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Abstract 
[bookmark: OLE_LINK2538][bookmark: OLE_LINK2539]The Carney triad (CT) describes the coexistence of multiple neoplasms including gastrointestinal stromal tumors (GISTs), extra-adrenal paraganglioma and pulmonary chondroma. At least two neoplastic tumors are required for diagnosis. In most cases, however, CT is incomplete. We report a case of an incomplete CT in a 34-year-old woman with a multifocal GIST and non-functional paraganglioma of the liver. Preoperative evaluation with a gastrofiberscope and abdominal computed tomography revealed multiple gastric tumors resembling GISTs and a single liver lesion which was assumed to have metastasized from the gastric tumors. The patient underwent total gastrectomy and partial hepatectomy. Histologic findings confirmed multiple gastric GISTs and paraganglioma of the liver. We report a case of a patient with incomplete expression of CT. 
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Core tip: The Carney triad (CT) describes the coexistence of multiple neoplasms including gastrointestinal stromal tumors (GISTs), extra-adrenal paraganglioma and pulmonary chondroma. We report a case of an incomplete CT. CT is a very rare syndrome but Carney et al thoroughly documented its clinical manifestations. The presence of pulmonary chondroma and paraganglioma should be verified, especially in young women with multifocal GISTs to rule out CT.
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INTRODUCTION
[bookmark: OLE_LINK2510]The Carney triad (CT) initially described the triad of gastric leiomyosarcoma, functioning extra-adrenal paraganglioma, and pulmonary chondroma[1]. Later, gastric leiomyosarcoma was replaced with gastric gastrointestinal stromal tumors (GISTs) and several cases of paragangliomas were known to be non-functioning[2]. GISTs in childhood or adolescence can occur as sporadic diseases unrelated to a syndrome, and can present as either a familial disorder [Carney-Stratakis syndrome (CSS)] or part of non-hereditary CT[3]. The differential diagnosis of CT from sporadic gastric GISTs is crucial because CT differ considerably from sporadic gastric GISTs in clinical both course and prognosis[2]. Here, we report a CT case with multiple gastric GISTs and paraganglioma of the liver.

CASE REPORT
An otherwise healthy 34-year-old woman visited our hospital after being diagnosed with gastric tumors via gastrofiberscopic screening at a community hospital. She had no specific symptoms or signs related to gastric tumors. She had no specific past medical history involing hypertesion. There was no abnormality of her past or familial history related to endocrine disease or gastrointestinal malignancies. An initial physical examination showed no significant abnormalities. Laboratory findings were also unremarkable. Tumor markers, such as carcinoembryonic antigen and carbohydrate antigen 19-9, were within normal limits. 
[bookmark: OLE_LINK2532][bookmark: OLE_LINK2533]Esophagogastroduodenoscopy revealed a multifocal gastric tumor, suspicious for a GIST, in the whole stomach. The tumors were multiple small exophytic polypoid lesions in the whole stomach from fundus to antrum. The largest tumor was approximately 4 cm, was located in the antrum and was not ulcerated (Figure 1A). Abdominal computed tomography revealed pathologic lesions in the proximal antrum, enlarged perigastric lymph nodes, and a lesion in segment VII of the liver. This hepatic lesion was assumed to have metastasized from the gastric tumors (Figure 1B). Chest radiography revealed no evidence of lung metastasis. Positron emission tomography revealed hyper-dense areas in the antrum and perigastric lymph nodes in areas other than the liver. 
