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Relationship Between Nutritional Status and Clinical Outcome in Patients With Gastrointestinal Stromal Tumor After Surgical Resection
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Background: Currently, gastrointestinal stromal tumors (GIST) are the most common mesenchymal tumors in the gastrointestinal tract, and surgical resection is the main treatment. Malnutrition after gastrointestinal surgery is not uncommon, which may have adverse effects on postoperative recovery and prognosis. However, the nutritional status of GIST patients after surgical resection and its impact on clinical outcomes have received less attention. Therefore, the aim of this study was to dynamically evaluate the nutritional status of GIST patients undergoing surgical resection, and to analyze the correlation between nutritional status and clinical outcomes.

Methods: We retrospectively analyzed the clinical data of GIST patients who underwent surgical resection in the Fourth Hospital of Hebei Medical University from January 2016 to January 2020. Nutritional risk screening 2002 (NRS2002) and Patient-Generated Subjective Global Assessment (PG-SGA) were used to assess the nutritional status of all patients at admission and discharge, and the correlation between nutritional risk and clinical outcomes was analyzed.

Results: A total of 413 GIST patients were included in this study, among which 114 patients had malnutrition risk at admission (NRS2002 score ≥ 3), and 65 patients had malnutrition (PG-SGA score ≥ 4). The malnutrition risk rate (27.60 vs. 46.73%, p < 0.001) and malnutrition incidence (15.73 vs. 37.29%, p < 0.001) at admission were lower than those at discharge. Compared with the laboratory results at admission, the albumin, prealbumin, and total protein of the patients at discharge were significantly lower (all p < 0.05). And there was a negative correlation between PG-SGA and clinical outcome (all p < 0.05).

Conclusion: The nutritional status of GIST patients after surgical resection at discharge was worse than that at admission, and malnutrition is an important risk factor leading to poor clinical outcomes.
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INTRODUCTION

Presently, gastrointestinal stromal tumors (GIST) are increasing rapidly worldwide, mostly due to mutations in KIT and PDGFRA genes (1, 2). In recent years, with the advancement of molecular biology research on GIST, the treatment mode has made breakthrough progress, but surgical resection is still the mainstay and most effective treatment for GIST (3–5). However, some patients experienced nutritional deterioration after surgery, especially in patients undergoing gastrointestinal resection, which often resulted in reduced food intake and weight loss. Numerous studies have demonstrated that malnutrition is consistently associated with negative outcomes, such as high perioperative infection rates, long hospitalization time, and short survival time (6–8).

However, until now, numerous studies focused on the nutritional status of patients such as gastric cancer and other malignant cancer, while few people pay attention to the nutritional status of GIST patients, especially those with surgical resection at discharge (9–11). Our previous study has found that 77.76% of newly diagnosed GISTs were at risk of malnutrition (Nutritional risk screening 2002 score ≥ 3), and the incidence of malnutrition was 10.09% (Patient-Generated Subjective Global Assessment score ≥ 4) at admission (12). This suggests that malnutrition is common in newly diagnosed GIST patients on admission. Similarly, the nutritional status assessment of GIST patients after surgical resection at discharge is equally important and requires attention. Meanwhile, there are a large number of published studies showing that malnutrition in surgical patients after discharge, which will affect the quality of life of patients and lead to delayed postoperative treatment and increased mortality (13–15). However, the relationship between nutritional status and clinical outcomes of GIST patients after surgical resection is also unclear. Therefore, attention to malnutrition in GIST patients will be particularly important for improving the quality of life and significantly prolonging the survival period.

