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Background: Gastrointestinal stromal tumors (GIST) comprise about 80% of gastrointestinal sarcomas.
In patients with localized disease, surgery is considered as “Gold Standard” treatment. Organ-sparing radical
en-block resection is widely accepted practice. Since lymph node dissection is not routinely indicated,
minimally invasive approach is of particular interest. The aim of this study is to investigate the short-term
outcomes of different surgical treatment of GISTs.

Methods: We analyzed data of 116 patients who received surgical treatment for localized forms of
GIST. Tumors were located in the stomach in 87 (75%) cases, in the small intestine in 26 (22.4%) cases,
and extragastrointestinal GISTs were found in 3 (2.6%) patients. Four different approaches were used—
open surgery (OpS, n=48), laparoscopic surgery (LS, n=40), endoscopic procedures (EP, n=22) and hybrid
rendezvous (HR, n=6). Patient demographics, clinical presentation of tumors, characteristics of operation
procedures (duration, intraoperative blood loss, frequency of R0O-resection and fragmentation of tumor),
postoperative complications and length of hospital stay were examined in all these groups.

Results: Radical treatment (RO-resection) was performed in all patients. There were no cases of tumor
ruptures during surgical procedure. Mean size of GIST in OpS was 9.1£2.0 [2-35] cm; in LS: 4.9£0.8 (1.5-
15) cm; in HR: 3.5+0.8 (2-4.5) cm and in EP: 2.3£0.3 (0.4-3.5) cm. Intraoperative blood loss in OpS was
369.7+209.5 [0-4,000] mL; LS: 63.9+16.0 [0-150] mL; in HR: 96.7+44.3 [50-200] mL; in EP: 33.3+11.0 [0-150] mL.
Duration of operation in OpS was 160+20.4 [50-310] min; in LS: 104.7£12.7 [50-185]; in HR: 176.7+44.0
[110-260] min and in EP: 89.8+15.5 [25-190] min. Complication rate in OpS was 5 (10.4%); in LS: 3 (7.5%);
in HR: 0% and in EP: 3 (13.6%). Length of hospital stay in OpS was 13.8+2.2 [7-52] days; in LS: 11, 4+2.2
[4-21] days; in HR: 11£3.2 [7-15] days and in EP: 11, 9+2.1 [5-22] days. There were no postoperative deaths.
Conclusions: There is a diversity of surgical approaches for GISTs treatment. From our point of view,
the main selection criteria for certain procedure are size, localization, growth type of the tumor and status of
overlying mucosa. Nevertheless, due to relative rarity and heterogeneity of this pathology, individualization
is necessary in each specific case. Laparoscopic and endoscopic surgery is proved to be safe and feasible
for resection of the gastric GISTs, with a reasonable operation time, low blood loss, and an acceptable
complication rate. Immediate results indicate that all interventions were performed radically without

mortality or serious morbidity.
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Introduction

Since the discovery of the KIT and PDGFRA genetic
mutations (1), as well as administration of tyrosine kinase
inhibitors (2), our concept of molecular and clinical
characteristics of gastrointestinal stromal tumors (GIST)
has been considerably widened, which led to rapid and
substantial changes in the approaches to the diagnostics and
treatment of these tumors (3,4).

However, GISTs still represent a complex problem for
surgical oncology. Although the methods of abdominal
cancer treatment are presently well known and validated (5),
there are no clear surgical algorithms for GISTs yet.
International guidelines such as ESMO or NCCN provide
a wide variety of possible treatment modalities; however, it
lacks definite selection criteria (3,4). Currently, there is no
unified concept of surgical interventions for GISTs located
in different regions of gastrointestinal tract.

Due to characteristics of biological behavior of
these tumors, which include a low rate of lymphatic
metastasis and infiltrating growth, currently adopted
practice such as economic resection of organs allows to
perform procedure without lymph nodes dissection (6).
As a result, it prompted surgeons to actively implement
minimally invasive interventions in treatment of these
tumors, which contributes to better functional outcomes
of surgery without affecting overall and disease-free
survival (OS/DEFS). Currently, endoscopic submucosal
dissection (ESD), submucosal tunnel endoscopic resections
(STER), endoscopic full thickness resections (EFTR) and
laparoscopic wedge resections are the most commonly
used procedures. In addition, hybrid technologies such
as rendezvous are used when endo- and laparoscopic
visualizations are performed simultaneously (7,8).

