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The first description of autoimmune pancreatitis and elevated serum
immunoglobulin-G4 (IgG4) in 2001 heralded further reports of sev-
eral related autoimmune diseases with raised IgG4 levels. It is now
recognized that a spectrum of overlap syndromes associated with
increased 1gGG4 and biopsy evidence of IgG4-producing plasma cells,
which has now been convincingly linked with cholangitis, autoim-
mune hepatitis, Sjogren’s syndrome, nephritis and retroperitoneal
fibrosis. Collectively, this disease cluster is referred to as [gG4-related
systemic disease. The importance of making the correct diagnosis is
underscored by the management of individuals with IgG4-related sys-
temic disease. In the first instance, patients generally have a dramatic
response to immunosuppressive therapy, whereas patients with other
forms of cholangitis and pancreatitis do not. Also, surgical manage-
ment of pancreatic malignancy can be avoided once the correct diag-
nosis of IgG4-related disease has been made. In the present review,
an overview of the current information regarding the role of 1gG4
and IgG4-positive cells affecting the biliary system, pancreas and
liver is provided.
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Dépister les syndromes de chevauchement
reliés a 'immunoglobuline G4 chez les
patients atteints de maladies pancréatiques et
hépatobiliaires

La premiére description de la pancréatite auto-immune et des taux élevés
d’immunoglobuline G4 sérique (IgG4) en 2001 ont suscité la publication
d’autres rapports sur plusieurs autres maladies auto-immunes provoquant
une augmentation des taux d’I[gG4. On sait maintenant qu'un spectre de
syndromes de chevauchement associés & une augmentation de 1'lgG4 et a
des données biopsiques sur les cellules plasmatiques produisant de 1'lgG4,
et qui sont reliés de maniere décisive a la cholangite, a I’hépatite auto-
immune, au syndrome de Sjogren, & la néphrite et a la fibrose rétropéri-
tonéale. Collectivement, ce groupe de maladies est désigné par le terme
maladie systémique reliée a 'lgG4. Limportance de poser le bon diagnos-
tic est soulignée par la prise en charge des personnes atteintes d’'une maladie
systémique reliée a I'lgG4. Dans le premier cas, les patients réagissent
généralement de facon remarquable a la thérapie immunosuppressive,
tandis que ceux atteints d’autres formes de cholangite et de pancréatite
n’y réagissent pas. De plus, il est possible d’éviter une prise en charge
chirurgicale de la malignité pancréatique lorsque le diagnostic de maladie
reliée a 'lgG4 est bien posé. Dans la présente analyse, les auteurs donnent
un apercu de l'information courante sur le role de I'lgG4 et des cellules
positives a 'lgG4 touchant le systeme biliaire, le pancréas et le foie.

Traditionally, the overlap syndromes of autoimmune hepati-
tis with either primary biliary cirrhosis (PBC) or primary
sclerosing cholangitis (PSC) present us with a conundrum. By
definition, biliary disease should be absent in patients with
autoimmune hepatitis but the definition of the so-called ‘over-
lap syndromes’ made room for both hepatitic and biliary dis-
ease. Despite the ongoing debate of classification, the
recognition of these overlap syndromes is important because
patients with features of autoimmune hepatitis and biliary dis-
ease often benefit from corticosteroid therapy, whereas
immunosuppression is usually avoided in patients with PBC or
PSC because of the limited benefit and potential for toxicity.
These overlap conditions can manifest in different forms in
patients with either PBC or PSC who develop flares of
steroid-responsive hepatitis. Conversely, patients diagnosed

with autoimmune hepatitis may subsequently develop PBC
or PSC (1).

Cholangiographic studies suggest that up to 10% of patients
presenting with autoimmune hepatitis have evidence of scle-
rosing cholangitis and these patients have a higher alkaline
phosphatase level and tend to be younger in age (2). In a series
of patients with PBC, approximately 5% fulfill criteria for
overlap with autoimmune hepatitis and these patients benefit
from corticosteroid treatment to prevent progressive fibrosis
(3,4). In addition, immunoglobulin G4 (IgG4)-related sys-
temic disease (ISD) may also present with a spectrum of biliary,
hepatic and pancreatic diseases (5-9).

