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Abstract
BACKGROUND
Signet ring cell carcinoma (SRCC) is a specific type of mucinous secretory adenocarcinoma, which contains abundant mucus in the cytoplasm and pushes the nucleus to one side of the cell membrane, forming a round or oval, and the nuclear deviations give the cells a signet ring-like appearance. SRCC often originates in the gastrointestinal tract, especially in the stomach. However, primary SRCC of the extrahepatic bile duct is extremely rare. Therefore, little is known about its epidemiology, treatment, and prognosis.

CASE SUMMARY
An 82-year-old female was admitted with abdominal pain, jaundice, and skin pruritus for 2 mo. She had no specific family history. Physical examination presented normal vital signs, icteric sclera, visible jaundice, and mild tenderness in the right upper abdominal quadrant. Tumor-related cell markers were within normal values. Contrast-enhanced computed tomography revealed a thickened wall of the common bile duct, strengthened with intrahepatic bile duct dilation and multiple round-like lesions in the liver. In addition, the lymph nodes in the hepatic hilum area, the pancreatic head area, and around the abdominal aorta were enlarged. Thus, a preoperative diagnosis of cholangiocarcinoma was established. To alleviate jaundice and prolong the overall survival, percutaneous transhepatic cholangiopancreatic drainage (PTCD) was performed. During the operation, segmental stenosis of the extrahepatic bile duct and a vine-like expansion of the intrahepatic bile duct was observed. Furthermore, a biliary biopsy was performed under fluoroscopy to determine the nature and origin of the lesion. The pathological diagnosis of the biopsy was SRCC. Finally, a diagnosis of primary SRCC of extrahepatic bile duct with distant lymph node metastasis and multiple liver metastases was made based on the radiographic, PTCD, and pathological characteristics. The tumor was diagnosed as T3N1M1 stage IV. Despite our aggressive approach, the patient died of liver failure after 1 mo.

CONCLUSION
This is the only case report on primary SRCC of the extrahepatic bile duct with distant organ metastasis to date.
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[bookmark: OLE_LINK3499][bookmark: OLE_LINK3500]Core Tip: We report a case where an 82-year-old female was admitted with abdominal pain, jaundice, and skin pruritus for 2 mo. The radiological diagnosis was a cholangiocarcinoma. To alleviate jaundice and prolong the overall survival, percutaneous transhepatic cholangiopancreatic drainage (PTCD) was performed. During the operation, in order to determine the nature and origin of the lesion, a biliary biopsy was performed under fluoroscopy. Finally, a diagnosis of primary signet ring cell carcinoma of extrahepatic bile duct with distant lymph node metastasis and multiple liver metastases was made based on the radiographic, PTCD, and pathological characteristics. However, despite active treatment, the disease progressed rapidly, and the patient died after 1 mo due to liver failure.

INTRODUCTION
Cholangiocarcinoma (CCA) is a common malignant tumor of the biliary system, and 90%-95% of the pathologic types of CCA are adenocarcinomas[1]. Signet ring cell carcinoma (SRCC) is a subtype of poorly differentiated adenocarcinoma with strong invasion and poor prognosis[2]. Although it can occur in various organs, including the stomach, colon, esophagus, bladder, prostate, pancreas, and breast[2], it mainly arises in the stomach[3], where > 96% of SRCCs occur[4]. However, the occurrence of the extrahepatic bile duct is extremely rare.
Previously, only a few studies have reported cases of primary SRCC of the extrahepatic bile duct due to the rarity this disease . Herein, we report that a case of primary SRCC of the extrahepatic bile duct diagnosed via a biopsy of the biliary tree. Additionally, we conducted a literature review to describe the epidemiology and explore the treatment and prognosis of the disease.

CASE PRESENTATION
Chief complaints
Abdominal pain, jaundice, and skin pruritus for 2 mo.

History of present illness
The patient was admitted with abdominal pain, jaundice, and skin pruritus for 2 mo.

History of past illness
The patient was previously healthy and had no specific medical history.

Personal and family history
She had no specific family history.

Physical examination
Physical examination presented normal vital signs, icteric sclera, visible jaundice, and mild tenderness in the upper right abdominal quadrant.