Some eminent representatives of the Eastern surgical
school are convinced that the practice of minimally invasive
procedures should be expanded to large GISTs (9). At the
same time, the European society of medical oncologists
restricts laparoscopic surgery (LS) interventions only to
small GISTs by arguing that this approach substantially
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increases the risks of damaging the fragile pseudocapsule
that significantly worsens the prognosis (4). It should be
also noted, that very few specialists currently use endoscopic
resections due to their technical complexity. However, there
is general increase in the interest for minimally invasive
methods, i.e., endoscopic and laparoscopic techniques, as
they allow a safe and reliable tumor resection and have
a number of considerable advantages over traditional
approach such as less severe postoperative pain, early
realimentation, lesser risk of wound infection, reduced
bleeding, and shorter hospital stay (10).

Objective

The main goal was to assess short-term outcomes of
different surgical approaches for GIST and to describe
certain technical parameters influencing the choice of a
specific intervention.

Methods

We have performed a retrospective analysis from a
prospectively documented database of 116 patients with
localized forms of GIST who underwent surgical treatment
between 2010 and 2016 at Federal State-Funded Budgetary
Public Health Facility L.G. Sokolov’ Hospital N 122
of the Federal Medical and Biological Agency, Federal
State-Funded Budgetary Facility N.N.Petrov’ Research
Institute of Oncology Ministry of Health of the Russian
Federation, and Federal State-Funded Budgetary Facility
Saint-Petersburg Multifield Center Ministry of Health
of the Russian Federation. The diagnosis was verified by
immunohistochemistry in all patients. Written informed
consent and Institutional Review Board approval were
obtained before review of any patient material.

Eighty eight (75.8%) patients were admitted to hospitals
according to scheduled hospitalization. The analysis of
clinical presentation in these cases reveals that tumor was
occasionally found in 67 patients (57.7%) during routine
endoscopic examination. Twenty one patients (18.1%)
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sought medical attention due to abdominal bloating,
epigastric discomfort, symptoms of disruption of abdominal
food transit, a palpable lump in the abdomen, fatigue,
weight loss, pain and others. All routinely admitted patients
were fully examined including endoscopic ultrasonography
and three-phase contrast-enhanced computer tomography
of the chest and abdominal cavities. If it was necessary,
medical diagnosis was done collectively in form of
multidisciplinary team by surgeon, endoscopist, radiologist,
oncologist, and pathologist. None of patients received
neoadjuvant imatinib therapy.

The rest 28 (24.2%) patients were admitted due to life-
threatening evidence of GISTs (gastrointestinal bleeding in
14.7%, perforation in 5.3%, and bowel obstruction in 4.1%
cases). These patients underwent an emergency surgical
intervention. Therefore, this group was not examined at all
and only surgeons that were on duty made the decision.

The following was obtained without comparative
analysis due to significant difference between each group
of patients: baseline and clinicopathological data including
patient demographics, clinical presentation of tumors,
tumor size and location, characteristics of operation
procedures (duration, intraoperative blood loss, frequency
of RO-resection and fragmentation of tumor), postoperative
complications and length of hospital stay. GIST pathology
was defined according to the GIST Risk Calculator tool
based on research from Dr. Heikki Joensuu (4).

Statistical analyses were performed using SPSS for
Windows, version 19.0 (SPSS Inc., Chicago, IL, USA).
Univariate analyses were performed using Student’s ¢-tests
and Mann-Whitney U tests. A P value <0.05 was considered
significant.

Results

There were 71 (61.2%) females and 45 (38.8%) males in the
study. The average age of patients was 61.2£2.13 y.o. (under
50 y.0.: 17.0%; 50 to 70 y.0.: 58,5%; over 70 y.o.: 24.5%).
There were no statistically significant differences in groups
of different types of surgery with respect to demographics.
The tumors were located in the stomach in 87 patients
(75%), in the small intestine in 26 patients (22.4%), and
extragastrointestinal GISTS were in 3 patients (2.6%). Notably,
this is consistent with reference literature data (11,12).

The average size of resected specimen was 5.7+0.85 cm.
According to approved TNM classification of GIST with
T criterion based on tumor size (13), 22 (19.0%) patients
were diagnosed with T1, 51 (44.0%) with T2, 27 (23.2%)
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with T3, and 16 (13.8%) with T4 tumors. There were no
cases of regional lymph nodes involvement. In accordance
with tumor morphology and intraoperative data the risk of
recurrence was very low in 12 (10.3%), low in 25 (21.6%),
intermediate in 46 (39.7%), and high in 33 (28.4%) cases.

