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Background

Recent studies have shown that the systemic inflammation and nutritional indicators are prognostic for a variety of malignancies. However, only limited data have so far demonstrated their usefulness in gastrointestinal mesenchymal tumors (GIST).



Methods

We retrospectively analyzed the data of GIST patients who underwent radical surgery in Beijing hospital from October 2004 to July 2018. The area under the receiver operating characteristic curve (AUC) was used to compare several commonly used inflammatory and nutritional indicators. The indicators with largest AUC were further analysis. Optimal cut-off values of those indicators in predicting recurrence-free survival (RFS) were determined. Kaplan-Meier curve and the time-dependent receiver operating characteristic (ROC) curve were used to assess the prognostic values. We then used univariate and multivariate Cox regression analyses to identify prognostic factors that were associated with RFS.



Results

In total, 160 patients who underwent surgery for GIST were included in the study. The median survival time was 34.5 months, with 1-, 3-, and 5-year RFS rates of 96.1%, 84.7%, and 80.8%, respectively. The inflammatory and nutritional indicators with largest AUC were Systemic immunoinflammatory Index (SII) and Geriatric Nutrition Risk Index (GNRI), reached 0.650 and 0.713, respectively. The optimal cutoff of GNRI and SII were 98.3, and 820.0, respectively. Univariate analysis showed that GNRI, SII, KI67, surgery method, tumor location, tumor size, and mitotic index were all significant prognostic indicators of RFS. After multivariate Cox analysis, independent prognostic factors for RFS in GIST included tumor location, mitotic index, tumor size, and GNRI (HR=2.802,95% CI: 1.045 to 7.515, p = 0.041). Besides, SII also tended to be associated with RFS (HR = 2.970, 95% CI: 0.946 to 9.326, p = 0.062).



Conclusions

High GNRI is an independent prognostic factor for RFS in GIST, while SII can be considered as a prognostic factor. GNRI and SII can be used as tools to evaluate the prognosis of patients before surgery, helping doctors to better treat high-risk patients.
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Introduction

Gastrointestinal mesenchymal tumor (GIST) is the most common type of sarcoma with a low incidence in the population (1). However, with improvements in immunohistochemical analysis and imaging techniques such as endoscopy and ultrasound, there has been a significant increase in the reported incidence of GIST over the past 20 years (2, 3). For example, GISTs have been found in many specimens of patients undergoing bariatric surgery (4). It is reported that more than 12 per million population are currently diagnosed with GIST each year and accounting for only 0.2% of all gastrointestinal tract tumors (5). It is now believed that GIST mainly occurs from Interstitial cells of Cajal (ICC), the cells that trigger gastrointestinal motility, most commonly due to mutations in the receptor tyrosine kinase, especially in adults with mutations in the KIT or PDGFRA genes (6–8). These mutations lead to constitutive activation of tyrosine kinases and are the basis for targeted molecular therapies. Tyrosine kinase inhibitors (TKIs) are the current first-line clinical drugs (9), but the side effects such as nausea, rash, diarrhea, muscle spasm, fatigue, and periorbital edema during long-term use (10), and the high cost of the drug and the emergence of drug resistance are also reasons that patients cannot continue to use TKIs. The current recommended treatment for GIST is complete surgical resection, but postoperative recurrence is the main cause of reduced survival (11). Therefore, it is very important to identify the risk of recurrence after GIST.

Accurate evaluation of the prognosis of GIST in clinical work is conducive to the choice of subsequent treatment for patients (12). Currently, the most widely used to predict GIST prognosis are the National Institutes of Health (NIH)–Fletcher staging system, Modified NIH (mNIH), Armed Forces Institute of Pathology (AFIP) risk classification, and the American Joint Commission on Cancer (AJCC) staging system (13–16), tumor-specific parameters such as location, mitotic index, and size were included to stratify the risk of recurrence in GIST patients. Although those tumor staging systems for GIST have been developed and validated, results regarding the consistency of each model with recurrence-free survival(RFS) remain controversial. Considering the importance of estimating the risk of recurrence when selecting patients suitable for adjuvant TKI therapy, it is important to identify a risk stratification system with greater predictive power.