Laboratory examinations
Tumor-related cell markers were as follows: carbohydrate antigen 19-9, > 2 044 U/mL (reference range: < 35 U/mL); cancer antigen 125, 146 U/mL (reference range: < 35 U/mL); human chorionic gonadotropin, 23.38 IU/L (reference range: < 5 IU/L); alpha-fetoprotein and carcinoembryonic antigen (CEA), within normal range. Laboratory tests: total bilirubin, 446 μmol/L (reference range: 5-21 μmol/L); direct bilirubin, 232.9 μmol/L (reference range: 0-3.4 μmol/L); indirect bilirubin, 213.1 μmol/L (reference range: 1.7-13.6 μmol/L).

Imaging examinations
[bookmark: _Hlk103240797][bookmark: OLE_LINK4120][bookmark: OLE_LINK4121]Contrast-enhanced computed tomography revealed that the wall of the common bile duct was thickened and strengthened (Figure 1A and B, arrows) with intrahepatic bile duct dilation (Figure 1C, arrows), and numerous hypodense lesions in the liver showed slight annular enhancement (Figure 1C, asterisks). In addition, the lymph nodes in the hepatic hilum area, the pancreatic head area, and around the abdominal aorta were enlarged (diameter 1.5-2.5 cm) with mild enhancement (Figure 1A and B, asterisks).

Diagnostic work-up
To alleviate jaundice and prolong the overall survival, percutaneous transhepatic cholangiopancreatic drainage (PTCD) was performed. During the operation, segmental stenosis of the extrahepatic bile duct (Figure 1E, arrows) and a vine-like expansion of the intrahepatic bile duct (Figure 1D, arrows) were observed. To determine the nature and origin of the lesion, a biliary biopsy was performed under fluoroscopy (Figure 1F, arrows). Hematoxylin and eosin (H&E) staining revealed abundant mucin in the cytoplasm pushed the nuclei aside, giving the cells the characteristic signet ring morphology (Figure 2A). The pathological diagnosis of the biopsy was SRCC. Immunohistochemistry (IHC) showed the following indicators: CK19 (++), CAM5.2 (+), CK7 (++), CK broad-spectrum (++), CEA (++), Ki-67 (10%), CK20 (-), CDX2 (-), glypican-3 (-), hepatocyte (-), vimentin (-), and special staining for PAS (+) (Figure 2B-F). The IHC of biopsy materials showed that the tumor cells were positive for CK19 (Figure 2B) and CK7 (Figure 2D) but negative for both CK20 and CDX2, suggesting the biliary tract origin of carcinoma. In addition, the gastroscopy and colonoscopy of the common primary site of SRCC did not show any abnormality.

FINAL DIAGNOSIS
Finally, a diagnosis of primary SRCC of extrahepatic bile duct with distant lymph node metastasis and multiple liver metastases was made based on the radiographic, PTCD, and pathological characteristics. The tumor was diagnosed as T3N1M1 stage IV according to the 8th edition of the American Joint Committee on Cancer (AJCC) cancer staging system[5]. Further imaging, such as positron emission tomography-computed tomography (PET-CT), was essential to determine any other sites of distant metastasis. Nonetheless, due to rapidly deteriorating condition in a short period, the patient died before the PET-CT was completed.

TREATMENT
This patient was treated with S-adenosylmethionine (intravenous infusion, 1.5 g once a day) to protect the liver and relieve jaundice. PTCD was performed simultaneously to alleviate obstructive jaundice.

OUTCOME AND FOLLOW-UP
The patient died after 1 mo due to liver failure. The timeline can be seen in Figure 3.