Currently, many nutritional guidelines recommend standardized nutritional supports, including nutritional screening, assessment, intervention, and monitoring. Among them, the nutritional screening is the first step, and NRS2002 is the recommended screening tool (16–22). Meanwhile, PG-SGA is a nutritional assessment method developed on the basis of Subjective Global Assessment (SGA) designed specifically for cancer patients (23). It has been confirmed by clinical studies in various countries that it can be used for nutritional assessment of tumor patients and is an effective tool for evaluating the specific nutritional status of tumor patients (24). In addition, the physical measurement indexes including body weight, body mass index (BMI), and grip strength, as well as blood biochemical parameters including lymphocytes, albumin, and prealbumin, are also commonly used to evaluate the nutritional status of patients (25, 26).

At present, there is no standard nutritional evaluation method for GIST patients undergoing surgical resection, and there is no consensus on which evaluation method will be the best choice. Moreover, there are few studies on the application of NRS2002 combined with PG-SGA in the perioperative assessment of GIST patients. Therefore, in the present study, we used NRS2002 combined with PG-SGA and other nutritional indicators to evaluate the nutritional status of patients with GIST after surgical resection, in order to clarify whether postoperative nutritional status is related to adverse clinical outcomes.



METHODS AND MATERIALS


Patient Section

This study retrospectively analyzed the medical data of 413 GIST patients who underwent surgical resection in our hospital from January 2016 to January 2020. Inclusion criteria were as follows: (1) pathological diagnosis was GIST; (2) radical surgical resection; (3) without preoperative anti-tumor treatment; (4) completion of Quality of Life Questionnaire; and (5) detailed and complete 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) those without complete medical records and laboratory results; (4) inpatients who were admitted due to surgical emergency; (5) patients who refused to accept assessment or do not sign informed consent. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. 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 completed anthropometry, NRS2002 screening, PG-SGA assessment, and blood biochemical parameters examination within 24 h after admission and 24 h before discharge, and NRS2002 screening and PG-SGA evaluation were evaluated by the same group of physicians. The anthropometry of patients included weight, upper arm circumference, and grip strength. The blood biochemical parameters examination included serum hemoglobin, albumin, prealbumin, and total protein, etc. All patients were screened by NRS2002 score after admission, and the score was ≥3, indicating that there was a risk of malnutrition in patients. PG-SGA score includes patient self-assessment and medical staff assessment, which includes seven areas (27). Patients' self-assessment includes weight changes, dietary intake, eating symptoms, and physical activity and function. Medical staff assessment includes nutrition-related disease status, metabolic status, and 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 results are 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 (27).



Quality of Life Assessment

The quality of life of patients was assessed using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire Core 30 (EORTC-QLQ-C30) 3.0 version, which was composed of 30 items, including five functional scales (physical, role, emotional, cognitive and social functioning functions), three symptom scales (fatigue, nausea/vomiting, and pain), a global health status/quality of life domain and six single symptoms (dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial problems) (28). The functional and symptom scale score was divided into four grades, and the direct score was 1 (no) to 4 (very). The global health scale score was divided into seven grades, and the score was 1 (very poor) to 7 (very good) according to the patient's response options. The mean value of each subscale was linearly converted to the range of 0–100 scores. Higher scores in global health status and functional scales indicate better quality of life, whereas higher scores in the symptom scales indicate more severe symptoms. In this study, all patients were investigated by EORTC-QLQ-C30 questionnaire 1 month after discharge.



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 (29).

Meanwhile, the clinical related outcome indicators were recorded, including hospitalization time, complications, and expenses. The hospitalized complications included infectious complications and other complications. Infectious complications are defined as the presence of pathogens in the body's original sterile tissues and confirmed by pathogen culture results, or there are clinical symptoms and signs, imaging or hematological evidence related to infection (30). The discharge standard is as follows: patients can live self-care, normal urination, normal body temperature, and no need for intravenous infusion (31).



