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Abstract
BACKGROUND
[bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK47]A type 2b immunoglobulin G4 (IgG4)-related sclerosing cholangitis (SC) without autoimmune pancreatitis is a rare condition with IgG4-SC. While the variety of the imaging modalities have tested its usefulness in diagnosing the IgG4-SC, however, the usage of ultrasonography for the assessment of the response to steroidal therapy on the changes of bile duct wall thickness have not been reported in the condition. Therefore, the information of our recent case and reported cases have been summarized.

CASE SUMMARY
[bookmark: OLE_LINK48][bookmark: OLE_LINK51][bookmark: OLE_LINK5][bookmark: OLE_LINK6]We report the case of an 82-year-old Japanese man diagnosed with isolated IgG4-related SC based on the increase of serum IgG4, narrowing of the bile duct, its wall thickness, no complication of autoimmune pancreatitis, and IgG4 positive inflammatory cell infiltration to the wall with the fibrotic changes. The cholangiogram revealed type 2b according to the classification. Corticosteroid treatment showed a favorable effect, with the smooth decrease in serum IgG4 and the improvement of the bile duct wall thickness. 

CONCLUSION
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]As isolated type 2b, IgG4-SC is rare, the images, histological findings, and clinical course of our case will be helpful for physicians to diagnose and treat the new cases appropriately.
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: OLE_LINK37][bookmark: OLE_LINK38]Core Tip: Immunoglobulin G4-associated sclerosing cholangitis (IgG4-SC) is a biliary tract lesion of the systemic IgG4-related disease. It is often complicated with autoimmune pancreatitis, and if not related, it is diagnosed as an isolated IgG4-SC. The corticosteroid treatment shows the favorable response by improving the infiltration of inflammatory cells, wall thickness, and decrease the serum IgG4. With a variety of the types of IgG4-SC determined by cholangiogram, differential diagnosis from the malignancy and primary sclerosing cholangitis is essential. In the present study, we report a rare elderly and asymptomatic case of type 2b, isolated IgG4-SC who was differentially diagnosed from primary sclerosing cholangitis by liver biopsy. The administration of corticosteroid improved the inflammation, normalized the serum IgG4 Level, and improved the wall thickness of the bile duct. As isolated type 2b, IgG4-SC is rare, the images, histological findings, and clinical course of our case will be helpful for physicians to diagnose and treat the new cases appropriately.


INTRODUCTION
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK52][bookmark: _Hlk52567392]Immunoglobulin G4-related sclerosing cholangitis (IgG4-SC) is a biliary tract lesion of the systemic IgG4-reltaed disease involving the peri-orbital tissues, salivary glands, meninges, lymph nodes, thyroid glands, lungs, aorta, retroperitoneum, kidney, pancreas, biliary tree, gall bladder, liver, and prostate gland[1-3]. IgG4-related disease is characterized by an increase in the serum IgG4 Level, infiltration of the lymphoplasmacytes, and IgG4-bearing plasma cells, positive response to corticosteroid therapy, and involvement of multiple organs showing inflammation with diffuse or localized swelling[2,3]. IgG4-SC shows above-listed characteristics and reveals cholangitis due to the thickening of the bile duct wall and fibrosis caused by the infiltration of IgG4-positive plasma cells in the wall and often complicated with autoimmune pancreatitis[1,2,4-7]. According to the diagnostic criteria[5,8] and the images of the cholangiogram[9], diagnosis and the classification of the types can be done and when not complicated with the autoimmune pancreatitis, it is diagnosed with isolated IgG4-SC[10]. Computed tomography (CT), magnetic resonance imaging, magnetic resonance cholangiopancreatography (MRCP), abdominal ultrasonography (US), endoscopic ultrasonography (EUS), and endoscopic retrograde cholangiopancreatography (ERCP) are the imaging modalities useful for the diagnosis[11]. However, as the imaging studies reveal thickening and stenosis of the biliary duct wall, differentiating the condition from the malignancy and other sclerosing cholangitis, including bile duct cancer and primary sclerosing cholangitis (PSC) are essential[12-14]. For this differentiation, histological analyses are important. The determination of a dense lymphoplasmacytic infiltrate rich in IgG4-positive cells with fibroinflammatory changes are characteristic of this disease entity, and no detection of malignant cells[15] or onion-skin fibrosis in the liver tissue which is the characteristic findings of PSC are helpful for the differentiation[16]. Response to corticosteroid (CS) treatment, with improvement of symptoms, decrease of serum IgG4 and hepatobiliary enzymes, bile duct wall thickness, and bile duct stenosis are diagnostic option[8]. Here, we report the case of an elderly and asymptomatic patient with type 2b isolated IgG4-SC. He was differentially diagnosed from PSC by liver biopsy, and the administration of CS improved the inflammation, normalized the serum IgG4 Level, and improved the wall thickening of the bile duct. A discussion of the case presented here is intended to promote wider recognition and better understanding of this pathology.

