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Background

The management of 2-5 cm gastric gastrointestinal stromal tumours (GISTs) is still debated between surgeons and endoscopists. We aimed to investigate short-term and long-term outcomes between surgical resection (SR) and endoscopic resection (ER).



Methods

This study included 67 and 215 patients between 2010 and 2020 who underwent ER and SR, respectively. After propensity score matching, the clinical outcomes were compared. Individual patient information that requires special instructions is also summarized.



Results

After matching, the operation time (P=0.005) and postoperative hospital stay (P=0.005) were significantly longer in the SR group than in the ER group. However, there were no significant differences in blood loss (P=0.741), resection margin (P=1.000) or time to liquid diet (P=0.055). Statistical differences were also seen in en bloc resection (P<0.001) and adverse events (P=0.027). The recurrence rate did not differ significantly between the two techniques, and the mitotic index and ulceration were identified as independent prognostic factors of progression-free survival.



Conclusions

ER might be comparable to SR for the treatment of 2-3 cm gastric GISTs. SR is still considered the standard treatment for 3-5 cm gastric GISTs, while the intraoperative and postoperative information of ER should be recorded in detail and closely evaluated. Surgical resection is recommended if the tumour has a high mitotic index or mucosal ulceration.





Keywords: gastrointestinal stromal tumours, surgical, endoscopic, propensity score matching, gastric tumours



Introduction

As one of the most common mesenchymal neoplasms, gastrointestinal stromal tumours (GISTs) have attracted increasing attention in recent years (1–4). GISTs can be found anywhere of the gastrointestinal (GI) tract, but most appear in the stomach (5). Although the majority of gastric GISTs are indolent, all GISTs are believed to have malignant potential (6).

According to the latest guidelines of the National Comprehensive Cancer Network (NCCN) (7) and European Society for Medical Oncology (ESMO) (8), gastric GISTs smaller than 2 cm without high-risk features (irregular borders, cystic spaces, ulceration, echogenic foci, heterogeneity) should receive periodic surveillance, while surgical resection (SR) is the recommended treatment for primary, localized gastric GISTs larger than 2 cm.

In recent years, endoscopic resection (ER) has gradually been used to remove small GISTSs (9). However, there is no guarantee of en bloc resection, and the potential risk of recurrence is an issue that doctors continue to pay attention to (10, 11). Moreover, many studies have compared the clinical outcomes of ER with those of SR in the treatment of gastric GISTs smaller than 2 cm, and there are currently no high-level studies supporting a clear best choice for 2-5 cm GISTs.

We aimed to compare short-term and long-term outcomes between SR and ER for 2-5 cm gastric GISTs and provide a potential reference for the standardization of the treatment.

To ensure suitable randomization in the evaluation of short- and long-term outcomes in GIST patients who underwent SR or ER, we applied propensity score matching to equalize the baseline clinicopathological characteristics.



Patients and Methods

This retrospective cohort study was performed based on a prospectively collected database of GISTs at Shandong Provincial Hospital (SPH). All relevant procedures were approved by the Institutional Review Board (IRB). This study was designed in compliance with the Helsinki Declaration and approved by the Ethics Committee of Shandong Provincial Hospital, China (SWYX: No. 2021-035). The Reporting and Guidelines in Propensity Score Analysis were also followed (12).


Patients

A total of 1163 consecutive patients diagnosed with GISTs and undergoing resection at Shandong Provincial Hospital between March 2010 and January 2020 were initially pooled. Among them, 302 were classified as having 2-5 cm primary GISTs in our institution (Figure 1). All oncologic resections with curative intent were performed by senior experts to reach the rigorous standard at our institution.




Figure 1 | Flow chart of this study.



Computed tomography (CT) examination was used to exclude adjacent organ infiltration and metastases before surgery. In addition, gastroscopy or ultrasound gastroscopy was performed to determine the location and size of the gastric GISTs. Cardiopulmonary examinations were routinely performed to assess tolerance to surgery.

Patients with the following criteria were included: (1) age over eighteen years; (2) pathological diagnosis of gastric GISTs; (3) tumour size 2–5 cm in diameter; (4) no evidence of recurrent GISTs or distant metastasis before treatment; and (5) American Society of Anesthesiology (ASA) score ≤ 3.

