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Background: Currently, the incidence of gastrointestinal stromal tumors (GIST) is increasing rapidly worldwide. Malnutrition may increase the risk of perioperative complications and affect the prognosis of patients. However, previous studies on the nutritional status of GIST patients and its impact on prognosis are limited. Therefore, this study aims to explore the incidence of malnutrition in newly diagnosed GIST patients, the proportion of participants in need of nutritional intervention, and the relationship between nutritional status and overall survival (OS).

Methods: We retrospectively analyzed the clinical data of GIST patients treated in our hospital from January 2014 to January 2018. Nutritional Risk Screening 2002 (NRS2002) and Patient-Generated Subjective Global Assessment (PG-SGA) were used to assess the nutritional status of all patients. This study was to investigate the clinical significance of PG-SGA by analyzing the relationship between PG-SGA score and OS.

Results: A total of 1,268 newly diagnosed GIST patients were included in this study, of which 77.76% were at risk of malnutrition (NRS2002 score ≥ 3), and the incidence of malnutrition was 10.09% (PG-SGA score ≥ 4). Meanwhile, we found 2.29% of the patients required urgent nutritional support (PG-SGA score ≥ 9). Multivariate analysis showed that age (p = 0.013), BMI (p = 0.001), weight loss (p = 0.001), anemia (p = 0.005), pre-albumin (p = 0.010), albumin (p = 0.002), tumor location (p = 0.001), tumor size (p = 0.002), and NIH classification (p = 0.001) were risk factors for nutritional status. The prognosis was significantly in GIST patients with different PG-SGA score at admission (p < 0.05).

Conclusion: This study suggested that malnutrition is common in newly diagnosed GIST patients, and the higher the PG-SGA score, the worse the clinical outcome.
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INTRODUCTION

Gastrointestinal stromal tumors (GIST) is the most common mesenchymal tumor in the gastrointestinal tract, which is often caused by the mutation of KIT and PDGFRA genes (1, 2). The incidence of GIST is increasing at an alarming rate worldwide (3). Numerous studies have demonstrated that nutritional deficiency account for about 85% of all patients diagnosed with cancer, of whom about 50–90% have weight loss and malnutrition at the beginning of treatment (4–6). Malnutrition in patients with malignant tumors can lead to low immune function, increase perioperative infection rates, prolong hospitalization time, increase medical costs, and more importantly, affect quality of life and prognosis (7–9). In addition, the relative risk of cancer deaths caused by malnutrition is 1.8 times that of patients without malnutrition (10, 11). Therefore, it is of great importance to assess the nutritional status of patients during cancer treatment to comprehensively evaluate their tolerance to treatment.

The incidence of malnutrition in gastrointestinal tumors, especially upper gastrointestinal tumors, is higher than that in non-gastrointestinal tumors (12, 13). However, most studies investigating the gastrointestinal tumors focus on the nutritional status of non-GIST cancers, such as gastric cancer and colon cancer, while few people pay attention to the nutritional status of GIST patients, and there is no consensus on nutritional guidelines for GIST patients. As the symptoms of GIST are usually non-specific, most patients are in advanced stage at the time of diagnosis. The oppression or obstruction caused by the tumor leads to malabsorption. This results in higher risk of malnutrition, especially in patients undergoing perioperative treatment and patients with advanced and recurrent metastasis (14, 15). Therefore, correction of the malnutrition in GIST patients is particularly important for improving the quality of life and significantly prolonging the survival period.

Currently, the nutritional assessment for patients with malignant tumors generally adopts anthropometric measurements, serum biochemical indicators, Nutritional Risk Screening 2002 (NRS2002), and Patient-Generated Subjective Global Assessment (PG-SGA). According to the expert consensus of the European Society of Parenteral and Enteral Nutrition (ESPEN), once patients are diagnosed with malignant tumors, NRS2002 is the first choice for screening and assessment of nutritional status, and PG-SGA is the preferred tool for assessment (16, 17). In addition, PG-SGA was also accepted as a nutritional assessment standard for cancer patients by the Oncology Nutritional Dietetic Practice Group of the American Diet Association (18).

However, there is no standard nutritional assessment method for newly diagnosed GIST patients. And there is no conclusion the preferred choice of assessment tool for nutritional status in GIST patients. Moreover, studies on the nutritional assessment of GIST patients are scarce, with only very few studies on the application of NRS2002 combined with PG-SGA in the evaluation of newly diagnosed GIST patients. Therefore, the purpose of this study is to use the NRS2002 combined with PS-SGA score to evaluate the nutritional status of newly diagnosed GIST patients and analyze the impact of their nutritional status on prognosis.