Statistical Analyses

All statistical analyses were performed using SPSS 21.0 soft-ware (IBM, Armonk, NY, USA) and GraphPad Prism 8.01 (GraphPad Software, San Diego, California). All continuous variables are tested for normal distribution by Kruskal-Wallis test. The variable of normal distribution is represented by mean ± standard deviation, and the variable of non-normal distribution is represented by median. The classification variables were compared by χ2 or Fisher exact test, and the continuous variables were compared by independent t-test or Mann-Whitney U-test. Logistic regression analysis was used for multivariate analysis of the risk of postoperative complications. According to the potential confounding factors, multiple linear regression analysis was used to evaluate the correlation between nutritional indicators (NRS2002, PG-SGA, weight, upper arm circumference, grip strength, serum hemoglobin, albumin, prealbumin, and total protein) and EORTC-QLQ-C30 scale. P-value < 0.05 was regarded as statistical difference significantly.




RESULTS


Patient Characteristics

Between January 2016 to January 2020, 413 GIST patients were screened for inclusion. According to the 2008 version of NIH stromal tumor risk classification standard, 92 cases (22.28%) of high risk group, tumor location is mostly mesentery; there were 154 cases (37.29%) in the middle risk group, and 144 cases (34.86%) in the low risk group, while 23 cases (5.57%) in the very low risk group were all located in the stomach (Figure 1A). All GIST patients were confirmed by pathology and underwent R0 resection, including 23 cases of combined organ resection. Among these 23 patients, there were 8 cases of combined splenectomy, 6 cases of partial hepatectomy, 5 cases of pancreatic tail resection, 2 cases of cholecystectomy, 1 case of oophorectomy, and 1 case of partial bladder resection. After surgical resection, 413 patients with postoperative pathology of high-risk group (22.28%) and medium-risk group (37.29%) were treated with oral targeted drug imatinib, while patients in low-risk group and extremely low-risk group were regularly reviewed. Other baseline demographic and clinical features of the whole group are shown in Table 1.


[image: Figure 1]
FIGURE 1. Baseline data of 413 GIST patients at admission. (A) Disease distribution according to different tumors; (B) NRS2002 nutritional risk screening; (C) PG-SGA nutritional assessment; (D) Other nutrition-related indicators (Mean).



Table 1. Patient baseline demographic and clinical characteristics at admission.
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All patients underwent NRS2002 screening and PG-SGA assessment at admission, and Figures 1B,C show the nutritional risk and assessment of 413 GIST patients on admission. Among them, 114 patients (27.60%) had the risk of malnutrition (NRS2002 score ≥ 3), and 65 patients (15.74%) had malnutrition (PG-SGA score ≥ 4). Meanwhile, the average weight of all patients at admission was 63.3 Kg, and the average grip strength was 25.0 Kg. The average values of laboratory-related nutritional indicators such as serum albumin, prealbumin and total protein were 42.3 g/L, 236.0 mg/L, and 62.9 g/L, respectively (Figure 1D).



Changes of NRS2002 Score and PG-SGA Score at Admission and Discharge

All patients completed NRS2002 screening and PG-SGA assessment at admission and upon discharge. At admission, 299 cases (72.40%) had NRS2002 score < 3, and 114 cases (27.60%) had NRS2002 score ≥3. However, 193 cases (46.73%) had nutritional risk at discharge (NRS2002 score ≥ 3), and the difference was statistically significant (p < 0.001). Meanwhile, based on the different tumor locations, the proportion of NRS2002 score ≥ 3 at discharge was also higher than that at admission (all p < 0.05). Moreover, for patients at the same tumor location, NRS2002 scores had no difference between admission and discharge for those with risk grade below middle risk (all p > 0.05), but the difference was significant only among high-risk patients (all p < 0.05) (Figure 2).


[image: Figure 2]
FIGURE 2. Changes of NRS2002 screening at admission and discharge in 413 GIST patients. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.


