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Abstract

Background
Safety of minimally invasive surgery (MIS) for gastrointestinal stromal tumours 
(GISTs) is still under debate since it might increase the risk of tumour rupture, 
especially in larger tumours. The aim of this study was to investigate trends in 
treatment and perioperative outcomes of patients undergoing resections of gastric 
GISTs over time.

Methods
This was a multicentre retrospective study of consecutive patients who underwent 
wedge resection or partial gastrectomy for localized gastric GIST at five GIST 
reference centres between January 2009 and January 2022. To evaluate changes in 
treatment and perioperative outcomes over time, patients were divided into four 
equal periods. Perioperative outcomes were analysed separately and as a novel 
composite measure textbook outcome (TO).

Results
In total 385 patients were included. Patient and tumour characteristics did not 
change over time, except for median age (62-65-68-68 years, p= 0.002). The 
proportion of MIS increased (4.0%-9.8%-37.4%-53.0%, p< 0.001). Postoperative 
complications (Clavien Dindo ≥2; 22%-15%-11%-10%, p= 0.146), duration of admission 
(6-6-5-4 days, p<0.001) and operating time (92-94-77-73 min, p= 0.007) decreased 
over time while TO increased (54.0%- 52.7%-65.9%-76.0%, p< 0.001). No change was 
seen in perioperative ruptures (6.0%- 3.6%-1.6%-3.0%, p= 0.499). MIS was correlated 
with less CD ≥2 complications (p= 0.006), shorter duration of admission (p<0.001) 
and more TO (p<0.001). Similar results were observed in tumours ≤5 cm and >5 cm.

Conclusion
A larger percentage of gastric GIST were treated with MIS over time. MIS was 
correlated with less complications, shorter duration of admission and more TO. 
Tumour rupture rates remained low over time.

Introduction

Gastrointestinal stromal tumours (GISTs) are the most common mesenchymal 
tumours originating in the gastrointestinal tract. The incidence is 1-1.5 / 100.000 per 
year and they predominantly manifest in the stomach (50-60%) (1-3). According to 
the ESMO guidelines (4), complete surgical excision is the standard of care treatment 
for patients with local unifocal GISTs. Since surgical treatment is the mainstay of 
therapy, continuous effort should be put in measuring and improving its quality.

In 2009, the Dutch GIST Registry (DGR) was initiated by the Dutch GIST consortium 
(DGC) comprising the five GIST reference centres. The DGR is a prospective database 
including all patients with a GIST in the Netherlands that had (part of) their treatment 
in one of these expert centres. In the DGR, the patient, tumour and treatment 
characteristics together with oncologic outcomes are collected. Also, common 
parameters for perioperative outcomes like mortality, morbidity and complication 
rates are captured prospectively (5, 6).

Since the start of the DGR, there has been increasing support for minimally invasive 
surgery (MIS) for surgical excision of GIST. MIS is defined as a laparoscopic or robotic 
surgical approach. Yet today, MIS is only suggested as standard care in patients with 
smaller GIST (≤ 5 cm) in most national guidelines, including The Netherlands (7). 
A laparoscopic approach is strongly discouraged for patients with large tumours 
due to the risk of tumour rupture, which is significantly linked to a very high risk of 
relapse. (4, 8, 9) Nonetheless, recent literature showed that even in larger tumours 
(> 5 cm) treated with MIS similar overall survival and oncological outcomes were 
found compared with open surgery (10-12).

In this study, the use of MIS in patients with gastric GISTs in the past 13 years is 
evaluated. The primary aim of the study was to evaluate the perioperative outcomes 
after gastric GIST resections over time and assess the influence of MIS. As secondary 
aim, textbook outcome (TO) was introduced as a composite outcome measure to 
evaluate perioperative outcomes (13-17).

Methods

Patient selection
All patients who are treated or discussed on a multidisciplinary tumour board 
meeting (MTB) for consultation in one of five GIST reference centres are registered 
in the DGR since 2009. The GIST reference centres are the Netherlands Cancer 
Institute-Antoni van Leeuwenhoek Hospital (NKI-AVL), Erasmus Medical Centre 
(EMC), Radboud University Medical Centre (Radboudumc), Leiden University Medical 
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Centre (LUMC), and University Medical Centre Groningen (UMCG). For this study, 
patients who underwent a wedge resection or a partial gastrectomy of a unifocal 
localised gastric GIST between January 2009 and January 2022 in a reference centre 
were eligible.

