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ABSTRACT

INTRODUCTION: Neoadjuvant imatinib for large GISTs may prevent tumor rupture and the need for
extended surgery by reducing tumor size. In this study, we present a case of large gastric GIST with
diaphragm invasion, due to the patient receiving laparoscopic resection following preoperative imatinib
treatment.
PRESENTATION OF CASE: A 72-year-old woman was hospitalized with left hypochondriac pain for a month.
Examinations revealed a large heterogeneous gastric mass measuring 80 mm in size, arising from the
greater curvature of the corpus. The mass invaded the left thoracic diaphragm. Treatment with imatinib
at an initial dosage of 400 mg/day was initiated. After a further two months of follow-up, the lesion had
sustained reduction to 50 mm n size, however, the invasion to the diaphragm remained. The patient even-
tually underwent laparoscopic partial gastrectomy and partial resection of the diaphragm with curative
intent. Adjuvant chemotherapy was initiated at one month after the surgery, however, was discontinued
due to nausea. After one-year follow-up, no recurrence was noted.
DISCUSSION: Neoadjuvant imatinib may shrink tumor size remarkably and prevent tumor rupture during
surgery, and thus lead to increased rates of complete resection. To date, several publications have directly
compared the oncologic results between laparoscopic and open resection for GISTs. In the present case,
the tumor was movable, and moderately fixed on diaphragm. It was favorable condition for laparoscopic
surgery.
CONCLUSIONS: This is the first report of a large gastric GIST invading the diaphragm that was successfully
treated by laparoscopic resection after tumor reduction by neoadjuvant imatinib.
© 2021 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

GIST (80%) [2]. Surgical resection is the only curative treatment
for GIST. Independent prognostic factors for recurrence after resec-

Gastric submucosa tumor (SMT) is found in 0.3% of middle-aged
adults by health examination, half of which are considered to be
neoplastic[1]. Typical SMTs are gastrointestinal stromal cell tumors
(GISTs), leiomyomas, and schwannomas, and the most common is

Abbreviations: ~ SMTs, submucosa tumors; GISTs, gastrointestinal stro-
mal cell tumors; UGI, Upper gastrointestinal endoscopy; 18F-FDG PET, 18F-
fluorodeoxyglueose position emission tomography; PBT, polybutester; EUS-FNA,
Endoscopic Ultrasound-Fine Needle Aspiration.
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tion include tumor size, mitotic count, tumor location, and tumor
rupture. GISTs with high-risk features such as large tumor size,
high mitotic count, or tumor rupture have poor prognosis after
resection; more than half of the patients with such tumors suffer
from recurrence within 5 years after surgery. For such high-risk
cases, adjuvant treatment has been attempted to reduce recur-
rence rate. Adjuvant imatinib prolonged recurrence-free survival,
but eventually many patients showed recurrence after termina-
tion of adjuvant imatinib [3-5]. Neoadjuvant imatinib may prevent
tumor rupture and the need for extended surgery by reducing the
tumor size by approximately 35%, especially for large GISTs, as
shown in a previous phase Il study [6]. Laparoscopic gastric surgery
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has gained popularity in surgical oncology since it embraces ben-
efits such as reduced postoperative morbidity and shorter length
of hospital stay [7]. In the present study we present a case of large
gastric GIST with diaphragm invasion, due to a patient receiving
laparoscopic resection following preoperative imatinib treatment.
This case report has been prepared in line with the SCARE criteria
[8].