Patients having the following criteria were excluded: (1) any previous or concurrent malignancies; (2) underwent the first operation at another institution; (3) endoscopic resection conversion to surgical resection; (4) combined resection with other organs; (5) received neoadjuvant therapy; (6) severely missing or illegible medical data; and (7) missing follow-up data.

Finally, 282 patients with regular follow-up were included and analysed in the entire cohort. The follow-up was performed every 3 months for the first 3 years, then every 6 months up to 5 years, and then every year or until death. in the following years. The latest follow-up date was updated to December 2020.



Data Collection

Following clinicopathological characteristics of patients were routinely collected from database of GISTs, including age, sex, body mass index (BMI), comorbidities, chief complaint, tumour location, tumour size, growth type, tumour shape, tumour origin, ulceration or high-risk imageology features, mitotic index (per 50 high power field), modified NIH (National Institutes of Health) risk category, surgical and endoscopic methods, estimated blood loss, operation time, resection margin, adverse events, time to liquid diet, hospitalization time, postoperative imatinib, immunohistochemistry (IHC) result, haematological indices and so on. The patients’ BMIs were classified into the following categories: < 18.5, 18.5–24.9 and ≥ 25 kg/m2, based on the World Health Organization (WHO) classification standards. The comorbidities analysed in this study comprised hypertension, diabetic mellitus, anaemia, pulmonary disease (asthma, pneumonia, chronic obstructive pulmonary disease, etc.), heart disease (arrhythmia, coronary atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease (nephritis, chronic kidney disease, etc.) and central nervous system disease (cerebrovascular disease, neurodegenerative disease, etc.).

The primary outcome was progression-free survival (PFS), which was defined as the interval between the date of resection and confirmed disease progression or death. Patients were censored at the date of the last follow-up without the above event.



Surgical and Endoscopic Resection

The surgical resection method is determined mainly based on the evaluation of tumour location and patient’s condition. In recent years, laparoscopic wedge resection has been the main surgical method. When the tumour was located adjacent to the pylorus or oesophagogastric junction, distal, proximal or gastrectomy was performed. Open surgery was usually performed when the adhesion was severe or the tumour location was inappropriate, and it was also performed in the early years.

For the endoscopic resection group, 5 types of endoscopic procedures were performed, including endoscopic submucosal dissection (ESD), endoscopic submucosal excavation (ESE), endoscopic full-thickness resection (EFR) and submucosal tunnelling endoscopic resection (STER). The method of endoscopic resection was also selected according to the characteristics of the tumour.

All resection procedures were performed by experts with similarly high levels of experience.



Statistical Analysis

According to the expected values, categorical variables were analysed by Pearson’s chi-squared test or Fisher’s exact test. Continuous variables were compared by utilizing the Mann–Whitney U-test, which are presented as medians and interquartile ranges (IQRs) and as the mean ± standard deviation (SD). The Kaplan–Meier method and log-rank test were performed to conduct survival analyses and evaluate differences in survival time, respectively. A Cox proportional hazards model was used to perform univariate and multivariate analyses. Univariate analysis was primarily performed, and variables with P < 0.1 were subsequently computed into multivariate analysis to determine the independent prognostic factors. Hazard ratios (HRs) with their 95% confidence intervals (CIs) were also derived. Statistical significance was considered when P < 0.05.

R software version 3.5.3 (The R Foundation for Statistical Computing, Vienna, Austria) and SPSS 26.0 (IBM SPSS Statistics, Armonk, NY: IBM Corp) were used in this study.



Propensity Score Matching

Propensity score matching was performed due to the inhomogeneous distribution of several baseline characteristics and uneven group sizes between SR and ER. First, the endoscopic resection group was regressed as a dependent variable on relevant baseline parameters, and a logistic regression model was used to calculate a propensity score. The propensity score matching ratio was set to a 1:1 ratio to minimize the differences due to age, sex, comorbidities, BMI, tumour location, tumour size, mitotic index and growth type with the nearest neighbour method. The assessment of propensity score matching is also shown (Supplemental Figure 1).




