Name of Journal: World Journal of Gastrointestinal Oncology
Manuscript NO: 76270
Manuscript Type: CASE REPORT

Ewing sarcoma of the ileum with wide multiorgan metastases: A case report and review of literature

Guo AW et al. Ewing sarcoma of the ileum

Ai-Wen Guo, Yi-Sha Liu, Hang Li, Yi Yuan, Si-Xun Li

Ai-Wen Guo, Hang Li, Yi Yuan, Si-Xun Li, Department of Radiology, Affiliated Hospital of Medical School, University of Electronic Science and Technology of China, Sichuan Academy of Medical Sciences and Sichuan Provincial People's Hospital, Chengdu 610072, Sichuan Province, China

Ai-Wen Guo, Department of Radiology, Chengdu Women's and Children's Central Hospital, School of Medicine, Chengdu 611731, Sichuan Province, China

Yi-Sha Liu, Department of Pathology, Affiliated Hospital of Medical School, University of Electronic Science and Technology of China, Sichuan Academy of Medical Sciences and Sichuan Provincial People's Hospital, Chengdu 610072, Sichuan Province, China

Author contributions: Li H and Guo AW were responsible for the coordination of the project and contributed to the study design; Li H, Guo AW, Yuan Y and Liu YS collected, analyzed the data and edited the manuscript. Yuan Y and Li SX followed up the patient; Yuan Y and Li H supervised the study and reviewed this manuscript; All authors have read and approved the final manuscript.
Corresponding author: Hang Li, MD, Doctor, Department of Radiology, Affiliated Hospital of Medical School, University of Electronic Science and Technology of China, Sichuan Academy of Medical Sciences and Sichuan Provincial People's Hospital, No. 32 Second Section of First Ring Road, Qingyang District, Chengdu 610072, Sichuan Province, China. lihang111222@126.com

Received: March 13, 2022
Revised: May 2, 2022
Accepted: July 11, 2022
Published online: 

1/16

Abstract
BACKGROUND
Ewing sarcoma (ES) is an aggressive small round cell tumor that usually occurs in younger children and young adults but rarely in older patients. Its occurrence in elderly individuals is rare. ES of the ileum with wide multiorgan metastases is rarely reported and difficult to distinguish radiologically from other gastrointestinal tract tumors.

CASE SUMMARY
A 53-year-old man presented with right lower quadrant pain for 2 wk. Computed tomography results showed a heterogeneous mass within the ileum and widespread multiorgan metastases. This mass was biopsied, and pathological examination of the resected specimen revealed features consistent with an extraskeletal ES.

CONCLUSION
This case emphasizes the importance of recognizing this rare presentation in the small intestine to broaden the differential diagnosis of adult intraabdominal tumors.
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Core Tip: Ewing’s sarcoma (EOES) originating in the ileum with wide multiorgan metastases is rare and easily misdiagnosed. When a small intestine mass accompanied by calcification and wide multiorgan metastases is seen on computed tomography, a suspicion of EOES should not be overlooked. Together with previous reports, this case expands knowledge regarding the spectrum of tumors in the small intestine.

[bookmark: _Hlk106988028]INTRODUCTION
[bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK10]Ewing sarcoma (ES) of the bone represents the second most common primary malignant tumor of bone in children and adolescents, exceeded in prevalence only by osteosarcoma[1]. Osseous ES, together with extraosseous Ewing’s sarcoma (EOES), primitive neuroectodermal tumor, and Askin’s tumor are members of the Ewing sarcoma family of tumors[1,2]. The treatment of EOES patients includes chemotherapy, radiation therapy, and surgery. To date, the 5-year survival rate of EOES is relatively high (65%-75%)[3]. The outcome for metastatic patients is usually poor (< 30%), despite the use of surgery, chemo- and/or radiotherapy. EOES is rarer than ES of the bone. The prevalence of EOES is generally accepted to be between 15% and 20% of that of ES of the bone[2]. The most common sites of EOES are the paravertebral region, lower extremities, chest wall and retroperitoneum[4]. To our knowledge, EOES originating in the ileum is not common, with only nearly 30 cases reported worldwide. However, there were few reports regarding EOES of the ileum with multiorgan metastases at the time of diagnosis[5-7]. In this paper, we present a case with an initial diagnosis of gastrointestinal stromal tumor (GIST), but histopathology indicated EOES with widespread multiorgan metastases.