Data collection
Data was collected with approval of the institutional review boards (IRBd20-
212). Available patient characteristics, tumour characteristics, and perioperative 
outcomes were retrieved from the DGR. For this study, the main perioperative 
outcomes involved tumour rupture, surgical margin, reoperation, readmission, 
complications (Clavien Dindo ≥2), duration of admission and operating time. 
Tumour rupture was defined as the microscopic disruption of serosa, as described 
by the pathologist, tumour spillage, or gastrointestinal perforation at the tumour 
site within the abdominal cavity. Body mass index (BMI), American Society of 
Anaesthesiologists (ASA) classification (18), size of the tumour after neoadjuvant 
imatinib, reoperation, readmission, operating time and duration of admission were 
not included in the DGR and were added retrospectively. A resection was defined as 
R0 when no tumour was seen at the inked surface, and as R1 or R2 when microscopic 
or macroscopic residual tumour was detected, respectively.

Textbook outcome
TO was created as a new composite outcome measure for gastric GIST based on 
already existing TO for gastric cancer (8, 10, 41). In this study, TO was defined as 
R0 resection, no perioperative tumour rupture, no surgical complications with 
Clavien Dindo ≥2, no surgery or readmission within 90 days after resection, and no 
prolonged duration of admission. Prolonged admission was defined as being part 
of the 25% of the patients with the longest duration of admission.

Study design
In order to compare perioperative outcomes over time, all patients were grouped 
into four equal time periods of 40.5 months. Period I extended from 06-01-2009 
to 15-05-2012, period II from 16-05-2012 to 30-09-2015, period III from 01-10-2015 
to 14-02-2019, and period IV from 15-02-2019 to 17-01-2022. Differences over time 
in patient characteristics, treatment characteristics, and perioperative outcomes 
were analysed. The influence of MIS on all separate perioperative outcomes 
was evaluated with a multivariate regression analysis. For this analysis of all 
perioperative outcomes, the use of MIS, BMI, tumour size and the use of neoadjuvant 
imatinib were included. Age and ASA score were included in the analysis as well 
for complications, readmission, reoperation surgery time, duration of admission, 
and TO. A sub-analysis was done to demonstrate the difference in perioperative 
outcomes between larger and smaller tumours. All patients were divided based on 

tumours ≤5 cm and >5 cm. Within those two groups, open surgery was compared 
with MIS.

Statistical analysis
To describe non-normally distributed data, median and interquartile range (IQR) were 
used. To compare ordinal data, the chi square test was used and to compare non-
normally distributed data the Kruskal–Wallis test was used. Univariable regression 
analyses were performed to investigate the effect of time of resection (period), age, 
MIS, BMI, ASA score, tumour size before surgery and treatment with neoadjuvant 
imatinib on each perioperative outcome separately. Variables with p-values <0.2 
in the univariable analyses were combined in a multivariable regression analysis. 
The type of regression analysis for every perioperative outcome, was based on 
data being ordinal or continuous. For ordinal perioperative outcomes, a binary 
regression analysis was performed. For continuous data with a gamma distribution, 
a generalized linear model was used with log link for regression analysis. SPSS 
version 27 was used to analyse the data. A p-value <0.05 was considered to indicate 
statistical significance.

Results

Patient population
Of 385 patients included in this study, 50 (13.0%), 112 (29.1%), 123 (31.9%), and 100 
(26.0%) patients were operated on in period I, II, III, and IV, respectively. Patient 
selection is displayed in Figure 1. Baseline and treatment characteristics are shown 
in Table 1. The proportion of patients who underwent MIS increased over time (4.0% 
vs. 9.8% vs. 37.4% vs. 53.0%, p < 0.001). Median age at time of surgery increased 
(62 vs. 65 vs. 68 vs. 68 years, p = 0.002). Other variables did not change over time.

Figure 1. A flow chart demonstrating patient selection
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Table 1. Baseline and treatment characteristics.

Period I
N= 50

Period II
N= 112

Period III
N= 123

Period IV
N= 100

p

Man
Age (i.q.r.)
BMI (i.q.r.)
ASA
	 1
	 2
	 3
	 4
	 Missing
Open or MIS
	 Open
	 MIS
Tumour size in mm (i.q.r.)
Tumour size
	 ≤50mm
	 >50mm
Neo adjuvant imatinib
	 Yes
	 No
Surgery setting
	 Planned
	 Emergency
Location in stomach
	 Cardia
	 Fundus
	 Greater curvature
	 Smaller curvature
	 Antrum
	 Missing

30
64
28

11
21
4
0
14

48
2
56

22
28

14
36

50
0

3
10
14
16
3
4

(60.0)
(56 - 70)
(25 - 31)

(22.0)
(42.0)
(8)
(0.0)
(28.0)

(96.0)
(4.0)
(37 - 80)

(44.0)
(56.0)

(28.0)
(72.0)

(100)
(0.0)

(6.0)
(20.0)
(28.0)
(32.0)
(6.0)
(8.0)