Results


Patient Characteristics

As shown in the flow chart (Figure 1), of the 282 consecutive patients who pooled into the entire cohort at our institution between March 2010 and January 2020, 67 patients in the ER group and 215 patients in the SR group were included.

The clinical characteristics are described in detail (Table 1). Before matching, the baseline characteristics of the patients, such as age, sex, BMI and comorbidities, were similar between the two groups. Regarding tumour characteristics, there were statistically significant differences in tumour size (P<0.001), tumour location (P=0.024), mitotic index (P=0.048), modified NIH risk category (P<0.001) and growth type (P=0.038). Regarding the clinicopathological characteristics of the tumour (Supplemental Table 1), significant differences were observed in ulceration (P<0.001) and high-risk imaging features (P<0.001), but there was no significant difference in the immunohistochemical results. Among the blood indicators, some were also found to be significantly different (Supplemental Table 2).


Table 1 | Baseline clinicopathologic characteristics of SR and ER group in the entire cohort and after propensity score matching.



After propensity score matching, there were no significant differences among all variables, and all baseline and tumour characteristics of 52 patients in the ER group were compared with 52 patients in the SR group. Supplemental clinicopathological characteristics and blood indicators were also compared, and there was a difference only in the high-risk imaging features (P=0.016).

The resection methods of the SR and ER groups in the entire cohort and after propensity score matching are also summarized (Supplemental Table 3). The GISTs of 5 patients were unsuccessfully resected in the first attempt at endoscopic resection and switched to surgical resection. We did not include these patients in entire cohort, but they are very important for evaluating resection methods, which we also summarized (Table 2). In addition, tumours with transverse diameters >3.5 cm were very difficult to remove completely through the cardia. Patients with tumours larger than 3.5 cm were also included in the analysis presented in Table 3.


Table 2 | Clinical characteristics of patients who were converted to surgical resection.




Table 3 | Clinical characteristics of patients with tumours larger than 3.5 cm and undergoing endoscopic resection.





Comparison of Short−Term Outcomes

The comparison of short-term outcomes between the ER and SR groups is summarized in Table 4. Before PSM, the operation time (P=0.001), time to liquid diet (P=0.001) and postoperative hospital stays (P=0.001) were significantly shorter in the ER group than in the SR group. No significant differences were observed in the achievement of a negative resection margin. Furthermore, the ER group also showed significantly less bleeding (P=0.037), although there were deficiencies in en bloc resection (P<0.001) and an increased number of adverse events (P=0.001) compared with the SR group. The clinical characteristics and treatments of patients with adverse events are also summarized (Table 5).


Table 4 | Perioperative characteristics and long-term outcomes of SR and ER group in the entire cohort and after propensity score matching.




Table 5 | Clinical characteristics and treatments of patients with adverse events.



After matching, the operation time (P=0.005) and postoperative hospital stay (P=0.005) were also significantly longer in the SR group than in the ER group. However, there were no significant differences in blood loss (P=0.741), resection margin (P=1.000) or time to liquid diet (P=0.055). Statistical differences were also seen in en bloc resection (P<0.001) and adverse events (P=0.027).



Comparison of Long−Term Outcomes

The median follow-up time of the entire matched cohort was 1660 days (IQR, 950-2399), and the 1-, 3- and 5-year PFS rates were 98.94%, 95.39% and 94.33%, respectively. Prior to the last follow-up, a recurrence of GISTs occurred in 12 patients in the SR group (5.58%, 12/215) and 5 patients in the ER group (7.46%, 5/67), but the difference was not significant (P=0.660) (Figure 2). For the propensity score matched cohort, significant differences could also not be observed (P=0.077).




Figure 2 | Kaplan–Meier survival analysis of progression-free survival.



We continued to utilize univariate analysis to identify the mitotic index (P=0.004) and ulceration (P=0.001) as prognostic factors for PFS (Table 6). On multivariate analysis, mitotic index (HR=2.823, 95% CI=0.083-9.122, P=0.083; HR=6.385, 95% CI=1.733-23.523, P=0.005, respectively) and ulceration (HR=4.909, 95% CI=1.873-12.867, P=0.001) were eventually identified as independent prognostic factors.