2. Case presentation

A 72-year-old woman was hospitalized with left hypochondriac
pain for a month. All biochemical studies were normal. Abdominal
CT scan revealed a large heterogeneous gastric mass with contrast
effect measuring 80 mm in size, arising from the greater curvature
of the corpus. The mass invaded the left thoracic diaphragm and
left hepaticlobe (Fig. 1a, b). Upper gastrointestinal endoscopy (UGI)
detected well-circumscribed submucosal tumor at the greater cur-
vature of the gastric body (Fig. 1¢). Although a biopsy didn’t confirm
the diagnosis of GIST, CT imaging and UGI showed the classi-
cal features of GIST. In 18F-fluorodeoxyglueose position emission
tomography (18F-FDG PET)/CT, obviously increased FDG uptake
was shown in the tumor (SUVmax, 22.9). There was no evidence
of distant metastases on 18F-FDG PET (Fig. 1d). The patient had
the potential to receive proximal gastrectomy or total gastrec-
tomy with the resection of the diaphragm for radical treatment.
We initiated preoperative adjuvant chemotherapy with imatinib to
achieve a reduction of operative risks and functional preservation.
Treatment with imatinib at an initial dosage of 400 mg/day was
initiated. At two months after the initiation, the CT scan showed
that the primary tumor had reduced to 50 mm on its largest axis.
Poor tolerance to treatment (ie, nausea, vomiting, and rash on the
skin) required a reduction in the dosage to 300 mg/day. One week
afterwards, imatinib treatment was stopped. After further two
months of follow-up, CT showed that the lesion had shrunk with
a lower contrast effect, however, the invasion to the diaphragm
remained (Fig. 2a, b). UGI also revealed the tumor shrinkage
(Fig. 2c). The patient eventually underwent laparoscopic partial
gastrectomy and partial resection of the diaphragm with curative
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Fig. 1. a. Axial image of abdominal CT scan showed a large heterogeneous gastric mass with contrast effect measuring 80 mm in size, arising from the greater curvature of
the corpus. b. Coronal image of CT revealed that the mass invaded the left thoracic diaphragm and left hepatic lobe. c. Upper gastrointestinal endoscopy (UGI) detected a
well-circumscribed submucosal tumor in the greater curvature. d. 18F-FDG PET/CT revealed intense 18F-FDG accumulation (SUVmax 22.9) in the tumor and no evidence of
distant metastasis.
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intent. Surgical findings showed that a pedunculated tumor on the
fundus wall invading the diaphragm had just appeared after divid-
ing the short gastric and left gastroepiploic vessels (Fig. 3a). We
performed gastric division first by linear stapler (Powered Eche-
lon flex, 60-mm cartridges, Ethicon Endo Surgery) with a safety
margin, then raised up the tumor by gripping the margin of the
stomach wall. Owing to the easy-handling of the tumor, we next
resected the diaphragm with a distant margin using an ultrasonic
coagulation-cutting device (HARMONIC HD 1000i; Ethicon Endo-
Surgery) (Fig. 3b, c). The defect was closed by running suture using
the V-Loc polybutester (PBT) nonabsorbable wound closure device
(Covidien, Mansfield, MA) (Fig. 3d, e). Operative time was 146
min. Estimated blood loss was 20 mL. The resected tumor was
approximately 50 x 40 x 35 mm in diameter (Fig. 4a). Micro-
scopical assessment showed the presence of stromal spindle cells
invading the diaphragm (black dots line) and excision was com-
pleted. Tumor cells were replaced by (Dhyalinized collagen and
(viable cells were sparse (Fig. 4b, c). Less than 5 mitoses | 5
mm? were seen. Immunohistochemical analysis showed c-kit (+),
CD34 (+), Ki-67 index of 3.25% (Fig. 4d). From these findings, the
tumor was diagnosed as a low-risk GIST by the Fletcher classifica-
tion.

Post-operative recovery was uneventful. Adjuvant chemother-
apy (imatinib, 300 mg/day) was initiated at one month after the
surgery, but she was discontinued due to nausea. After one-year
follow-up, no recurrence was noted.

3. Discussion

In this case, the large gastric GIST with diaphragm invasion was
resected completely by laparoscopy after neoadjuvant imatinib
treatment. There is no previous report of laparoscopic resection
for large GIST with diaphragm invasion.

This patient received neoadjuvant chemotherapy without a
pathological diagnosis. CT scan is the most widely used imaging
tool for detecting GIST because it allows an accurate evaluation of
tumor size and the anatomical relationship with adjacent organs,
but the definitive diagnosis of GIST is obtained with histological
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Fig. 2. a. After imatinib mediation, CT revealed an extremely shrunken tumor with a lower contrast effect, while diaphragm invasion still remained. b. UGI also showed the

tumor shrinkage.

Fig. 3. a. During the operation, a pedunculated tumor (black arrows) on the fundus wall, invading to diaphragm had just appeared after dividing the short gastric and left
gastroepiploic vessels. b, c. After gastric division, resection of diaphragm with the distant margin was performed using an ultrasonic coagulation-cutting device (HARMONIC
HD 1000i; Ethicon Endo-Surgery) d, e. Closing defect by running suture using the V-Loc polybutester (PBT) nonabsorbable wound closure device.

analysis [8,9]. In our case, UGI showed high-risk features indicating
malignant potential from the several large protuberating lesions
with an irregular border. CT revealed a large tumor with direct
invasion to diaphragm, and 18F-FDG PET showed a high-accuracy
lesion. We made a mature decision of circumstance diagnosis as
GIST. However, for greater certainty, Endoscopic Ultrasound (EUS)
and Endoscopic Ultrasound-Fine Needle Aspiration (EUS-FNA) can
be done to diagnose this SMT.