49
65
26

34
56
15
1
6

101
11
55

52
60

44
68

108
4

10
20
27
38
11
6

(43.8)
(57 - 72)
(24 - 29)

(30.4)
(50.0)
(13.4)
(0.9)
(5.4)

(80.2)
(9.8)
(40 - 75)

(46.4)
(53.6)

(39.3)
(60.7)

(96.4)
(3.6)

(8.9)
(17.9)
(24.1)
(33.9)
(9.8)
(5.4)

57
68
27

18
82
13
1
9

77
46
49

64
59

37
86

116
7

10
21
29
38
14
11

(46.3)
(59 - 76)
(24 - 30)

14.6)
(66.7)
(10.6)
(0.8)
(7.3)

(62.6)
(37.4)
(33 - 73)

(52.0)
(48.0)

(30.4)
(69.9)

(94.3)
(5.7)

(8.1)
(17.1)
(23.6)
(23.6)
(11.4)
(8.9)

58
67
27

19
55
21
0
5

47
53
52

49
51

33
67

99
1

1
19
32
27
13
8

(58.0)
(58 - 74)
(24 - 29)

(19.0)
(55.0)
(21.0)
(0.0)
(5.0)

(47.0)
(53.0)
(35-76)

(49.0)
(51.0)

(33.0)
(67.0)

(99.0)
(1.0)

(1.0)
(19.0)
(32.0)
(27.0)
(13.0)
(8.0)

0.074
0.037
0.571

0.051

<0.001

0.156

0.748

0.389

0.118

0.289

Values are n (%) unless otherwise indicated period I extended from 06-01-2009 to 15-05-
2012, period II from 16-05-2012 to 30-09-2015, period III from 01-10-2015 to 14-02-2019, and 
period IV from 15-02-2019 to 17-01-2022. Abbreviations: BMI = body mass index, MIS = minimal 
invasive surgery, mm = millimeter

Perioperative outcomes
Duration of admission (6 vs. 6 vs. 5 vs. 4 days, p<0.001) and operating time (92 vs. 
94 vs. 77 vs. 73 min, p=0.007) decreased significantly. A non-significant decreasing 
trend was seen for complications CD ≥2 (22% vs. 15% vs. 11. vs 10%, p = 0.146). The 
proportion of patients with a TO increased (54.0% vs. 52.7% vs. 65.9% vs 76.0%, p < 
0.001; Figure 2). Of all patients, 3.1% had a perioperative rupture, 6.2% had a R1/2 
resection, 2.6% a reoperation, and 3.6% a readmission. These outcomes were stable 
and did not show any trends over time (Table 2). Conversion was necessary in 15.2% 
(n= 17) of all laparoscopic operations. No trend over time was observed (p= 0.547).
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Figure 2. Perioperative outcomes and textbook outcome per period in patients treated in 
5 Dutch GIST reference centres. * p <0.05 which is considered as a significant difference. 
RO = clear margins, CD = Clavien Dindo, reop = reoperation, read = readmission, DoA= dura-
tion of admission (hospital stay duration >6 days), TO = textbook outcome.

Multivariable regression analysis
The use of MIS was correlated with less CD ≥ 2 complications (p = 0.006), having a 
shorter duration of admission (p < 0.001) and with achieving more TO (p < 0.001). 
Larger tumours were correlated with more R1/2 resections (p < 0.001), more 
ruptures (p = 0.002), more reoperations (p < 0.001, based on univariate analysis 
due to insufficient events), and longer operating time (p < 0.001). Age correlated 
with more CD ≥ 2 complications (p = 0.004), longer duration of admission (p = 0.003), 
and a decreased proportion of TO (p = 0.002). Having ASA scores III&IV correlated 
with more reoperations (p = 0.004, based on univariate analysis due to insufficient 
events), longer durations of admission (p= 0.019), and less TO (p = 0.015). A higher 
BMI was correlated with longer duration of surgery (p = 0.043). Odds ratios and 
regression coefficients are displayed in Table 3 and supplementary Table 1.

Open surgery vs. MIS for tumours ≤5 cm and >5 cm
No significant differences were seen in age, BMI, ASA score, and location of the 
tumour in the stomach between patient who underwent open surgery or MIS 
(Table 4). Patients treated with open surgery had larger tumours (p <0.001) and 
more neoadjuvant imatinib use (p <0.001) compared with patients treated with 
MIS. Patients were divided based on tumour sizes ≤5 cm and >5 cm to compare 
perioperative outcomes within those subgroups (Table 5). For patients with tumours 
≤5 cm, MIS resulted in significantly less complications (p = 0.005) and shorter 
duration of admission (p < 0.001). For patients with tumours >5 cm, MIS resulted also 
in significantly shorter duration of admission. For both tumour sizes, no significant 
differences in R0 resections or tumour ruptures were seen between open surgery 
and MIS. MIS did result in significantly more TO for both groups (p = 0.006 and 
p = 0.004, respectively) (Figure 3).