Table 6 | Univariate and multivariate of the clinicopathological factors for progression-free survival.





Subgroup Analysis

We found that in the cohort after propensity score, most of the tumour diameters were between 2 and 3 cm. Then, we continued to compare surgical and endoscopic resection for patients with 2-3 cm gastric gastrointestinal stromal tumours (Supplemental Table 4).

After propensity score matching, there were no significant differences among all characteristic variables. For short−term outcomes (Supplemental Table 5), operation time (P=0.062), estimated blood loss (P=0.485) and adverse events (P=0.056) were comparable. Although the ER group still had significant advantages in time to liquid diet (P=0.043) and postoperative hospital stays (P=0.031), the achievement of en bloc resection (P=0.026) still needs to be improved.

In recent years, with the development of medical devices and the advancement of surgical techniques, laparoscopic resection and advanced endoscopic resection, including ESE, EFR and STER, have gradually become the primary choices for the treatment of muscularis propria tumours. Therefore, we compared laparoscopic and advanced endoscopic resection for gastrointestinal stromal tumours originating from the muscularis propria (Supplemental Table 6).

There were no significant differences among all characteristic variables after propensity score matching. The ER group still had a significantly shorter operation time (P=0.002) and postoperative hospital stay (P=0.009). The two groups were equal in blood loss (P=1.000), resection margin (P=1.000), time to liquid diet (P=0.072) and adverse events (P=0.237). However, in the ER group, there was a risk of difficult resection and recurrence (Supplemental Table 7).

For gastric GISTs larger than 3 cm, we also tried to make some reports descriptively (Supplemental Table 8). Although the patients in the SR group were older and had a higher rate of malignancy, surprisingly, there were no statistical differences in the operation time, blood loss, liquid diet time, and postoperative hospital stay. Of course, this has not yet taken into account that patients in the ER group have failed resections and converted to surgical resections (Supplemental Table 9). Although we also tried propensity score matching, there were too few patients in the ER group to obtain convincing results.




Discussion

The management of small GISTs is still debated between surgeons and endoscopists (13, 14). In recent years, many studies have demonstrated that ER could be an effective, safe, and feasible therapeutic method for small gastric GISTs (15–17). Currently, there are also some studies aimed at comparing the clinical outcomes of ER and SR (18, 19). However, we found that the mean size of tumours was far below 5 cm, and the majority of them were even below 2 cm, which may have biased the results in favour of ER. At the same time, there are few descriptions of tumour origin and high-risk characteristics in existing studies. Therefore, the comparison of outcomes is often affected by clinical judgement; for example, patients with extraluminal tumours or imaging findings indicating highly malignant potential often undergo surgical resection.

In the present study, we performed propensity score matching using seven covariates, including age, sex, comorbidities, BMI, tumour location, tumour size, mitotic index and growth type, to compare the safety and efficacy of ER and SR for 2-5 cm gastric GISTs. Individual patient information that requires special instructions is also summarized.

Regarding short-term outcomes, ER had certain advantages over SR, such as shorter operation time (86.5 ± 42.7 vs 110.0 ± 41.1 minutes, P=0.005) and shorter postoperative hospital stays (5.38 ± 1.76 vs 6.44 ± 1.89 days, P=0.027). In our hospital, patients were routinely kept several days to ensure the recovery of gastrointestinal function and no postoperative complications. However, in recent years, laparoscopic resection has gradually become the recommended surgical method for GISTs in favourable anatomic locations, which is associated with shorter operation times and hospital stays. In addition, with the development and promotion of enhanced recovery after surgery (ERAS), the postoperative hospital stays after surgeries have been greatly reduced (20). In the subgroup analysis of LR and ER, we found that for 2-3 cm GISTs, the difference in operation time between the two groups was not statistically significant. For similar reasons, we found that the estimated blood loss in the ER group and the SR group were similar. In terms of time to liquid diet, there was a significant difference only in 2-3 cm GISTs.

