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Abstract
BACKGROUND
[bookmark: _Hlk29238458]Programmed cell death-1 (PD-1) inhibitor has been indicated for many types of malignancies. However, these inhibitors also cause immune-related adverse events. Hepatobiliary disorder is a phenotype of immune-related adverse event affecting 0%–4.5% of patients treated with PD-1 inhibitors. Recent studies have reported PD-1 inhibitor-related sclerosing cholangitis (SC); however, the associated clinical and pathological features are unclear.

AIM
To evaluate the clinical and pathological features of PD-1 inhibitor-related SC through a systematic review of the literature.

METHODS
[bookmark: _Hlk29240082]The review, conducted using electronic databases in PubMed, was restricted to the period from January 2014 to September 2019 and focused on case reports/series on PD-1 inhibitor-related SC published in English. We scanned the references of the selected literature to identify any further relevant studies. Six cases previously studied by us, including three that have not yet been published, were included in this review.

RESULTS
Thirty-one PD-1 inhibitor-related SC cases were evaluated. Median age of patients was 67 years (range, 43–89), with a male to female ratio of 21:10. The main disease requiring PD-1 inhibitor treatment was non-small cell lung cancer. Agents that caused PD-1 inhibitor-related SC were nivolumab (19 cases), pembrolizumab (10 cases), avelumab (1 case), and durvalumab (1 case). The median number of cycles until PD-1 inhibitor-related SC onset was 5.5 (range, 1–27). Abdominal pain or discomfort (35.5%, 11/31) was the most frequent symptom. Blood serum tests identified liver dysfunction with a notable increase in biliary tract enzymes relative to hepatic enzymes, and a normal level of serum immunoglobulin G4. Biliary dilation without obstruction (76.9%, 20/26), diffuse hypertrophy of the extrahepatic biliary tract (90.5%, 19/21), and multiple strictures of the intrahepatic biliary tract (30.4%, 7/23) were noted. In 11/23 (47.8%) cases, pathological examination indicated that CD8+ T cells were the dominant inflammatory cells in the bile duct or peribiliary tract. Although corticosteroids were mainly used for PD inhibitor-related SC treatment, the response rate was 11.5% (3/26).

CONCLUSION
Some clinical and pathological features of PD-1 inhibitor-related SC were revealed. To establish diagnostic criteria for PD-1 inhibitor-related SC, more cases need to be evaluated.
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[bookmark: OLE_LINK9][bookmark: OLE_LINK2][bookmark: OLE_LINK3]Core tip: This study systematically reviewed the literature on the programmed cell death-1 inhibitor-related sclerosing cholangitis. Biliary dilation without obstruction, diffuse hypertrophy of the extrahepatic biliary tract and/or multiple strictures of intrahepatic biliary tract, liver dysfunction with a notable increase in biliary tract enzymes relative to hepatic enzymes, normal level of the serum immunoglobulin G4, and a moderate to poor response to steroid therapy, and CD8+ T cell infiltration in the biliary tract were clinical and pathological features of programmed cell death-1 inhibitor-related sclerosing cholangitis.


INTRODUCTION
The programmed cell death-1 (PD-1) receptor is expressed on activated T cells, whereas the programmed cell death-ligand 1 (PD-L1) is overexpressed on specific types of cancer cells. When bound by PD-L1, PD-1 causes the suppression of T cell cytotoxic immune responses. This repression pathway is an essential immune prevention mechanism from host immunity and is upregulated in many malignant tumors and their surrounding microenvironment[1]. Recently, developments in immunotherapy have demonstrated efficacy for the treatment of various malignancies. PD-1 inhibitors were also indicated for many types of malignancies, such as non-small cell lung cancer, melanoma, Hodgkin lymphoma, renal cell cancer, bladder cancer, gastric cancer, and esophageal cancer[2-12]. Moreover, pembrolizumab has been indicated for solid carcinoma with mismatch repair deficiency[13,14]. Therefore, many patients with malignant disease will be treated with a PD-1 inhibitor. Although PD-1 inhibitors are beneficial for the treatment of malignancies, it has been noted that immune-related adverse events (irAEs) result from dysregulation of the host immune system[15]. Hepatobiliary disorders are irAEs that affect 0%–4.5% of patients treated with PD-1 inhibitors[16–18]. Recently, PD-1 inhibitor-related sclerosing cholangitis (SC) and its clinical features have been reported[19,20]. However, the diagnostic criteria for PD-1 inhibitor-related SC have not been clarified. We also have experience of six cases of suspected of PD-1 inhibitor-related SC.
The objective of this work was to perform a systematic review of cases of PD-1 inhibitor-related SC, and to evaluate the clinical and imaging features of PD-1 inhibitor-related SC.