METHODS AND MATERIALS


Patient Section

This study retrospectively analyzed the medical data of 1,268 patients with newly diagnosed GIST admitted to the Fourth Hospital of Hebei Medical University from January 2014 to January 2018. Inclusion criteria were as follows: (1) pathological diagnosis was GIST; (2) without preoperative antitumor treatment; and (3) complete follow-up and clinical data. Exclusion criteria were as follows: (1) the patient had accepted antitumor therapies before surgery; (2) patients with cognitive impairment or other acute psychological problems; (3) without complete medical records and laboratory results; (4) the patient lost post-operative follow-up. This study was tested and approved by the ethics committee of The Fourth Hospital of Hebei Medical University, and the patients provided informed consent.



Assessment Method

All patients were screened by NRS2002 score after admission. The score ≥3 indicates a risk of malnutrition in patients, which needs further assessment by PG-SGA. PG-SGA score includes patient self-assessment and medical staff assessment, which includes seven areas. Patients' self-assessment includes weight changes, dietary intake, self-reported symptoms, activities and function, and medical staff assessment includes nutrition-related disease status, metabolic status, physical examination. Each of these seven areas is given a score of 0–4, and the sum of scores obtained in each area is divided into quantitative and qualitative evaluations, thus providing guidance on the level of nutrition and drug intervention required by each patient. Quantitative evaluation is defined as follows: PG-SGA score of 0–1 indicates that nutritional support not required and treatment in the future based on routine re-evaluation, 2–3 points indicate malnutrition or suspected malnutrition, 4–8 points indicate moderate malnutrition, and ≥9 points indicate severe malnutrition. Qualitative evaluation indicates that patients with score of 4–8 need nutritional intervention and symptomatic treatment, and patients with score ≥9 need urgent symptomatic treatment and appropriate nutritional support before anti-tumor treatment.



Clinicopathological Parameters and Definitions

We collected the basic data of newly diagnosed GIST patients including gender, age, weight, etc. Laboratory tests include routine blood tests and biochemical tests. Preoperative examination included abdominal computed tomography (CT), nuclear magnetic resonance imaging (MRI) and gastrointestinal endoscopy. Pathology and gene detection included tumor location, tumor size, mitotic count, immunohistochemistry, risk classification, c-kit exons 9, 11, 13 and 17, and PDGFRA exons 12 and 18. The risk classification standard we adopted is the 2008 version of the improved National Institutes of Health (NIH) classification (19).



Follow-Up

All patients were recommended to have a follow-up visit every 3 months in the first 2 years, and every 6 months after 2 years. All patients were followed up as outpatients. The latest follow-up date was in December 2020, and the median follow-up time was 68.6 months (range 16–76 months). The total survival time was calculated from diagnosis to death or the last follow-up. Overall survival (OS) was defined as time interval from operation to tumor-related death or last contact, and OS was the preferred destination.



Statistical Analyses

We provided PG-SGA standard questionnaires for all newly diagnosed GIST patients admitted to the Third Department of the Fourth Hospital of Hebei Medical University. Software of SPSS version 21.0 and GraphPad Prism 5.01 were utilized to perform statistical analyses. Anthropometric measurement and PG-SGA scores were expressed in the form of descriptive statistics (mean, standard deviation, and frequency), respectively. The t test, ANOVA test, and correlation analysis were used to statistically evaluate the degree of correlation between these factors and the PG-SGA score. Survival analysis was performed using the Kaplan-Meier method. Univariate and multivariate analyses were investigated by the Cox proportional hazards regression model. The hazard ratio (HR) and 95% confidence interval (CI) were used to assess relative risks. P value < 0.05 was regarded as statistical difference significantly.




RESULTS


Clinicopathological Features of Newly Diagnosed GIST Patients

A total of 1,268 patients were admitted from January 2014 to January 2018, including 887 cases (69.95%) of tumors located in the stomach, 54 cases (4.26%) in the duodenum, 235 cases (18.53%) in the intestine, 30 cases (2.37%) in the colon, and 62 cases (4.89%) in the mesentery. All GIST patients were confirmed by pathology. There were 665 males (52.44%) and 603 females (47.56%), with a median age of 59 (19–76) years old. The median diameter of the tumor was 6 (2.3–15.4) cm, and the median nuclear mitotic figure was 5 (3–13) / 50HPF (Table 1).