Moreover, our data show that the incidence rate of adverse events in the ER group was relatively higher than that in the SR group. For the ER group, perforation was common and increasingly considered a minor adverse event due to endoscopic clipping and suturing techniques. In this study, most endoscopic perforation patients were successfully repaired endoscopically without conversions to emergency surgical operation, and we recorded only perforations that required surgical intervention. A total of four patients had macroperforation during endoscopic resection and underwent emergency surgery immediately.

Bleeding is also a common adverse event. One patient had bleeding after endoscopy resection and underwent a second endoscopic haemostasis procedure. In addition, there were 2 cases of delayed bleeding after surgery: one patient underwent exploratory surgery, and the other was treated conservatively after blood transfusion. All patients were fully discharged from the hospital. In our study, anastomotic stricture occurred in a patient one month after laparoscopic resection, and conservative treatment was performed.

Moreover, two patients suffered from peritonitis and recovered after fasting, nutritional support, antibiotic treatment and so on. In addition, some uncommon adverse events were recorded, such as jaundice and subcutaneous emphysema. Ultimately, all patients recovered and were discharged from the hospital after proper treatment.

In addition, due to massive intraoperative bleeding in 4 patients and resection difficulty in 1 patient, five GISTs were unsuccessfully resected in the first attempt at endoscopic resection. Therefore, surgeons had to perform surgical operations immediately to remove the tumour completely to achieve R0 resection.

The risk of tumour rupture and remnants is a major concern for ER. The R0 resection rates of ER are slightly lower than those of SR. However, a meta-analysis performed by our team showed that R1 resection did not influence the recurrence of GISTs.Tumour rupture is significantly associated with the occurrence of R1 resection and may be a confounder of R1 resection in GISTs (21). Tumour rupture could be caused by the removal of GISTs larger than 3 cm under peroral endoscopy. Due to the limited operating space and visual field, it might be difficult for endoscopists to maintain the integrity of a 2-5 cm gastric GIST. Although some large GISTs were resected in one piece (en bloc resection) successfully, they had to be divided into small pieces for removal. The en bloc resection rate was 82.09% (55/67) in our study. Considering that the tumours we included were all larger than 2 cm, this rate is acceptable. Of the 12 patients, two recurrences were noted during follow-up, and both were diagnosed with moderate-risk GISTs. Du et al. evaluated risk factors associated with piecemeal resection and demonstrated that large size and irregular shape may play a role (22).

Considering the risk of tumour rupture, tumour remnants, perforation, and bleeding, some experts consider the indications for endoscopic treatment for GISTs to be as follows: tumour size less than 3 cm, mainly an intraluminal growth pattern, a clear tumour boundary and uniform texture, and no symptoms of invasion and metastasis to other locations (23). Due to the above restrictions, ER is not currently recommended as a routine treatment for GISTs, and SR is still considered the standard treatment for 2-5 cm GISTs by most guidelines.

Regarding long-term outcomes, there are currently still insufficient studies. After following up with the patients in our hospital for the last decade, we found that the recurrence rate did not differ significantly between the those undergoing the two techniques. Our findings are consistent with the published articles thus far (23, 24).

We further performed univariate and multivariate analyses, and mitotic index (HR=2.823, 95% CI=0.083-9.122, P=0.083; HR=6.385, 95% CI=1.733-23.523, P=0.005, respectively) and ulceration (HR=4.909, 95% CI=1.873-12.867, P=0.001) were eventually identified as independent prognostic factors of PFS, which was partly similar to the prediction model for high malignancy potential of Yang et al (25).

In the subgroup analysis, we also obtained some inspiring findings. For 2-3 cm gastric GISTs, although the advantage of the ER in operation time is no longer significant, the number of adverse events do not seem to be significantly different. ER might be an effective strategy for improving postoperative recovery without increasing the risk of surgery and recurrence for these selected GISTs.

SR and ER comprise two alternative options for the treatment of GISTs originating from the muscularis propria (MP) layer, and there is currently no study comparing the two methods. Currently, ESE, EFR and STER are the three main endoscopic methods to resect these GISTs (26). Based on the limited information available, we found that ER still has advantages in terms of operating time and hospital stay, but there is no significant advantage in liquid diet. Of course, the most surprising thing is that these advanced endoscopic techniques are excellent in reducing the occurrence of adverse events.