MATERIALS AND METHODS
Literature search strategy
We identified relevant studies in the literature by searching the databases of PubMed. The review was restricted to the period from January 2014 to September 2019 and focused on case reports or case series with PD-1 inhibitor-related SC that were published in English. The search terms consisted of the words [“Programmed cell death 1” (All Fields) and “cholangitis” (All Fields)], [“Programmed cell death ligand 1” [All Fields] AND “cholangitis” (All Fields)], [“Nivolumab”(All Fields) and “cholangitis” (All Fields)], [“Pembrolizumab” (All Fields) and “cholangitis” (All Fields)], [“Cemplimab” (All Fields) and “cholangitis” (All Fields)], [“Atezolizumab” (All Fields) and “cholangitis” (All Fields)], [“Avelumab” (All Fields) and “cholangitis” (All Fields)], and [“Durvalumab” (All Fields) and “cholangitis” (All Fields)]. We also read the reference lists of the selected studies to manually identify further relevant studies.
Articles were excluded from this review if: (1) The article was a review, basic research, commentary, or clinical study; (2) The study had insufficient information and descriptions; and (3) The full text was unavailable.
We have also investigated six cases of PD-1 inhibitor-related SC, three of which have not yet been published. We have included these three cases in this case review.

RESULTS
[bookmark: _Hlk23884044]The process of the literature selection is presented in Figure 1. The literature search of the databases of PubMed identified 70 studies that met the search terms. We found an additional three relevant articles in the references of those studies. After the removal of duplicate studies, we evaluated 56 studies by screening the titles and abstracts to check that they met the search criteria. Consequently, we excluded 20 basic research studies, 3 review articles, 3 editorial letters, and 10 clinical studies. Moreover, two studies were case reports about same patient with PD-1 inhibitor-related SC; therefore, one of these studies was excluded. Finally, 19 studies, which included 5 case series and 14 case reports, were assessed in this review[19-37]. One case series reported 10 patients with hepatobiliary disorder caused by PD-1 inhibitors, which included two patients with PD-1 inhibitor-related SC[37]. With the inclusion of our three cases, a total of 31 cases of PD-1 inhibitor-related SC were evaluated.
The characteristics of patients with PD-1 inhibitor-related SC are shown in Tables 1-3. The median age at the onset of PD-1 inhibitor-related SC was 67 years (range, 43–89). PD-1 inhibitor-related SC appeared to be more prevalent in men, with a male-to-female ratio of 21:10. The patients’ primary diseases that were an adaptation disease for the treatment of PD-1 inhibitor were non-small cell lung cancer (20 cases), melanoma (4 cases), gastric cancer (3 cases), bladder cancer (2 cases), small cell lung cancer (1 case), and epithelioid mesothelioma (1 case). The agents that caused PD-1 inhibitor-related SC were nivolumab (19 cases), pembrolizumab (10 cases), avelumab (1 case), and durvalumab (1 case). The median number of cycles until onset of PD-1 inhibitor-related SC was 5.5 (range, 1–27). Abdominal pain or discomfort (35.5%, 11/31) was the most frequent symptom, followed by fever (19.4%, 6/31) and jaundice (12.9%, 4/31). Eight patients did not have any symptoms, but did have liver dysfunction (25.8%, 8/31). The median levels of total bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase (ALP), and gamma-glutamyl transpeptidase were 0.75 mg/dL (range, 0.3–15.9), 129.0 U/L (range, 49–961), 125.0 U/L (range, 31–1536), 1543.0 U/L (range, 237–5066), and 452.0 U/L (range, 114–2094), respectively. Of the 13 patients tested for immunoglobulin G4 (IgG4), almost all patients were negative (92.3%, 12/13).
Biliary stenosis occurred in 8 patients (34.8%, 8/23); 7 had stenosis in the intrahepatic biliary tract, which included 4 patients with multiple strictures in the biliary tract. Biliary dilation was observed in 20 patients (76.9%, 20/26). Twenty patients had hypertrophy of the biliary tract (95.2%, 20/21), of which 19 cases were diffuse (Figure 2).
Peroral cholangioscopy was performed in only 5 cases[26,33,38]. Multiple scarred lesions and band-like narrowing were found in 4 patients, and 2 patients with PD-1 inhibitor-related SC showed diverticulum-like outpouching[33,38]. Ulcerative lesions with many black spots (e.g., “burned-out” epithelium) and yellow plaque were found in 1 patient[26].
In total, 23 patients underwent pathological evaluation; of these, 15 patients underwent liver biopsy. Fourteen patients had inflammatory changes in the bile duct and/or peribiliary tract, and CD8+ T cells were dominant in the inflammatory cells in 8 of these patients (53.3%, 8/15). Lobular hepatitis was found in 2 patients (13.3%, 2/15).
Transpapillary biopsy of the biliary tract with biopsy forceps was performed for 8 patients, and these pathological findings revealed Inflammatory cells infiltration in the bile duct. In 2 patients, CD8+ T cells were the dominant inflammatory cells in the bile duct.
Of the 6 patients that underwent biliary drainage, 5 did not respond.
[bookmark: _Hlk26111536]Corticosteroids were the main treatment for PD inhibitor-related SC (83.8%, 26/31). Only 3 patients who the levels of liver and biliary enzymes were improved to normal level with steroid therapy, so that the response rate to corticosteroids was 11.5% (3/26). Eight patients with PD-1 inhibitor-related SC had poor response, no improvement of liver and biliary enzymes, to steroid therapy. In 15 patients who received steroid therapy, the levels of liver and biliary enzymes were improved, although normalization of enzyme activities was not achieved (i.e. only a moderate response occurred).