Figure 3. Textbook outcome by surgical approach and per tumour size ≤5 cm and >5 cm
MIS = minimal invasive surgery. * p <0.05 which is considered as a significant difference
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Table 4. Baseline and treatment characteristics per open surgery or minimally invasive 
surgery

Open
N = 273

MIS
N= 112

p

Man
Age (i.q.r.)
BMI (i.q.r.)
ASA
	 1
	 2
	 3
	 4
	 Missing
Tumour size in mm (i.q.r.)
Tumour size
	 ≤50mm
	 >50mm
Neo adjuvant imatinib
	 Yes
	 No
Surgery setting
	 Planned
	 Emergency
Location in stomach
	 Cardia
	 Fundus
	 Greater curvature
	 Smaller curvature
	 Antrum
	 Missing

137
65
27

66
142
36
2
27
55

112
161

110
163

264
9

19
46
68
93
27
19

(50.2)
(57 - 73)
(24 - 29)

(24.2)
(52.0)
(13.2)
(0.7)
(9.9)
(40 - 80)

(41.0)
(59.0)

(59.7)
(40.3)

(100)
(0.0)

(7.0)
(16.8)
(24.9)
(34.1)
(9.9)
(7.0)

57
68
26

16
72
17
0
7
43

75
37

18
94

109
3

5
24
34
26
14
9

(50.9)
(58 - 74)
(24 - 30)

(14.3)
(64.3)
(15.2)
(0.0)
(6.3)
(31 - 58)

(67.0)
(33.0)

(83.9)
(16.1)

(96.4)
(3.6)

(4.5)
(21.4)
(30.4)
(23.2)
(12.5)
(8.0)

0.899
0.181
0.739

0.085

<0.001

<0.001

<0.001

0.751

0.289

Values are n (%) unless otherwise indicated Abbreviations: BMI = body mass index, 
MIS = minimal invasive surgery, mm = millimetre
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Table 5. Differences between surgical approaches per tumour size ≤5 cm and >5

< 5 cm >5 cm

Open MIS p= Open MIS p=

R0 resection
	 Yes
	 No
Rupture
	 Yes
	 No
Complications ≥2 CD
	 Yes
	 No
Reoperations
	 Yes
	 No
Readmissions
	 Yes
	 No
>75% DOA
	 Yes
	 No
Textbook outcome
	 Yes
	 No

109
3

109
2

95
14

109
2

105
6

79
31

71
37

71
4

73
2

74
1

75
0

75
3

70
5

63
12

0.349

0.690

0.005

0.242

0.661

<0.001

0.006

144
16

153
7

129
32

152
6

154
4

94
63

76
80

36
1

36
1

31
5

35
2

36
1

33
4

27
9

0.154

0.642

0.406

0.657

0.953

<0.001

0.004

Abbreviations: R0 = clear resection margins, CD = Clavien Dindo, DoA= duration of admission 
(hospital stay duration >6 days)

Discussion

The goal of this study was to evaluate the perioperative outcomes of resections of 
unifocal localised gastric (GIST) and to evaluate the role of minimally invasive surgery 
(MIS) in this context since the start of data collection for the Dutch Gist Registry 
(DGR) 13 years ago. The perioperative outcomes improved over time in terms of less 
complications and shorter duration of admission and operating time while the use 
of minimally invasive surgery (MIS) increased. Based on the current data, MIS was 
correlated with less complications and a shorter duration of admission. MIS was 
not correlated with more R1/2 resections or more perioperative tumour ruptures, 
neither in tumours >5 cm. As a secondary aim, textbook outcome (TO) was defined 
as a new composite measure. Analyses of TO displayed an increase over time and 
more TO after MIS compared with open surgery.

An increased use of MIS from 4% to 53% resulting in less complications and 
shorter duration of admission is in line with previous reports. In the US, there 
was an increase from 26% to 49% between 2010 and 2016 (12), and in China MIS 
rates in patients with GISTs increased from 24% (2005-2010) to 51% (2010-2017), 

respectively (19). Numerous studies confirmed a favourable effect of MIS on the 
duration of admission and complication rate compared with open surgery (20-30). 
This outcome can be attributed to the shorter recovery period after MIS because of 
smaller incisions. In addition, shorter time of admission results in less costs, which 
is another favourable outcome of MIS.