Recent studies have shown that inflammatory metrics such as neutrophil-lymphocyte ratio (NLR), lymphocyte-monocyte ratio (LMR), and platelet-lymphocyte ratio (PLR) are significantly correlated with RFS in GIST disease and other cancers (17–19). However, these prognostic factors are usually based on two immune-inflammatory cell types and therefore they have limited predictive reliability for clinical outcomes. Systemic Immunoinflammatory Index (SII), as a composite index based on peripheral blood platelet, neutrophil, and lymphocyte counts, has been extensively studied and has proven to be a valid predictor of prognosis in various malignancies (20–23). Nøst et al. (24) found that compared with NLR, PLR, LMR, and other indicators, SII had the strongest association with the risk of colorectal cancer and lung cancer, and the degree of association increased in the cases diagnosed within one year after recruitment. Katayama et al. (25) found that in bladder cancer, preoperative SII can identify non-muscle invasive bladder cancer patients who have worse disease and prognosis. Keit et al. (26) also found that high SII was associated with low disease control and survival rate of stage III non-small cell lung cancer. However, whether it is associated with recurrent metastasis in GIST has not been reported in a large sample of studies.

In cancer patients, especially those with digestive tract tumors, are prone to malnutrition (27). Many studies have shown that with the occurrence of malnutrition, the postoperative complications and mortality of cancer patients may increase (28). Previous articles have shown that nutritional indicators such as prognosis nutritional index(PNI) is the factor influencing GIST prognosis (29, 30). Bouillanne et al. (31) reported the Geriatric Nutrition Risk Index (GNRI), which is a new and objective nutritional assessment method, with a good effect in predicting the mortality and incidence rate of malnourished elderly people. Wang et al. (32) compared the four nutritional risk indexes Prognostic Nutritional Index (PNI), Nutritional Risk Index (NRI), Controlling Nutritional Status (CONUT) score, and GNRI to predict the prognosis of esophageal cancer. The results showed that GNRI was the most powerful predictor of the four nutritional risk indexes.

Therefore, in this study, our goal was to assess whether common inflammatory and nutritional indicators are associated with RFS in our single-center patients undergoing surgical resection of GIST.



Methods


Patients

All patients who underwent radical resection of GIST between October 2004 and July 2018 were inpatients from the Department of General Surgery at Beijing Hospital. Inclusion criteria included (1) Complete surgical resection (R0 resection); (2) Eastern Cooperative Oncology Group (ECOG) performance status score < 3; (3) age ≥18 years; (4) The postoperative survival was more than 1 month; and (5) no adjuvant TKI therapy. Exclusion criteria included (1) history with other primary tumors, (2) incomplete clinical records, (3) history with hematologic disease or infection at the time of blood work; Our study was approved by the institutional research ethics committee.



Data Collection

Clinical data were obtained retrospectively from the medical record system and included patient age, sex, height, weight,  tumor site, tumor size, and mitotic index [number of mitoses per 50 high-powered fields of view (HPF)]. Peripheral blood test data included lymphocyte, neutrophil, serum albumin, monocyte, and platelet count were also collected within 1 week before surgery. At the time of blood collection, no patient had clinical signs of infection. GNRI was calculated as GNRI = [1.489* albumin (g/L)] + [41.7* (actual body weight/ideal body weight)] and ideal weight was calculated from the Lorentz equations (WLo) (31), and when weight > ideal weight, the ratio was treated as 1, SII is defined as Platelet count × Neutrophil count/Lymphocyte count, NLR is defined as neutrophil-lymphocyte ratio, LMR is defined as lymphocyte-monocyte ratio, PNI is defined as 10×serum albumin value (g/dL)+0.005×peripheral lymphocyte count, BMI is defined as height/weight/weight.



Follow Up

Patients were followed up annually after 5 years of surgery, every 6-12 months for 3-5 years, and every 3-6 months for 2 years. The last follow-up was performed in December 2019. Recurrence-free survival (RFS) was set as the primary endpoint, defined as the time from surgery to tumor recurrence of metastasis or death. Follow-up tasks included routine peripheral blood tests, abdominal ultrasound. Magnetic resonance imaging (MRI) or computed tomography (CT) was used to judge whether there is recurrence or metastasis.



