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Introduction

Gastrointestinal stromal tumours (GISTs) are the most com-
mon mesenchymal tumours of the digestive tract. Within the 
past decade, emerging targeted therapies and improvement 
of minimally invasive surgery have revolutionized its man-
agement and prognosis.

Usually sporadic, their reported incidence ranges 
between 4 and 20 cases/million inhabitants/year, with a sex 
ratio of one and a median age at diagnosis of 60 years-old. 
They develop mostly from the stomach (55%) and small 
intestine, more rarely from the rectum, oesophagus or mes-
entery. Pathologically, the diagnosis relies on morphology 
and immunohistochemistry: GISTs derive from Cajal cells 
(type of interstitial cell responsible of the contraction of the 
intestinal smooth muscle), and harbour activating mutations 
of genes encoding tyrosine kinase receptors KIT or PDG-
FRA [1–3].
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Abstract
Aim  Laparoscopic surgery is widely used for small gastric gastrointestinal stromal tumors (GISTs) (≤ 5 cm) but remains 
a controversial approach for larger gastric GISTs (> 5 cm). This study aims to compare short- and long-term outcomes of 
laparoscopic resection in comparison with open resection for gastric GISTs measuring over 5 cm.
Method  All patients receiving surgery for gastric GIST > 5 cm between 2000 and 2021 in a single tertiary hospital were 
included. Data were collected from prospectively maintained records. Kaplan–Meier method and log rank test were used to 
compare survival outcomes.
Results  Among 108 included patients, 59 patients had minimally invasive (MI) surgery (54.6%) whereas 49 patients had 
open surgery (46.4%). The rate of overall postoperative morbidity was 14.8% and the median length was significantly 
shorter in the MI group [4 (range 2–30) vs. 7 (range 4–33) days; P = 0.007]. The overall R0 resection rate was 98.2% and the 
rate of tumor rupture was 13%, not different between the two groups. Recurrence occurred in 24% of the whole population 
without any difference between groups (20.3% vs. 28.7%, p = 0.31). Minimally invasive surgery was not found as a negative 
prognostic disease-free survival factor.
Conclusion  Laparoscopic surgery could be a safe and feasible alternative to open surgery in large gastric GIST, bringing the 
benefits of minimally invasive surgery without compromising oncologic results.
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The most common symptoms leading to diagnosis are 
gastrointestinal bleeding and abdominal pain, but around 
20% are incidentally discovered [4]. The key exam for stag-
ing is the CT-scanner. The prognosis mainly relies on the 
risk of relapse, and risk factors for the latest are tumour size, 
mitotic index (expressed as the number of mitoses on a total 
area of 5 mm2), non-gastric site and tumour rupture.

For localised gastric GISTs, the gold standard treat-
ment is a complete monobloc R0 resection without spill-
age of tumour contents [2, 3]. Limited macroscopic margins 
are considered sufficient, and lymph node dissection does 
not improve survival or decrease recurrence (lymph node 
metastases risk less than 1%) whereas an incomplete resec-
tion considerably worsens the prognosis. Thus, wedge 
resection is the procedure of choice, and if not feasible, a 
segmental resection is adequate to achieve a complete sur-
gical excision. Total gastrectomy is rarely necessary, except 
for voluminous cardial tumours [2, 3, 5]. Besides, overall 
survival for high-risk tumours has been widely improved 
by adjuvant tyrosine kinase inhibitor treatments such as 
imatinib.

For small gastric GISTs (< 5 cm), laparoscopic resection 
has been proven to be associated with less postoperative 
morbidity and equivalent oncological prognosis, as being 
stated in recent reviews and metanalyses [6–10], as well 
as in United States’ National Comprehensive Cancer Net-
work and Spanish guidelines [11, 12]. Even though for now, 
laparoscopy is not recommended in gastric GISTs superior 
to 10 cm due to concerns of inferior oncological outcomes 
[11]. Considering the supposedly higher risk of tumour spill-
age, guidelines are lacking concerning the abdominal wall 
access type to intermediate tumours measuring between 5 
and 10 cm [11, 12]. However, widen access to laparoscopy, 
development of technical skills and its demonstrated post-
operative benefit in other surgical pathologies should make 
us reconsider the role of minimally invasive surgery in the 
management of large GISTs. According to demographic 
studies, GISTs ≥ 5 cm represent up to 50% of the cases, as 
the global incidence of this tumour type continues to rise, 
making their management a key issue [4].