According to the European Society for Medical Oncology (ESMO) guidelines, the 
primary objective of a GIST resection is to achieve tumour free margins (4). Based 
on previous literature, there was no difference in achieved R0 resections between 
MIS and open surgery (19-22, 25, 31-33). The same was true in this study, as it did 
not adversely affect the likelihood of R1/R2 resections or tumour rupture. This was 
the case for tumours ≤5 cm and >5 cm, which is in line with other studies (10-12). 
Both outcomes are prognostic factors for OS, although rupture is more important 
(34, 35). Since MIS does not influence both outcomes in our data, it attributes to the 
existing literature stating that the use of MIS for gastric GIST does not negatively 
influence oncological outcomes (11, 36, 37). More MIS for gastric GIST resections 
can be regarded as a positive development based on this data.

Contrary to the utilization of MIS, larger tumour size was found to be correlated with 
longer operating time, higher risk of R1/2 resections, and tumour ruptures, which is 
in line with previously reported studies (4, 38, 39). Because of these negative effects 
of larger tumours on surgical outcomes, the use of neoadjuvant imatinib should 
be considered. Large randomized controlled trials on the effect of neoadjuvant 
treatment are lacking, but numerous retrospective studies show that neoadjuvant 
imatinib results in a decrease in size if imatinib sensitive mutations are present (40-
45). In order to mitigate the risk of tumour ruptures, we suggest that larger GIST 
should be discussed at dedicated multidisciplinary tumour boards to determine the 
suitability of neoadjuvant imatinib.

Two factors negatively affecting the surgical outcomes were age and ASA score. 
Higher age is correlated with more complications, longer duration of admission 
and a smaller likelihood of TO. Studies on age and complications in patients who 
underwent gastric surgery all showed similar results to the data in this study, with a 
correlation between higher age and more complications (46-48). More complications 
understandably result in longer duration of admission, but age itself is also a risk 
factor according to the American college of Surgeons (49). A higher ASA score was 
correlated with longer duration of admission and less TO. An explanation for these 
correlations might be that patients with impaired fitness generally have impaired 
perioperative outcomes (50).

TO was included in this study because there is an increasing field of interest in 
quality assessment after oncologic surgery (51). With the introduction of TO, it was 
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made easier to compare the surgical outcomes between hospitals and between 
time periods. As shown in this study, trends in perioperative outcomes over time, 
can be demonstrated or quality differences between hospitals can be assessed. 
For patients with GISTs, no universally accepted definition for a textbook outcome 
measure has been established yet. The criteria for TO utilised in this study were 
derived from those applied for TO in gastric cancer (14, 16, 51). TO for gastric cancer 
includes various desired and undesirable outcomes of care such as negative surgical 
margins, complications, prolonged duration of admission, readmission, unplanned 
intensive care unit admission, number of harvested lymph nodes and mortality. A 
notable distinction in TO criteria developed for gastric GIST in the current study 
compared to those for gastric cancer lies in the omission of lymph node assessment 
because GISTs rarely metastasise to lymph nodes (52). There is no literature yet 
supporting the selected outcomes for the population in this study. However, it is 
common for studies to adapt small parts of TO. Hopefully in the future, TO for GIST 
surgery will be further refined and could possibly be used as composite measure 
to assess the quality of care more easily.

Some limitations have to be acknowledged in this study. The first limitation is the 
retrospective data collection in this study. Although the patients and most data 
were prospectively included in the DGR, some variables had to be supplemented 
retrospectively, which might have resulted in selection bias. Secondly, because MIS 
was mostly done in later periods, long follow up data was missing. Therefore, we 
were not able to compare oncologic outcomes, which is something that could be 
done in future research. Thirdly, despite the high number of patients included in 
this study, the number of events are relatively low resulting in less statistical power.

Conclusion

Evaluation of resections of unifocal localised gastric GISTs in the past 13 years 
in the Netherlands demonstrated an increase in minimally invasive surgery, less 
complications, shorter duration of admissions, and stable low occurrence of tumour 
rupture, which is also reflected in in the increase in textbook outcome. Statistical 
analysis demonstrated that these improvements were correlated with minimally 
invasive surgery both in tumours smaller and larger than five centimetres.

References

1.	 Rubin BP, Heinrich MC, Corless CL. Gastrointestinal stromal tumour. Lancet. 
2007;369(9574):1731-41.

2.	 Søreide K, Sandvik OM, Søreide JA, Giljaca V, Jureckova A, Bulusu VR. Global epidemiology 
of gastrointestinal stromal tumours (GIST): A systematic review of population-based 
cohort studies. Cancer Epidemiol. 2016;40:39-46.

3.	 DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, Brennan MF. Two hundred 
gastrointestinal stromal tumors: recurrence patterns and prognostic factors for survival. 
Ann Surg. 2000;231(1):51-8.