Statistical Analysis

Categorical variables were expressed in numbers and percentages. Continuous variables with normal and without normal distribution were demonstrated as mean (standard deviation[SD]) and median(interquartile range[IQR]), respectively. Categorical variables were compared by the chi-square test, and continuous variables were compared by Student t-test or Mann-Whitney U test (depending on the normal distribution or not). P-value <0.05 noted statistical significance. Baseline patient characteristics, clinicopathological variables, and outcomes were reported with the R package “Table 1”. The optimal cutoff for SII and GNRI differentiation was calculated using x-tile software, which is always used in finding the best cut-off value in survival data (33, 34). The different SII and GNRI subgroups were estimated using the Kaplan-Meier method and compared using the log-rank test. R-package “survivalROC” was used to access the accuracy of the cutoff, the higher the area under the ROC curve (AUC) value represents the higher the prediction accuracy. The Kaplan-Meier method and the log-rank test were used to plot survival curves and compared with the R package “survminer”. Univariate and multivariate analysis was performed using the Cox proportional risk model to determine independent prognostic factors for RFS with the R package “survival”. Confidence intervals (CI) were calculated at the 95% level. All statistical analyses were performed using R software.


Table 1 | Relationship between clinical characteristics and GNRI AND SII.






Results


Patient Summary

Based on the strict inclusion and exclusion criteria above, we finally retrospectively analyzed 160 patients’ information, the clinicopathological characteristics are shown in Table 1. They had a mean age of 60 ± 12 years for the whole population at the time of diagnosis, of which 56.2% were men. The gastric stromal tumor is the most common stromal tumor (71.2%), with only 28.7% at other sites. The majority of patients (71.9%) had a mitotic rate of five or fewer mitoses per 50 high-powered fields of view (HPF). The rupture occurred in only 1 of our 160 patients, and the median tumor size was 4.5 cm [2.50, 6.73]. Almost 32 (20.0%), 53 (33.1%), 27 (16.9%), and 48 (30.0%) patients were classified into very low, low, intermediate, and high-risk groups according to the mNIH GIST risk classification.



Comparison of Common Indicators and Identification of Optimal Median Points

We have performed ROC curve analysis for commonly used inflammatory and nutritional indicators in order to compare with these indexes, and the area under the curve (AUC) represents the accuracy of predicting prognosis. The results are shown in Figure 1, where the AUC of SII and GNRI are the largest, reaching 0.650 and 0.713 respectively. The ranges of GNRI, and SII were 75.9-113.2 and 116-3481, respectively. To assess the optimal cut-off values, we used X-tile to assess the optimal cut-off values for RFS, and the results are shown in Supplementary Figure 1, where their optimal cutoff was 98.3, and 820.0, respectively. We also made ROC curves at this cutoff, as shown in Figure 2, the AUC for GNRI and SII reached 0.668 and 0.826 at 1 year; the 3-year AUC was 0.727 and 0.580, and the 5-year AUC was 0.720 and 0.608, respectively, showing their high prognostic predictive power.




Figure 1 | (A) The receiver operating characteristic (ROC) analysis of inflammatory indicators. (B) The receiver operating characteristic (ROC) analysis of nutritional indicators.






Figure 2 | The receiver operating characteristic (ROC) analysis of GNRI and SII. (A) The areas under the curve (AUC) in 1 year for GNRI and SII were 0.668 and 0.826; (B) The areas under the curve (AUC) in 3 years for GNRI and SII were 0.727 and 0.580; (C) The areas under the curve (AUC) in 5 years for GNRI and SII were 0.720 and 0.608.





Correlation of GNRI and SII With Clinicopathological Features

To verify the relationship between GNRI and SII and clinicopathological features, we performed a correlation analysis, and the results are displayed in Table 1. The gender and age were no significant differences between the high and low GNRI groups (p = 0.112, p= 0.459). However, tumor size, mitotic index, proliferation index ki67, BMI, surgery method, and NIH risk category are all correlated with GNRI classification (all p < 0.05). SII did not correlate with gender (p = 0.082), but correlated with age, the older patients with the higher inflammation (p = 0.013), while proliferation index, size and NIH classification were also correlated to SII (p < 0.001, p = 0.013, p=0.007), Median survival was also significantly higher in patients with low systemic inflammatory index (p = 0.002).



Survival Analysis and Subgroup Analysis

The RFS rates of GIST were 96.1%, 84.7%, and 80.8% at years 1, 3, and 5, respectively. Among all patients, 10 patients (6.25%) experienced tumor recurrence and metastasis. Patients in the high GNRI group’s 3-year and 5-year RFS rates were 93.95% and 91.96%, while 66.99% and 60.19% in the low GNRI group, as shown in Figure 3A. In the SII analysis, the overall RFS was also all different, Patients in the low SII group had significantly higher RFS than those in the high SII group (3-year RFS rate of 86.82% versus 68.90% and 5-year RFS rate of 83.82% versus 55.10%, as shown in Figure 3B). We also performed subgroup analysis in young and old people, and the results showed in Figure 4 that GNRI not only distinguishes between high- and low-risk patients in older patients (p=0.003) but also in younger patients (p=0.001). But in different SII classes, only the elderly had a significant difference (p=0.001), there was no significant difference in the young (p=0.44). In addition, we performed a subgroup analysis of the different mNIH classifications to determine the ability to differentiate at different stages and the results are shown in Figure 5, for GNRI there was no significance at the intermediate stage (p=0.49) but significant at the low and high-risk stages (p<0.05). However, for SII there was significance in the intermediate stage (p=0.019) and a higher prognosis for low inflammatory index, but not in the other stages (p>0.05).