Furthermore, only 65 patients had malnutrition at admission (PG-SGA score ≥ 4), while the proportion increased significantly at discharge (15.73 vs. 37.29%, p < 0.001). There were 154 patients with PG-SGA score ≥ 4 points at discharge, of which PG-SGA score ≥ 9 accounted for 3.15%. In addition, the number of patients at different tumor locations with PG-SGA score ≥ 4 at discharge was higher than at admission (all p < 0.05). Subgroup analysis of GIST patients at the same tumor site showed that especially for patients at high risk, they are more likely to suffer from malnutrition than before admission (PG-SGA score ≥ 4) (all p < 0.05) (Figure 3).


[image: Figure 3]
FIGURE 3. Changes of PG-SGA nutritional assessment in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.


Figures 4, 5 show that compared with the time of admission, whether GIST patients located at different tumor sites or patients with different risk grades at the same tumor site, there was no difference in their body weight and upper arm circumference at the time of discharge (all p > 0.05). However, in terms of patient grip strength, we found that there were significant differences between GIST patients with different tumor sites at admission and at discharge. Further analysis showed that for patients with different risk grades, only high-risk GIST patients have such obvious differences (Figure 6).


[image: Figure 4]
FIGURE 4. Changes of weight in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.
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FIGURE 5. Changes of upper arm circumference in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.
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FIGURE 6. Changes of grip strength in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.




Changes of Laboratory Examination Indexes at Admission and Discharge

The whole group of patients underwent nutrition-related peripheral blood laboratory tests at admission and at discharge, and the change in hemoglobin level was not statistically significant (all p > 0.05) (Figure 7). In terms of changes in other laboratory indicators, whether in accordance with the different tumor locations or the different risk grades for subgroup analysis, the albumin, prealbumin, and total protein of all patients at discharge were lower than those at admission (all p < 0.05) (Figures 8–10).


[image: Figure 7]
FIGURE 7. Changes of serum hemoglobin in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.
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FIGURE 8. Changes of serum albumin in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.
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FIGURE 9. Changes of serum prealbumin in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.
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FIGURE 10. Changes of serum total protein in 413 GIST patients at admission and discharge. (A) Total; (B) stomach; (C) duodenum; (D) intestine; (E) colorectal; (F) mesentery.




Nutritional Support and Postoperative Complications

Analysis of nutritional support based on different PG-SGA scores showed that 65 patients needed nutritional intervention at admission (PG-SGA score ≥ 4). However, only 49 patients (75.38%) received nutritional support 1 week before treatment, of which 9.52% received parenteral nutrition (PN) support, 50.77% received enteral nutrition (EN) support, and 15.38% received both EN and PN support. In addition, we also found that the proportion of patients who needed nutritional intervention at discharge (PG-SGA score ≥ 4) was higher than that at admission, but only 62 cases (40.26%) received nutritional support at discharge (Table 2).


Table 2. Patient-generated subjective global assessment classification and nutritional support situation [n (%)].

[image: Table 2]

Among the 413 patients, 82 cases (19.85%) had postoperative complications, including 24 cases of surgical-related complications, 55 cases of respiratory complications, and 3 cases of cardiovascular complications. The patients were divided into two groups based on the PG-SGA score at admission. The incidence of complications in the PG-SGA ≥ 4 group was 29.23% (19/65), which was significantly higher than that in the PG-SGA <4 group (18.10%, 63/348) (p = 0.039). In order to reduce the interference of nutritional support on the incidence of postoperative complications, the comparison between group B and group D without nutritional support showed that the incidence of postoperative complications in the group without malnutrition (PG-SGA <4) was lower than that in the group with malnutrition (PG-SGA ≥ 4) (18.02 vs. 56.25%, p <0.001). Further subgroup analysis of group C and group D with simultaneous malnutrition (PG-SGA ≥ 4) showed that the incidence of postoperative complications in group C with preoperative nutritional support was significantly lower than that in group D without nutritional support (20.41 vs. 56.25%, p = 0.006, Table 3).


Table 3. Comparison of postoperative complications based on PG-SGA score [n (%)].