DISCUSSION
PD-1/PD-L1 inhibitors are used widely for the treatment of many types of malignancies. However, irAEs, including cardiac, respiratory, endocrine, gastrointestinal, musculoskeletal, skin, and, importantly, hepatobiliary disorders, were also reported[15-18]. However, the reasons for the occurrence of irAEs, including cholangitis, are unclear, although it may involve the T cell, antibody, and cytokine responses[39].
Gelsomino et al[20,21] reported the first case of PD-1 inhibitor-related SC; subsequently, this group and Kawakami et al[19] suggested the clinical features of PD-1 inhibitor-related SC. However, PD-1 inhibitor-related SC is still not well known. Kawakami et al[19] reported SC related to the PD-1 inhibitor nivolumab was characterized by: (1) Localized extrahepatic bile duct dilation without obstruction; (2) Diffuse hypertrophy of the extrahepatic bile duct wall; (3) A dominant increase in the biliary tract enzymes alkaline phosphatase and gamma-glutamyl transpeptidase relative to hepatic enzymes aspartate aminotransferase and alanine aminotransferase; (4) Normal or reduced levels of the serum immunological markers, such as antinuclear antibody, antimitochondrial antibody, smooth muscle antibody, and IgG4; (5) The pathological finding of biliary tract CD8+ T cell infiltration from liver biopsy; and (6) A moderate to poor response to steroid therapy. In our study, some clinical features, such as biliary dilation without obstruction, diffuse hypertrophy of the extrahepatic biliary tract, liver dysfunction with a dominant increase in the biliary tract enzymes relative to hepatic enzymes, normal level of serum IgG4, and a moderate to poor response to steroid therapy, were similar to those reported by Kawakami et al[19]. In contrast, Gelsomino et al[20] suggested that there were different types of PD-1 inhibitor-related SC, such as large duct cholangitis and small ducts cholangitis, and that those types have different clinical presentation and biochemical evolution and were associated with various outcomes. Indeed, in our case review, 15 patients had diffuse extrahepatic biliary hypertrophy without biliary stenosis (extrahepatic type). Three patients had multiple stenoses, especially in the intrahepatic bile duct, without extrahepatic biliary hypertrophy (intrahepatic type). Moreover, four patients had diffuse biliary tract hypertrophy with multiple stenoses of the intrahepatic and extrahepatic bile ducts (diffuse type). The clinical implications of these types of PD-1 inhibitor-SC is uncertain, but may be clarified by more cases in the future.
Zen et al[40] reported that CD8+ T lymphocytes were the predominant infiltrates in the bile duct of patients with PD-1 inhibitor-related SC, similar to hepatic irAEs. Moreover, they reported the clinical features and detailed pathological findings of 10 cases of hepatobiliary disorders caused by PD-1 inhibitors. In that study, the ratio of CD8+ to CD4+ cells was significantly higher than that in autoimmune hepatitis or idiosyncratic drug-induced liver injury[37]. Although CD8+ T cell infiltration is one of the clinical features of irAEs, in the pathological findings of PD-1 inhibitor-related SC, CD8+ T cells were not necessarily dominant, especially in the bile duct biopsy. Other inflammatory cells, such as eosinophils, neutrophils, plasma cells, and macrophages, were also observed in the biliary tract. Although this finding may be used for auxiliary diagnosis for PD-1 inhibitor-SC, it may not always be observable.