Forty (34.5%) patients underwent laparoscopic tumor
resection. A traditional surgical intervention was performed
in 48 (41.4%) patients; endoscopic procedures (EP) were
performed in 22 (19.0%) patients, and a hybrid technique
was used in 6 (5.1%) cases. Table 1 describes these surgical
approaches. The most frequent procedures in open
surgery (OpS) group were partial gastrectomy [13 (27%)
patients] and small bowel resections [15 (31.3%) patients].
Moreover, in certain cases more extensive interventions
were performed due to large size of the tumor or invasive
growth with spread to nearby organs: 6 (12.5%) patients
underwent multi-visceral excision of stomach, spleen and
pancreas, 4 (8.3%) patients underwent subtotal gastrectomy,
2 (4.2%) patients underwent total gastrectomy, 1 (2.1%)
patient underwent pancreatoduodenal resection, and 3
(6.3%) patients underwent excision of retroperitoneal
lesion. Simultaneous interventions (tumor resection +
cholecystectomy or sigmoid resection due to the presence
of concomitant pathology) were performed in 4 (8.3%)
patients. Of the 91 patients who underwent laparoscopic
resections, 28 (70%) had wedge resection, 4 (10%)
underwent subtotal gastrectomy, 3 (7.5%) underwent sleeve-
resection, 2 (5%) underwent transgastric wedge-resection
(in the cases of posterior gastric wall localization), 3 (7.5%)
underwent small bowel resection. EPs included submucosal
dissection in 6 (27.2%) patients, tunnel resections in 8
(36.4%) patients, and full-thickness resections in 8 (36.4%)
patients.

All tumors were extracted without rupture. In 3 (7.5%)
cases laparoscopic procedure was converted to laparotomy.
In two patients it was due to the invasion of the tumor
into the spleen and pancreas found during intraoperative
revision. In another incident, tumor was located on
posterior wall of the subcardial section of the stomach.
In this case it was rather challenging to perform wedge
resection because of high risk of postoperative stenosis of
cardioesophageal junction.

All tumors were excised with negative microscopic
margins (RO), and there was no postoperative mortality.
Blood loss and surgical intervention duration were
significantly higher in OpS compared to minimally invasive
surgery group. At the same time, this may be explained due
to the fact of traditional approach prevalence in patients
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Table 1 Comparative characteristics of surgical approaches
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Characteristics Laparo;c:c;%))/ group Orz:jrg)up Endos(c;cz)rz)z)group Hyb:,ii g)roup
Tumor localization
Stomach 36 (90%) 27 (56.3%) 21 (95.5%) 6 (100%)
Intestines 4 (10%) 22 (37.5%) 1(4.5%) 0%
Extragastrointestinal 0% 3 (6.2%) 0% 0%
Size of removed specimen, mean + SD 4.9+0.8 [1.5-15] 9.1+2.0 [2-35] 2.3+0.3 [0.4-3.5] 3.5+0.8 [2-4.5]
(range), cm
R-0 resection 100% 100% 100% 100%
Postoperative mortality 0% 0% 0% 0%
Hospital stay, mean + SD [range], day 11.4£2.2 [4-21] 13.8+2.2 [7-52] 11.9£2.1 [5-22] 11+3.2 [7-15]

Operative time, mean + SD [range], min 104.7+12.7 [50-185]

Blood loss, mean + SD [range], mL 63.9+16.0 [0-150]

369.7+209.5 [0-4,000]

160+20.4 [50-310]  89.8+15.5 [25-190]  176.7+44.0 [110-260]

33.3+11.0 [0-150] 96.7+44.3 [50-200]

OpS, open surgery.

Table 2 Complications that required surgical or endoscopic intervention

Grade Complications Laparoscopy group OpS group Endoscopy group
Ila Staple line bleeding 1(2.5%)
Resistant pylorospasm 1(2.5%)
lllb Staple line bleeding 2 (4.2%)
Two-stage spleen rupture 1(2.1%)
Sigmorecto anastomotic leakage 1(2.1%)
Decompensated stenosis of the stomach output 1(2.1%)
Early adhesive obstruction 1(2.5%)
Delayed perforations 2 (9.1%)
Pharyngeal wall tear 1(4.5%)
OpS, open surgery.
with larger tumors (9.1 vs. 4.9 cm, P<0.05). In addition, Discussion

patients who underwent OpS displayed a slight tendency
to longer inpatient period; although, the difference is not
statistically significant (13.1 vs. 11.5 days, P>0.05).