Neoadjuvant imatinib treatment may shrink tumor size remark-
ably and prevent tumor rupture during surgery, and thus lead
to increased rates of complete resection. Prospective and retro-
spective studies have shown that neoadjuvant imatinib therapy
effectively decreases tumor size, thereby facilitating the ease of
surgery and resulting in organ-preserving operations with less
morbidity [10,11]. The median shrinkage rate, in a phase II study
by Kurokawa Y. et al., was 35.4%, and no patients showed growth
of primary tumors while receiving neoadjuvant treatment [6].
National Comprehensive Cancer Network (NCCN) guidelines state

that neoadjuvant chemotherapy is considered if surgical morbid-
ity can be reduced by downstaging the tumor [12]. The duration of
neoadjuvant imatinib administration is important to obtain a suf-
ficient response. In a recent study, Tielen et al. reported a median
decrease in tumor size by 50% in 57 patients with locally advanced
GISTs who underwent surgery after neoadjuvant imatinib treat-
ment (median duration: 32 weeks; range: 1-55 months) [13]. A
Japanese phase Il study for patients with unresectable or metastatic
GIST also revealed that the cumulative response rate reached a
plateau after 200 days (Nishida et al., 2008). The timing of this
plateau response varies between 4 and 12 months [6,14]. In our
case, the patient received neoadjuvant imatinib treatment (400
mg/day) for two months. The original plan was for six months, but it
was discontinued due to side effects (nausea and vomiting). There
were no Grade 3-4 nausea in a phase-II study, whereas Grade 1-2
of that study occurred in 30% [6]. Side effects include fluid reten-
tion, edema, fatigue, and liver profile abnormalities, commonly
reversible after drug cessation. Imatinib’s toxicity, in general, has
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Fig. 4. a. Histological assessment revealed a 50 x 40 x 35 mm tumor with partial resection of the diaphragm. The dotted lined shows the borderline between the tumor
and diaphragm (black arrows). b. Microscopical assessment (hematoxylin-eosin staining, original magnification: x 20) showed tumor cells were replaced by (Dhyalinized
collagen and Qviable cells were sparse the presence of stromal spindle cells 3invading the diaphragm (black-dots line shows diaphragm and black arrows show invasion).
c. Microscopical assessment (hematoxylin-eosin staining, original magnification: x 40) showed the presence of stromal spindle cells d. In immunohistochemical staining,

c-kit was positive.

been associated with higher dose exposure and long-term usage
[15].

Surgical resection with negative margins without lym-
phadenectomy has been the treatment of choice of gastric GISTs
up to now [16]. Wedge resection has been advocated by many
investigators for the majority of gastric GISTs [17]. The length of
hospitalization was statistically shorter in laparoscopic surgery
than in open surgery. Moreover, the operation time was shorter in
laparoscopic surgery, although there was no statistical difference
[18]. The laparoscopic group was associated with an earlier return
of bowel function, earlier resumption of diet and shorter hospital-
ization [19]. To date, several publications have directly compared
the oncologic results between laparoscopic and open resection
for GISTs. The long-term disease-free survival for laparoscopic
resection, in treating gastric GISTs for tumors > 5 cm size, shows
acceptable oncological results in comparison to historical open
resections [20]. Jun-Lin Chi reported that no significant difference
in recurrence and death between the laparoscopic and the open
groups. In detail, in the laparoscopic group, six patients (9.52%) had
recurrence or metastasis and four (6.35%) died due to GISTs; in the
open group, 10 patients (15.87%) had recurrence or metastasis and
five (7.94%) died due to GISTs [19]. The Japanese clinical practice
guidelines for GIST suggest that laparoscopic resection of gastric
GISTs smaller than 5 cm appears safe when performed by a skillful
surgeon who is thoroughly familiar with the neoplastic characteris-
tics of gastric GISTs [21]. Ronellenfitsch et al. stated that the tumor
size did not determine the feasibility of laparoscopic wedge resec-
tion, and the location of the gastric GISTs did not directly affect
the indication for laparoscopic wedge resection [22]. Whereas Yang
et al. reported on the performance of laparoscopic wedge resection
for tumors less than 6 cm in diameter [23], Ronellenfitsch et al. and
Huguet et al. reported its feasibility for tumors larger than 10 cm in

diameter [22,24]. The conversion rates reported ranged from O to
25%, which was determined to a great degree by the surgeons’ expe-
rience and tumor location and not by the tumor size [25]. The most
important point is how to handle the large tumor during laparo-
scopic surgery. In the present case, the tumor was an extra-gastric
type meaning it was movable, furthermore it was moderately fixed
on the other side. These were favorable conditions for laparoscopic
surgery.

After resection of the diaphragm, the defect was closed using a
barbed suture. A barbed suture has been adopted across all sur-
gical specialties. We previously reported a case of laparoscopic
diaphragm closure using barbed suture for traumatic injury [26].
The barbed suture closure system can be used for rapid and effec-
tive primary defect closure in laparoscopic surgery. The patient has
remained alive without recurrence for one year after the surgery.
This is the first report of a large gastric GIST invading the diaphragm
that was successfully treated by laparoscopic resection after tumor
reduction by neoadjuvant imatinib.

4. Conclusions

We certified it was possible to perform laparoscopic resection
for large gastric GIST even if it was invading to diaphragm.
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