[bookmark: OLE_LINK2534][bookmark: OLE_LINK2537][bookmark: OLE_LINK2492][bookmark: OLE_LINK2493][bookmark: OLE_LINK2494][bookmark: OLE_LINK2495]The patient underwent total gastrectomy, regional lymphadenectomy, and partial hepatectomy of segment VII. Based on macroscopic examination, the sporadic gastric stromal tumorlets were multifocal subserosal exophytic polypoid nodules (eight in total). The tumors ranged from 7 mm × 5 mm to 40 mm × 35 mm (Figure 2A). The largest tumor was located at the lesser curvature of the antrum. The gastric mucosa was grossly unremarkable, without ulceration or tumefaction. All eight tumors were diffusely immunoreactive with CD 117 (KIT) and CD34 antibodies, confirming the diagnosis of GISTs (Figure 2B). The average mitotic count was 6/50 high power fields suggesting an intermediate risk of malignancy (prognostic group 2C). The resection margins and lymph nodes were free of neoplasia. The hepatic tumor was 12 mm × 7 mm in diameter, with a bright orange yellowish color and a relatively well-defined timorous nodule. Microscopicalliy, the tumor cells were arranged in small nests (so called "zellballen", which are distinctive cell balls), set in a vascularly rich stroma. Immunohistochemical stains disclosed synaptophysin-positive tumor cell nests surrounded by S100 protein-positive sustentacular cells (Figure 5). These findings were consistent with benign primary paraganglioma. A 24 h urine study assaying for metanephrine, epinephrine, and norepinephrine was performed 10 d after the operation and revealed no abnormalities. 
The postoperative course was uneventful, and the patient was discharged from the hospital in good condition. No adjuvant chemotherapy was administered, and no evidence of recurrence was detected at the 1-year follow-up. 

DISCUSSION 
[bookmark: OLE_LINK2501][bookmark: OLE_LINK2502][bookmark: OLE_LINK2503][bookmark: OLE_LINK2504][bookmark: OLE_LINK2505][bookmark: OLE_LINK2506][bookmark: OLE_LINK2507][bookmark: OLE_LINK2508][bookmark: OLE_LINK2509][bookmark: OLE_LINK2511]Multifocal hyperplasia of the interstitial cells of Cajal is a precursor of hereditary GIST in patients with germline mutations of c-KIT or alpha platelet-derived growth factor receptor (PDGFRA), but precursor lesions of sporadic GISTs have not yet been defined[4]. Carney et al[1] first described the association of gastric epithelioid leiomyosarcoma with pulmonary chondroma and functioning extra-adrenal paraganglioma of unknown origin, which today is known as CT. CT is defined by the coexistence of the following three tumors: extra-adrenal paraganglioma: only functioning extra-adrenal paragangliomas were initially included and non-functioning extra-adrenal paragangliomas were added later; gastric GISTs, previously known as gastric epithelioid leiomyosarcoma; and pulmonary chondroma(hamartoma)[2]. For the diagnosis of CT, at least two of the these major components are necessary. Recently, CSS was reported. This syndrome is a dyad of paraganglioma and gastric stromal sarcoma. CSS is inheritable in an autosomal dorminant pattern, affects both males and females, and does not present pulmonary chondroma[5]. We considered our case as CT because the patient had no family history of related tumors. 
CT predominately affects females (over 80% of cases) in their 2nd and 3rd decades and often presents with unpredictable outcomes[6]. The first tumor identified is usually a gastric GIST. The most common initial clinical manifestation is a GIST with bleeding. Associated symptoms and signs are anemia, hematemesis, and melena. Gastric GISTs in CT are usually multifocal and, antrumal based. These tumors are wild-type for common mutations in the receptor tyrosine kinase gene KIT and for the homologous oncogene PDGFRA in contrast to most sporadic GISTs in adults[7,8]. Gastric GISTs in CT frequently metastasize to regional lymph nodes, thus contrasting with common GISTs. The reason for this high rate of lymph node metastasis is not known[9]. Surgical resection is the only curative therapy for gastric GISTs with CT. Although partial resection is initially performed, further resection or total gastrectomy is required when multiple tumors reside in the entire stomach or recur after tumor resection. 
In our case, the preoperative detection of perigastric lymph nodes suggested metastasis. However, a pathologic assesement did not reveal metastasis. According to clinical practice guidelines for GISTs in Japan, for the treatment of a GIST that has already metastasized to other organs but is considered to be resectable, surgery is the preferred treatment modality[10]. In this case, percutaneous biopsy of the liver lesion had a substantial risk of tumor cell spillage through the needle track. Moreover the tumor was located immediately adjacent to the inferior vene cava, so percutaneous biopsy was considered to be difficult and risky for this patient. Therefore, we performed a total gastrectomy and resection of the liver tumor simultaneously, without preoperative pathologic confirmation of the liver lesion.