Recently, the nonexposure simple suturing endoscopic full-thickness resection (NESS-EFTR) method was developed to avoid tumour exposure to the peritoneal cavity (27). In the future, it will be more exciting to look forward to the emergence of technologies that can avoid tumour exposure under complete endoscopic full-thickness resection. There are an increasing number of options available for doctors to choose, but these multiple options also bring difficulties to the evaluation of the most suitable method (28–30).

Our results indicate that SR is safer and results in fewer intraoperative adverse events than ER. It might be appropriate to determine the method of resection according to tumour location and mucosal ulceration. Regardless of the technique chosen, detailed routine physical examination should be carried out, such as endoscopic ultrasonography (EUS) and abdominal CT, to assess the location, border, size, origin and even blood supply of the lesions (6).

There are many highlights of our research. The general distribution of tumour size was usually not clear and precise, as stated in previous studies. In addition, previous studies did not pay attention to the growth type of tumours, and the malignant potential was not well stated, which may lead to some biases. We provided a detailed and comprehensive description of the tumours included in the study and applied PSM to ensure suitable randomization in the evaluation of short- and long-term outcomes.

Our study also has several limitations. First, it is difficult for a single centre to enrol a very large cohort for GISTs, a relatively rare neoplasm. To the best of our knowledge, our cohort is one of the largest samples in the relevant field. Second, we excluded five patients who had additional surgery because of incomplete resection of the GISTs after ER, which may have biased the results in favour of ER. Third, with a small number of events, it was difficult to have good reliability and validity. Propensity match score could also not eliminate all biases of the study. Last, as a retrospective study, some intraoperative and postoperative information may not be assiduously observed and recorded in detail. We will carry out multi-centre trials for comparison in the future.



Conclusions

In conclusion, ER might be a safe and feasible method that is comparable to SR for the treatment of 2-3 cm gastric GISTs. SR is still considered the standard treatment for 3-5 cm gastric GISTs, while the intraoperative and postoperative information of ER should be recorded in detail and closely evaluated. Surgical resection is recommended if the tumour has a high mitotic index or mucosal ulceration. All patients should be carefully evaluated preoperatively to select the most appropriate resection procedure, and more prospective multi-centre random control trials with long-term follow-up are warranted to determine the best management of GISTs in the future.
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*Comorbidities: comprised of hypertension, diabetic mellitus, anaemia, pulmonary disease (asthma, pneumonia, chronic obstructive pulmonary disease, etc.), heart disease (arrhythmia,
coronary atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease (nephritis, chronic kidney disease, etc.) and central nervous system disease
(cerebrovascular disease, neurodegenerative disease, etc.).

tHigh-risk imageology features: heterogeneity, hyperechoic foci, or cystic spaces.
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Present 99 27 22 21
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*Comorbidities: comprised of hypertension, diabetic mellitus, anaemia, pulmonary disease (asthma, pneumonia, chronic obstructive pulmonary disease, etc.), heart disease (arrhythmia,
coronary atherosclerotic heart disease, etc.), liver disease (hepatitis, cirrhosis, etc.), renal disease (nephritis, chronic kidney disease, etc.) and central nervous system disease
(cerebrovascular disease, neurodegenerative disease, etc.).
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1 70 Female Fundus 4 ESD Perforation 75 6 Laparoscopic repair

2 60 Male Fundus 2 ESD Perforation 150 9 Laparoscopic repair

3 44 Male Fundus 2 ESE Perforation 150 10 Laparoscopic repair

4 60 Female Fundus 5 Lap wedge Bleeding 70 14 Blood transfusion

5 58 Female Body 25 ESE Perforation 150 6 Laparoscopic repair

6 64 Female Fundus 24 EFR Peritonitis 50 8 Antibiotic treatment
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15 53 Mae Body 4 Lap gastrectomy  Bleeding 90 7 Exploratory laparotomy

ESD, Endoscopic Submucosal Dissection; ESE, Endoscopic Submucosal Excavation; EFR, Endoscopic Full-Thickness Resection; STER, Submucosal Tunneling Endoscopic Resection;
Lap, laparoscopic.