CASE PRESENTATION
[bookmark: _Hlk107509949]Chief complaints
[bookmark: _Hlk107509844][bookmark: _Hlk107509833]A 53-year-old man suffered from right lower quadrant abdominal pain for 2 wk.

[bookmark: _Hlk107509968]History of present illness
[bookmark: _Hlk107509861]The patient experienced right lower quadrant abdominal pain for 2 wk, accompanied by acid reflux, belching, and emesis (an oral discharge without digested food and hematemesis), but denied having fevers, night sweats, unintentional weight loss, and blood in the stool.

History of past illness
The patient had a medical history free of previous diseases.

[bookmark: _Hlk107510945]Personal and family history
[bookmark: _Hlk107510071][bookmark: OLE_LINK2]The patient denied that the family had any genetic diseases. There was no similar disease in the family. 

[bookmark: _Hlk107509981]Physical examination
[bookmark: _Hlk107509874][bookmark: _Hlk107510097]On physical examination, the patient’s abdomen was soft with tenderness on the right side abdominal without rebound tenderness or muscle guarding, and normal bowel sounds were present. In palpation, a mass with unclear boundary was identified in the right lower abdomen, measuring 4 cm × 6 cm approximately, and the mass can be mobile.

Laboratory examinations
After admission, laboratory investigations showed slightly increased levels of monocytes (0.987 × 109/L; normal range: 0.10–0.60 × 109/L), decreased eosinophil rate (0.1%; normal range: 0.4%-8%), decreased hemoglobin levels (119 g/L; normal range: 130-175 g/L), and prealbumin levels (14.9 mg/dL; normal range: 16-45 mg/dL), and increased platelet count (418 × 109/L; normal range: 85-303 × 109/L). All serum tumor marker levels were normal.

[bookmark: _Hlk107510217]Imaging examinations
[bookmark: _Hlk107510209]Contrast-enhanced computed tomography (CT) of the abdomen showed an 8.1 cm × 4.0 cm mass in the right iliac fossa area, which interacted with the small intestinal lumen. The mass was heterogenetic, and areas of low attenuation and high attenuation were observed, likely corresponding to areas of necrosis and calcification (Figure 1). In addition, multiple metastatic lesions were observed on the bilateral adrenal gland, lung, liver and pancreas, and several enlarged lymph nodes were seen in the retroperitoneal and mediastinum areas, with the largest exhibiting a diameter of 2.3 cm (Figure 2).

MULTIDISCIPLINARY EXPERT CONSULTATION
From the contrast-enhanced CT of the abdomen and chest, multidisciplinary consultation determined that malignant GISTs with widespread multiorgan metastases were first considered. The patient could not receive surgical treatment because of widespread multiorgan metastases. Therefore, adjuvant chemotherapy was recommended.

[bookmark: _Hlk107510400]FINAL DIAGNOSIS
[bookmark: OLE_LINK8][bookmark: _Hlk107510416][bookmark: _Hlk107582338]To make the diagnosis, transabdominal ultrasound guided needle biopsy was performed with the consent of the patient. The biopsy was performed as an outpatient procedure under local anesthesia. Histopathology of the small intestinal tumor is composed of heteromorphic cells, and distributed in the shape of a sheet nest with round or oval cells and visible nucleoli (Figure 3). Tumor cells showed positive immunoreactivity for CD99, NKX2.2, S100, Syn and Ki-67, and the Ki-67 Level was greater than 60%. The results were negative for CK, CgA, CK5/6, P63, CK7, CAM5.2, CK20, CD56, CD117 and alpha-inhibin (Figure 4). Therefore, the histopathologic findings were consistent with EOES. Although without molecular biological examination, after multidisciplinary consultation, the clinician concluded the diagnosis was primary small intestinal ES because of the positive immunoreactivity for NKX2.2, FLI-1 and CD99 combined with morphological characteristics.

[bookmark: _Hlk107510444]TREATMENT
[bookmark: _Hlk107510433]After multidisciplinary consultation, the physicians recommended 5 cycles of neoadjuvant chemotherapy with vincristine, ifosfamide, and doxorubicin for the patient, which could reduce the size of the primary tumor and metastases. However, the patient refused this treatment strategy. The patient was given fluid rehydration (0.9% sodium chloride solution, 5% glucose sodium chloride injection), nutritional support (Compound amino acid injection, 20% medium and long chain fat emulsion injection and ω-3 fish oil fat emulsion injection) and intravenous injection of parecoxib sodium 40 mg to relieve the pain. 