CASE PRESENTATION
Chief complaints
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]An 80-year-old Japanese man was referred to our hospital for further exploration of the increase in biliary enzymes, immunoglobulins, bile duct wall thickening, and bile duct dilation. 

History of past illness
[bookmark: OLE_LINK55]He had a history of cerebral infarction and antihypertensive treatment, but no history or symptoms of inflammatory bowel disease and family history were remarkable. 

Physical examination
[bookmark: OLE_LINK58][bookmark: OLE_LINK59]He showed no remarkable signs and symptoms, and physical examination upon admission revealed no jaundice or lymphadenopathy and no abnormal findings on his abdomen. 

Laboratory and imaging examinations
[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Laboratory results on the day of admission revealed an increase in the serum levels of aspartate aminotransferase (75 IU/L), alanine aminotransferase (77 IU/L), alkaline phosphatase (1060 IU/L), γ-glutamyl transpeptidase (1160 IU/L), and immunoglobulin G (1850 mg/DL) and its subtype 4 (255 mg/DL). No increase in bilirubin and tumor markers was seen (Table 1). CT scans revealed intrahepatic bile duct dilatation, bile duct wall thickening with a mild enhance effect were noted (Figure 1A). No changes in the pancreatic ducts or parenchymal structure were seen (Figure 1B). Abdominal US revealed the wall thickening of the common bile duct with narrowing of its diameter (Figure 1C). EUS also revealed the thickened bile duct wall and narrowing of its diameter with no significant irregularity of the epithelial surface (Figure 1D). The changes of the bile duct were confirmed with a MRCP showing the stenotic lesions in relatively in the proximal side including the lower common bile duct (Figure 1E). ERCP revealed multiple stenoses with long stricter in the lower bile duct and only a partial dilatation of the bile duct (Figure 1F). There were no abnormal findings at the pancreatic duct (Figure 1E and F). Following the ERCP, a biopsy of the lower bile duct was performed, showing the long stenotic lesion (Figure 1E and F, black arrowheads) and the endoscopic nasobiliary drainage tube was placed for drainage.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Histological analyses revealed the infiltration of inflammatory cells and severe storiform fibrosis in the bile duct tissue (Figure 2A). These inflammatory cells included the IgG (Figure 2B) and IgG4 (Figure 2C) positively-stained plasma cells (more than 10 cells per high power field) and the IgG4/IgG-positive cell ratio was approximately 30% (Figure 2B and C). To differentially diagnose PSC, liver biopsy was performed. The tissue showed mild infiltration of inflammatory cells (Figure 2D) partly stained with IgG (Figure 2E) and IgG4 (Figure 2F), but no onion-skin fibrosis was seen.

FINAL DIAGNOSIS
[bookmark: OLE_LINK62][bookmark: OLE_LINK63]On the basis of these findings, a diagnosis of IgG4-related sclerosing cholangitis of the subtypes of type 2b was made. 

TREATMENT
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK64]Following the diagnosis, oral CS therapy at a dose of 0.6 mg/kg/d, amounting to 30 mg/d, was initiated (Figure 3). The daily dose was tapered to 25 mg after 4 wk of 30 mg administration, then to 20 mg for the next 2 wk, and tapered by 5 mg every 2 wk thereafter. 

OUTCOME AND FOLLOW-UP
[bookmark: OLE_LINK17][bookmark: OLE_LINK18][bookmark: OLE_LINK65]The bile duct wall thickness improved by day 21 and the endoscopic nasobiliary drainage tube was removed. The thickening further recovered by day 55. The serum IgG4 concentrations gradually decreased to 81.1 mg/DL within 8 wk and the hepatobiliary enzymes also returned to the normal range (Figure 3). No relapse of the disease has been observed since then.