In general, steroid therapy was recommended for the treatment of irAEs[41,42], however, corticosteroids were not useful for the treatment of PD-1 inhibitor-related SC. Although four patients received high-dose steroid therapy (methylprednisolone, 500–1000 mg/d), a good response was not shown. Therefore, at least in our study, steroid therapy was not recommended for the treatment of PD-1 inhibitor-related SC. However, the response to steroid therapy may be dependent on the type of PD-1 inhibitor-related SC, as described above. Although 15 patients with extrahepatic and diffuse type PD-1 inhibitor-related SC received steroid therapy in our case review, a good response occurred only in one case (6.7%, 1/15). Meanwhile, only two patients with intrahepatic type PD-1 inhibitor-related SC received steroid therapy: one patient’s liver function was improved and the other had a moderate response, with a response ratio of 1:1. This finding is still uncertain in a few cases.
Ursodeoxycholic acid (UDCA) was used for treatment of PD-1 inhibitor-related SC in 13 patients. Two patients received only UDCA, with discontinuation of nivolumab, and displayed a moderate response. In contrast, no response was found in the single patient who received UDCA with bezafibrate. Seven patients received combination therapy of steroids and UDCA. The response rate to that therapy was 28.6% (2/7). Three patients received steroid therapy first; when no improvement was observed, UDCA was added and a moderate response was observed in these patients. Although the efficacy was insufficient, UDCA was considered a treatment for PD-1 inhibitor-related SC owing to the low rate of adverse events[43].
Other anti-inflammatory agents, including immunomodulators or infliximab were sometimes considered to using for treatment of irAEs[44]. Tacrolimus, an immunomodulator, was also used for one case of PD-1 inhibitor-related SC; however, the response was insufficient. Infliximab was used for some irAEs, such as colitis and pneumonitis. In our case review, infliximab was not used for the treatment of PD-1 inhibitor-related SC. More cases may be needed to evaluate the usefulness of these drugs for PD-1 inhibitor-related SC.
This study had some limitations. First, there are no current diagnostic criteria for PD-1 inhibitor-related SC. Second, some clinical cases, for which blood test data, image findings, and pathological evaluation were not presented, were included in this study. Therefore, our study may include different diseases that cause sclerosing cholangitis.
[bookmark: _Hlk26113146]In conclusion, some clinical features of PD-1 inhibitor-related SC, such as biliary dilation without obstruction, diffuse hypertrophy of the extrahepatic biliary tract and/or multiple strictures of intrahepatic biliary tract, liver dysfunction with a dominant increase in biliary tract enzymes relative to hepatic enzymes, normal level of serum IgG4, and a moderate-to-poor response to steroid therapy, were revealed, although there were many unsolved questions in our study. To establish the diagnostic criteria for PD-1 inhibitor-related SC, more cases, for which clinical data including hepatobiliary enzymes, immunological marker, image findings, and pathological evaluation were presented clearly, need to be evaluated. Although CD8+ T cell infiltration is one of the pathological features of PD-1 inhibitor-related SC, it is not enough to exclude different diseases that cause sclerosing cholangitis. We will have to find more specific features of PD-1 inhibitor-related SC.

