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Autoimmune pancreatitis / IgG4-associated cholangitis and
primary sclerosing cholangitis – Overlapping or separate diseases?q
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Autoimmune pancreatitis is a recently described fibroinflammatory disease which is characterised by raised serum levels

of IgG4 (in >70% of cases), and an IgG4-positive lymphoplasmacytic tissue infiltrate. A favourable and rapid clinical

response to oral steroid therapy is often seen. Biliary involvement is common, and the term IgG4-associated cholangitis

has recently been coined. The cholangiographic appearances of IgG4-associated cholangitis and primary sclerosing cho-
langitis can be difficult to differentiate. Moreover, raised levels of serum IgG4 have been recently found in 9% of patients

with primary sclerosing cholangitis (a much higher frequency than for other gastrointestinal diseases), and those with

raised levels appear to progress more rapidly to liver failure. Here we review the similarities and differences between

the biliary disease in autoimmune pancreatitis and primary sclerosing cholangitis, and address the issue of disease overlap.

Improvements in understanding the relationship between these conditions might lead to an enhanced understanding of the

aetiopathogenesis, and improved treatment of both conditions.

� 2009 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Primary sclerosing cholangitis (PSC) is a fibrosclerot-
ic disease of bile ducts, in which diffuse stricturing of the
intrahepatic and extrahepatic biliary tree is characteris-
tically seen on cholangiography [1]. The disease is usu-
ally progressive, with death or liver transplantation
occurring a mean of 12–18 years after diagnosis [2,3].
A range of insults may induce similar cholangiographic
features to PSC, including bile duct injury, immunodefi-
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ciency, and biliary toxins [4]. However, these can usually
be differentiated on the basis of the patient’s history, and
the strong association of PSC with inflammatory bowel
disease [5].

Autoimmune pancreatitis (AIP) was originally
described in Japan more than 10 years ago [6], but has
only recently been recognised as a worldwide condition
[7–10]. Characteristic features include pancreatic
enlargement or a mass (which may mimic malignancy),
a raised serum IgG4 level, a lymphoplasmacytic infil-
trate on biopsy, and a response to steroid therapy
[6,7]. The name is inadequate, as extrapancreatic disease
occurs in more than 45% of patients [9,11,12], and pan-
creatic disease may be minimal. Intra and extrahepatic
biliary stricturing is a particular feature in AIP [11,13–
15], which may be confused with PSC, and these biliary
changes may develop after initial presentation with pan-
creatic disease. Bjornsson et al. have recently suggested
that the biliary changes in AIP should be redesignated
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as ‘IgG4-associated cholangitis’ [16] (IAC). Although
differences in biliary abnormalities between PSC and
AIP have been reported (including longer biliary stric-
tures in AIP, with more prestenotic dilatation and asso-
ciated low bile duct stricturing [17]) these distinctions
can be subtle and making a firm diagnosis between the
two conditions based on cholangiography alone is often
difficult.

We wish to outline the clinical similarities and differ-
ences between these conditions, propose that some cases
previously assumed to be PSC may in fact have been
those of AIP with biliary involvement, and discuss
whether PSC and AIP/IAC are separate clinical entities
or may represent different ends of the same disease
spectrum.

1.1. Epidemiology and relationship to chronic pancreatitis

The prevalence of PSC has been reported at approx-
imately 13 per 100,000, with a 2:1 male predominance.
AIP is also more common in males (>8:1), but no reli-
able data on prevalence exists. It has been implicated
as the cause of 6% of cases of chronic pancreatitis in
Japan, and of the pancreatic mass in 3% of pancreatico-
duodenectomies performed for suspected pancreatic
cancer [18]. Similar results have been reported from
the United States, where 11% of patients with chronic
pancreatitis were diagnosed as AIP based on the find-
ings of pancreatic histology [19].