[bookmark: _Hlk107510479]OUTCOME AND FOLLOW-UP
[bookmark: _Hlk107510494]One month later, the patient could not eat and received symptomatic nutritional support (Compound amino acid injection, 20% medium and long chain fat emulsion injection and ω-3 fish oil fat emulsion injection) and analgesic treatment (intravenous injection of parecoxib sodium 40 mg). Despite the medical advice, the patient refused to receive any systemic treatment. The patient chose to be transferred to hospice care ward and died of multiple organ failure caused by widespread multiorgan metastases 2-mo later.

DISCUSSION
ES most commonly arises from bone but can develop in extraskeletal sites. In contrast, half or more of primary adult cases are EOES[4]. ES exhibits the highest incidence in older adolescents, with patients aged over 40 years experiencing extraskeletal tumors, metastatic spread at the time of diagnosis, and shorter survival than younger patients. It shows aggressive clinical behavior with a high rate of local recurrence and distant metastasis[8]. Approximately 15%-46% of patients will demonstrate metastatic disease at presentation, reducing 5-year survival from approximately 35%-71% to a dismal 0-34%[9].
We have summarized all previous publications of small intestinal ES/PNET in Table 1[10-26]. The patient gender ratio (female/male) was 12/15. The ages ranged from 9 to 69 years, and 60% of patients with small intestinal ES were younger than 30 years. The most common sites in patients with metastatic disease are the liver and peritoneum. Adrenal metastases have rarely been described[7]. Seven patients had metastases to the liver and peritoneum solitarily. Only one patient had metastases to the adrenal gland and peritoneum at the time of diagnosis. Patients of more than 40 years of age or with metastatic spread at the time of diagnosis have shorter survival than younger patients. The form of distant metastasis included seeding, blood and lymphatic vessel metastasis. The mechanism of distant metastasis from the ES in the ileum to other organs could be explained for two reasons. First, hematogenous metastasis may occur because the tumor cells penetrate and spread from the vessels in the ileum. Second, there are abundant lymphatic networks in the submucosal layer of the ileum, and the lymphatics intermittently pierce the muscularis propria and drain into regional lymph nodes in the peritoneum. The tumor cells penetrate and spread from lymphatics to regional lymph nodes or even distal lymph nodes.
The most frequently presenting symptom is a rapidly growing mass with local pain. However, the accompanying symptoms depend largely on the sarcoma site[27]. Our patient complained of right lower quadrant pain accompanied by acid reflux, belching, and emesis. CT showed a large, sharply delineated mass of relatively lower or equal density to that of the adjacent muscle. After enhancement, the mass showed heterogenetic enhancement with intratumor necrosis and calcification. Calcification is seen in 25%-30% of previous cases[1]. This patient had metastases of the bilateral adrenal gland, liver, pancreas and lung and multiple regional lymph node metastases. These findings represent necrotic changes common in both EOES and its metastases, which reflect the disease’s aggressive nature[2].
[bookmark: OLE_LINK15]For differentiation of Ewing sarcoma from the other small round cell tumors, molecular detection of specific fusion genes is recommended, which accepted as the gold standard method for diagnosing Ewing sarcoma[17]. However, this patient did not do this due to a small tissue sample size. Immunohistochemistry has emerged as a compelling alternative. NKX2.2, CD99 and FLI-1 are good immunohistochemical markers for ES. NKX2.2 was shown to be a valuable immunohistochemical marker for ES in the differential diagnosis of small round cell tumors, which has been identified as an important target of EWS-FLI-1[28,29]. A few number of non-Ewing tumors can be positive for NKX2.2, such as synovial sarcomas, mesenchymal chondrosarcomas, and malignant melanomas. Nuclear spindling and TLE1 immunoreactivity favor synovial sarcomas[30]. NKX2.2-positive synovial sarcoma exhibited weak focal staining compared to diffuse labeling of ES. Mesenchymal chondrosarcomas could be excluded based on histology and immunohistochemical data[31]. Malignant melanomas could be excluded because the tumor did not express specific melanoma markers (e.g., HMB45 and Melan A)[32]. According to the exclusive diagnosis, the present case was ultimately diagnosed as synchronous ES.
The imaging characteristics of the small intestinal ES are nonspecific as well. The major differential diagnosis for small intestinal ES includes GIST, lymphoma, adenocarcinoma, neuroendocrine neoplasm and metastatic lesions. GISTs are the most common mesenchymal tumors in the gastrointestinal tract and typically present as submucosal tumors of the gastrointestinal wall, occasionally accompanied by mucosal ulcers and tumor rupture[33]. GISTs occurring in the small intestinal characteristically have hemorrhage, necrosis, or cyst formation that appears as focal areas of low attenuation on computed tomographic images, and may present with cavity and fistula formation[34]. Moreover, GISTs rarely exhibit regional lymph node metastasis, unlike the mass presenting with multiple regional lymph node metastases in our patient. Intestinal lymphoma classically presents with a thickened wall and paradoxical dilatation but no obstruction, potentially with lymphadenopathy, splenomegaly[35]. And it often shows mild enhancement and the presence of vessel floating signs. In addition, lymphoma rarely presents with multiorgan metastases[36]. Intestinal adenocarcinoma typically shows irregular or annular thickening of the intestinal wall resulting in luminal narrowing, which may result in intestinal obstruction. Small intestinal neuroendocrine neoplasms may have mural transgression with the invasion of the serosa and mesentery and may conglomerate into spiculated masses with frequent calcification and surrounding lymphadenopathy[37,38]. Tumor metastasis to the small intestine is extremely rare, and few reports indicate in the literature[39].
Neoadjuvant chemotherapy was initially used to eliminate micrometastases and reduce the size of the primary tumor[40]. ES is quite radiosensitive, and some researchers have emphasized the important role of preoperative radiotherapy for successful local treatment in spinal ES[41]. However, improvements in surgical technique and the risks associated with radiation (secondary malignancies) have reduced the reliance on radiation[42]. Surgery alone does not appear to be effective for metastatic ES due to technical difficulties related to surgery and a low survival rate. This case will contribute to understanding the prognosis and determination of optimal management because small bowel ES is extremely rare and difficult to cure.