[bookmark: _Hlk29218530]ARTICLE HIGHLIGHTS
Research background
Programmed cell death-1 (PD-1) inhibitor has been indicated for many types of malignancies. On the other hands, these inhibitors cause immune-related adverse events (irAEs). Hepatobiliary disorder is a phenotype of irAEs that affect 0%–4.5% of patients treated with PD-1 inhibitors.

Research motivation
Recently, PD-1 inhibitor-related sclerosing cholangitis (SC), one of the irAEs, have been reported. However, the clinical and pathological features of PD-1 inhibitor-related SC are uncertain.

Research objectives
The objective of this study to evaluate the clinical and pathological features of PD-1 inhibitor-related SC through a systematic review of the literature.

Research methods
We conducted an electronic search through databases of PubMed. The review was restricted to the period from January 2014 to September 2019 and focused on case reports/series on PD-1 inhibitor-related SC published in English. The reference lists of the identified papers were also scanned to find out further relevant studies. Six cases previously studied by us, including three that have not yet been published, were included in this review.

Research results
Thirty-one PD-1 inhibitor-related SC cases were evaluated. The median number of cycles until PD-1 inhibitor-related SC onset was 5.5 (range, 1–27). Abdominal pain or discomfort (35.5%, 11/31) was the most frequent symptom. Liver dysfunction with a notable increase in biliary tract enzymes relative to hepatic enzymes, and a normal level of serum IgG4 were shown in blood serum test. Biliary dilation without obstruction (76.9%, 20/26), diffuse hypertrophy of the extrahepatic biliary tract (90.5%, 19/21), and multiple strictures of the intrahepatic biliary tract (30.4%, 7/23) were noted. CD8+ T cells were the dominant inflammatory cells in the bile duct or peribiliary tract in 11/23 (47.8%) cases. The response rate of corticosteroids for PD inhibitor-related SC was 11.5% (3/26).

Research conclusions
Some clinical features of PD-1 inhibitor-related SC, such as biliary dilation without obstruction, diffuse hypertrophy of the extrahepatic biliary tract and/or multiple strictures of intrahepatic biliary tract, liver dysfunction with a dominant increase in biliary tract enzymes relative to hepatic enzymes, normal level of serum IgG4, and a moderate-to-poor response to steroid therapy, were revealed.

Research perspectives
To establish the diagnostic criteria for PD-1 inhibitor-related SC, more cases, for which clinical data including hepatobiliary enzymes, immunological marker, image findings, and pathological evaluation were presented clearly, need to be evaluated. We will have to find more specific features of PD-1 inhibitor-related SC.
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Figure Legends
Table 1 Demographic characteristics of patients with programmed cell death-1 inhibitor-related sclerosing cholangitis
	Patient characteristics
	Value

	Age, median (range, yr)
	67.0 (43–89)

	Sex, male/female
	21/10

	Primary disease
	

	NSCLC
	20

	Melanoma
	4

	GC
	3

	BC
	2

	SCLC
	1

	Epithelioid mesothelioma
	1

	Drugs
	

	Nivolumab
	19

	Pembrolizumab
	10

	[bookmark: _Hlk23887181]Avelumab
	1

	Durvalumab
	1

	Atezolizumab
	0

	Treatment cycles until onset
	5.5 (1–27)

	Symptoms
	

	Abdominal pain or discomfort
	11

	Fever
	6

	Jaundice
	4

	Vomiting
	2

	Appetite loss
	2

	Diarrhea or soft stool
	2

	Skin disorder
	2

	General fatigue
	1

	Backache
	1

	None (liver dysfunction)
	8

	Liver functional test
	

	T-Bil, median (range, mg/dL)
	0.75 (0.3–15.9)

	AST, median (range, U/L)
	129.0 (49–961)

	ALT, median (range, U/L)
	125.0 (31–1536)

	ALP, median (range, U/L)
	1543.0 (237–5066)

	GGT, median (range, U/L)
	452.0 (114–2094)

	Serological test
	

	IgG, median (range, U/L)
	1230.0 (1050-1789)

	IgA, median (range, U/L)
	297.5 (199-474.4)

	IgM, median (range, U/L)
	64.0 (38-94)

	IgG4, ≥ 135 U/L / < 135 U/L
	1/12

	Antinuclear antibody, ≥ 40 / < 40
	7/12

	Imaging findings
	

	Biliary stenosis
	8

	Intrahepatic bile duct
	3

	Extrahepatic bile duct
	1

	Multiple
	4

	Absence
	15

	Biliary dilation
	

	Presence / Absence
	20 / 6

	Hypertrophy of the biliary tract
	20

	Diffuse
	19

	Gallbladder
	1

	Absence
	1

	Pathological findings
	

	Liver
	15

	Inflammation
	15

	Biliary or peribiliary tract
	14

	-CD 8+ T cells dominant
	8

	Lobular hepatitis
	2

	Bile duct
	8

	Inflammation
	8

	-CD 8+ T cells dominant
	2

	Gallbladder
	2

	Inflammation
	2

	-CD 8+ T cells dominant
	1

	Therapy
	

	Corticosteroid
	26

	UDCA
	13

	MMF
	6

	Tacrolimus
	1

	Bezafibrate
	1

	Response to steroid therapy
	

	Good
	3

	Moderate
	15

	Poor
	8


NSCLC: Non-small cell lung cancer; SCLC: Small cell lung cancer; GC: Gastric cancer; BC: Bladder cancer; MCC: Merkel cell carcinoma; RPC: Renal pelvis cancer; T-Bil: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transpeptidase; IgG: Immunoglobulin G; IgA: Immunoglobulin A; IgM: Immunoglobulin M; IgG4: Immunoglobulin G4; Mpsl: Methylprednisolone; PSL: Prednisolone; UDCA: Ursodeoxycholic acid; MMF: Mycophenolate mofetil.



