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Abstract
BACKGROUND
A gastrointestinal stromal tumor (GIST) is a mesenchymal tumor of the gastrointestinal tract that is most commonly found in the stomach. Recurrence of GISTs mostly occurs in the liver or peritoneum, and in most cases, multiple metastases occur. As a solitary peritoneal metastasis is rare, an appropriate treatment strategy has not been established. Here, we report a case of solitary peritoneal metastasis after complete resection of gastric GIST.

CASE SUMMARY
A 76-year-old woman was diagnosed with stomach GIST and underwent laparoscopic local resection using the CLEAN-NET method. As the recurrence risk was intermediate, adjuvant imatinib therapy was not administered. Two years after surgery, routine computed tomography revealed an abdominal mass between the dorsal side of the right hepatic lobe and right kidney. Other imaging tests did not reveal any abnormalities. Laparoscopic observation showed that the tumor was located at the retroperitoneum, and intraperitoneal dissemination was not found. Therefore, we performed laparoscopic tumor resection. Immunohistochemically, the tumor was positive for c-kit and CD34 and had a relatively high mitotic index and MIB-1 Labeling index. We administered adjuvant imatinib therapy. There was no evidence of recurrence 3 years after the operation.

CONCLUSION
This is the first reported case of a solitary recurrence of GIST in the peritoneum treated with complete laparoscopic resection.
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Core tip: Solitary peritoneal metastasis from a gastrointestinal stromal tumor is rare, and thus, there are no appropriate treatment strategies available. We report a rare case of solitary peritoneal metastasis of gastrointestinal stromal tumor in a 76-year-old woman. Complete laparoscopic resection of the tumor was performed. Moreover, adjuvant imatinib therapy was administered. There was no recurrence in the 3 years of follow-up.

INTRODUCTION
Most metastases from gastrointestinal stromal tumors (GISTs) occur locally in the liver and peritoneum. Moreover, peritoneal metastasis is generally found as multiple peritoneal dissemination. Administration of imatinib for the treatment of recurrent GIST has resulted in improved survival. However, long-term imatinib therapy for recurrent GIST seldom results in complete response and eventually leads to the progression of disease and death. Contrarily, surgical resection of metastases is an effective and well-established treatment for colorectal and neuroendocrine cancer[1,2]. Moreover, several single-center analyses have shown that metastasectomy for recurrent GIST was safe, and in some cases, prolonged overall survival[3]. However, few cases of solitary recurrences in the peritoneum have been reported, and the effects of surgical treatment in these cases have not been clarified. 
Here, we report a case of solitary peritoneal recurrence of GIST that was successfully resected with laparoscopy.

CASE PRESENTATION
Chief complaints
A 76-year-old woman was undergoing a routine follow-up outpatient visit after surgery. She had no complaint and routine computed tomography (CT) revealed an abdominal mass.

History of present illness
Two years prior to the routine outpatient visit, the patient had been admitted to our hospital complaining of melena. Upper gastrointestinal endoscopy revealed a submucosal tumor (SMT) with ulceration located at the greater curvature of the gastric body. CT revealed inhomogeneous density and an extramural mass measuring 4.5 cm. She underwent laparoscopic local resection of the gastric SMT with a non-touch lesion-lifting method called CLEAN-NET. Immunohistochemical examination showed c-kit- and CD34-positive cells. The tumor was 4.5 cm × 4.0 cm in size, and the mitotic count was under 5 mitoses per 50 high-power fields (HPF). The patient was diagnosed with gastric GIST with intermediate recurrence risk. Therefore, adjuvant imatinib therapy was not administered. After surgery, she underwent regular outpatient visits and routine periodic examinations. Two years after the operation, periodic CT revealed an abdominal mass.

History of past illness
The patient’s medical history included hypertension for more than 5 years.

Physical examination
The patient had no subjective symptoms, such as abdominal pain or bloating. Physical examination revealed normal abdominal findings, and the intra-abdominal mass could not be palpated.

Laboratory examinations
A laboratory examination showed a decreased level of hemoglobin (Hb = 11.5 g/dL). Blood tests for liver and kidney function and electrolyte levels showed results within the normal range.