Several international retrospective studies are avail-
able on the subject, suggesting improved post-operative 
outcomes such as an earlier resumption of diet and shorter 
length of hospital stay as well as equivalent oncological 
safety without increasing R1 resection [13–18]. However, 
most of them concerned asian populations and included 
only a small number of patients. Extensive knowledge of 
the clinical impact of larger tumour is needed in order to 
provide optimal oncological care.

The aim of our large retrospective study was to compare 
short- and long-term outcomes of laparoscopic resection 
with open resection for gastric GISTs measuring over 5 cm.

Patients and methods

Population

This was a retrospective, single center study of patients 
undergoing surgery for large gastric GIST > 5 cm at Euro-
pean George Pompidou Hospital in Paris between 2000 and 
2021. All patients signed a consent form before surgery, and 
this study was approved by our Institutional Review Board.

Study design

Retrospective comparison of patients undergoing surgery 
for gastric GISTs measuring over 5  cm. Patients were 
assigned to two groups: patients having a surgical treatment 
by laparotomy (Open group), and patients having surgical 
treatment by laparoscopy / minimally invasive surgery (MI 
group). The diagnosis of gastric GIST was confirmed preop-
eratively by the histological analysis performed using endos-
copy, or post operatively when suspected on the CT scanner 
by the histological analysis of the resected specimen.

Follow-up

Patients were followed up at 3–6 months to 1-year intervals. 
The time to recurrence was defined as the time of the first 
documented appearance of tumour after complete resection 
based on clinical or radiological examination.

Definitions

Tumour rupture was defined as any tumour spillage or frac-
ture, laceration of the tumour capsule with or without mac-
roscopic spillage piecemeal resection and incisional biopsy 
occurring either before or at the time of the operation.

Estimation of recurrence risk was performed using Armed 
Forces Institute of Pathology (AFIP) according Miettinen et 
al. [19], and Modified NIH classification system according 
Joensuu [20].

Overall survival (OS) was defined as the time from sur-
gery to death, whatever the cause, and disease-free survival 
(DFS) was defined as the time from surgery to recurrence.

Endpoints and collected data

The primary endpoint was the postoperative morbidity of 
patients undergoing laparoscopic resection for large gastric 
GIST. Secondary endpoints were evaluation of factors influ-
encing DFS, risk factors for conversion to laparotomy.

The recorded study parameters included preoperative 
data (age, gender, ASA score, history of chronical dis-
ease, history of abdominal surgery), data concerning tumor 
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characteristics (diagnostic circumstances, size, location, 
margins, mitotic count, genetics.), pre-operative chemo-
therapy, surgical data (type of resection, rate of concomitant 
abdominal resection), post-operative morbidity (according 
Dindo classification [21]), histological data, and follow up 
(the adjuvant therapy rate, OS and DFS).

Inclusion criteria

Patients included in the study had to meet all of the follow-
ing inclusion criteria: histologically proven gastric GIST, 
tumour size over 5  cm diameter on histological examina-
tion. Patients having gastric GIST measuring less than 5 cm 
on histological examination, metastatic GIST or other type 
of gastric tumor were excluded from the study.

Statistic

Quantitative variables are presented as median (range) and 
are compared using the Wilcoxon’s test, while qualitative 
variables are presented as count (percentage) and are com-
pared using the Chi square or Fisher’s exact test as appro-
priate. A p value < 0.05 was considered significant. OS and 
DFS were estimated using Kaplan–Meier curves. Prognos-
tic factors for DFS were evaluated using the log-rank test 
in univariate analysis. Analyses were conducted using SAS 
version 9.1 (SAS Institute, Cary, NC, USA).

Results

Population study

During the study period, 108 patients had a surgery for gas-
tric GIST > 5 cm among which 59 had laparoscopy (54.6%, 
MI group) while 49 had open surgery one (46.4%, Open 
group). The patient’s ASA scores were 1 and 2 in 79.6% 
of cases. Tumors were incidentally diagnosed in 26.8% 
(n = 29). Most of the tumors were located in the greater 
curve of the stomach (50%) (Fig. 1). Tyrosine-kinase inhibi-
tor (TKI) was given in 12% of our population in a neoad-
juvant setting. The characteristics of the overall population 
are summarized in Table 1.