[image: Table 3]

Meanwhile, we conducted a multivariate analysis of the risk factors that may affect postoperative complications in patients with GIST, and found that the age of patients (≥ 60 years) (p = 0.004, OR = 10.552, 95%CI: 2.114~52.683), intraoperative combined organ resection (p = 0.012, OR = 14.917, 95%CI: 1.827~121.808), and preoperative malnutrition (PG-SGA≥4) (p = 0.001, OR = 33.228, 95%CI: 4.060~271.970) were all independent risk factors for postoperative complications in this group of patients.



The Relationship Between Nutritional Status and Quality of Life in GIST Patients

As an indicator of quality of life, the average score of global health status of patients was 75.7. In terms of the scores of the five functional scales, the average scores of patients' social function and emotional function were the highest, but the score of role function was the lowest (Figure 11A). Among the nine medical symptoms, economic problems scored the highest, followed by insomnia and fatigue. Only a few patients reported nausea, vomiting, and dyspnea (Figure 11B).


[image: Figure 11]
FIGURE 11. HRQoL score according to overall global health status (A), sub-domains of functioning (A) and symptoms (B).


In addition, we analyzed the correlation between the nutritional indicators of patients at discharge and the quality of life of patients, and found that the NRS2002 score (−2.769, 95%CI: −3.992~-1.546, p < 000.1) and PG-SGA (−4.826, 95%CI: −6.685~-1.034, p < 000.1) score of patients at discharge were closely related to the global health indicators of patients. Moreover, patients with good nutritional status at discharge had good HRQoL scores in other symptoms and functional scores (Table 4).


Table 4. Multivariable linear regression model on quality of life, symptom scales, and functional scales from the EORTC QLQ-C30.

[image: Table 4]




DISCUSSION

In recent years, numerous surveys have shown that the incidence of malnutrition in cancer patients is 32%, and it is even more common in digestive tract tumors (32, 33). Currently, most studies mainly investigate the nutritional status of cancer patients during hospitalization, while few studies focus on the nutritional status of patients at discharge (34, 35). A multicenter cross-sectional survey showed that the incidence of nutritional risk (NRS 2002 ≥ 3) at discharge was significantly higher than that at hospitalization (42.82 vs. 40.12%), and the incidence of malnutrition (PG-SGA ≥ 4) was 30.47%, which was also significantly higher than 26.45% at hospitalization (36). Meanwhile, surgical resection is the most important treatment for GIST patients, but it will lead to gastrointestinal dysfunction, which will worsen the nutritional status of patients and increase the incidence of postoperative complications. Deterioration of nutritional status in discharged patients will further affect compliance with subsequent anti-tumor therapy, cause decline in quality of life, and increase readmission rate within 6 months. However, there are few reports on the changes in postoperative nutritional status of GIST patients and its impact on clinical outcomes. Our retrospective study was the first to investigate the nutritional status changes of GIST patients during perioperative period and their effects on postoperative complications and quality of life through NRS2002 nutritional risk screening combined with PG-SGA score and laboratory nutritional indicators.

By dynamically observing the nutritional status changes of GIST patients during perioperative period, we found that the body weight, grip strength, and upper arm circumference at discharge were significantly lower than those at admission, but the decrease was more obvious only in the high-risk group. This may be due to the fact that patients in the high-risk group had larger size and larger surgical trauma than those in other groups, resulting in slow recovery of gastrointestinal function and insufficient postoperative nutritional intake. Moreover, we also found that serum albumin, prealbumin, and total protein were significantly lower than those at admission, which may be related to the increase of protein catabolism caused by traumatic stress stimulation after surgical treatment, thus causing the deterioration of nutritional status. This is similar to the results of Zhu et al. (36). Furthermore, our results also discovered that nutritional risk and malnutrition were common in GIST patients during perioperative period, especially when patients were discharged after surgery. Through NRS2002 screening and PG-SGA assessment within 24 h after admission and 24 h before discharge, it was found that the incidence of nutritional risk and malnutrition at discharge was 27.60 and 15.73%, respectively, which was significantly higher than 46.73 and 37.29% at admission. Interestingly, our further stratified analysis found that risk of malnutrition in patients in the high-risk group and in patients which located in the mesentery was significantly higher than that in other groups. This suggests that we need to pay more attention to the nutritional status changes, nutritional monitoring, and treatment of GIST patients during perioperative period, especially when the patients are discharged.