1.2. Inflammatory bowel disease, cholangiocarcinoma,

and other immune mediated diseases

Inflammatory bowel disease (IBD) is found in
approximately 75% of Northern European cases of
PSC, although the association is much less common in
Japan, where only 20% of PSC patients have IBD. The
majority of patients with PSC and IBD have ulcerative
colitis, although Crohn’s disease is also associated.
Whereas small series from Europe have found IBD in
approximately 30% of cases of AIP [9,12], it has been
found at very low frequency in Japanese series of AIP
[17]. Cholangiocarcinoma is a common complication
of PSC which develops in 10–30% of patients, but to
date no cases of cholangiocarcinoma complicating bile
duct involvement in AIP have been described. Other
autoimmune-type conditions, including Sjogren’s syn-
drome, thyroid disease, psoriasis, and retroperitoneal
fibrosis are associated with AIP.
Fig. 1. Histology from the liver hilum in a patient with complex hilar

stricturing and an associated mass. A diagnosis of IgG4-associated

cholangitis was made. (A) H + E showing extensive fibrous stroma, with

associated plasma cell infiltrate. (B) IgG4 immunostaining showing >20

IgG4+ plasma cells per high power film.
2. Diagnostic criteria

A pancreatic mass or diffuse enlargement (‘sausage
pancreas’) is a diagnostic criteria for AIP, in association
with diffuse pancreatic duct abnormalities [6]. Whilst the
pancreatic enlargement usually spontaneously resolves,
pancreatic duct abnormalities persist in the majority
not given steroid treatment [20], and pancreatic atrophy
is a common outcome. Whilst a pancreatic mass is not a
feature of classical PSC, pancreatic duct abnormalities
have been reported in 7–15% of patients [21,22] with
impaired exocrine function in 36% (although this is usu-
ally subclinical) [22].

A raised serum IgG4 was initially reported as >95%
specific and sensitive for AIP [23]. More recent data sug-
gests that although serum IgG4 is indeed highly specific in
the correct clinical setting, it is only 71–82% sensitive for
AIP [9,11]. Raised serum IgG4 levels have recently been
demonstrated in 9–36% of patients with PSC [24,25],
but are rare in other types of pancreaticobiliary disease
[25], including malignancy. High concentrations of
IgG4-positive plasma cells are found within a range of
involved tissues in AIP, including liver, kidneys, gallblad-
der, and extrahepatic bile ducts [12,26] (Fig. 1). In a recent
study of 99 patients who had undergone liver transplanta-
tion for PSC (published in abstract) [27], increased intra-
hepatic IgG4+ plasma cells were found in 23% of
explanted livers, closely correlated with a moderate-
marked periductal lymphoplasmacytic infiltrate.
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3. Aetiopathogenesis

Both conditions are suspected of having an immune
basis, but no specific autoantibodies have been linked
to either PSC or AIP. Pericellular anti-neutrophil
cytoplasmic antibody (pANCA) is found in 70–80% of
patients with PSC [28], but it is also found in
50% of patients with type 1 autoimmune hepatitis and
30% of patients with ulcerative colitis. In contrast, it
appears to be rarely found in AIP. Antinuclear, anti-car-
bonic anhydrase and anti-lactoferrin antibodies have
been reported in the majority of Japanese patients with
AIP [29], but in a minority of patients from Europe and
USA. Several human leukocyte antigen (HLA)- and
non-HLA-associated genes have been implicated in the
development of PSC, and genetic variants on chromo-
some 6p21 seem to be important [30]. An association
of HLA DRB10405-DQB10401 haplotype in Japanese
patients with AIP has been reported [31], but susceptibil-
ity alleles among HLA class I and II antigens for AIP
have not been shown by other groups [32].

Despite the diagnostic importance of elevated serum
and tissue IgG4 in AIP/IAC (and its recent association
with PSC), the exact role of IgG4 in disease pathogene-
sis remains uncertain. Recent studies have shown that
Th2 and regulatory T cell immune reactions are
uniquely increased in AIP/IAC when compared with
other biliary diseases, including PSC [33]. This type of
pattern has also been observed in allergic disorders such
as bronchial asthma and atopic dermatitis, suggesting
that an allergic reaction may play an important part in
the pathogenesis of AIP. It has been postulated that
IgG4 plays no pathogenic role, but that it is upregulated
in response to chronic exposure to microbial [34] or non-
microbial antigens [35,36]. The recruitment of IgG4-
committed B cells (with the subsequent maintenance of
an IgG4 positive plasma cell infiltrate) may result from
an excessive production of anti-inflammatory cytokines
(e.g. TGF and IL-10) at the site of chronic inflammation
[35]. This might also explain why serum IgG4 levels in
AIP fall spontaneously, and in response to steroids
[23], in parallel with resolution of active inflammation.
It is not as yet established whether serum IgG4 levels
should be used to guide the introduction or continuation
of immunosuppression in AIP/IAC. The functioning of
IgG4 also appears to be unusual, in that IgG4 engages
the Fc (constant) portion of IgG through its own Fc,
rather than through its variable, antigen binding Fab
[37]. The relevance of this to disease remains unclear.
Fig. 2. Cholangiographic response to steroid therapy in autoimmune