Surgical data

A wedge resection was performed in 68.5% of all cases but 
more often performed in the MI group [81.3% vs. 53%; 
p = 0.001]. Concomitant abdominal resection was necessary 
for 29.6% of cases, principally due to distal pancreatectomy 
(n = 12) and cholecystectomy (n = 8). Tumors were signifi-
cantly smaller in the MI group [8.3 (SD 4.1) vs. 13 (SD 5.6) 
cm; p < 0.001].

Fig. 1  Localization of gastric 
GIST
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Factors affecting DFS

Joensuu classification, Miettinen classification, Tumor 
size > 10 cm, tumour rupture and mitosis count were found 
to be prognostic factor for DFS (Figs. 2, 3 and 4). Minimally 
invasive surgery did not negatively impact the 5-year DFS 
(72.8% vs. 59.4%, p = 0.07). Compared with no rupture, the 
presence of tumoral rupture was associated with a hazard 
ratio (HR) of 6.84 (95% CI 2.83–16.5; p < 0.0001). In the 
same way, compared with a low mitotic rate (≤ 5/mm2), the 
HR with a high mitotic rate (> 5/mm2) was 5.14 (95% CI 
2.13–12.3; p = 0.0003).

Risk factors for conversion to laparotomy

In the MI group, rate of conversion to open surgery was 
32.6% (n = 16). Necessity of an anatomical resection and a 
concomitant abdominal resection were associated with the 
need of conversion, whereas tumor size > 10 cm or location 
of the tumor were not in univariate analysis (Table 3).

Discussion

In this present series, including 108 consecutive cases of 
large gastric GISTs, we found that laparoscopic surgery 
could be an alternative to open surgery, bringing the ben-
efits of minimally invasive surgery without compromising 
oncologic results.

Commonly accepted definition of a large gastric GIST 
was tumour greater than 5  cm. In the present series, 

Short-term outcomes

There was no post-operative. The rate of postoperative mor-
bidity was 14.8%, including a 3.7% of major complication 
(grade III–IV) (Table 2). The median length of stay was 6 
days in the overall population (range 2–33) and was signifi-
cantly shorter in the MI group [4 (range 2–30) vs. 7 (range 
4–33) days; p = 0.007]. Tyrosine-kinase inhibitor (TKI) was 
given in 39.8% in an adjuvant setting.

Histological data

All the resected tumors were positive for CD117 or DOG1 
immunostaining. KIT mutations were found in 62% of the 
entire population whereas PDGFRA mutation occurred in 
12.9%, equally balanced between the 2 groups.

The R0 resection rate was 98.2% and the rate of tumoral 
rupture was 13%, not different between the two groups. The 
median mitotic rate was 4 (range 0–125).

Follow-up

Median of follow-up in the whole population was 95.5 
months (range 1-237 months). Recurrence occurred in 24% 
of the whole population without any difference between 
groups (20.3% vs. 28.7%, p = 0.31). According to AFIP and 
NIH risk stratification, the Open group was found to have 
more high-risk patients (p < 0.001) (Table 2).

All (n = 108) MI group (n = 59) Open group (n = 49) P value
Median age (year) 60 60 61 0.8
Male gender 57 (52.7) 35 (59.3) 22 (44.8) 0.13
ASA score 0.7

1 (%) 14 (13) 9 (15.2) 5 (10.2)
2 (%) 72 (66.6) 39 (66.1) 33 (67.3)
>2 (%) 22 (20.4) 11 (18.7) 11 (22.5)

Tumor size (mean, SD) 10.5 (5.3) 8.3 (4.1) 13 (5.6) < 0.001
Tumor size > 10 cm (%) 50 (46.2) 16 (27.1) 34 (69.4) < 0.001
Location of the tumor 0.66

Antrum (%) 13 (12) 7 (11.9%) 6 (12.2)
Fundus (%) 22 (20.3) 13 (22%) 9 (18.4)
Greater curve (%) 54 (50) 28 (47.4%) 26 (53)
Cardia (%) 4 (3.7) 1 (1.7%) 3 (6.2)
Lesser curve (%) 15 (14) 10 (17%) 5 (10.2)

Type of resection 0.001
Wedge (%) 74 (68.5) 48 (81.3) 26 (53)
Anatomical (%) 44 (31.5) 11 (18.7) 23 (47)

Operating time (minutes) (mean, SD) 145 (76) 133 (96) 153 (66) 0.55
Concomitant abdominal resection (%) 32 (29.6) 11 (18.7) 21 (42.8) 0.006
Neoadjuvant TKI (%) 13 (12) 5 (8.5) 8 (16.3) 0.21

