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[3,4]. Recently, the origin of GISTs has been proposed
to be the interstitial cell of Cajal, which is the pace-
maker cell of the gastrointestinal system [5]. In addition,
CD 34 and c-kit protein have been shown to be markers
for the interstitial cell of Cajal [5–7]. The majority of
GISTs are positive for CD 34, a hematopoietic pro-
genitor cell antigen, and are frequently marked by the
presence of the c-kit protooncogene product, a trans-
membrane tyrosine kinase receptor protein [5–8]. The
preoperative diagnosis of GIST is relatively difficult to
make, because biopsy samples are rarely obtained dur-
ing routine gastrofiberscopic procedures. Therefore, re-
section of the tumor is generally necessary, from both
the diagnostic and the therapeutic aspects, in patients
with GIST of the stomach. There are variable opera-
tive approaches, and most surgeons expect that a
laparoscopic procedure will be better than open surgery
because it carries a lower risk of complications, faster
recovery, less pain, and better cosmesis. The develop-
ment of endoscopic stapling devices has made
laparoscopic wedge resection an interesting and desir-
able alternative to the conventional open approach.
However, a few series of case reports have demon-
strated that GIST, as well as other benign tumors, can
be resected in this fashion. We report two cases of large
GIST of the stomach that were successfully treated by
hand-assisted laparoscopic surgery (HALS).

Case reports

Case 1

A 56-year-old woman was admitted to our department
for investigation of anemia, in December 2003. She had
undergone a partial thyroidectomy for thyroid cancer a
year earlier and a hysterectomy 6 years earlier, for pro-
lapse of the uterus. Double-contrast study of upper
gastrointestinal (GI) series showed a protruding mass

Abstract
We report two cases of large gastrointestinal stromal tumor
(GIST) of the stomach that were successfully treated by hand-
assisted laparoscopic surgery (HALS). Two patients, a 56-
year-old woman and a 60-year-old man, were admitted to our
department for the treatment of a large submucosal tumor of
the stomach. After gastrointestinal endoscopy, ultrasonogra-
phy, computed tomography, and magnetic resonance imaging,
we suspected that the masses, measuring 7.0 cm and 8.0 cm
in diameter, respectively, were GISTs in the stomach. How-
ever, preoperatively, we could not rule out the possibility of
malignant neoplasms, because they had been bleeding or
gradually growing. Hand-assisted laparoscopic wedge resec-
tion was safely performed for the diagnosis and treatment of
the submucosal tumor of the stomach. The immunohis-
tochemical diagnosis in both patients was GIST of the stom-
ach with intermediate-grade malignancy. HALS may be a
good indication for large GISTs of the stomach that are
difficult to diagnose preoperatively, whether they are malig-
nant or benign, because it is safe and minimally invasive,
promoting rapid recovery.
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Introduction

Gastrointestinal stromal tumor (GIST) is pathologically
defined as a tumor consisting of spindle-shaped cells of
mesenchymal origin, developing in the gastrointestinal
tract [1,2]. With improved immunohistochemical tech-
nology and electron microscopy, it is now clearly shown
that GISTs express different histological features, in-
cluding myogenic properties, neural attributes, or both
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lesion with deep ulcer formation originating from the
greater curvature of the upper portion of the stomach.
An upper GI endoscopy showed a submucosal tumor,
with ulceration, on the greater curvature of the upper
portion of the stomach. A homogeneous low echoic
mass, measuring 7.0cm in diameter, was found in
the fourth layer by endoscopic ultrasonography (US).
The pathological diagnosis of the tumor was GIST,
suspected from a biopsy specimen obtained by
gastroendoscopy. A large homogeneous mass, measur-
ing 7.0cm in diameter, was found in the stomach, (with
no liver metastasis and no regional lymph node metasta-
sis) by computed tomography (CT) scan and magnetic
resonance imaging (MRI; Fig. 1A). The results of labo-
ratory investigations were within normal limits, except
for a red blood cell count of 3.19 ¥ 106; hemoglobin,
9.5g/dl; and hematocrit, 29.1%. Tumor markers, includ-
ing the serum concentrations of carcinoembryonic
antigen (CEA) and carbohydrate antigen (CA) 19-9,
were within normal limits. Hand-assisted laparoscopic
wedge resection of the stomach was performed because,
preoperatively, we could not rule out the possibility
of a malignant neoplasm. The patient’s intra- and post-
operative courses were uneventful. The duration of sur-
gery was 85min and the intraoperative blood loss was
10g. Histopathologically, the final diagnosis was GIST
of the stomach with intermediate-grade malignancy.
Oral feeding was started on the second postoperative
day. The patient was discharged on postoperative
day 13 in excellent condition. She remains well, with
no sign of recurrence of GIST, 13 months after her
operation.