pancreatitis/IgG4-associated cholangitis. (A) ERCP showing complex

hilar stricture with associated intrahepatic biliary stricturing in a patient

with biliary obstruction and raised serum IgG4. The patient also had

renal impairment, focal renal abnormalities on imaging, and an IgG4+

plasma cell renal infiltrate. (B) Repeat ERCP 3 months following

commencement of oral steroid therapy. Marked improvement in hilar and

intrahepatic stricturing is seen.
4. Response to treatment

A response to steroid therapy appears to fundamen-
tally distinguish AIP from PSC, and suggests an absence
of commonality between the conditions. No randomised
trials of therapy in AIP/IAC have been performed, but
biliary stricturing may dramatically improve within
two months of commencing steroids [9,38,39] (Fig. 2),
and the disease course appears to be less favourable in
those who do not receive steroids [40]. In contrast, ran-
domised controlled trials of systemic and endobiliary
steroids (and other immunosuppressants) in PSC have
shown no statistical benefit [41].



Table 1

Evidence for and against PSC and AIP/IAC as the same disease entity.

Evidence for Evidence against

Male predominance Weak association between
AIP & IBD

Similar cholangiographic changes No association of AIP with
cholangiocarcinoma

Associated immune-mediated diseases Different T cell populations
Pancreatic duct stricturing Response to treatment with

steroids
Increased frequency of raised serum
and tissue IgG4 in both conditions

Pancreatic masses in AIP,
not PSC
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Why might the findings be so different? We hypothe-
sise that one explanation may be the duration of disease.
In the majority of patients PSC is an indolent disease,
with established fibrosclerotic changes and minimal
inflammatory infiltrate on liver biopsy at presentation,
which progresses over a period of many years. Only a
minority present with jaundice due to a benign domi-
nant extrahepatic biliary stricture. In contrast, obstruc-
tive jaundice is the presenting feature in most patients
with AIP, usually due to an intrapancreatic common
bile duct stricture associated with the pancreatic mass.
Histologically, an active lymphoplasmacytic infiltrate
is seen, with varying degrees of fibrosis. It may be that
stricturing is reversible in these patients because the clin-
ical presentation occurs at a relatively early stage of the
inflammation-to-fibrosis process, because of obstructive
jaundice. In the light of this theory, it is of interest that
steroids may be of benefit in children with PSC [42],
although the natural history of the disease in children
appears to be different to that seen in adults. Idiopathic
sclerosing cholangitis in children is commonly associ-
ated with a lymphocytic inflammatory liver infiltrate
(hence the proposed term autoimmune sclerosing cho-
langitis) [43]. Clinical and histological improvement in
these patients occurs in nearly 90% with immunosup-
pression. In a Norwegian review of immunosuppression
in adults with PSC, the small proportion who responded
to steroids were younger, with a shorter duration of dis-
ease, and higher pre-treatment ALT, than non-respond-
ers [44]. It is of interest that one of the earliest
descriptions of steroid benefit in PSC related to a patient
with florid biliary and pancreatic duct abnormalities
[45], suggesting AIP with biliary involvement. Whilst it
may be argued that these latter two reports relate to
patients with a different disease to PSC (i.e. overlap
PSC/autoimmune hepatitis, or ‘autoimmune sclerosing
cholangitis’) an alternative explanation is that, as with
biliary involvement in AIP, steroids were having their
benefit during the early inflammatory phase of PSC. It
is of note that in patients with PSC, both raised serum
[24] and liver IgG4 [27] appears to be associated with
more rapid progression to liver transplantation. This
has led to a proposal, as yet unproven, that these
patients might warrant, and respond to, steroids [24].
We certainly recognise that in patients with long-stand-
ing ‘burnt-out’ AIP, serum IgG4 is normal, histology is
markedly fibrosclerotic with little inflammatory infil-
trate, and objective treatment response may be
disappointing.
5. Conclusion