We further analyzed the effect of perioperative nutritional status on clinical outcomes of GIST patients, and found that the incidence of surgical-related complications in patients with malnutrition (PG-SGA score ≥ 4) (29.23%) was significantly higher than that in patients without malnutrition (18.10%). In addition, the study also showed that patients with nutritional risk had lower incidence of complications than patients without nutritional support (p = 0.006), but patients without nutritional risk could not benefit from nutritional support (p > 0.05). Moreover, we found that preoperative malnutrition (PG-SGA score ≥ 4) was one of the independent risk factors for postoperative complications. Numerous studies have also confirmed that the incidence of postoperative complications in patients receiving preoperative nutritional support is significantly reduced. Jie et al. found that for patients with PG-SGA ≥ 4, 50% of patients without nutritional support had complications, but the incidence of complications in patients receiving nutritional support was reduced to 26% (37, 38). The results of this study are consistent with the above studies, which suggests that it is necessary to provide preoperative nutritional support for patients with malnutrition, so as to reduce the incidence of postoperative complications.

This retrospective study was the first to investigate the relationship between postoperative quality of life and nutritional status of GIST patients at discharge. Interestingly, we found that the nutritional status of patients at discharge is closely related to the quality of life. Most importantly, the NRS2002 score and PG-SGA score of patients at discharge were closely related to the global health indicators of patients. These findings have also been supported by other studies, which also found the relationship between nutritional status and quality of life in cancer patients. Zhang et al. found that the nutritional status of patients with gastrointestinal cancer determines the quality of life during subsequent treatment (39). Moreover, other scholars also found that the nutritional status of patients may be a decisive factor affecting the quality of life of patients with advanced cancer after discharge, especially in patients with upper gastrointestinal cancer (40, 41). In view of these results, we speculated that the nutritional status of patients at discharge, especially NRS2002 score and PG-SGA score may play a more important role in evaluating the quality of life of patients with GIST after surgery.

There are still some limitations of this study that need to be addressed. First, this study is a single-center retrospective study with limited number of cases. Second, we only investigated the postoperative complications and the quality of life at 1 month after surgery, but lacked the long-term dynamic assessment of quality of life after surgery. Third, we did not follow up the survival status of patients, so it was impossible to assess the impact of postoperative nutritional status on the long-term prognosis of patients. Therefore, it is necessary to further carry out multi-center prospective studies to assess the impact of perioperative nutritional status changes in GIST patients on long-term clinical outcomes such as prognosis, quality of life, and subsequent treatment tolerance.



CONCLUSION

In this study, NRS2002 nutritional risk screening combined with PG-SGA nutritional assessment and other nutritional related indicators were used for the first time to dynamically assess the nutritional status changes of GIST patients during perioperative period. Studies have shown that the proportion of nutritional risk (27.60%) and malnutrition (15.73%) in GIST patients at admission is high, but the nutritional status is further deteriorated at discharge, and the nutritional risk and malnutrition rates are 46.73 and 37.29%, respectively. Most importantly, poor perioperative nutritional status is also closely related to poor clinical outcomes. Therefore, NRS2002 nutritional screening, PG-SGA nutritional assessment and other nutrition-related indicators (weight, grip strength, upper arm circumference, serum hemoglobin, albumin, prealbumin, and total protein) should be dynamically monitored in patients with GIST during perioperative period, and necessary nutritional support should be given to patients with malnutrition.
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