Case 2

A 60-year-old man was admitted to our department for
the treatment of a submucosal tumor of the stomach in
April 2004. He had been diagnosed as having the sub-
mucosal tumor of the stomach by an upper GI endos-
copy 3 years previously, and had been followed up. The
tumor was gradually growing in size. Gastroendoscopy
showed a large submucosal tumor with bridging fold
on the anterior wall of the upper-third portion of the
stomach. Enhanced CT scan showed a low-density
mass, measuring 8.0cm in diameter, in the gastric wall,
with no liver metastasis and no regional lymph node
metastasis (Fig. 1B). Abdominal MRI also revealed
the mass, which showed low to isointensity on a
T1-weighted image and irregular intensity on a T2-
weighted image. GIST of the stomach was suspected
pathologically from an endoscopic fine-needle aspira-
tion biopsy sample. He had no complaints. Physical
examination and results of laboratory investigations, in-
cluding the serum concentrations of CEA and CA19-9,
were unremarkable. Hand-assisted laparoscopic wedge
resection of the stomach was performed. His intra- and
postoperative courses were uneventful. The duration of
surgery was 91min and the intraoperative blood loss
was 20g. Histopathologically, the final diagnosis was
GIST of the stomach with intermediate-grade malig-
nancy. Oral feeding was commenced on the second
postoperative day. The patient was discharged on
postoperative day 12 in excellent condition. He remains
well, with no sign of recurrence of GIST, 9 months after
the surgery.

A B
Fig. 1. A In case 1, abdominal magnetic resonance imaging (MRI) shows a mass, measuring 7.0cm in diameter, on the greater
curvature of the upper portion of the stomach. B In case 2, an enhanced computed tomography (CT) scan shows a low-density
mass, measuring 8.0cm in diameter, on the anterior wall of the upper-third portion of the stomach
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Procedure of HALS for large GIST of the stomach

Surgery was performed with the patient under general
and epidural anesthesia, in the supine position. First, a
mini-laparotomy was performed, with a 7-cm skin inci-
sion in the mid-upper abdomen. A Lapdisc abdominal
wall sealing device (Hakko Medical, Tokyo, Japan) was
inserted through the mini-laparotomy wound to prevent
the leakage of carbon dioxide gas, and a 10-mm
laparoscopic port was inserted through the center of
the Lapdisc device. Pneumoperitoneum was maintained
with carbon dioxide gas, at a pressure of 10 mmHg,
during surgery. Three trocars were inserted in the upper
abdomen (Fig. 2). Re-placement of the laparoscope
through the supraumbilical port for better visualization
within the left upper quadrant revealed a huge tumor
in the upper portion of the stomach. The stomach,
abdominal cavity, and liver were explored with
laparoscopic visualization, and we confirmed, macro-
scopically, that there was no liver metastasis or perito-
neal dissemination. The laparoscopic procedure was
performed with the surgeon’s left hand through the
7-cm skin incision and with electrocautery and
laparoscopic coagulating shears (Harmonic Scalpel;
Ethicon Endo-Surgery, New Brunswick, NJ, USA)
through the port below the costal margin at the left
midaxillary line. The tumor was palpated, grasped, and
lifted towards the abdominal wall with the fingers of the
surgeon’s left hand. Then, the tumor was resected with
a multifire endoscopic stapling device (Endo GIA II;
Tyco Healthcare Japan, Tokyo, Japan), allowing a suffi-
cient distance from the tumor (Fig. 3A). A plastic bag

(Endo Catch II; Tyco Healthcare Japan) was intro-
duced into the abdominal cavity to remove the resected
specimen. The plastic bag allowed compression of the
soft specimen and extraction through a small incision,
without contamination of the wound. The specimen was
delivered out of the abdominal cavity through the 7-cm
skin incision (Fig. 3B). The skin incisions were sutured
in a layer-to-layer fashion.