4.	 Casali PG, Blay JY, Abecassis N, Bajpai J, Bauer S, Biagini R, et al. Gastrointestinal stromal 
tumours: ESMO-EURACAN-GENTURIS Clinical Practice Guidelines for diagnosis, treatment 
and follow-up. Ann Oncol. 2022;33(1):20-33.

5.	 Mull HJ, Chen Q, Shwartz M, Itani KM, Rosen AK. Measuring surgical quality: which measure 
should we trust? JAMA Surg. 2014;149(11):1210-2.

6.	 Cohen ME, Liu Y, Ko CY, Hall BL. Improved Surgical Outcomes for ACS NSQIP Hospitals 
Over Time: Evaluation of Hospital Cohorts With up to 8 Years of Participation. Ann Surg. 
2016;263(2):267-73.

7.	 Serrano C, Martín-Broto J, Asencio-Pascual JM, López-Guerrero JA, Rubió-Casadevall J, 
Bagué S, et al. 2023 GEIS Guidelines for gastrointestinal stromal tumors. Ther Adv Med 
Oncol. 2023;15:17588359231192388.

8.	 Rossi S, Miceli R, Messerini L, Bearzi I, Mazzoleni G, Capella C, et al. Natural history of 
imatinib-naive GISTs: a retrospective analysis of 929 cases with long-term follow-up and 
development of a survival nomogram based on mitotic index and size as continuous 
variables. Am J Surg Pathol. 2011;35(11):1646-56.

9.	 Joensuu H, Vehtari A, Riihimaki J, Nishida T, Steigen SE, Brabec P, et al. Risk of recurrence 
of gastrointestinal stromal tumour after surgery: an analysis of pooled population-based 
cohorts. Lancet Oncol. 2012;13(3):265-74.

10.	Crocker AB, Vega EA, Kutlu OC, Salehi O, Mellado S, Li M, et al. Is minimally invasive 
surgery for large gastric GIST actually safe? A comparative analysis of short- and long-
term outcomes. Surg Endosc. 2022;36(9):6975-83.

11.	 Koh YX, Chok AY, Zheng HL, Tan CS, Chow PK, Wong WK, Goh BK. A systematic review and 
meta-analysis comparing laparoscopic versus open gastric resections for gastrointestinal 
stromal tumors of the stomach. Ann Surg Oncol. 2013;20(11):3549-60.

12.	 Gevorkian J, Le E, Alvarado L, Davis B, Tyroch A, Chiba S, Konstantinidis IT. Trends and 
outcomes of minimally invasive surgery for gastrointestinal stromal tumors (GIST). Surg 
Endosc. 2022;36(9):6841-50.

13.	 van Roessel S, Mackay TM, van Dieren S, van der Schelling GP, Nieuwenhuijs VB, Bosscha 
K, et al. Textbook Outcome: Nationwide Analysis of a Novel Quality Measure in Pancreatic 
Surgery. Ann Surg. 2020;271(1):155-62.

14.	Roh CK, Lee S, Son SY, Hur H, Han SU. Textbook outcome and survival of robotic versus 
laparoscopic total gastrectomy for gastric cancer: a propensity score matched cohort 
study. Sci Rep. 2021;11(1):15394.

15.	Busweiler LA, Schouwenburg MG, van Berge Henegouwen MI, Kolfschoten NE, de Jong PC, 
Rozema T, et al. Textbook outcome as a composite measure in oesophagogastric cancer 
surgery. Br J Surg. 2017;104(6):742-50.

7



126 127

The influence of minimal invasive surgery on perioperative outcomes of GISTChapter 7

16.	Chen Q, Ning Z, Liu Z, Zhou Y, He Q, Tian Y, et al. Textbook Outcome as a measure of 
surgical quality assessment and prognosis in gastric neuroendocrine carcinoma: A large 
multicenter sample analysis. Chin J Cancer Res. 2021;33(4):433-46.

17.	 Kolfschoten NE, Kievit J, Gooiker GA, van Leersum NJ, Snijders HS, Eddes EH, et al. Focusing 
on desired outcomes of care after colon cancer resections; hospital variations in ‘textbook 
outcome’. Eur J Surg Oncol. 2013;39(2):156-63.

18.	Daabiss M. American Society of Anaesthesiologists physical status classification. Indian 
J Anaesth. 2011;55(2):111-5.

19.	 Xiong Z, Wan W, Zeng X, Liu W, Wang T, Zhang R, et al. Laparoscopic Versus Open Surgery 
for Gastric Gastrointestinal Stromal Tumors: a Propensity Score Matching Analysis. J 
Gastrointest Surg. 2020;24(8):1785-94.

20.	Bischof DA, Kim Y, Dodson R, Carolina Jimenez M, Behman R, Cocieru A, et al. Open versus 
minimally invasive resection of gastric GIST: a multi-institutional analysis of short- and 
long-term outcomes. Ann Surg Oncol. 2014;21(9):2941-8.