DISCUSSION
Herein, we present a rare case of primary SRCC of extrahepatic bile duct with distant lymph node metastasis and multiple intrahepatic metastases. To the best of our knowledge, this is the second case confirmed by direct forceps biopsy under fluoroscopy and the first case of primary SRCC of the extrahepatic bile duct with distant organ metastasis. Distant organ metastasis is a critical factor influencing prognosis. Therefore, our case had a worse prognosis compared to those reported previously. Moreover, surgical resection was not a reasonable treatment due to the patient’s old age and poor liver function; hence, she received only palliative treatment, including liver protection and PTCD. However, despite active treatment, the disease progressed rapidly, and the patient died after 1 mo due to liver failure. Therefore, we concluded that primary SRCC of the extrahepatic bile duct is not prone to distant organ metastasis, and if accompanied by distant organ metastasis, it grows rapidly and has a strong invasion and poor prognosis.
Primary SRCC of the extrahepatic bile duct is an extremely rare subtype of bile duct adenocarcinoma of unknown origin. Presently, there are two theories regarding its origin. One is that the tumors may arise from ectopic gastric mucosa, while the other is that SRCCs may develop from gastric-type epithelial metaplasia[6]. In our case, no ectopic gastric mucosa and epithelial metaplasia were detected in the biliary biopsy. Thus, the origin of primary SRCC in the extrahepatic bile duct needs to be evaluated in future studies[14].
For the literature review, relevant articles in English were retrieved from the PubMed, Ovid database, and Web of Science from 1949 to January 10, 2022. The keywords used for the search were “signet ring cell cholangiocarcinoma” OR “signet ring cell carcinoma of bile duct”. These words were used individually or with the Boolean operator “AND”. A total of 129 articles were analyzed from 1949 to 2022. The flow chart of the literature screening process is illustrated in Figure 4. Finally, 11 cases were included in this meta-analysis. The following data were collected: the name of the first author, year of publication, patient’s age, sex, location, TNM staging, treatment, and follow-up results (Table 1).
In the current study, we included 3 males[7,10,12] and 8 females[8,9,11,13-17] with an average age of 58.5 years (range: 32-73 years). This phenomenon suggested that primary SRCC of the extrahepatic bile duct occurs in elderly patients, which was similar to previous reports[9]. However, due to the small number of patients, the correlation between the incidence of primary SRCC of the extrahepatic bile duct and gender needs to be investigated further. The analysis of 11 patients revealed that primary SRCC of the extrahepatic bile duct occurred in the distal bile duct in 8 cases[7,8,10-12,14-16] and the perihilar bile duct in only 3 cases[9,13,17]. This showed that primary SRCC of the extrahepatic bile duct occurs in the distal bile duct compared to the perihilar bile duct. The mechanism of occurrence may be that the distal bile duct is prone to the ectopic gastric mucosa and gastric-type epithelial metaplasia; however, it needs to be evaluated further[14]. According to the 8th edition of the AJCC cancer staging system, 9 cases[7-15] had an obvious invasion of the extrahepatic bile duct, of which 3[8,12,13] showed infiltration of the adjacent tissue structures. Peritoneum and retroperitoneal lymph node metastasis were observed in 5 cases[7,8,12,14,15] without distant metastasis. This phenomenon indicated that primary SRCC of the extrahepatic bile duct mainly grows along the wall, often with lymph node metastasis, but distant organ metastasis is extremely rare. The treatment for primary SRCC of extrahepatic bile duct includes resection, such as pancreaticoduodenectomy or resection of the biliary tree, followed by radiotherapy and chemotherapy. Also, integrative treatments that combine two or three have been applied[7-17]. 7/11 cases[8-10,12-14,16] received only surgical resection, 1/11 case[17] received chemotherapy alone, 1/11 case[11] received surgical resection followed by chemotherapy, 1/11 case[15] received chemoradiotherapy, and 1/11 case[7] received combined treatment of surgical resection, radiotherapy, and chemotherapy. Currently, surgical treatment is the gold standard for patients with cancer without distant metastasis. However, no standardized protocol and guidelines for treating primary SRCC of the extrahepatic bile duct are currently available because of the limited number of cases and studies. Yang et al[2] proposed that the primary SRCC location can be used as an independent prognostic factor of survival and that compared to stomach SRCC, the primary gallbladder, the ampulla of Vater, and pancreatic SRCCs have a worse prognosis. Therefore, an optimal treatment strategy is essential. Based on the results of this study, active surgical treatment may improve the prognosis in the event of surgical conditions in patients. Nonetheless, cases with poor prognosis even after radical resection are apparent. However, a standard recommendation of whether to perform adjuvant radiotherapy or chemotherapy cannot be established because of the small number of patients who received radiotherapy or chemotherapy in this study. Thus, to improve the survival and quality of life of patients, a multidisciplinary treatment such as concomitant use of chemotherapy is necessary.