Fig. 2. Trocar placement and mini-laparotomy wound in
hand-assisted laparoscopic surgery (HALS) for a large
gastrointestinal stromal tumor (GIST) of the stomach. 1,
10-mm trocar; 2, 5-mm trocar

Fig. 3. A Procedure of HALS for large GIST of the stomach. The tumor was palpated, grasped, and lifted towards the abdominal
wall with the fingers of the surgeon’s left hand. Then, the tumor was resected with a multifire endoscopic stapling device, allowing
a sufficient distance from the tumor. B The specimen was delivered out of the abdominal cavity, through a 7-cm skin incision,
using a plastic bag
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Pathology

In case 1, the cut surface of the specimen showed a
white submucosal tumor with clear margins (Fig. 4A).
In case 2, the tumor mass was attached to the wall of the
stomach, and projected into the abdominal cavity (Fig.
4B). Histopathologically, proliferation of spindle cells
with elongated nuclei and eosinophilic cytoplasm was
observed in both cases (shown for case 1 in Fig. 4C).
The nuclei generally showed round or blunted ends
and the chromatin pattern varied from sparse (with
inconspicuous nuclei) to hyperchromatic, sometimes
pleomorphic prominent nuclei (Fig. 4D). The mitotic
activity of the tumor cells was determined by counting
the number of apparent mitotic figures in 50 consecutive
high-power fields (HPFs; ¥400), in which four to

five mitotic figures were found. The results of the
immunohistochemical staining in the tumor cells of
the two patients are shown in Table 1. In case 1, the
tumor cells were positive for CD34 and vimentin,
and no tumor cell staining was observed for CD117
(c-kit), desmin, smooth-muscle actin (SMA), or S-100.
In case 2, the tumor cells were positive for CD34,
CD117, vimentin, and S-100. No tumor cell staining
was observed for desmin on SMA. All these results
suggested that the tumors in both patients should
be diagnosed as GIST with intermediate-grade
malignancy.

Fig. 4A–D. Pathology. In case 1, the cut surface of the speci-
men shows a white submucosal tumor with clear margins and
ulcer formation (A). In case 2, the tumor mass is attached to
the wall of the stomach, and projects into the abdominal cavity
(B). Histopathologically, proliferation of spindle cells with

elongated nuclei is observed in case 1 (C). In case 2, the nuclei
show round or blunted ends and the chromatin pattern varies
from sparse (with inconspicuous nuclei) to hyperchromatic,
sometimes pleomorphic prominent nuclei (D). C H&E, ¥100;
D H&E, ¥400
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Discussion

GIST is the most frequent nonepithelial tumor occur-
ring in the stomach and small bowel. In the past, it was
considered to be smooth muscle in origin, but recent
studies have shown a more complex picture, with
evidence of smooth-muscle differentiation, neural
differentiation, dual smooth-muscle and neuronal dif-
ferentiation, or no differentiation. The stomach is the
most common organ involved, and size remains the
most important predictive factor for its malignant po-
tential [9,10]. GISTs may display a wide variety of cell
types and histologic growth patterns, including spindle,
epithelioid, plasmacytoid, signet ring, granular, and
multinucleated cell types [9]. The spindle-cell type is
characterized by a proliferation of spindle cells with
elongated nuclei and eosinophilic cytoplasm. The histo-
logic features of the tumors in our patients revealed the
spindle-cell type of GIST. Immunohistochemically, the
hematopoietic progenitor cell antigen, CD34, was found
to be expressed in the cells of GISTs in 46% to 81% of
cases [5,8], and these tumors were frequently marked
by the presence of the c-kit protooncogene [6,7]. The
tumors in our patients showed immunoreactivity for
CD34/vimentin and CD34/CD117/vimentin/S-100, re-
spectively. From both the histologic and immunohis-
tochemical findings, the tumors in our patients were
diagnosed as GIST of the stomach. Although the major-
ity of GISTs are positive for CD 117 (c-kit), the GIST in
case 1 was c-kit-negative. Heinrich et al. [11] report that
approximately 35% of GISTs lacking c-kit mutations
have intragenic activation mutations in the related re-
ceptor tyrosine kinase, platelet-derived growth factor
receptor alpha (PDGFRA). Data for PDGFRA, as well
as for c-kit mutation, could have been helpful in making
our report more valuable [12]. More than five mitoses
per 50 HPFs have been associated in most series with
increased metastatic potential and, therefore, with a di-
agnosis of malignancy [13,14]. In our patients, four to
five mitotic figures were found in 50 HPFs. Size has
been, traditionally, one of the most important morpho-
logic parameters associated with prognosis for these
tumors. In most studies, the magic number has varied
between 5 and 10 cm in diameter or greater as a cutoff

line for separating aggressive from indolent forms
[13,14]. In our patients, the tumor size was 7.0cm and
8.0 cm, respectively, in diameter. According to the Risk
Assessment Classification Scheme to Assess Prognosis
of Primary Gastrointestinal Stromal Tumors, the tu-
mors in our patients were classified as the intermediate
risk group (7–8 cm, 4 to 5/50 HPFs) [15]. These data may
be regarded as an indication of aggressive potential and
warrant the designation of GIST. Size, however, is not
an absolute parameter, as rare tumors smaller than 5 cm
have occasionally been observed to behave aggressively
and metastasize.