21.	 Ohtani H, Maeda K, Noda E, Nagahara H, Shibutani M, Ohira M, et al. Meta-analysis of 
laparoscopic and open surgery for gastric gastrointestinal stromal tumor. Anticancer Res. 
2013;33(11):5031-41.

22.	Park SH, Lee HJ, Kim MC, Yook JH, Sohn TS, Hyung WJ, et al. Early experience of laparoscopic 
resection and comparison with open surgery for gastric gastrointestinal stromal tumor: 
a multicenter retrospective study. Sci Rep. 2022;12(1):2290.

23.	Chen Q, Liu JJ, Wang WD, Xiao K, Fan JY, Tan QF, Qian F. [Comparative study on clinical 
efficacy of two surgical methods for gastric gastrointestinal stromal tumors at unfavorable 
position]. Zhonghua Wei Chang Wai Ke Za Zhi. 2019;22(5):451-6.

24.	De Vogelaere K, Hoorens A, Haentjens P, Delvaux G. Laparoscopic versus open resection 
of gastrointestinal stromal tumors of the stomach. Surg Endosc. 2013;27(5):1546-54.

25.	Xu Z, Qu H, Ren Y, Gong Z, Kanani G, Zhang F, et al. A propensity score-matched analysis 
of laparoscopic versus open surgical radical resection for gastric gastrointestinal stromal 
tumor. J Minim Access Surg. 2022;18(4):510-8.

26.	Yan P, Liu J, Hu X, Liu J, Wu Y, Zhao Y, et al. [Clinical efficacy comparison between 
laparoscopic and open surgery in the treatment of gastric gastrointestinal stromal tumor]. 
Zhonghua Wei Chang Wai Ke Za Zhi. 2015;18(8):808-11.

27.	 Yu M, Wang DC, Wei J, Lei YH, Fu ZJ, Yang YH. Meta-Analysis on the Efficacy and Safety 
of Laparoscopic Surgery for Large Gastric Gastrointestinal Stromal Tumors. Am Surg. 
2021;87(3):450-7.

28.	Huang CM, Chen QF, Lin JX, Lin M, Zheng CH, Li P, et al. Can laparoscopic surgery be applied 
in gastric gastrointestinal stromal tumors located in unfavorable sites?: A study based on 
the NCCN guidelines. Medicine (Baltimore). 2017;96(14):e6535.

29.	Wakamatsu K, Lo Menzo E, Szomstein S, Seto Y, Chalikonda S, Rosenthal RJ. Feasibility of 
Laparoscopic Resection of Gastrointestinal Stromal Tumor of the Stomach. J Laparoendosc 
Adv Surg Tech A. 2018;28(5):569-73.

30.	Hu J, Or BH, Hu K, Wang ML. Comparison of the post-operative outcomes and survival of 
laparoscopic versus open resections for gastric gastrointestinal stromal tumors: A multi-
center prospective cohort study. Int J Surg. 2016;33 Pt A:65-71.

31.	 Piessen G, Lefèvre JH, Cabau M, Duhamel A, Behal H, Perniceni T, et al. Laparoscopic 
Versus Open Surgery for Gastric Gastrointestinal Stromal Tumors: What Is the Impact on 
Postoperative Outcome and Oncologic Results? Ann Surg. 2015;262(5):831-9; discussion 
29-40.

32.	Tao KX, Wan WZ, Chen JH, Yang WC, Cai M, Shuai XM, et al. [Laparoscopic versus open 
surgery for gastric gastrointestinal stromal tumors in unfavorable location: a propensity 
score-matching analysis]. Zhonghua Wai Ke Za Zhi. 2019;57(8):585-90.

33.	Yang Z, Li P, Hu Y. Laparoscopic versus open wedge resection for gastrointestinal 
stromal tumors of the stomach: a meta-analysis. Wideochir Inne Tech Maloinwazyjne. 
2019;14(2):149-59.

34.	Hølmebakk T, Bjerkehagen B, Hompland I, Stoldt S, Boye K. Relationship between R1 
resection, tumour rupture and recurrence in resected gastrointestinal stromal tumour. 
Br J Surg. 2019;106(4):419-26.

35.	Gronchi A, Bonvalot S, Poveda Velasco A, Kotasek D, Rutkowski P, Hohenberger P, et al. 
Quality of Surgery and Outcome in Localized Gastrointestinal Stromal Tumors Treated 
Within an International Intergroup Randomized Clinical Trial of Adjuvant Imatinib. JAMA 
Surg. 2020;155(6):e200397.