DISCUSSION
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK66]SC is classified as either PSC, IgG4-SC, or secondary SC. Among them, IgG4-SC is considered to be a biliary lesion of a systemic IgG4-related disease[1,2,8]. It is characterized by an increase in serum levels of IgG4, infiltration of IgG4 inflammatory cells in the bile duct wall which induce fibrosis and obstructive phlebitis[1]. Various clinical diagnosis criteria including the HISORt criteria[5] and the one established in Japan[8] have been used to date. The HISORt criteria were originally established for acute interstitial pneumonia (AIP), with which most of the IgG4-SC cases are complicated. Approximately 10% of IgG4-SC cases that are not associated with AIP are described as “isolated IgG4-SC”[4,11]. For these cases, the Japanese clinical diagnostic criteria 2012 for IgG4-SC[8] are useful for its diagnoses and determination of the therapeutic options[11]. As our case showed no complications of AIP, the case was diagnosed according to the Japanese criteria[8].
For the IgG-SC, the male dominance has been reported and the age distribution of patients revealed that patients in their 60 s have the highest risk of developing the disease[4], and our patient was older than that. Although jaundice is the most frequently-encountered symptom (35% of cases)[4] followed by pruritus, abdominal pain, and cholangitis, no specific symptoms have been reported. Remarkably, 28% of the cases were diagnosed without symptoms, like in our case. Serum biochemical assays reflect the activity of the disease, showing the increase of hepatobiliary enzymes, serum IgG, and serum IgG4[4,5,8].
Based on these characteristics, the diagnostic criteria include factors of biliary tract imaging with the segmental narrowing due to the wall thickening, increase of serum IgG4 (> 135 mg/dL), coexisting of AIP or other IgG4-related diseases, characteristic histological findings, and response to CS[8]. For the imaging analyses, abdominal US, contrast-enhanced CT, and magnetic resonance imaging /MRCP have been reported to be useful in detecting wall thickening of the bile duct, dilatation and stricture of the bile duct, and pancreatic involvement. In addition to these findings, EUS is useful in detecting the smooth epithelial surface reflecting the subepithelial damage by the inflammatory cells compared to that of PSC. ERCP is most useful in diagnosing IgG4-SC with its subtyping[11]. Based on the cholangiogram, the IgG4-SC is classified into: Type 1 which shows stenosis only in the lower bile duct; Type 2, which shows diffusely-distributed stenosis throughout the intra- and extrahepatic bile duct, and can be further sub-classified into 2a, characterized by intrahepatic bile duct with prestenotic dilatation and 2b, characterized by stricture of the intrahepatic bile ducts without prestenotic dilation and fewer bile duct branches[1,8,9,11]; Type 3 which shows stenosis in the hilar hepatic lesions and lower bile duct; and Type 4 which only shows stricture of the bile duct in the hilar hepatic lesions[1,8,9,11]. The frequencies of the various types are 64% (Type 1), 5% (Type 2a), 8% (Type 2b), 10% (Type 3), and 10% (Type 4). The representative characteristics of the imaging modalities and the reports focusing on the usefulness of the modalities have been summarized in Table 2 and Table 3[10,15,17-24]. The histological characteristics include marked infiltration of inflammatory cells and fibrosis associated with the bile duct wall thickening. An increase of IgG4-positive cells in the tissues is characteristic, but not specific, and a careful consideration of the histological findings and clinical information are essential for diagnosis[11]. The histological diagnostic criteria include: marked inflammation of the lymphoplasmaticytic cells and fibrosis; > 10 IgG4-positive cells per high power field; storiform fibrosis; and obliterative phlebitis. The identification of any three of these factors confirms the diagnosis[8]. Our case exhibited all of these characteristics except for the phlebitis. In addition, our case showed IgG4-positive cells in the liver, which is rarely found in the liver biopsy samples[11]. Based on the available information, our patient was diagnosed with the isolated Type 2b IgG4-SC, a rare type[4] which needs to be differentiated from PSC. For the differential diagnosis between PSC and type 2b IgG4-SC, age at onset, which is typically more advanced in IgG4-SC; elevation of serum IgG4; coexistence of other IgG4-related diseases; longer strictures and stricture in the lower bile duct; inflammation of full layers of bile duct mucosa; abundant IgG4-positive plasma cell infiltration with no periductal onion-skin fibrosis; and response to CS with good prognoses are the key points[11]. Compared to the short strictures of the bile duct encountered in PSC, the stricture is relatively longer in IgG4-SC, and dilation after the stricture with stricture of the lower bile duct are often seen in IgG4-SC. Our case showed an increase in IgG4, long strictures in the lower bile duct, inflammation in the bile duct mucosa, IgG4-positive cell inflammation in the liver with no periductal onion-skin fibrosis, and response to CS (Figure 2) As such, it was successfully differentially diagnosed from PSC.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]As the inflammation is induced via an autoimmune mechanism, the response to CS therapy is also one of the diagnostic criteria for the disease. The validity and safety of endoscopic biliary stenting for the associated biliary stenosis during CS therapy and successful removal one month after the steroid initiation have been reported[25]. On the other hand, Miyazawa et al[26] reported that IgG4-SC-related obstructive jaundice without infection can be treated safely with CS monotherapy without drainage. These reports suggest the sensitivity of this disease to CS among the variety of other cholangitis and cholestatic liver diseases[27]. Oral administration of prednisolone at 0.6 mg/kg/d is recommended for the induction of remission, followed by the gradual reduction to a maintenance dose of 5 mg/d over 2-3 mo, with which our case showed a good clinical course with the doses, and a decrease in serum IgG4, biliary enzymes, and wall thickness of the bile duct (Figure 3). The improvement of the wall thickness was able to be evaluated by the transabdominal US reflecting the response to prednisolone (PSL). As the transabdominal US is non-invasive and the response to PSL is one of the key phenomena differentially diagnosing from the cholangiocarcinoma, the findings presented here demonstrated the usefulness of US[20] (Table 3).