AIP/IAC is unlikely to be a new disease, but one that
has masqueraded as others, and has been both under-
diagnosed and in some cases wrongly labelled as PSC.
Distinguishing between biliary involvement due to
AIP/IAC and classical PSC is not simply an academic
exercise, in view of the clinical improvement with ste-
roids that is seen in most patients with AIP, but not in
PSC. It is unclear whether PSC and AIP/IAC represent
completely separate conditions or variations of the same
disease spectrum (see Table 1), and further information
about the aetiology, pathogenesis, and diagnostic crite-
ria for these conditions is required. Nevertheless, emerg-
ing evidence of elevated serum and intrahepatic IgG4
levels in patients with PSC raises further questions as
to the inter-relationship between PSC and AIP/IAC,
and perhaps reinvigorates the issue of the role of immu-
nosuppression in these conditions.

References

[1] Bjornsson E, Chapman RW. Sclerosing cholangitis. Curr Opin
Gastroenterol 2003;19:270–275.

[2] Broome U, Olsson R, Loof L, Bodemar G, Hultcrantz R,
Danielsson A, et al. Natural history and prognostic factors in 305
Swedish patients with primary sclerosing cholangitis. Gut
1996;38:610–615.

[3] Ponsioen CY, Vrouenraets SM, Prawirodirdjo W, Rajaram R,
Rauws EA, Mulder CJ, et al. Natural history of primary
sclerosing cholangitis and prognostic value of cholangiography
in a Dutch population. Gut 2002;51:562–566.

[4] Boberg KM, Clausen OPF, Schrumpf E. Primary sclerosing
cholangitis: diagnosis and differential diagnosis. In: Leuschner U,
Broome U, Stiehl A, editors. Cholestatic liver diseases. Thera-
peutic options and perspectives. Kluwer Academic Publishers;
2004. p. 203–217.

[5] Fausa O, Schrumpf E, Elgjo K. Relationship of inflammatory
bowel disease and primary sclerosing cholangitis. Semin Liver Dis
1991;11:31–39.

[6] Yoshida K, Toki F, Takeuchi T, Watanabe S, Shiratori K,
Hayashi N. Chronic pancreatitis caused by an autoimmune
abnormality. Proposal of the concept of autoimmune pancreatitis.
Dig Dis Sci 1995;40:1561–1568.

[7] Finkelberg DL, Sahani D, Deshpande V, Brugge WR. Autoim-
mune pancreatitis. N Engl J Med 2006;355:2670–2676.

[8] Kim KP, Kim MH, Lee SS, Seo DW, Lee SK. Autoimmune
pancreatitis: it may be a worldwide entity. Gastroenterology
2004;126:1214.

[9] Church NI, Pereira SP, Deheragoda MG, Sandanayake N, Amin
Z, Lees WR, et al. Autoimmune pancreatitis: clinical and
radiological features and objective response to steroid therapy in
a UK Series. Am J Gastroenterol 2007;102:2417–2425.



402 G.J.M. Webster et al. / Journal of Hepatology 51 (2009) 398–402
[10] Sutton R. Autoimmune pancreatitis – also a Western disease. Gut
2005;54:581–583.

[11] Chari ST, Smyrk TC, Levy MJ, Topazian MD, Takahashi N,
Zhang L, et al. Diagnosis of autoimmune pancreatitis: the Mayo
Clinic experience. Clin Gastroenterol Hepatol 2006;4:1010–1016.

[12] Deheragoda MG, Church NI, Rodriguez-Justo M, Munson P,
Sandanayake N, Seward EW, et al. The use of immunoglobulin g4
immunostaining in diagnosing pancreatic and extrapancreatic
involvement in autoimmune pancreatitis. Clin Gastroenterol
Hepatol 2007;5:1229–1234.