CONCLUSION
Overall, primary SRCC of the extrahepatic bile duct is extremely rare, and cases with distant organ metastases have never been reported. Currently, surgical treatment is the gold standard for patients with primary SRCC of the extrahepatic bile duct without distant metastasis. However, aggressive multidisciplinary treatment is essential when surgical resection is not feasible or metastasis is observed.
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[bookmark: OLE_LINK865][bookmark: OLE_LINK866][bookmark: OLE_LINK867][bookmark: OLE_LINK868]Figure 1 Contrast-enhanced computed tomography and percutaneous transhepatic cholangiopancreatic drainage images. A and B: Contrast-enhanced computed tomography (CECT) of the abdomen shows that the common bile duct wall is thickened and strengthened (arrows) with enlarged lymph nodes (asterisks); C: CECT shows intrahepatic bile duct dilation (arrows) and multiple liver metastases (asterisks); D and E: Percutaneous transhepatic cholangiopancreatic drainage shows a vine-like expansion of the intrahepatic bile duct (D, arrows) and segmental stenosis of the extrahepatic bile duct (E, arrows); F: A biliary biopsy was performed under fluoroscopy (arrows). 
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Figure 2 Primary signet ring cell carcinoma of the extrahepatic bile duct. A: Hematoxylin and eosin staining (× 400), showing signet ring cells (arrows) with abundant intracytoplasmic vacuoles and peripherally displaced nuclei (red arrows); B-F: Immunohistochemistry staining (× 400), CK19, CAM5.2, CK7, CEA, and PAS-positive staining, respectively. 
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Figure 3 Timeline. SRCC: Signet ring cell carcinoma; PTCD: Percutaneous transhepatic cholangiopancreatic drainage.
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Figure 4 Flowchart of the literature screening process for primary signet ring cell carcinoma of the extrahepatic bile duct. SRCC: Signet ring cell carcinoma.

Table 1 Summary of reported cases of signet ring cell carcinoma of extrahepatic bile duct
	[bookmark: _Hlk92647183]Ref.
	Age
	Sex
	Location
	TNM1
	Treatment
	Outcome

	[bookmark: OLE_LINK869][bookmark: OLE_LINK870]Lee et al[7], 2010
	55
	M
	Distal
	T3N1M0
	Resection; Chemoradiation 
	Alive at 24 mo

	Ogata et al[8], 2010
	42
	F
	Distal
	T4N1M0
	Resection
	Alive at 6 mo

	Somer et al[9], 2012
	66
	F
	Perihilar
	T3N0M0
	Resection
	[bookmark: OLE_LINK17]No described

	Kita et al[10], 2014
	73
	F
	Distal
	T3N0M0
	Resection; Gemcitabine/cisplatin
	Alive at 12 mo

	Kwon et al[11], 2014
	63
	M
	Distal
	T3N0M0
	Resection
	Dead at 15 mo

	Hua et al[12], 2015
	52
	M
	Distal
	T4N1M0
	Resection
	Dead at 6 mo

	Chedid et al[13], 2015
	66
	F
	Perihilar
	T4N0M0
	Resection
	Dead at 15 mo

	[bookmark: _Hlk92648908]Zhang et al[14], 2018
	32
	F
	Distal
	T3N1M0
	Resection
	Dead at 5 mo

	[bookmark: OLE_LINK15]Welsh et al[15], 2018
	55
	F
	Distal
	T3N1M0
	Chemoradiation
	Dead at 4 mo

	Hameed et al[16], 2019 
	72
	F
	Distal
	T1N0M0
	Resection
	No described

	Ghoddoosi et al[17], 2021
	68
	F
	Perihilar
	T1N0M0
	Gemcitabine/cisplatin
	Alive at 9 mo

	Present case
	82
	F
	Distal
	T3N1M1
	PTCD
	Dead at 1 mo


1AJCC Cancer Staging Manual, 8th edition.
PTCD: Percutaneous transhepatic cholangiopancreatic drainage.
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