CONCLUSION
In conclusion, EOES originating in the ileum with widespread multiorgan metastases is rare and easily misdiagnosed. When a small intestinal mass accompanied by calcification and wide multiorgan metastases is seen on CT, a suspicion of EOES should not be overlooked. Together with previous reports, this case has expanded knowledge about the spectrum of tumors in the small intestine.
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Figure Legends
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Figure 1 Abdominal computed tomography. A: Axial computed tomography (CT) image shows a heterogenetic mass with calcification (white arrows); B: Contrast-enhanced CT shows mild heterogenetic enhancement and communication with the small intestinal lumen (short white arrows).
[image: ]
Figure 2 Abdominal and chest computed tomography. A: Multiple metastatic lesions are observed on the bilateral adrenal gland (*), liver (black arrow) and pancreas (black arrowhead); B: Several enlarged lymph nodes (white arrowhead) are seen on the retroperitoneal area; C: A pulmonary metastatic nodule (short white arrow) is seen in lung windows; D: Several enlarged lymph nodes (short black arrow) are shown on the mediastinum area in contrast-enhanced computed tomography.
[image: ]
Figure 3 Pathologic findings. Histopathology of the small intestinal tumor is composed of heteromorphic cells, and distributed in the shape of sheet or nest with round or oval cells and visible nucleoli. (Original magnification 400 ×; hematoxylin-eosin stains).
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Figure 4 Immunohistochemistry findings. A: Strong positive staining for CD99 (original magnification 200 ×); B: Positive staining for NKX2.2 original magnification 200 ×); C: Positive staining for FLI-1 (original magnification 200 ×); D: Positive staining for Syn (original magnification 200 ×); E: Negative immunoreactivity for CK (original magnification 200 ×); F: Negative immunoreactivity for CgA (original magnification 200 ×). 
Table 1 Reported cases of Ewing Sarcoma of small bowel
	Site
	Age
	Sex
	Metastasis at diagnosis
	Treatments
	Follow-up
	Ref.