Overall complication rate and particular complications
that required surgical or endoscopic intervention [grade
IIIa and IIIb according to Clavien-Dindo classification (14)]
were demonstrated in Table 2. It is clearly represented that
early complications occurred slightly more frequently in
endoscopic group than in OpS and laparoscopy (13.6%
vs. 10.4% and 7.5%). There were no postoperative
complications after hybrid “rendezvous” procedures.

© Translational Gastroenterology and Hepatology. All rights reserved.

GISTs that originate from the intestinal cells of Cajal are
rare but represent the largest subset of mesenchymal-
derived tumor of the gastrointestinal tract (3-5). Every
GIST is considered to have a potential to be malignant, and
surgical removal is the only curative therapy for localized
GISTs. Complete excision, avoiding tumor rupture is
potentially curative and the mainstay of treatment for
primary, resectable GIST (8,15,16).

Traditionally, GISTs resection was done with OpS,
but more recently, less invasive methods has gained
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widespread acceptance. It is connected with several recent
case series and systematic reviews which have reported
that laparoscopic and endoscopic resections were superior
to open resection in terms of short-term postoperative
outcomes such as decreased blood loss, lower morbidity
rate and shorter hospital stay without compromising the
oncologic outcomes (7,12).

It is worth noting that it is technically possible to remove
any tumor through laparoscopic or endoscopic approach,
but it is imperative to remember that safe oncologic
resection is the primary concern when considering
minimally invasive techniques for GIST tumor rupture
incomplete resections in these cases must always be avoided.
Thus, each surgeon must proceed from his technical
capabilities and maintain a delicate balance between the use
of minimally invasive interventions and compliance with
oncological requirements of surgery.

Despite the simplified surgical approach in stromal
tumors in comparison with adenocarcinomas, the results of
this study demonstrate a post-operative complications rate,
9.5% in overall study population. Since surgeons started
practicing endoscopic and laparoscopic techniques in GIST
surgery relatively recently, many surgeons still have to
gain more experience. In addition, it could be relevant to
the lack of interdisciplinary interaction between surgeons
and endoscopists, wide application of staple technologies,
absence of clear guidelines on surgery techniques, forced
surgery in emergency hospital due to life-threatening signs
of tumor. In order to solve this problem, it is essential to
work out an optimal solution to pinpoint the most relevant
surgical approach in regards of tumor localization, size, and
growth pattern.

OpS is considered to be a method of choice for small
intestine and extragastrointestinal tumors (2). Small bowel
remains a difficult location for endoscopy and laparoscopy
due to its lesser wall thickness in comparison to the
stomach; and therefore, more complex manipulations
are required. Nevertheless, there is a tendency to use
laparoscopic approach, even in cases of tumors over
5 cm. Thus, in our study one patient with a tumor of
8 c¢m in diameter underwent a laparoscopic intestinal
resection. Handport technique was used for a stromal
tumor of approximately 15 cm in diameter in another case.
Retroperitoneal tumors are seldom diagnosed at early stages
and often reach considerable dimensions. Besides, the
lack of clear anatomical marks creates further difficulty in
application of laparoscopic technologies in these patients.

Thus, it is necessary to recognize that the stomach is the
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only field for the application of various minimally invasive
technologies. Endoscopic approach is considered to be safe and
feasible if tumor size that does not exceed 3 cm (17-19). This is
determined by the high risk of complications during peroral
extraction of larger tumor. We observed such incident in our
study when posterior pharyngeal wall tear was registered
after an attempt to remove 3.5 cm GIST. In addition, during
an assessment stage by using endoscopic ultrasound, it is
important to determine from which echo layer the lesion
originates. If localization is in the muscularis mucosae,
an ESD procedure is feasible because the perforation or
bleeding risk is minimal (17,20). If the tumor originates
from the muscularis propria, STER is preferable because
this method prevents perforation due to maintaining of
muscular layer continuity by forming a valve from mucosal
and submucosal layers (18). If there is ulceration of overlying
mucosa, fibrosis of submucosal layer resulting from previous
biopsies or there is an intramural GIST attached by wide
base, EFTR is the only possible endoscopic option. Thus,
Zhou et al. (21) successfully removed tumors by EFTR in
26 patients with gastric GIST stemming from the muscularis
propria. RO resection was obtained in 100% of cases;
the average tumor size was 2.8 cm (range 1.2 to 4.5 cm).
Application of clip-assisted system OTSC together with
twin grasper allowed effortlessly closing the wall defect of
3 cm or more (22,23). In our study, we observed two delayed
perforations after applying this technique. Thereby, we
came to conclusion that in some cases it is safer to perform
laparoscopic closure of artificial perforations after EFTR.

