominal variables were assessed by Chi-square test or Fisher’s precision probability test. The continuous variables were evaluated by t-test. The DFS and OS time were performed by Kaplan-Meier method and Log-Rank test. Univariate and multivariate Cox proportional hazards regression models were determined to evaluate the potential prognostic factors for DFS and OS. The nomogram model of the potential prognostic factors by the multivariate analysis for DFS and OS were established with R software. In order to assess the precision of the nomogram model in forecasting prognosis, the calibration curve and decision curve analysis were generated comparing the observations with the predictions. p values of <0.05 were considered statistically significant.
RESULTS
Study population
In total, 198 patients with gastric cancer from North China University of Science and Technology Affiliated Hospital were included in this research. There were 128 males (64.6%) and 70 females (35.4%). The average age was 59.37 ± 11.10 years, and ranged from 30 to 80 years. The optimal cutoff value for IOSS was performed by ROC, and the value was 2.00. Based on the optimal cutoff value, all cases were divided into two groups: low IOSS group (IOSS ≤ 2.00) and high IOSS group (IOSS > 2.00). The clinical characteristics of gastric cancer patients were given in Table 1. Compared to the patients’ clinical and histopathological features, IOSS indicated significant relationship with age, radical resection, and tumor size (p < 0.05).
TABLE 1 | Association of IOSS and patient characteristics.
[image: Table 1]IOSS and blood parameters
The blood routine and biochemical parameters were enrolled into this research and the median values were used to group these indicators. Table 2 has shown the associations of IOSS and the blood routine and biochemical parameters. According to the patient characteristics of blood routine and biochemical parameters, IOSS indicated a significant relationship with total protein (TP), albumin (ALB), prealbumin (PALB), blood urea nitrogen (BUN), triglyceride (TRIG), hemoglobin (Hb), and red blood cell R) (p < 0.05).
TABLE 2 | Association between IOSS and blood routine and biochemical parameters.
[image: Table 2]IOSS and pathological characteristics
In this study, human epidermal growth factor receptor-2 (HER-2) positive means IHC (+++) or IHC (++) and FISH (+). We further investigated the association between IOSS and pathological characteristics. The results displayed that IOSS was related to the HER2 and perineural invasion (PNI) (p < 0.05). However, IOSS was not significantly correlated with lymphatic vessel invasion (LVI) (p > 0.05). Table 3 has shown the relationships of IOSS and the pathological characteristics parameters.
TABLE 3 | The relationships of IOSS and the pathological characteristics parameters.
[image: Table 3]The potential independent prognostic factors of DFS and OS for stage III gastric cancer patients who underwent curative resection
To further identify potential independent prognostic predictors of DFS and OS, we enrolled the common parameters into Cox proportional hazard regression model for univariate and multivariate analysis. The univariate and multivariate Cox regression analysis has shown that IOSS, PALB (prealbumin), TLN (total lymph node), tumor size, and postoperative chemotherapy were authenticated as potential independent factors to determine the DFS. Moreover, the IOSS, age, A/G (Albumin/Globulin), PALB (prealbumin), FIB (fibrinogen), TLN (total lymph node), and tumor size were authenticated as potential independent factors to determine the OS. The detailed information were shown in Table 4.
TABLE 4 | The univariate and multivariate Cox proportional hazard regression analysis.
[image: Table 4]Association of IOSS with DFS and OS
To determine the prognostic ability of IOSS in forecasting DFS and OS, the 198 stage III gastric cancer patients were separated into two groups: low IOSS ≤2.00 (N = 91) and high IOSS >2.00 (N = 107). The median DFS and OS in the low IOSS group were evidently longer than those in the high IOSS group (χ2 = 6.632, p = 0.010; χ2 = 6.519, p = 0.011). In terms of DFS, patients with low IOSS had higher 1-, 3-, and 5-year DFS rates [84.50% (95% CI: 0.773–0.923), 72.40% (95% CI: 0.636–0.825), and 64.1% (95% CI: 0.545–0.755) vs. 76.30% (95% CI: 0.686–0.849), 51.8% (95% CI: 0.428–0.626), and 46.9% (95% CI: 0.380–0.581)]. In terms of OS, patients with low IOSS had higher 1-, 3-, and 5-year OS rates [94.50% (95% CI: 0.899–0.993), 73.20% (95% CI: 0.645–0.830), and 65.9% (95% CI: 0.567–0.767) vs 81.30% (95% CI: 0.742–0.890), 59.8% (95% CI: 0.512–0.698), and 51.6% (95% CI: 0.428–0.622)]. Cumulative survival is shown in Figure 1.