GIST of the stomach is difficult to diagnose preopera-
tively, no matter whether it is malignant or benign. Al-
though recent advances in imaging techniques, such
as US, CT, and MRI, have aided in the identification
of space-occupying lesions of the stomach, these tech-
niques do not permit preoperative diagnosis of these
lesions. Therefore, resection of the tumor is generally
necessary, from both the diagnostic and the therapeutic
aspects, in patients with GIST of the stomach. The re-
current or metastatic form of the usual type of gastric
cancer is lymph node metastasis, whereas most malig-
nant submucosal tumors exhibit distant metastasis
[16,17]. This finding suggests that lymphadenectomy is
not necessary for malignant gastric submucosal tumors,
including GISTs. Considering these tumor characteris-
tics, local resection might be the first choice of treat-
ment. Laparoscopic wedge resection of the stomach is
warranted as a curative and minimally invasive surgery
for both diagnosis and treatment of GISTs. The
development of endoscopic stapling devices has made
laparoscopic wedge resection an interesting and desir-
able alternative to the conventional open approach.
Laparoscopic wedge resection for a small-size GIST has
been performed in a few series of case reports [18,19].
This method seems to be a safe, oncologically adequate
technique to remove GISTs of the stomach, and should
be investigated further because of its potential advan-
tages, in terms of reduced postoperative pain, earlier
oral intake, shorter hospital stay, and improved
cosmesis. However, there are no previous reports of
laparoscopic treatment for a large GIST of the stomach.
HALS has developed as an advanced laparoscopic tech-
nique, because use of the hand allows for easy exposure,
complete exploration, meticulous dissection, and imme-
diate hemostasis [20]. Wedge resection, with a free mar-
gin of 2–3cm, is considered to be a suitable treatment
for benign tumors and, in particular, for GIST of the
stomach [21], and enucleation of the stomach is an
inappropriate method for GIST. Tactile sensing and
adequate traction of the tumor are necessary for the
resection of a large GIST of the stomach to detect the
limits of the tumor, which are usually obscured from
the laparoscopic view. In view of these facts, HALS

Table 1. The results of immunohistochemical staining

Case 1 Case 2

CD34 + +
CD117 - +
Vimentin + +
Desmin - -
SMA - -
S-100 - +
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is a more suitable procedure (with sufficient surgical
margins) than pure laparoscopic surgery to resect a
large GIST of the stomach. One of the advantages of
HALS compared to pure laparoscopic surgery is the
gentle manipulation of the tumor by hand, which can
decrease the risk of tumor dissemination during sur-
gery. Moreover, HALS can retain many of the recovery
advantages of pure laparoscopic procedures.

Recurrence of GIST is usual, and one report found
only 10% of patients to be free of disease after long-
term follow-up [16]. Recurrence tends to involve the
peritoneal surface or the liver. Although approximately
half of the patients with primary disease who undergo
complete resection will survive for 5 years, surgery
alone is inadequate for GISTs. The high rate of local
and distant recurrence underscores the need for adju-
vant therapy, but an effective adjuvant therapy has not
been available. Imatinib (the tyrosine kinase inhibitor
STI571) has recently been found to have a dramatic
antitumor effect on GISTs. It has proven to be effective
in metastatic GIST and is also under investigation as
neoadjuvant and adjuvant therapy [22–24].

The most serious objection that has arisen regarding
laparoscopic surgery is the concern following reports of
port-site recurrence in patients with malignant tumors
[25–28]. Such recurrences occur when trocars are pulled
out, allowing a contaminated instrument, laden with
tumor cells, to pass unprotected through the abdominal
wall, but the pathogenesis and natural history of these
recurrences are still unclear. In our patients, with no
adjuvant therapy, although no signs of local recurrence,
metastasis to other organs, or port-site recurrence have
been found after surgery, further follow-up will be
necessary.

In conclusion, HALS may be a good indication for
large GISTs of the stomach that are difficult to diagnose
preoperatively, whether they are malignant or benign,
because it is safe and minimally invasive, promoting
rapid recovery.
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