Table 2 Baseline characteristics of cases of programmed cell death-1 inhibitor-related sclerosing cholangitis
	Case
	Ref.
	Age
	Sex
	Primary disease
	Drug
	Cycles until onset
	Symptoms

	1
	Gelsomino et al[21]
	79
	M
	NSCLC
	Nivolumab
	4
	Itching, jaundice

	2
	Kawakami et al[19]
	64
	M
	NSCLC
	Nivolumab
	9
	Fever, abdominal discomfort

	3
	Kawakami et al[19]
	73
	F
	NSCLC
	Nivolumab
	6
	Fever, vomiting, abdominal discomfort, diarrhea

	4
	Kawakami et al[19]
	82
	F
	NSCLC
	Nivolumab
	12
	Fever, general fatigue

	5
	Kashima et al[22]
	63
	M
	NSCLC
	Nivolumab
	24
	Epigastric pain, soft stool

	6
	Doherty et al[23]
	49
	F
	Melanoma
	Pembrolizumab
	1
	Jaundice

	7
	Doherty et al[23]
	59
	F
	Melanoma
	Nivolumab
	3
	None (liver dysfunction)

	8
	Doherty et al[23]
	76
	M
	epithelioid mesothelioma
	Pembrolizumab
	1
	Jaundice

	9
	Cho et al[24]
	69
	M
	NSCLC
	Avelumab
	21
	Right upper abdominal discomfort

	10
	Hamoir et al[25]
	71
	M
	NSCLC
	Nivolumab
	NA (11 mo)
	None (liver dysfunction)

	11
	Kuraoka et al[26]
	69
	M
	NSCLC
	Nivolumab
	3
	Pruritic rash, liver dysfunction

	12
	Ogawa et al[27]
	73
	M
	Melanoma
	Pembrolizumab
	NA (3 mo)
	None (liver dysfunction)

	13
	Kono et al[28]
	69
	F
	GC
	Nivolumab
	2
	Jaundice

	14
	Noda-Narita et al[29]
	57
	F
	NSCLC
	Nivolumab
	NA (12 mo)
	Abdominal pain

	15
	Sawada et al[30]
	76
	M
	GC
	Nivolumab
	4
	None (liver dysfunction)

	16
	Tallec et al[31]
	56
	F
	NSCLC
	Nivolumab
	16 (9 mo)
	Myalgia, skin thickening

	17
	Oda et al[32]
	43
	M
	GC
	Nivolumab
	1
	Fever, tachycardia, appetite loss, malaise

	18
	Koya et al[33]
	66
	M
	SCLC
	Pembrolizumab
	5
	Epigastric pain

	19
	Fouchard et al[34]
	52
	M
	NSCLC
	Nivolumab
	8
	Abdominal pain

	20
	Fouchard et al[34]
	NA
	M
	NSCLC
	Durvalumab (+ tremelimumab)
	4
	Fever, abdominal pain

	21
	Fouchard et al[34]
	61
	M
	NSCLC
	Pembrolizumab
	17
	None (liver dysfunction)

	22
	Cǎlugǎreanu et al[35]
	43
	F
	Melanoma
	Nivolumab
	27
	Epigastralgia, anorexia, 

	23
	Anderson et al[36]
	67
	M
	NSCLC
	Nivolumab
	8
	Right upper abdominal pain

	24
	Zen et al[37]
	68
	M
	NSCLC
	Pembrolizumab
	NA (5.5 mo)
	Abdominal pain, vomiting

	25
	Zen et al[40]
	67
	M
	NSCLC
	Pembrolizumab
	NA (1 mo)
	Fever, malaise

	26
	Our case
	61
	M
	BC
	Pembrolizumab
	5
	Fever

	27
	Our case
	89
	M
	BC
	Pembrolizumab
	4
	None (liver dysfunction)

	28
	Our case
	63
	M
	NSCLC
	Pembrolizumab
	7
	None (liver dysfunction)

	29
	Our case
	55
	M
	NSCLC
	Nivolumab
	11
	Abdominal pain

	30
	Our case
	81
	F
	NSCLC
	Nivolumab
	25
	Backache

	31
	Our case
	82
	F
	NSCLC
	Nivolumab
	2
	None (liver dysfunction)


NSCLC: Non-small cell lung cancer; SCLC: Small cell lung cancer; GC: Gastric cancer; BC: Bladder cancer; NA: Not available.