Table 1  Demographic, tumors 
characteristics and type of treat-
ment of all population, MI and 
open groups

TKI: Tyrosine kinase inhibitors
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In our series, postoperative complications tended to 
decrease after laparoscopy compared to open surgery, even 
if not significant (5% vs. 18.3%, p = 0.07, respectively) 
whereas length of stay was significantly shorter in the MI 
group [4 vs. 7 days, P = 0.007, respectively]. Interestingly, 
the postoperative results of the CLASS01 RCT, comparing 

laparoscopic resection was performed in 54.6% of all 
cases. In Lin et al. series, including 66 patients with gastric 
GISTs of 5–8 cm, laparoscopic surgery has been performed 
in 36 patients (54.5%) with 94% of wedge resection [18]. 
Wedge resection was the key point of GIST surgery and was 
achieved in 81.3% of our minimally invasive procedures.

Fig. 2  Recurrence free survival according Joensuu (A) and Miettinen classification (B)

 

All (n = 108) MI group (n = 59) Open group (n = 49) P value
Closed margin (< 1 mm) (%) 2 (1.8) 0 (0) 2 (4) 0.11
Lymph node involvement (%) 3 (2.7) 0 (0) 3 (6.1) 0.17
Tumor rupture (%) 14 (13) 6 (10.1) 8 (16.3) 0.34
KIT Mutation* 0.59

Exon 11 34 (31.4) 18 (30.5) 16 (32.6)
Exon 9 33 (30.5) 17 (28.8) 16 (32.6)
Not mutated 36 (33.3) 21 (35.5) 14 (28.5)

PDGFRA mutation* 14 (12.9) 10 (16.9) 4 (8.1) 0.17
Mitotic Index > 5/mm2* 35 (32.4) 16 (27.1) 19 (38.7) 0.22
NIH risk stratification (Joensuu) * < 0.001

Intermediate risk (%) 36 (33.3) 28 (47.4) 8 (16.3)
High risk (%) 67 (62) 28 (47.4) 39 (79.6)

AFIP risk stratification (Miettinen)* < 0.001
Low risk (%) 37 (34.2) 29 (49) 8 (16.3)
Intermediate risk (%) 31 (28.7) 11 (18.6) 20 (40.8)
High risk (%) 35 (32.4) 16 (27.1) 19 (38.8)

Postoperative morbidity 0.07
Dindo grade < 3 (%) 12 (11.1) 3 (5) 9 (18.3)
Dindo grade ≥ 3 (%) 4 (3.7) 3 (5) 1 (2)

Length of stay in days (range) 6 (2–33) 4 (2–30) 7 (4–33) 0.007
Adjuvant TKI (%) 43 (39,8) 19 (32.2) 24 (49) 0.07
Relapse (%) 26 (24) 12 (20.3) 14 (28.7) 0.31
Median DFS in months NA NA 81 0.07
Median OS in months NA NA NA 0.054
Median Follow-up in months 95.5 93.5 105.3 0.55

Table 2  Histological and post-
operative data of all population, 
MI and open groups

* missing data for 5 patients
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Other principles of GIST surgery included: complete R0 
resection, and no spillage. In the present series, R0 resec-
tion was achieved in 100% in the MI group and 96% in the 
Open group (not significant). In the largest multicentric 

laparoscopy with open distal gastrectomy for patients with 
advanced gastric cancer, did not show differences in surgi-
cal morbidity but a decreased length of stay after laparo-
scopic surgery [22].

Conversion (n = 16) No conversion (n = 43) P value
Type of resection 0.02

Wedge (%) 10 (62.5) 38 (88.3)
Anatomical (%) 6 (37.5) 5 (11.7)

Concomitant abdominal resection (%) 6 (37.5) 5 (11.7) 0.02
Tumor size > 10 cm (%) 7 (43.7) 9 (20.9) 0.07

Table 3  Risk factors for 
intra-operative conversion to 
laparotomy

 

Fig. 4  Recurrence free survival according tumor rupture (A) and mitosis rate (B)

 

Fig. 3  Recurrence free survival according surgical approach (A) and size of the tumor (B)
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use of TKI in a neoadjuvant setting showed decreased 
tumour size of 36% and a less extensive surgery was pos-
sible for 51% of all patients [28]. In our studies, use of neo-
adjuvant TKI was performed in 12% which is higher than 
in the US registries but should always be proposed when an 
extended surgery is planned [29]. Indeed, more important 
than the size is the location of the tumour. According to the 
location of the tumour, Hsiao et al. dichotomised the acces-
sibility of the gastric GISTs and classified as easy-to-access 
and difficult-to-access [30]. Performing a wedge resection 
in the greater curve for a large GIST is finally easier than 
performing a resection of a smaller one in the lesser curve. 
Different criteria must be integrated when a laparoscopic 
procedure is proposed for a GIST including the location of 
the tumour, the type of surgery planned, the need of a con-
comitant abdominal operation and the size of the tumour but 
the size by itself should not be an exclusion criterion.