CONCLUSION
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]In conclusion, we reported the rare case of isolated IgG4-SC of Type 2b in an elderly patient, successfully treated with CS. Our summary demonstrated the usefulness of ultrasonography for the assessment of the response to the therapy.
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Figure Legends
[image: ]
Figure 1 Contrast-enhanced computed tomography showed stricture and mild dilatation of intrahepatic bile ducts and its wall thickening with an enhance effect (A, white arrows). No significant swelling of the pancreas and the dilatation of main pancreatic duct were observed (B, white arrow); C: Abdominal ultrasonography and D: Endoscopic ultrasonography showed thickening of the bile duct wall (C and D, white arrows) and stenosis of the bile duct (C and D, white arrowheads) in the lower bile duct. Magnetic resonance cholangiopancreatography and endoscopic retrograde cholangiopancreatography revealed stenosis of the lower bile duct (E and F, black arrowheads) and intrahepatic bile ducts (E and F, black arrows).


[image: ]
Figure 2 Histopathological findings. A tissue sample was collected from the stenotic lower bile duct and stained with hematoxylin and eosin staining (A), IgG (B), IgG4 (C). Marked infiltration of the inflammatory cells (A-C, black arrowheads) and storiform fibrosis (A-C, black arrows) were observed. An increase in the number of IgG- (B) and IgG4-positive cells (C) was noted. Liver tissue showed infiltration of inflammatory cells (D: hematoxylin-eosin staining; E: IgG; F: IgG4, black arrowheads) partly positive for IgG (E) and IgG4 (F). The scale bars represent 100 µm and 50 µm in the insets.


[image: ]
Figure 3 Clinical course. The white two-direction arrows indicate the wall thickness determined by abdominal ultrasonography. White arrowheads indicate the bile duct. The black arrowhead indicates the endoscopic nasobiliary drainage tube. BD: Bile duct; PSL: Prednisolone; ENBD: Endoscopic nasobiliary drainage; IgG4: Immunoglobulin G4; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase.

Table 1 Results of laboratory investigation
	Hematology
	Biochemistry

	WBC
	6260 × 106/μL
	TP
	7.9 g/DL
	IgG
	1850 mg/DL

	Neutro
	49.3%
	Alb
	3.6 g/DL
	IgA
	457 mg/DL

	Lymp
	34.0%
	BUN
	18 mg/DL
	IgM
	42 mg/DL

	Eos.
	9.4%
	Cre
	1.1 mg/DL
	IgG4
	255 mg/DL

	Bas.
	0.5%
	T-Bil
	0.9 mg/DL
	CEA
	1.9 ng/ML

	Mon.
	6.8%
	D-Bil
	0.2 mg/DL
	CA19-9
	59 IU/ML

	RBC
	453 × 104 /μL
	AST
	75 IU/L
	
	

	Hb
	13.7 g/DL
	ALT
	 77 IU/L
	
	

	Ht.
	40.5%
	ALP
	1060 IU/L
	
	

	Plt.
	11.7 × 104 /μL
	LDH
	222 IU/L
	
	

	
	
	γ-GTP
	1160 IU/L
	
	

	
	
	ChE
	167 IU/L
	
	

	
	
	Na
	140 mEq/L
	
	

	
	
	K
	4.2 mEq/L
	
	

	
	
	Cl
	106 mEq/L
	
	