Table 3 Clinical, imaging, and pathological findings of cases of programmed cell death-1 inhibitor-related sclerosing cholangitis
	Case
	T-Bil/AST/ALT/
ALP/GGT/IgG4
	Biliary stenosis /dilation
	Hypertrophy of biliary tract
	Pathological findings
	Treatment
(Dosage)
	Steroid response

	1
	Grade 4/NA/Grade 3; Grade 3/Grade 4/NA
	NA
	NA
	Liver: CD8+ T cells infiltration in bile duct
	mPSL (1 mg/kg), + UDCA (15 mg/kg)
	Moderate

	2
	0.7/142/144; 1769/902/normal
	-/+
	Diffuse
	Liver: CD8+ and CD4+ T cells infiltration in Glisson’s capsule
	PSL (0.5 mg/kg)
	Poor

	3
	3.8/89/101; 1947/804/normal
	-/+
	Diffuse
	NA
	PSL (0.5 mg/kg), Biliary drainage
	Moderate

	4
	0.8/108/70; 2996/813/normal
	-/+
	Diffuse
	Liver: CD8+ and CD4+ T cells infiltration in Glisson’s capsule
	Biliary drainage
	-

	5
	NA/88/92; 1543/NA/NA
	Distal bile duct/+
	Diffuse
	Bile duct: Interstitial fibrosis, neutrophils infiltration in mucosa
	PSL (2 mg/kg)
Biliary drainage
	Moderate

	6
	NA/961/1536; 237/2094/NA
	NA/-
	NA
	Liver: Severe steatohepatitis, absence of bile ducts
	1st PSL (1 mg/kg), 2nd PSL + UDCA (NA) + MMF (2 g)
	Poor

	7
	NA/NA/>300; >1000/NA/NA
	NA
	NA
	Liver: Degenerative bile duct atypia and periductal fibrosis
	1st PSL (1 mg/kg), 2nd PSL + UDCA (NA)
	Poor

	8
	NA/NA/>500; >700/NA/NA
	NA
	NA
	Liver: Attenuated bile duct, cellular and canalicular cholestasis in parenchyma
	mPSL (2 mg/kg) + cholestyramine (NA) + MMF (1 g) + UDCA (NA)
	Poor

	9
	0.6/Grade 1/Grade 1; Grade 2/Grade 2/NA
	-/+
	Diffuse
	NA
	mPSL (1 mg/kg)
	Moderate

	10
	Normal/129/135; 558/984/NA
	Multiple/- 
	None
	Liver: CD8+ T cell infiltration in the periportal zone and cholangitis
	mPSL (0.5 mg/kg), + UDCA (10 mg/kg)
	Good

	11
	NA/NA/NA; NA/NA/NA
	-/+
	Diffuse
	Bile duct: Inflammatory cells and lymphocytes infiltration in epithelium
	1st PSL (60 mg), 2nd mPSL (500 mg)
	Poor

	12
	NA/58/77; 1111/461/NA
	Multiple/+
	Diffuse
	Bile duct: Destruction of epithelium, fibrosis with CD8+ T cell infiltration in submucosa
	Discontinuation of Pembrolizumab
	-

	13
	15.9/454/NA; 5066/NA/20.2
	Intrahepatic bile duct/-
	Gall bladder
	NA
	Biliary drainage
	-

	14
	NA/NA/NA; 1065/304/normal
	-/+
	Diffuse
	NA
	UDCA (300 mg)
	-

	15
	0.8/69/68; 2427/252/41.0
	-/+
	NA
	Liver: Eosinophil, CD8+, and CD4+ T cell infiltration in the portal tract. Eosinophil infiltration in the epithelial linings of the bile duct
	PSL (0.5 mg/kg), + UDCA (NA)
	Good

	16
	Normal/272/516; 615/442/NA
	NA
	Diffuse
	NA
	Corticosteroid (NA)
	Good

	17
	3.7/49/31; 598/151/90
	-/-
	NA
	Liver: CD8+ T cells and macrophage infiltration in bile duct
	1st PSL (1 mg/kg), 2nd m PSL (1 g), 3rd PSL + MMF (2 g)
	Poor