36.	Inaba CS, Dosch A, Koh CY, Sujatha-Bhaskar S, Pejcinovska M, Smith BR, Nguyen NT. 
Laparoscopic versus open resection of gastrointestinal stromal tumors: survival outcomes 
from the NCDB. Surg Endosc. 2019;33(3):923-32.

37.	 Cai JQ, Chen K, Mou YP, Pan Y, Xu XW, Zhou YC, Huang CJ. Laparoscopic versus open 
wedge resection for gastrointestinal stromal tumors of the stomach: a single-center 8-year 
retrospective cohort study of 156 patients with long-term follow-up. BMC Surg. 2015;15:58.

38.	Everett M, Gutman H. Surgical management of gastrointestinal stromal tumors: analysis 
of outcome with respect to surgical margins and technique. J Surg Oncol. 2008;98(8):588-
93.

39.	McCarter MD, Antonescu CR, Ballman KV, Maki RG, Pisters PW, Demetri GD, et al. 
Microscopically positive margins for primary gastrointestinal stromal tumors: analysis 
of risk factors and tumor recurrence. J Am Coll Surg. 2012;215(1):53-9; discussion 9-60.

40.	Tirumani SH, Shinagare AB, Jagannathan JP, Krajewski KM, Ramaiya NH, Raut CP. 
Radiologic assessment of earliest, best, and plateau response of gastrointestinal stromal 
tumors to neoadjuvant imatinib prior to successful surgical resection. Eur J Surg Oncol. 
2014;40(4):420-8.

41.	 Shrikhande SV, Marda SS, Suradkar K, Arya S, Shetty GS, Bal M, et al. Gastrointestinal 
stromal tumors: case series of 29 patients defining the role of imatinib prior to surgery. 
World J Surg. 2012;36(4):864-71.

42.	Tielen R, Verhoef C, van Coevorden F, Gelderblom H, Sleijfer S, Hartgrink HH, et al. Surgical 
treatment of locally advanced, non-metastatic, gastrointestinal stromal tumours after 
treatment with imatinib. Eur J Surg Oncol. 2013;39(2):150-5.

43.	Seshadri RA, Rajendranath R. Neoadjuvant imatinib in locally advanced gastrointestinal 
stromal tumors. J Cancer Res Ther. 2009;5(4):267-71.

44.	Fiore M, Palassini E, Fumagalli E, Pilotti S, Tamborini E, Stacchiotti S, et al. Preoperative 
imatinib mesylate for unresectable or locally advanced primary gastrointestinal stromal 
tumors (GIST). Eur J Surg Oncol. 2009;35(7):739-45.

45.	van der Burg SJC, van de Wal D, Roets E, Steeghs N, van Sandick JW, Kerst M, et al. 
Neoadjuvant Imatinib in Locally Advanced Gastrointestinal Stromal Tumors (GISTs) is 
Effective and Safe: Results from a Prospective Single-Center Study with 108 Patients. 
Ann Surg Oncol. 2023;30(13):8660-8.

46.	Quirante FP, Montorfano L, Rammohan R, Dhanabalsamy N, Lee A, Szomstein S, et al. Is 
bariatric surgery safe in the elderly population? Surg Endosc. 2017;31(4):1538-43.

47.	 Park DJ, Lee HJ, Kim HH, Yang HK, Lee KU, Choe KJ. Predictors of operative morbidity and 
mortality in gastric cancer surgery. Br J Surg. 2005;92(9):1099-102.

7



128 129

The influence of minimal invasive surgery on perioperative outcomes of GISTChapter 7

48. Wakahara T, Ueno N, Maeda T, Kanemitsu K, Yoshikawa T, Tsuchida S, Toyokawa A. Impact 
of Gastric Cancer Surgery in Elderly Patients. Oncology. 2018;94(2):79-84.

49. Dorman RB, Abraham AA, Al-Refaie WB, Parsons HM, Ikramuddin S, Habermann EB. 
Bariatric surgery outcomes in the elderly: an ACS NSQIP study. J Gastrointest Surg. 
2012;16(1):35-44; discussion

50. Magi E. ASA classification and perioperative variables as predictors of postoperative 
outcome. Br J Anaesth. 1997;78(2):228.

51. Busweiler LA, Schouwenburg MG, van Berge Henegouwen MI, Kolfschoten NE, de Jong PC, 
Rozema T, et al. Textbook outcome as a composite measure in oesophagogastric cancer 
surgery. Br J Surg. 2017;104(6):742-50.

52. Stiles ZE, Fleming AM, Dickson PV, Tsao M, Glazer ES, Shibata D, Deneve JL. Lymph Node 
Metastases in Gastrointestinal Stromal Tumors: an Uncommon Event. Ann Surg Oncol. 
2022;29(13):8641-8.

Supplementary material

7