Figure 3 | (A) Kaplan–Meier survival curves for RFS according to the SII; (B) Kaplan–Meier survival curves for RFS according to the GNRI.






Figure 4 | (A) Kaplan–Meier survival curves for RFS according to the GNRI in very age <60 years and age > 60 years; (B) Kaplan–Meier survival curves for RFS according to the SII in very age <60 years and age > 60 years.






Figure 5 | (A) Kaplan–Meier survival curves for RFS according to the GNRI in different mNIH stage; (B) Kaplan–Meier survival curves for RFS according to the SII in different mNIH stage.





Univariate and Multivariate Analyses

To further analyze the factors affecting the RFS, we performed univariate and multifactorial cox analyses, and the results are presented in Table 2. In the univariate analysis, sex, age, and Ecog score were not risk factors (p>0.05), the other factor such as GNRI, SII, KI67, surgery method, tumor site, tumor size, and mitotic index are remarkable predictors of RFS. Incorporation of the above indicators into multivariate analysis revealed GNRI (HR=2.802,95% CI: 1.045 to 7.515, p = 0.041), tumor site (HR=2.566,95% CI: 1.020 to 6.453, p = 0.045), mitotic index (HR=3.182,95% CI: 1.567 to 6.462, p = 0.001) and tumor size (HR = 1.918, 95% CI: 1.035 to 3.556, p = 0.039) were independent prognostic factors for GIST, in addition SII also tended to be associated with prognosis (HR = 2.970, 95% CI: 0.946 to 9.326, p = 0.062), the results of the multifactorial analysis are also shown in Forest (Figure 6).


Table 2 | Univariate and multivariate analysis of the prognostic factors for recurrence-free survival in patients with GIST.






Figure 6 | The forest plot of hazard ratio after multivariate Cox regression analysis.






Discussion

GIST is the most common sarcoma, and the most common and effective treatment is surgical resection with negative margins, but recurrence and metastasis of the original disease after surgery are important reasons for the shortened survival time. Therefore, it is particularly important to predict the risk of recurrence and metastasis, thus assisting in the early clinical screening of patients with a poor prognosis for targeted therapy.

Chronic inflammation has been previously reported to be associated with long-term prognosis in various cancers (35). Previous studies have shown that peripheral biomarkers of blood PLR and NLR have been correlated with recurrence-free survival and overall survival after gastrointestinal mesenchymal tumor surgery (36, 37). They have also been shown to have independent prognostic utility for a variety of cancers, including esophageal, ovarian, pancreatic, colorectal, and endometrial malignancies (38–40). However, the above metrics are all ratios of two blood indicators, and SII has recently been found to be more accurate in predicting survival in many cancers (41, 42), but no large-sample studies have yet examined the relationship between SII and GIST outcomes. We retrospectively analyzed the data and we found that RFS was significantly better in the low SII group, 3- and 5-year RFS rates for patients with low SII (≤ 820) were 86.82% and 83.82% compared with 68.90% and 55.10% for patients with higher SII (> 820). And in the univariate analysis showed that it was a risk factor for RFS, while correcting for multiple factors showed that it was not significant (the HR = 2.970, 95% CI: 0.946 to 9.326, p = 0.062), which we believe is also suggestive for prognosis. To further test their ability for prognosis, we tested their ROC curves, and the area under the curve reached 0.608 in 5-year recurrence-free survival, representing its good predictive function for recurrence-free survival. However, in subgroup analysis, the performance of SII was a little poor, only in the elderly and patients with intermediate stage, showing a good ability to distinguish.