[13] Deshpande V, Mino-Kenudson M, Brugge W, Lauwers GY.
Autoimmune pancreatitis: more than just a pancreatic disease? A
contemporary review of its pathology. Arch Pathol Lab Med
2005;129:1148–1154.

[14] Kamisawa T, Funata N, Hayashi Y, Eishi Y, Koike M, Tsuruta
K, et al. A new clinicopathological entity of IgG4-related
autoimmune disease. J Gastroenterol 2003;38:982–984.

[15] Hirano K, Shiratori Y, Komatsu Y, Yamamoto N, Sasahira N, Toda
N, et al. Involvement of the biliary system in autoimmune pancre-
atitis: a follow-up study. Clin Gastroenterol Hepatol 2003;1:453–464.

[16] Bjornsson E, Chari ST, Smyrk TC, Lindor K. Immunoglobulin
G4 associated cholangitis: description of an emerging clinical
entity based on review of the literature. Hepatology
2007;45:1547–1554.

[17] Nakazawa T, Ohara H, Sano H, Ando T, Aoki S, Kobayashi S,
et al. Clinical differences between primary sclerosing cholangitis
and sclerosing cholangitis with autoimmune pancreatitis. Pancreas
2005;30:20–25.

[18] Weber SM, Cubukcu-Dimopulo O, Palesty JA, Suriawinata A,
Klimstra D, Brennan MF, et al. Lymphoplasmacytic sclerosing
pancreatitis: inflammatory mimic of pancreatic carcinoma. J
Gastrointest Surg 2003;7:129–137.

[19] Pearson RK, Longnecker DS, Chari ST, Smyrk TC, Okazaki K,
Frulloni L, et al. Controversies in clinical pancreatology: autoim-
mune pancreatitis: does it exist? Pancreas 2003;27:1–13.

[20] Wakabayashi T, Kawaura Y, Satomura Y, Watanabe H, Motoo Y,
Sawabu N. Long-term prognosis of duct-narrowing chronic pan-
creatitis: strategy for steroid treatment. Pancreas 2005;30:31–39.

[21] Schimanski U, Stiehl A, Stremmel W, Theilmann L. Low
prevalence of alterations in the pancreatic duct system in patients
with primary sclerosing cholangitis. Endoscopy 1996;28:346–349.

[22] Epstein O, Chapman RW, Lake-Bakaar G, Foo AY, Rosalki SB,
Sherlock S. The pancreas in primary biliary cirrhosis and primary
sclerosing cholangitis. Gastroenterology 1982;83:1177–1182.

[23] Hamano H, Kawa S, Horiuchi A, Unno H, Furuya N, Akamatsu
T, et al. High serum IgG4 concentrations in patients with
sclerosing pancreatitis. N Engl J Med 2001;344:732–738.

[24] Mendes FD, Jorgensen R, Keach J, Katzmann JA, Smyrk T,
Donlinger J, et al. Elevated serum IgG4 concentration in patients
with primary sclerosing cholangitis. Am J Gastroenterol
2006;101:2070–2075.

[25] Hirano K, Kawabe T, Yamamoto N, Nakai Y, Sasahira N,
Tsujino T, et al. Serum IgG4 concentrations in pancreatic and
biliary diseases. Clin Chim Acta 2006;367:181–184.

[26] Kamisawa T, Nakajima H, Egawa N, Funata N, Tsuruta K,
Okamoto A. IgG4-related sclerosing disease incorporating scle-
rosing pancreatitis, cholangitis, sialadenitis and retroperitoneal
fibrosis with lymphadenopathy. Pancreatology 2006;6:132–137.

[27] Zhang LL, J, Abraham SC, Leung S, Rosen C, Poterrucha J, Wu
TT. IgG4+ plasma cell infiltrates in liver explants with primary
sclerosing cholangitis. Modern Pathol 2009;22:1480.
[28] Snook JA, Chapman RW, Fleming K, Jewell DP. Anti-neutrophil
nuclear antibody in ulcerative colitis, Crohn’s disease and primary
sclerosing cholangitis. Clin Exp Immunol 1989;76:30–33.

[29] Okazaki K, Uchida K, Ohana M, Nakase H, Uose S, Inai M,
et al. Autoimmune-related pancreatitis is associated with autoan-
tibodies and a Th1/Th2-type cellular immune response. Gastro-
enterology 2000;118:573–581.