[image: Figure 1]FIGURE 1 | DFS and OS of patients with stage III gastric cancer. (A) Kaplan-Meier analysis of DFS for the IOSS, (B) Kaplan-Meier analysis of OS for the IOSS.
Nomogram development and validation
Nomograms of the potential prognostic factors by the multivariate analysis for DFS and OS were established (Figure 2). The enrolled factors for DFS included IOSS, PALB (prealbumin), TLN (total lymph node), tumor size, and postoperative chemotherapy; and for OS included IOSS, age, A/G (Albumin/Globulin), PALB (prealbumin), FIB (fibrinogen), TLN (total lymph node), and tumor size via the multivariate analysis. Moreover, the calibration curve was performed to test predictive performance for DFS and OS after curative resection. The calibration curve has shown good agreement between predicted and actual probability at different survival time points (Figure 3). To further test predictive clinical utility, the decision curve analysis was applied to measure the net benefits under different threshold value probabilities. Compared to only IOSS, the constructed nomogram model (the nomogram incorporating the respective potential prognostic factors by the multivariate analysis) generated the best net benefit within the threshold probability for 1-, 3-, and 5-year survival time. Furthermore, the constructed nomogram model’s predictive clinical utility for clinical decision was better than IOSS (Figure 4).
[image: Figure 2]FIGURE 2 | Nomograms by multivariate Cox proportional hazard regression analysis for predicting DFS and OS. (A) Nomogram for predicting DFS; (B) Nomogram for predicting OS.
[image: Figure 3]FIGURE 3 | Calibration curve for evaluating the 1-, 3-, and 5-year DFS and OS rates. (A) Calibration curve for evaluating 1-year DFS rate; (B) Calibration curve for evaluating 3-year DFS rate; (C) Calibration curve for evaluating 5-year DFS rate; (D) Calibration curve for evaluating 1-year OS rate; (E) Calibration curve for evaluating 3-year OS rate; (F) Calibration curve for evaluating 5-year OS rate.
[image: Figure 4]FIGURE 4 | Decision curve analysis for the nomogram and only IOSS. (A) Decision curve analysis for 1-year DFS; (B) Decision curve analysis for 3-year DFS; (C) Decision curve analysis for 5-year DFS; (D) Decision curve analysis for 1-year OS; (E) Decision curve analysis for 3-year OS; (F) Decision curve analysis for 5-year OS.
DISCUSSION
Despite routine treatment with radical surgery and adjuvant therapy, the survival outcome remains unsatisfactory in gastric cancer, especially in stage III gastric cancer [23, 24]. According to the research report, half of gastric cancer patients will develop recurrence or metastasis within 5 years of systemic treatment [25]. At present, it is said that the damage of the antioxidant system will lead to the development of cancer, and the high oxidative stress status will increase risk of gastrointestinal malignancy [26]. Oxidative stress participates in the advancement of malignant tumors, including gastric cancer, however, it is not clear in gastric cancer prognosis [27, 28]. Therefore, accurate risk assessment is essential for supervising postoperative treatment and recurrence monitoring.
In the current research, we established a comprehensive score, IOSS, based on ALB (albumin), DBIL (direct bilirubin), and BUN (blood urea nitrogen), to predict the prognosis of stage III gastric cancer. We investigated the relationship between clinicopathological parameters and prognosis of gastric cancer. IOSS was related to age, radical resection, and tumor size. For elderly patients with gastric cancer, the probability of anemia, body mass decline, and malnutrition is high. The albumin is reflected by the nutritional status. Furthermore, the liver function is also affected by the gastric cancer disease, and the elderly patients with stage III gastric cancer are prone to liver dysfunction. The possibility of radical resection was low in patients with later TNM stage, and after surgery, the incidence rate of postoperative complications is high as well as poor nutritional status. According to univariate and multivariate Cox proportional hazard regression analysis, the result indicated that IOSS was a potential prognostic factor in gastric cancer patients. The prognostic value of IOSS was further analyzed, and indicated that patients with low IOSS survived longer, and with higher 1-, 3-, and 5-year survival rates. Moreover, the IOSS was significantly associated with age, radical resection, and tumor size. IOSS was also significantly associated with total protein (TP), albumin (ALB), prealbumin (PALB), blood urea nitrogen (BUN), triglyceride (TRIG), hemoglobin (Hb), and red blood cell (R). Furthermore, IOSS was significantly associated with HER2 and perineural invasion. These results indicated that oxidative stress had a critical influence on the prognosis in gastric cancer patients. Predicting metastasis and recurrence following curative resection is important for the management of stage III gastric cancer. At present, there are still no highly reliable and convenient biomarkers to predict metastasis and recurrence of gastric cancer.