It is evident that laparoscopic approach is safe and
effective in GISTs under 5 c¢m (9,12,16). In our study, we
demonstrated that laparoscopic approach could be applied
in larger-sized tumors as well. Thus, 15 patients who
had GISTs over 5 cm in size were successfully removed:
4 patients presented with 8 cm tumor, 4 with 7 cm and 7
with 6 cm in diameter. The low rate (7.5%) of conversion
to OpS also highlights the feasibility of the laparoscopic
approach. It is important to note, that conversion to
OpS did not result in increased morbidity or mortality.
Italian investigators revealed similar short-term results in
retrospective case-control study of open versus laparoscopic
resection of large GIST (24). Nevertheless, in the course
of our study, patients underwent selection for a specific
intervention, so there was bias in decision-making.
Difficult-to-access GISTs with invasive growth were
resected via OpS.

Surgery techniques can vary greatly depending on tumor
localization and its relation to nearby structures. There is
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no need to perform gastric mobilization in extraluminal and
transmural tumor growth on the anterior body wall and
greater gastric curvature. The tumor is clearly visualized,
patency and leakage are highly visible, and a stapled resection
within healthy tissues can be monitored by a gauging probe
with later endoscopic control of suture-line hemostasis. If
the tumor is localized on the lesser gastric curvature, it is
necessary to perform dissection on lesser gastric curvature
with its partial mobilization before resecting the tumor in
order to preserve the branches of vagus nerve leading to the
antrum and gall bladder, which are needed to prevent post-
operative complications. If the tumor is located close to
cardioesophageal junction or pylorus, it is more advisable
to perform gastric resection with unipolar coagulation
or ultrasound scalpel prior to staple resection in order to
remove as less surrounding healthy tissue as possible. This
approach will have smaller risk of deformation and stenosis in
the post-operative period (5). The most difficult localization
for laparoscopic approach is a posterior wall of the stomach.
Among our patients, this type of tumor location was found in
three people. It is difficult to provide recommendations based
on limited experience. However, it is worth mentioning
that performing a gastrotomy with the following dislocation
of tumor onto the anterior wall facilitates the operative
procedure and does not require extensive mobilization of the
stomach.

If a GIST under 5 cm in diameter with intraluminal or
transmural growth type is located near cardioesophageal
junction and pylorus and on the posterior wall of
lesser curvature, it seems reasonable to perform hybrid
interventions with simultaneous application of laparoscopic
and endoscopic visualization in order to establish the exact
borders of tumor and perform a precise resection and a
reliable restoration of continuity of the gastric wall (25).
Currently, we have gained experience of applying
rendezvous technology in only 6 patients, but we hope to
gain more experience in the future.

Finally, it should be mentioned that endoscopic and
laparoscopic techniques are currently actively implemented
in clinical practice for treatment of patients with GISTs (8).
Minimally invasive procedures, as well as OpS, allow
performing radical tumor resection. However, we are still
experiencing a high rate of post-operative complications,
which means that the problem of GIST surgical treatment
still exists. Application of heterogeneous and non-
standardized approaches represents a potential risk.
The development of optimal solution based on tumor
localization and topographic anatomy will allow us to

© Translational Gastroenterology and Hepatology. All rights reserved.
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improve safety and reliability of the treatment. Further
analysis and more active implementation of modern
approaches such as hybrid rendezvous (HR) techniques
are required in order to increase effectiveness of localized
GIST surgical treatments.

Our study is limited exclusively to a review of surgical
tactics and early outcomes without analyzing of long-term
results such as estimation of recurrence and survival rates
as well as adjuvant imatinib administration. Also, there was
relatively small sample size and the retrospective design. To
further improve the management of GISTs, randomized
double-blinded controlled trials have to be performed
in order to compare the OpS versus laparoscopy and
endoscopy for the treatment of these tumors.

Conclusions

There is a diversity of surgical modalities for GISTS treatment.
From our point of view the main selection criteria for certain
procedure are size, localization, growth type of the tumor
and status of overlying mucosa. Nevertheless, due to relative
rarity and heterogeneity of this pathology, individualization is
necessary in each specific case. Laparoscopic and endoscopic
surgery proved to be safe and feasible for resection of the
gastric GISTS, with a reasonable operation time, low bleeding,
and an acceptable complication rate. Moreover, immediate
results indicate that all interventions were performed radically
without mortality or serious morbidity.
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