[30] Worthington J, Cullen S, Chapman R. Immunopathogenesis of
primary sclerosing cholangitis. Clin Rev Allergy Immunol
2005;28:93–103.

[31] Kawa S, Ota M, Yoshizawa K, Horiuchi A, Hamano H, Ochi Y,
et al. HLA DRB10405-DQB10401 haplotype is associated with
autoimmune pancreatitis in the Japanese population. Gastroen-
terology 2002;122:1264–1269.

[32] Park do H, Kim MH, Oh HB, Kwon OJ, Choi YJ, Lee SS, et al.
Substitution of aspartic acid at position 57 of the DQbeta1 affects
relapse of autoimmune pancreatitis. Gastroenterology
2008;134:440–446.

[33] Zen Y, Fujii T, Harada K, Kawano M, Yamada K, Takahira M,
et al. Th2 and regulatory immune reactions are increased in
immunoglobulin G4-related sclerosing pancreatitis and cholangi-
tis. Hepatology 2007;45:1538–1546.

[34] Kountouras J, Zavos C, Chatzopoulos D. A concept on the role of
Helicobacter pylori infection in autoimmune pancreatitis. J Cell
Mol Med 2005;9:196–207.

[35] Aalberse RC, Stapel SO, Schuurman J, Rispens T. Immunoglob-
ulin G4: an odd antibody. Clin Exp Allergy 2009;39:469–477.

[36] Deshpande V, Chicano S, Finkelberg D, Selig MK, Mino-
Kenudson M, Brugge WR, et al. Autoimmune pancreatitis: a
systemic immune complex mediated disease. Am J Surg Pathol
2006;30:1537–1545.

[37] Kawa S, Kitahara K, Hamano H, Ozaki Y, Arakura N,
Yoshizawa K, et al. A novel immunoglobulin–immunoglobulin
interaction in autoimmunity. PLoS One 2008;3:e1637.

[38] Kamisawa T. Clinical subtypes of autoimmune pancreatitis. Int
Med 2005;44:785–786.

[39] Wakabayashi T, Kawaura Y, Satomura Y, Urabe T, Watan-
abe H, Motoo Y, et al. Duct-narrowing chronic pancreatitis
without immunoserologic abnormality: comparison with duct-
narrowing chronic pancreatitis with positive serological evi-
dence and its clinical management. Dig Dis Sci
2005;50:1414–1421.

[40] Hirano K, Tada M, Isayama H, Yagioka H, Sasaki T, Kogure H,
et al. Long-term prognosis of autoimmune pancreatitis without
and with corticosteroid treatment. Gut 2007;56:1719–1724.

[41] Chen W, Gluud C. Glucocorticosteroids for primary sclerosing
cholangitis. Cochrane Database Syst Rev 2004;CD004036.

[42] el-Shabrawi M, Wilkinson ML, Portmann B, Mieli-Vergani G,
Chong SK, Williams R, et al. Primary sclerosing cholangitis in
childhood. Gastroenterology 1987;92:1226–1235.

[43] Gregorio GV, Portmann B, Karani J, Harrison P, Donaldson PT,
Vergani D, et al. Autoimmune hepatitis/sclerosing cholangitis
overlap syndrome in childhood: a 16-year prospective study.
Hepatology 2001;33:544–553.

[44] Boberg KM, Egeland T, Schrumpf E. Long-term effect of
corticosteroid treatment in primary sclerosing cholangitis patients.
Scand J Gastroenterol 2003;38:991–995.

[45] Kyokane K, Ichihara T, Horisawa M, Suzuki N, Ichihara S, Suga
S, et al. Successful treatment of primary sclerosing cholangitis
with cyclosporine and corticosteroid. Hepatogastroenterology
1994;41:449–452.


	Autoimmune pancreatitis?/?IgG4-associated cholan
	Introduction
	Epidemiology and relationship to chronic pancreatitis
	Inflammatory bowel disease, cholangiocarcinoma, and other immune mediated diseases

	Diagnostic criteria
	Aetiopathogenesis
	Response to treatment
	Conclusion
	References