As a composite index based on peripheral blood platelet, neutrophil, and lymphocyte count, patients with elevated SII count usually present with elevated inflammatory status and a weakened immune response. The prediction for tumor recurrence and metastasis can be elucidated by their relationship with circulating tumor cells (CTCs). Elevated platelets can interact with tumor cells through different mechanisms to promote tumor cell epithelial-mesenchymal transition for metastasis (43). Neutrophils have been reported to have the ability to enhance cancer cell invasion, proliferation, and metastasis by establishing a tumor microenvironment (44). Peripheral lymphocytes are significantly correlated with tumor-infiltrating lymphocytes(TIL). When the circulating lymphocytes decrease, the infiltrating lymphocytes also decrease, so the ability to fight cancer cells decreases, leading to a poor prognosis (45). Activated lymphocytes play a fundamental role in cell-mediated immune destruction of host cancer cells (46). All of these may lead to more tumor cells spreading into the circulatory system, evading immune surveillance, and ultimately increasing peripheral CTC levels.

Furthermore, it is well known that malnutrition will increase the incidence of postoperative complications, which harms long-term survival. Timely nutritional support can reduce the incidence of postoperative complications and hospitalization rates (47). GNRI is a modification of the Nutritional Risk Index (NRI) because NRI requires current weight divided by previous weight, but since many elderly or other patients do not weigh themselves often or forget their previous weight, the authors further corrected NRI by calculating ideal weight instead of previous weight, so GNRI is more accurate and convenient in practice. GNRI serves as a valid predictor which has been reported to be a prognostic factor of many cancers, such as pancreatic cancer (48), advanced non-small cell lung cancer (49), large B cell lymphoma (50), gastric carcinomas (51), and so on. But there is no relevant research in GIST. We were the first to demonstrate that GNRI was the risk factor for patients with GIST. The optional cutoff value is 98.3, which is similar to the cutoff values in other cancers and studies (52). We found that RFS was significantly better in the high GNRI group, 3- and 5-year RFS rates for patients with high GNRI (>98.3) were 93.95% and 91.96% compared to 66.99% and 60.19% for patients with low GNRI group. The GNRI was initially set up as a model formula primarily to include the elderly population because it is difficult to remember their previous weight for calculation. For many young people, they also face the situation that their previous weight is not very accurate. Using the ratio of current weight to ideal weight is more reflective of the specific nutritional status of the current patient, so does GNRI apply to young people as well? Related studies have shown its applicability to younger patients as well (53, 54). In this study, we further conducted subgroup analysis in the young and the elderly, as showed in Figure 4, the survival curves of the two groups were both significant. The performance is also great at different mNIH stages, especially in high-risk stage, the prognosis of patients with high GNRI is significantly better, so doctors can target therapy or expand surgery for high-risk patients with low GNRI.

GNRI was composed of serum albumin level and body weight ratio [actual body weight (ABW)/ideal body weight (IBW)], and the ratio of ABW and IBW can more objectively reflect the weight changes in oncology patients due to tumor depletion. Hypoalbuminemia has been proved to be a harmful consequence of many malignant tumors. The decrease of albumin reduces the body’s ability to cope with variable stresses, such as malignant tumors and surgery (55). GIST can lead to a variety of digestive symptoms, as intestinal obstruction and gastrointestinal bleeding, constipation, and diarrhea (56). These factors may contribute to impaired nutritional status. In this study, the bigger tumor, higher KI67, and higher mitotic index related to the low GNRI, which proves that the growth of the tumor consumes more energy, leading to malnutrition and poor prognosis. Therefore, GNRI can be considered a convenient and useful biomarker for assessing the preoperative prognosis of GIST patients. Furthermore, the results in the multifactorial analysis showed that tumor size, tumor site, and mitotic index (per 50HPF) were also risk factors, and this obtained conclusion is consistent with the results of existing guidelines.

This study also has several limitations. Firstly, previous studies have shown that tumor rupture is also an important prognostic factor, but in the present study, only one patient presented with tumor rupture, which may cause too much bias when including multiple factors and therefore was not included in the multifactorial analysis. In addition, patients with GIST who received adjuvant TKI therapy were excluded. Therefore, it may be a kind of selection bias while excluding some patients with intermediate or high-risk tumors. Then, this was a single-institution retrospective study. Ultimately, further larger samples and studies are needed to demonstrate the independent association between peripheral biomarkers SII, GNRI, and long-term oncologic outcomes.



Conclusion

In conclusion, GNRI and SII are simple and useful markers to predict the RFS after surgical resection of gastrointestinal stromal tumors. To our knowledge, this is the first large-scale study to demonstrate the prognostic importance of SII and GNRI in patients with GIST, especially GNRI. We believe that these indicators can not only help determine whether to proceed with adjuvant therapy but also help determine the scope and method of the surgery.
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