In order to establish a pin-point accurate DFS and OS forecasting model, the potential prognostic factors from univariate analysis were taken a step further by multivariate analysis. The five valuable factors, IOSS, PALB (prealbumin), TLN (total lymph node), tumor size, and postoperative chemotherapy were used to conduct the predictive DFS model. The seven valuable factors, IOSS, age, A/G (Albumin/Globulin), PALB (prealbumin), FIB (fibrinogen), TLN (total lymph node), and tumor size were used to conduct the predictive OS model. The nomograms combine clinical characteristics from the multivariate analysis on DFS and OS to increase the accuracy of survival prediction, and were used to evaluate the prognosis in gastric cancer patients. The calibration curve has shown a good homogeneity between predicted and actual probability at different survival time points, including 1-, 3-, and 5-year survival rates. The decision curve analysis was used to quantify the net benefits under different threshold value probabilities, and the predictive clinical utility of the nomogram for clinical decision was better than IOSS.
Assessment of antioxidant administration and oxidative stress is very important for the prevention and treatment of gastric cancer [29–31]. The current study indicated that the oxidative stress was related to the initiation and development of gastric cancer. IOSS was a potential factor to improve the degree of accuracy of gastric cancer prognosis. Several plausible mechanisms are used to explain the association between IOSS and prognosis of stage III gastric cancer. Albumin is the most abundant plasma protein, accounting for one-half of the total protein content [32]. Low concentration of albumin may reflect a worse nutritional status, and the undernutrition may weaken the immune system and have an adverse impact on the prognosis of cancer patients [33]. Albumin is also an important factor in systemic inflammatory response [34]. Bile acid is the end-product of cholesterol decomposition, and consists of two forms in hepatocytes and peripheral blood, comprising direct bilirubin (DBIL) and indirect bilirubin (IDBIL) [35]. Serum bilirubin is the final product of blood metabolism, and has lots of barrier properties, including anticancer, antioxidant, and anti-inflammatory activities [36–38]. Furthermore, the bilirubin is negatively related to the risk of many of cancers, such as lung cancer, breast cancer, and gastrointestinal cancer [39–41]. Blood urea nitrogen (BUN) is manufactured by the metabolism of amino acids and protein in the body, and influences the physiological responses of human protein intake and metabolism [42]. Moreover, blood urea nitrogen (BUN) is a major factor reporting the association between nutritional status and renal status, and is associated with mortality [43].
A number of limitations for the current research should be considered. Firstly, this research was a retrospective single center study with a small number of patients. To go a step further to enrich the references, a prospective, multicenter, and well-designed study with more patients is needed. Secondly, multiple treatment measures were received by reason of tumor recurrence or metastasis during the follow-up periods, and might affect OS. The different postoperative treatments were not fully enrolled into the assessment of prognostic factors. Thirdly, even though the patients were chosen according to inclusion and exclusion criteria, selection bias was still inevitable. Finally, owing to the clinical record boundedness, the oxidative stress markers were not completely contained. Large-scale clinical research with more clinicopathological parameters carried out on multiple centers should be further studied to test and verify our findings.
CONCLUSION
IOSS is a nonspecific tumor predictor based on procurable oxidative stress index, comprising ALB (albumin), DBIL (direct bilirubin), and BUN (blood urea nitrogen). Low IOSS is discovered to be a vigorous indicator of better prognosis. A nomogram conducted by combining the IOSS with other potential prognostic factors can predict the prognosis of gastric cancer patients.
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