	Coagulation
	P
	3.7 mg/DL
	
	

	PT%
	113%
	Ca
	9.4 mg/DL
	
	

	PT-INR
	0.93
	CRP
	3.9 mg/DL
	
	

	APTT
	28.4 s
	FBS
	90 mg/DL
	
	 

	
	
	HbA1c
	5.7%
	
	

	
	
	TG
	90 mg/DL
	
	

	
	
	HDL-C
	66 mg/DL
	
	

	
	
	LDL-C
	79 mg/DL
	
	


WBC: White blood cell; RBC: Red blood cell; Hb: Hemoglobinopathy; Plt: Platelets; PT: Prothrombin time; APTT: Activated partial thromboplastin time; TP: Total Protein; BUN: Blood Urea Nitrogen; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; LDH: Lactate dehydrogenase; GTP: Guanosine triphosphate; CRP: C-reactive protein; FBS: Fasting blood sugar; HbA1c: Hemoglobin A1c; TG: Triglyceride; HDL-C: High-density lipoproteincholesterol; LDL-C: Low-density lipoprotein cholesterol; IgG: Immunoglobulin G; CA19-9: Carbohydrate antigen 19-9.

Table 2 Representative findings of the imaging modalities for immunoglobulin G4-related sclerosing cholangitis
	[bookmark: _Hlk52568151]Modality
	Findings
	Miscellaneous
	Ref.

	US 
	Wall thickening of the bile duct, dilatation of intrahepatic bile duct
	Not specific, low sensitivity
	

	EUS
	High sensitivity
	Combined with fine needle aspiration
	[17-20]

	IDUS
	High sensitivity and specificity, high-resolution, images of the duct wall
	May differentiate from cholangiocarcinoma
	

	CT
	Wall thickness, dilatation, the thickened segment shows progressive homogeneous contrast enhancement, with more enhancement seen in the delayed phase
	Combined with contrast enhancement for differential diagnosis
	

	MRI/MRCP
	Bile duct wall thickening with iso-hypointense signal on T2-weighted image
	Assessment of biliary system
	

	PET
	Uptake of FDG in bile duct wall
	
	

	ERCP
	Useful for the classification of the types
	Useful for the situations in which an intervention, like stent placement, and biopsy is needed
	


[bookmark: _Hlk52568373]US: Transabdominal ultrasonography; EUS: Endoscopic ultrasonography; IDUS: Intraductal ultrasonography; CT: Computed tomography; MRI: Magnetic resonance imaging; MRCP: Magnetic resonance cholangiopancreatography; PET: Positron emission tomography; ERCP: Endoscopic retrograde cholangiopancreatogr.

Table 3 Usefulness of the imaging modality for immunoglobulin G4-related sclerosing cholangitis
	[bookmark: _Hlk52568669]Ref.
	Modality
	Use
	Usefulness

	Kobori et al[20] 
	US
	Diagnosis follow up
	Diagnosis, improvement after PSL

	Matsumoto et al[15]
	EUS 
	Diagnosis
	Differential diagnosis from the cholangiocarcinoma

	Swensson et al[18]
	CT, MRI 
	Diagnosis
	Differential diagnosis from the cholangiocarcinoma

	Zhang et al[21] 
	Laboratory exams
	Follow up
	Response to PSL

	Ohno et al[22]
	Laparoscopy and
IDUS
	Diagnosis follow up
	Symmetric circumferentially thickened wall (IDUS), discoloration with red lobular markings and multiple small depressed lesions

	Naitoh et al[19]
	IDUS, Histology 
	Diagnosis
	Differential diagnosis from the cholangiocarcinoma

	Graham et al[10]
	Histology, radiologic features
	Diagnosis
	Differential diagnosis from the cholangiocarcinoma

	Horiguchi et al[23] 
	IDUS, ERCP, laparoscopy 
	Diagnosis
	Differential diagnosis from the cholangiocarcinoma

	Shimizu et al[24] 
	EUS, IDUS, CT, MRCP 
	Diagnosis follow up
	Diagnosis

	Our case
	US, EUS, ERCP, MRCP 
	Diagnosis, follow up
	Diagnosis of isolated, type 2 IgG4-SC and response to PSL


[bookmark: OLE_LINK49][bookmark: OLE_LINK50]US: Transabdominal ultrasonography; EUS: Endoscopic ultrasonography; CT: Computed tomography; MRI: Magnetic resonance imaging; IDUS; Intraductal ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography; PSL: Prednisolone.
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