Table 1. General and tumor characteristics of study participants (n = 1268).
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Nutritional Status of Newly Diagnosed GIST Patients

Figure 1 presents the nutritional risk and assessment of 1,268 newly diagnosed GIST patients. A total of 1,268 newly diagnosed GIST patients were screened by NRS2002, and 986 patients (77.76%) had the risk of malnutrition (NRS2002 score ≥ 3), while 282 patients (22.24%) did not have the risk of malnutrition (NRS2002 score <3). The PG-SGA evaluation of 1,268 patients showed that 64.11% of the patients scored 0–1 points, indicating a good nutritional status, and nutritional support was not needed. 23.50% of the patients scored 2–3 points, so only nutritional guidance was needed. And 10.09% of the patients scored 4–8 points, indicating that there was mild/moderate malnutrition, and nutritional intervention and treatment were needed. 2.29% patients scored >9 points, indicating severe malnutrition and urgent need for symptomatic treatment and adequate nutritional support. This study also found that only 117 (74.52%) of the 157 patients who needed nutritional intervention (PG-SGA score ≥ 4) received nutritional support one week before the treatment. 2.37% of patients received parenteral nutrition (PN) support, 12.07% received enteral nutrition (EN) support, and 2.13% received both EN and PN support. In addition, we also found that 93 patients (7.33%) with good nutrition (PG-SGA score <4) received nutritional support treatment (Table 2).


[image: Figure 1]
FIGURE 1. Nutrition screening and assessment of 1,268 newly diagnosed GIST patients.



Table 2. Patient-generated subjective global assessment classification and nutritional therapy situation (N = 1,268).
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According to 2008 version NIH stromal tumor risk classification standard, 1,268 patients were divided into four groups. There were 137 patients in the extremely low risk group, 7 (5.11%) of whom were at risk of malnutrition. There were 309 cases in the low-risk group, of which 40 (12.94%) patients had the risk of malnutrition. There were 543 patients in the moderate-risk group, 220 (40.52%) of whom were at risk of malnutrition. There were 279 cases in the high-risk group, of which 188 (67.38%) patients had the risk of malnutrition. The comparison between groups showed that the risk of malnutrition in the high-risk group was significantly higher than that in the other three groups (p < 0.05) (Table 3).


Table 3. The relationship between risk classification and incidence of nutritional risk in newly diagnosed GIST patients (N = 1,268) [n(%)].
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A total of 1,268 patients were divided into five groups according to the location of tumor. Among the 887 cases of gastric stromal tumors, 282 cases (46.61%) had malnutrition risk, while 96 of the 235 patients with intestinal stromal tumors were at risk of malnutrition (40.85%). There were 54 patients with duodenal tumors and 30 patients with colonic tumors, with 25 cases (46.30%) and 10 cases (33.33%) at risk of malnutrition, respectively. Meanwhile, there were 62 cases of stromal tumors in mesentery, and 42 cases (67.74%) had malnutrition risk. The comparison among groups showed that the risk of malnutrition in patients with mesentery stromal tumors was significantly higher (p < 0.05) (Table 4).


Table 4. Location of gastrointestinal stromal tumors and incidence of nutritional risk (N = 1,268) [n(%)].

[image: Table 4]



Analysis of Related Factors Affecting PG-SGA Score

Our study revealed the relationship between PG-SGA of newly diagnosed GIST patients scores and possible related factors. The PG-SGA related factors were patients' age (p = 0.013), BMI (p = 0.001), weight loss (p = 0.001), anemia (p = 0.005), pre-albumin (p = 0.010), albumin (p = 0.002), tumor location (p = 0.001), tumor size (p = 0.002), and NIH classification (p = 0.001) (Table 5).


Table 5. Analysis of PG-SGA score with factors affecting nutritional status.
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Treatment and Prognosis of Newly Diagnosed GIST Patients

Among 1,268 newly diagnosed GIST patients, 1,046 patients (82.49%) underwent direct surgical resection, and 222 patients (17.50%) received imatinib targeted therapy due to large tumor size. All patients were followed up for a median of 68.6 months (range 16–86). The 5-year OS rate was 74.61%, and the median survival time was 42.7 months (range 13–74). The 5-year OS rate of patients with NRS2002 score <3 was 79.79%, while that of patients with NRS2002 score ≥ 3 was only 73.12%(p = 0.007, Figure 2A). According to different PG-SGA scores, the stratified analysis of 1,268 patients with PG-SGA evaluation showed that the 5-year OS of patients with PG-SGA score of 0–1 and 2–3 was 78.60 and 73.93%, respectively, which was significantly better than that of patients with PG-SGA score > 3 (p < 0.001, Figure 2B). The prognosis of GIST patients with different PG-SGA scores in nutritional therapy and without any intervention was shown in Figure 3. For patients with PG-SGA score <4, there was no significant difference in prognosis between nutritional therapy and non-nutritional intervention (p = 0.164, 0.251). However, for patients with PG-SGA score of 4 ~ 8, especially those with PG-SGA score ≥ 9, nutritional therapy significantly improved the prognosis of patients, and the survival time was better than that of patients without nutritional intervention (p = 0.025, 0.001).