Imaging examinations
CT revealed an abdominal mass between the dorsal side of the right hepatic lobe and the right kidney (Figure 1). The tumor size was 12 mm with uniform enhancement. CT did not show any other intraperitoneal masses or ascites. Diffusion-weighted magnetic resonance imaging (MRI) showed a tumor with high signal intensity with uniform contrast (Figure 2). Positron emission tomography/CT (PET/CT) showed the accumulation of fluorine-18 2-deoxy-2-fluoro-D-glucose (FDG) in the tumor, with a standardized uptake value of 5.5; no other definitive intra-abdominal lesions were noted (Figure 3). Other imaging tests did not reveal any additional abnormalities. 
Based on the clinical course, we suspected a solitary recurrence of gastric GIST but could not distinguish whether the source of the suspected metastases was from the liver or retroperitoneum.

FINAL DIAGNOSIS
The final diagnosis was a solitary peritoneal recurrence of gastric GIST.

TREATMENT
To confirm the diagnosis and determine the proper treatment strategy, we performed laparoscopic surgery. We found that the tumor did not disseminate from either the retroperitoneum and or intraperitoneally. Since malignant cells were not detected in the rapid peritoneal washing cytology, we performed laparoscopic resection of the tumor (Figure 4). The operation time was 54 min, and only 5 mL of blood-loss occurred. 

Histopathological and genetic findings
The resected tumor was round and 15 mm in size. Histopathological examination revealed a hypercellular spindle-cell neoplasm with a relatively high mitotic index and an MIB-1 Labeling index of 15%–20% (Figure 5). Immunohistochemically, the tumor was positive for c-kit and CD34 but negative for S-100, α-SMA, and desmin. Genetic analysis of c-kit mutations revealed a kit exon 11 mutation that resulted in the deletion of codons W557 to K558 and 1669 to 1674.

OUTCOME AND FOLLOW-UP
The postoperative course was uneventful, with no complications in the perioperative period. The patient was discharged 7 d after surgery. Subsequently, imatinib administration was initiated at a dosage of 400 mg daily. However, due to the development of grade 3 general fatigue and appetite loss, the imatinib dose was reduced to 300 mg. The patient was followed-up regularly for 3 years post-operation, and there was no evidence of recurrence. 