	[bookmark: OLE_LINK81][bookmark: _Hlk101648477]Small intestine
	21
	F
	-
	Sx + Cx
	10 mo DFS
	[bookmark: OLE_LINK1][bookmark: _Hlk107857192][bookmark: OLE_LINK12]Adair et al[10], 2001

	Jejunum
	13
	M
	-
	Sx
	1 yr DFS
	Sarangarajan et al[11], 2001

	Distalileum
	14
	M
	-
	Sx + Cx
	10 mo DFS
	Graham et al[12], 2002

	Small intestine
	9
	F
	-
	Sx + Cx
	Died 25 mo after diagnosis
	[bookmark: _Hlk107857208]Shek et al[13], 2001

	Terminal Ileum and
Jejunum
	63
	M
	[bookmark: _Hlk101650021]Adrenal glands + lymph nodes
	Sx + Cx
	ND
	Kim et al[7], 2007

	Terminal Ileum
	44
	M
	[bookmark: OLE_LINK72]Intra-peritoneal
	Sx + Cx
	Died 13 mo after diagnosis
	[bookmark: _Hlk107857216]Sethi and Smith[14], 2007

	Ileum
	32
	M
	-
	Sx + Cx
	[bookmark: OLE_LINK68]6 mo DFS
	[bookmark: OLE_LINK5]Rodarte-Shade et al[15], 2012

	Terminal Ileum
	15
	F
	-
	Sx + Cx
	ND
	[bookmark: _Hlk107857231]Vignali Vignail et al[16], 2012

	Ileum
	18
	M
	-
	[bookmark: OLE_LINK66]Sx + Cx
	ND
	Boehm et al[6], 2003

	Ileum
	18
	M
	Liver
	Sx
	Died 8 mo after diagnosis
	Milione et al[4], 2014

	Ileum
	20
	M
	Liver
	Sx + Cx
	Died 28 mo after diagnosis
	Milione et al[4], 2014

	Ileum
	42
	M
	-
	Sx + Cx
	Died 11 16 mo after diagnosis
	Milione et al[4], 2014

	Ileum
	45
	M
	-
	Sx + Cx
	[bookmark: OLE_LINK70]Died 13 mo after diagnosis
	Milione et al[4], 2014

	Ileum
	15
	F
	-
	Sx + Cx + Rx
	28 mo DFS
	Milione et al[4], 2014

	Ileum
	57
	M
	-
	Lost
	Lost
	Milione et al[4], 2014

	Ileum
	28
	F
	Liver
	[bookmark: OLE_LINK67]Sx + Cx
	[bookmark: OLE_LINK87]204 mo DFS
	Milione et al[4], 2014

	ileum
	16
	F
	-
	[bookmark: OLE_LINK71]Sx
	6 mo DFS
	[bookmark: _Hlk107857244]Li et al[17], 2017

	Ileum
	69
	M
	Intra-peritoneal
	[bookmark: OLE_LINK77]Sx
	[bookmark: OLE_LINK11]Died 8 mo after diagnosis
	[bookmark: _Hlk107857323]Yang et al[18], 2021

	Terminal Ileum
	57
	F
	-
	[bookmark: OLE_LINK74]Sx + Cx
	8 mo DFS
	[bookmark: _Hlk107857253]Bala et al[19], 2006

	Small intestine
	66
	M
	-
	[bookmark: OLE_LINK75]Sx + Cx
	[bookmark: OLE_LINK88]48 mo DFS
	[bookmark: _Hlk107857263]Batziou et al[20], 2006

	Ileum
	22
	M
	Liver
	Sx
	NA
	[bookmark: _Hlk107857281]Peng et al[21], 2015

	Jejunum
	9
	F
	Peritoneum
	[bookmark: OLE_LINK79]Sx + Cx
	NA
	Kim et al[7], 2017

	Jejunum
	67
	F
	-
	Sx
	3 mo DFS
	Cantu et al[22], 2019

	Jejunum
	42
	M
	-
	Sx + Cx
	9 mo DFS
	Yagnik et al[23], 2019

	Jejunum
	30
	F
	-
	Sx
	2 mo DFS
	Kolosov et al[24], 2020

	Ileum
	17
	F
	-
	Sx
	NA
	Paricio et al[25], 2021

	Duodenum
	25
	F
	-
	Sx
	Died 1 mo after diagnosis
	Hassan et al[26], 2022


F: Female; M: Male; Sx: Surgery; Cx: Chemotherapy; Rx: Radiotherapy; DFS: Disease free survival; NA: Not available.
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