	18
	1.1/313/296; 2241/868/normal
	Intrahepatic bile duct/+
	Diffuse
	Liver: CD8+ T cell and eosinophil infiltration in the periportal zones, Bile duct: CD8+ T cell infiltration and fibrosis in submucosa
	1st UDCA (900 mg) + bezafibrate (400 mg), 2nd m PSL (0.5 g) followed by PSL (1 mg/kg), Biliary drainage
	poor

	19
	normal/>100/>100; >900/>500/NA
	-/+
	NA
	Gall bladder: Inflammatory cell infiltration
	PSL (0.5 mg/kg) + UDCA (NA), Cholecystectomy
	Moderate

	20
	NA/>100/>300; >800/>1700/normal
	-/+
	NA
	Gall bladder: CD8+ T cell infiltration
	PSL (120 mg) + UDCA (NA), Cholecystectomy
	Moderate

	21
	normal/NA/>100; >400/>1400/NA
	NA
	NA
	NA
	PSL (1 mg/kg)
	Moderate

	22
	normal/52/126; 545/1007/NA
	Multiple/+
	NA
	Liver: CD3+ and CD8 T cell infiltration in the bile duct
	PSL (1 mg/kg)
	Moderate

	23
	NA/>300/NA; 793/NA/NA
	Multiple/+
	Diffuse
	Liver: Fibrosis and inflammation in the portal tract, lobular inflammation, mild macrovesicular steatosis
	mPSL (NA) following PSL (50 mg), MMF (NA), Tacrolimu (NA)s
	Poor

	24
	0.5/67/68; 2107/279/59
	NA/-
	Diffuse
	Liver: Cholangiopathologic change, CD8/CD4 ratio 12:7, Bile duct: Lymphocyte, eosinophil and plasma cell infiltration
	PSL (50 mg)
	Moderate

	25
	1.2/198/233; 1540/332/78
	NA/-
	Diffuse
	Liver: Lobular hepatitis with cholangiopathic change, CD8/CD4 ratio 17:2
	PSL (40 mg)
	Moderate

	26
	0.3/91/65; 1683/159/80.4
	-/+
	Diffuse
	Bile duct: Inflammatory cell infiltration
	PSL (1 mg/kg) + UDCA (600 mg)
	Moderate

	27
	0.4/245/124; 1245/114/352
	-/+
	Diffuse
	Bile duct: Neutrophil and lymphocyte infiltration
	UDCA (600 mg)
	-

	28
	0.6/184/254; 1783/452/128
	-/+
	Diffuse
	Bile duct: Inflammatory cell infiltration
	PSL (1 mg/kg) + UDCA (600 mg)
	Moderate

	29
	0.3/64/245; 1328/448/67.3
	Intrahepatic bile duct/+
	Diffuse
	NA
	mPSL (2 mg/kg) + MMF (2 g)
	Moderate

	30
	1.3/284/248; 3029/1070/NA
	-/+
	Diffuse
	NA
	mPSL (2 mg/kg) + MMF (2 g), Biliary drainage
	Moderate

	31
	0.7/294/85; 4635/829/NA
	-/+
	Diffuse
	Liver: Lymphocyte infiltration in Glisson’s capsule, hydropic degeneration of hepatocytes
	mPSL (1.6 mg/kg)
	Moderate


T-Bil: Total bilirubin; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transpeptidase; IgG4: Immunoglobulin G4; mPSL: Methylprednisolone; PSL: Prednisolone; UDCA: Ursodeoxycholic acid; MMF: Mycophenolate mofetil; AZA: Azathioprine; NA: Not available.
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Figure 1 PRISMA 2009 Flow diagram describing the selection of the studies reporting programmed cell death-1 inhibitor-related cholangitis for our review.
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Figure 2 Our cases with sclerosing cholangitis caused by nivolumab (Case 29, A–C; Case 30, D–F; Case 31, G–J). A, D: Computed tomography; G, H: Magnetic resonance imaging; B, E, I: Endoscopic ultrasonography. Revealed diffuse hypertrophy of biliary tract (yellow allows) in all cases. C, F: Endoscopic retrograde cholangiopancreatography revealed biliary stenosis of the intrahepatic bile duct (arrow-head) in Case 30. J: In Case 31, liver biopsy showed lymphocyte infiltration in Glisson’s capsule (red arrow).
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