Other CT neoplasms are usually found when the lesion is evaluated for gastric GISTs. These neoplasms are often misinterpreted as metastatic GISTs and are treated as such. Our patient was preoperatively diagnosed with a multifocal gastric GIST with hepatic metastasis. The incidence of hepatic metastasis from gastric GISTs in CT was reported to be 17.7%[2].  Postoperative histologic findings were consistent with primary hepatic paraganglioma and we confirmed the diagnosis of CT.
The most common combination is the association of GISTs with pulmonary chondroma(75%)[6]. Combinations of GIST and paraganglioma as observed in our case, account for 44% of CT cases[6]. 
Frequent sites of paraganglioma in CT are the aortopulmonary body, sympathetic chain, retroperitoneum, and carotid body. Only two cases of hepatic paraganglioma similar to our case were reported among 79 patients with CT in Carney’s series[2]. Paragangliomas are rare neuroendocrine tumors arising from neural-crest-derived chromaffin cells. Although paragangliomas may present anywhere along the sympathetic paraganglia chains from the neck to the pelvis, most reside intra-abdominally, in the superior para-aortic area[11]. 
Mortality from the triad depends on gastrointestinal hemorrhage, metastatic disease and hypertensive phenomena. Symptoms and signs of catecholamine excess were observed in 13 (35%) of 37 paraganglioma patients with CT[2]. In our case, we could not confirm whether the hepatic paraganglioma was functioning because the preoperative diagnosis of the liver lesion was metastasis and because initial blood and urine chemistry evaluation for catecholamine could not be performed. Considering the lack of symptoms or signs, the paraganglioma was assumed to be non-functioning. When CT is suspected in patients with multiple gastric GISTs, a radiologic and chemical work-up should be undertaken to rule out paraganglioma. 
Although most CD117-expressing GISTs are aggressive, these tumors respond to imatinib. Tumors in younger patients with CT are less aggressive and less responsive to imatinib but still metastasize[12]. Most deaths of CT patients are due to malignant GISTs but several cases are due to paraganglioma (3/77, 3.8%)[13]. At the onset of the syndrome, all three types of tumors are detected in very few cases (1%). The mean interval between the detection of the first and second tumors has been reported to be 8.4 years[2]. Eventually, early surgery can reduce both short and long-term mortality from bleeding and metastasis, respectively.
In conclusion, CT is a very rare syndrome, but Carney and colleagues thoroughly documented its clinical manifestations. The presence of pulmonary chondroma and paraganglioma should be verified, especially in young women with multifocal GISTs, to rule out CT. A careful long-term follow-up is required to detect metachronous tumors.
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Figure 1 Esophagogastroduodenoscopy. A: Gastroendoscopy revealed an antral submucosal tumor without ulceration and hemorrhage; B: Computed tomography revealed a hypoattenuating nodule in segment VII of the liver, with peripheral weak enhancement in the portal phase (arrow).
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[bookmark: OLE_LINK2542]Figure 3 The patient underwent total gastrectomy, regional lymphadenectomy, and partial hepatectomy of segment VII. A: Macroscopically, gastric tumors were located in the submucosal layer, were round to oval and, relatively well demarcated, and exhibited multiple nodules (eight); B: Gastric tumor demonstrated cellular epithelioid gastrointestinal stromal tumors with discohesive pattern of growth (HE, × 40) and mild nuclear atypia (hematoxylin and eosin, × 200) (lower right), exhibiting diffuse cytoplasmic membranous immunoreactivity for CD117 (immunohistochemical stain × 200) (upper right); C: Hepatic partial resection revealed an oval, well circimscribed, orange yellow, soft, solid tumor, 12 mm × 7 mm (left) and microscopically, synaptophysin-positive, hepatic tumor cells were arranged in nests (so called‘zellballen’) (right), surrounded by S100 protein-positive, sustentacular cells (immunohistochemical stain × 400).
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