[image: Figure 2]
FIGURE 2. Kaplan-Meier survival curves in patients with newly diagnosed GIST patients. (A) Overall survival based on NRS2002 scores; (B) Overall survival based on PG-SGA scores.
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FIGURE 3. The prognosis of GIST patients with different PG-SGA scores in nutritional therapy and without any intervention. (A) PG-SGA scores: 0~1; (B) PG-SGA scores: 2~3; (C) PG-SGA scores: 4~8; (D) PG-SGA scores: ≥9.


Univariate and multivariate analysis showed that PG-SGA score (p = 0.001, HR = 1.638, 95%CI: 1.259–2.441), pre-albumin (p = 0.033, HR = 0.687, 95%CI: 0.548–0.861), BMI(p = 0.011, HR = 1.321, 95%CI: 0.925–1.874), NIH classification (p = 0.000, HR = 2.805, 95%CI: 2.241–3.510), nutritional therapy(p = 0.012, HR = 1.267, 95%CI: 0.987–1.762) were independent risk factors affecting the 5-year OS rate of newly diagnosed GIST patients (Table 6).


Table 6. Univariate and multivariate analyses for OS in patients with newly diagnosed GIST.
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DISCUSSION

GIST is the most common mesenchymal tumor in the gastrointestinal tract, accounting for about 2% of gastrointestinal tumors, which can occur throughout the gastrointestinal tract, also can occur in the mesangium, pelvis and retroperitoneum (20, 21). Due to the lack of specific manifestations of GIST, clinical symptoms such as gastrointestinal bleeding, abdominal pain and discomfort or abdominal mass often occur (22). The best time for early treatment has been delayed after symptom deterioration, and the 5-year survival rate has been greatly affected. Meanwhile, cancer patients are often accompanied by malnutrition in the initial diagnosis, especially digestive tract malignant tumors (23).

Our retrospective study was the first to investigate the nutritional status of newly diagnosed GIST patients and possible factors leading to malnutrition by NRS2002 combined with PG-SGA score. We found that 12.38% of newly diagnosed GIST patients were malnourished, and 2.29% of them needed urgent management to relieve malnutritional symptom and/or nutritional support. This is similar to the results of previous study conducted by Guo et al. (24) that the incidence of malnutrition was 12%, and the risk of malnutrition was 34%. Our results also discovered that malnutrition was common in newly diagnosed GIST patients, and these patients would need prompt nutrition and dietician education and guidance. This may be due to recurrent gastrointestinal symptoms such as anorexia and anorexia in GIST patients, which further leads to weight loss. In addition, the rapid growth of tumors, abdominal recurrence and systemic metastasis increased nutrition consumption, resulting in malnutrition in patients. Moreover, we found that the risk of malnutrition in patients in the high-risk group and in patients with tumors located in the mesentery was significantly higher than that in other groups.

We further analyzed the factors affecting PG-SGA score and found that tumor location and tumor risk classification were independent risk factors. Furthermore, we found that the PG-SGA score was closely related to the OS of patients. The 5-year OS rates of patients with 0–1 score were better than those of other groups, especially those with ≥4 scores. The higher PG-SGA score was associated with worse prognosis. These findings have also been supported by other studies. Ge et al. found that the nutritional status of patients with gastrointestinal cancer determines the quality of life during subsequent treatment (18). In addition, Tan et al. found that nutritional status assessed by PG-SGA may be a predictor of prognosis in patients with advanced cancer, especially in patients with gastrointestinal tumors (25). In view of these results, we speculate that PG-SGA score may exert a more effective value in evaluating the prognosis of newly diagnosed GIST patients.

There are still some limitations in our research. First, this study was a single-center retrospective study with limited number of cases. Second, only OS was investigated due to the lack of data on progression-free survival and quality of life. Therefore, further multicenter, prospective studies to more comprehensively assess the prediction values of NRS2002 combined with PG-SGA score on risk of adverse clinical outcomes in patients with GIST are still needed.



CONCLUSION

In this study, NRS2002 combined with PG-SGA score was used to evaluate the nutritional status of newly diagnosed GIST patients in China for the first time to the best of our knowledge. About 12.38% of GIST patients had malnutrition at the time of diagnosis, and more than 1/10 of GIST patients needed urgent nutritional intervention and management. More attention should be paid to the nutritional status of GIST patients, especially those with high risk of malnutrition, such as elderly patients and tumors located in the mesenteric. These high-risk patients should be timely PG-SGA assessment, and give nutritional education and necessary nutritional support.
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