DISCUSSION
The main site of metastasis after curative resection for GIST is the abdominal cavity. Dematteo et al[4] investigated the recurrence pattern of GIST and found that it was predominantly found in the liver (63%) or the peritoneum (21%). In many cases, subcutaneous and intraperitoneal recurrence of GIST had multiple concurrent or subsequent abdominal and/or hepatic metastases. There have been a few case reports of abdominal wall metastases; mainly, port-site recurrence is documented in the literature. However, to the best of our knowledge, this is the first documented case of GIST with a solitary peritoneal metastasis involving laparoscopic radical resection.
The cause for solitary peritoneal recurrence is unknown; however, several mechanisms may be considered[5]. First, excessive manipulation of the tumor during surgery can be considered[6]; especially in laparoscopic surgery, careless handling of hard forceps during an operation is thought to be the main cause of peritoneal recurrence. To prevent the exposure of the tumor during the operation and to resect safely, several techniques have been developed, such as laparoscopic and endoscopic cooperative surgery and the eversion method. Second, dissemination when removing the tumor may cause solitary intraperitoneal recurrence due to the lack of protection of the abdominal wall. The wound protector protects the wound edges from the contamination of bacteria and tumor cells. Edwards et al[7] reported that the use of a wound protector in gastrointestinal surgery halved infection at the surgical site. Moreover, the use of a tumor retrieval bag prevents tumor cells from leaking into the abdominal cavity. Third, the high pressure of CO2 insufflation may lead to the seeding of tumor cells. Clumps of whole cells are collected in the smoke produced by electrocoagulation at laparoscopy that might be seeded in the peritoneal cavity. Additionally, prolonged exposure of the pneumoperitoneum to high-pressure CO2 (15 mmHg) can promote the migration ability of GIST cells in vitro[8]. In this case, to prevent migration of tumor cells, we performed the CLEAN-NET method[9], used a wound protector and tumor retrieval bag, and maintained low pressure (6 mmHg) CO2 pneumoperitoneum at the time of the first surgery. Moreover, at the time of the second surgery, ascites cytology was negative, and the recurrence was not near the primary tumor, the abdominal wall, or the port site. Therefore, we believe that peritoneal recurrence could be prevented based on the implemented measures.
The treatment of recurrent GIST consisted of the administration of imatinib, which is a tyrosine kinase inhibitor, as the first-line therapy[10]. However, reports of a complete response with imatinib therapy alone are rare, and withdrawal of imatinib led to early recurrence in some cases. On the contrary, in some cases of metastasis from GIST, surgical intervention in combination with imatinib was more effective than imatinib alone[11]. Only single or multiple resectable liver metastases or local recurrences are eligible for surgical treatment and are considered optional in Japanese GIST guidelines[12]. However, even in cases of peritoneal dissemination, there are some reports that resection is worthwhile unless there are multiple disseminations. Further, long-term survival has also been observed with treatment for GIST with disseminated foci[13]. Moreover, complete resection of metastatic GIST had a significant positive prognostic value in the multivariate analysis compared to patients in whom complete resection could not be achieved[14]. Therefore, gross resection is at minimum a useful treatment option and should be aimed at R0 resection. In our case, metastatic GIST was a solitary tumor, and a preoperative diagnosis was unclear; therefore, surgical resection was meaningful. Furthermore, it was useful to perform the surgery laparoscopically, which is minimally invasive.
The SSGXVIII/AIO trial, which was an open-label, multicenter, randomized, phase III study, showed that 3 years of adjuvant imatinib improved the recurrence rate and overall survival of GIST patients who were at a high risk of recurrence. Therefore, adjuvant therapy with imatinib for at least 3 years is the standard treatment for patients with high-risk GIST[15]. Our patient initially had a 4.5 cm GIST located in the stomach, with a mitotic rate of 5 mitoses per HPF, and therefore, the patient was classified into the intermediate-risk group; thus, adjuvant imatinib therapy was not administered. However, adjuvant therapy after R0 resection of recurrent GIST has not been studied. In this case, metastatic GIST had a relatively high mitotic index and had an exon 11 mutation with deletion of codons 557 and 558, which have a poorer prognosis than other single nucleotide substitution mutations[16,17]; therefore, the patient was considered to be at a high risk of recurrence. Importantly, Sato et al[18] reported that continuous imatinib administration appears to be important for the prognostic improvement of patients who undergo complete resection of recurrent/metastatic GIST; thus, we administered adjuvant therapy with imatinib after resection of the solitary peritoneal GIST and had no recurrence.

CONCLUSION
We report a rare case of solitary intraperitoneal metastasis after laparoscopic curative resection of primary gastric GIST. Although the treatment effect of metastasectomy was unclear, laparoscopic resection was useful in confirming the diagnosis of a solitary intra-abdominal metastasis and was minimally invasive.
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Figure Legends
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Figure 1 Contrast-enhanced computed tomography. Contrast-enhanced computed tomography showing a slightly enhanced mass (diameter: 12 mm) located between the dorsal side of the right hepatic lobe and right kidney.
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Figure 2 Magnetic resonance imaging. Diffusion-weighted magnetic resonance imaging showing high signal intensity (A) and a uniform contrast effect (B).
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Figure 3 Positron emission tomography/computed tomography. Positron emission tomography/computed tomography showing a tumor mass with fluorine-18 2-deoxy-2-fluoro-D-glucose accumulation, with a standardized uptake value of 5.5.
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Figure 4 Surgical findings. A: No tumor due to retroperitoneal or intraperitoneal dissemination is seen; B: We performed laparoscopic tumor resection.
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Figure 5 Immunohistochemical staining of the tumor specimen. A: Immunohistochemical staining of the tumor specimen. Staining showed positivity for c-kit; B: The MIB-1 Labeling index was approximately 15%-20%.
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