Our present studies suffered from several limitations. 
First, this study was a monocentric retrospective study but 
is, to our knowledge, the largest single-center experience 
of consecutive large gastric GIST treated by laparoscopy. 
Additionally, this study comprised a long time period of 
inclusion (2000–2021) that could have influenced the choice 
of surgical procedure in relationship with the development 
of laparoscopic or even robotic surgery during the last years 
and also explained the low rate of neoadjuvant TKI use. 
Data concerning quality of life are lacking which could 
be of interest when comparing surgical options. Further 
studies preferably in the form of prospective random-
ized controlled trials in larger patient cohorts are 
needed to determine whether minimally invasive sur-
gery is non inferior to open surgery to treat large 
gastric GISTs.

Conclusion

Laparoscopic approach can be safely performed in selected 
patients with large gastric GISTs at high-volume specialized 
institutions. Size of the tumor is an important criterion to 
take into account when laparoscopy is proposed but should 
not be an exclusion criterion by itself. In addition, laparo-
scopic approach for large gastric GIST is not associated 
with worst DFS in our study.
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series comparing laparoscopic and open surgery for gastric 
GISTs, Piessen et al. showed 94% of R0 resection, equally 
balanced in the 2 groups with majority of small GISTs [10]. 
In the last ESMO guidelines, given the risk of tumour rup-
ture, and also the risk of relapse, experts clearly discouraged 
the use of laparoscopy for patients having large tumors [3]. 
This specific recommendation was principally based on the 
international Joensuu et al. studies, where tumoral rupture 
was strongly associated with poor outcomes but the impact 
of the surgical approach was not really discussed [20, 23, 
24]. Here, we showed that minimally invasive surgery was 
not associated with tumoral spillage since tumoral rupture 
rate was 10.1% in the MI group and 16.3% in the open 
group (p = NS). Even high, this rate was in accordance 
with published data, as in the Norwegian prospective 
sarcoma database which reported 9% of tumoral rup-
ture, including small and large gastric tumours [25].

Disease-free survival analysis confirmed that mitotic 
index and tumoral rupture were important prognostic fac-
tors whereas surgical approach was not. In the Lin et al. 
studies, the oncological outcomes were similar between 
the laparoscopic group and open group and mean hospital 
stay was shorter in the laparoscopic group, as in our stud-
ies [26]. Recently, using the National Cancer Database 
(2010–2016) to assess outcomes of 1298 patients harboring 
GISTS ≥ 10 cm, Gevorkian et al. confirmed that minimally 
invasive surgery did not compromise long-term survival 
[16]. The 2 international commonly used classifications for 
risk stratification (NIH and AFIP) categorise two key prog-
nostic variables, tumour size and mitosis count. Including 
exclusively large tumours, our data showed that inside this 
subgroup, we could identify patients with better prognosis, 
and the interest of these classifications is still preserved. 
Another clinically useful prognostic information could also 
be given by the GIST mutational status, since KIT exon 
11 mutations were known to be most sensitive to imatinib, 
whereas the PDGFRA mutation is considered imatinib-
resistant [27]. These mutational informations, principally 
guiding adjuvant treatment were not found to be prognostic 
factors in our study, probably due to the sample size of our 
population.

Conversion to open surgery occurred in nearly 1/3 of 
our laparoscopic procedures. This high rate was princi-
pally in relationship with the impossibility of performing 
a wedge procedure and the necessity of an extended resec-
tion to nearby organs. Even if not significant, there was 
a trend toward the association between the necessity of a 
conversion and a very large tumour > 10 cm (p = 0.007). In 
the Khoo et al. studies, only one conversion of 23 (4.3%) 
laparoscopic procedures for large gastric GIST occurred but 
the rate of conversion was of 10% (6/59) in patients having 
GIST < 5 cm [15]. In the recent Van den burg et al. studies, 
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