The observation of increased serum levels of IgG4 in
patients with autoimmune pancreatitis (AIP) in 2001 was
complemented by additional reports of tissue infiltration with
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abundant IgG4-positive cells in other organs (5-9). The ISD
spectrum is characterized by increased levels of serum IgG4
and IgG4-rich lymphoplasmacytic infiltrate. This is associated
with intense sclerosis that can lead to progressive damage that
is potentially ameliorated by corticosteroid therapy (10,11).
While the pancreas is the most commonly affected organ, the
salivary glands, biliary tree, liver, retroperitoneum, lymph
nodes, lungs, prostate and kidneys may also be involved
(8,9,12-19). The present review provides an overview of ISD
related to the pancreas, biliary system and the liver, and their
specific clinical disease, such as AIP, IgG4-associated cholangi-
tis (IAC) and IgG4-hepatitis.

AIP
The term ‘autoimmune pancreatitis’ was originally introduced
in 1995 (20) to describe a syndrome characterized by irregular
narrowing of the main pancreatic duct, swelling of the pan-
creas and a favourable response to corticosteroid treatment
(21). Now, AIP is associated with high levels of IgG4 and
human leukocyte antigen (HLA) DRB1#0405-DQB1*0401
haplotype with biopsy evidence of abundant IgGG4 plasma cell
infiltrate, parenchymal fibrosis and obliterative phlebitis (10).
Previously, AIP was initially linked with Sjogrens’ syndrome,
PSC and retroperitoneal fibrosis (22), but recent studies (7,23)
suggest that these are extrapancreatic manifestations of AIP
associated with high serum IgG4 levels and tissue infiltration
with abundant 1gG4-positive cells. The diagnostic implica-
tions of making the correct diagnosis are underscored by
reports that the pancreatic and extrapancreatic manifestations
of AIP have a favourable response to corticosteroid therapy,
whereas the diseases they mimic do not. For example, biliary
strictures can completely resolve in patients with AIP with
corticosteroid therapy (24,25); this seldom occurs in patients

with PSC (26,27).

Clinical features of AIP

Over 85% of patients of with AIP are men and older than
50 years of age. AIP was originally mistaken for pancreatic can-
cer because patients often presented with painless jaundice
with tight biliary stricturing. Patients usually have evidence of
chronic pancreatic inflammation and imaging studies show a
classical sausage-shaped pancreas, pancreatic edema and peri-
pancreatic inflammation, and pancreatic stones in a few cases.
However, some patients may present remotely months to years
after the initial onset of disease with pseudotumours resem-
bling pancreatic cancer. In other patients, the pancreas may
become atrophic, sometimes with evidence of calcification.
Accordingly, AIP should be suspected in patients with unex-
plained pancreatic disease, presenting with obstructive jaun-
dice, pancreatic mass or enlargement, pancreatitis, pancreatic
atrophy or exocrine insufficiency.

Diagnostic criteria for AIP

The original criteria developed by the Japan Pancreas Society
(28) required the characteristic imaging features, such as a dif-
fusely enlarged pancreatic gland with an irregular, attenuated
pancreatic duct. The supportive criteria for AIP included ele-
vated IgG4 levels and the histological features of lymphoplas-
macytic sclerosing pancreatitis. This histological picture
includes plasma cell infiltrate around small-sized ducts,
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mune pancreatitis. A Duct showing typical periductal lymphoplasmacytic
inflammation and narrowing of the lumen. B Lymphoplasmacytic infil-
tration. C Periductal and interlobular fibrosis. D Immunohistochemical
staining for immunoglobulin G4 showing marked immunoglobulin G4-
positive plasma cell infiltrates. Courtesy of Dr Luis Uscanga, Teaching
Department, INCMNSZ, Mexico City, Mexico

swirling fibrosis centred around ducts and veins (storiform
fibrosis), and obliterative phlebitis, where the infiltrate sur-
rounds pancreatic venules while sparing arterioles (29-31).
The immunostaining of pancreatic tissue revealed abundant
IgG4-positive cells and also helped to distinguish AIP from
alcoholic pancreatitis and the inflammatory infiltrate, which
may be seen contiguous to pancreatic cancer (Figure 1)
(7,32,33).

The histology, imaging, serology, organ involvement and
response to steroid therapy diagnostic criteria reported by the
Mayo Clinic (34) introduced additional criteria, namely extra-
pancreatic organ involvement, response to corticosteroids and
autoantibodies reactive with nuclear antigens, carbonic anhy-
drase and lactoferrin (35,36). While the histological criteria
are the gold standard for diagnosis of AIP, and are presumably
present in all cases, the other features are invariably present
but the diagnosis of AIP can be made with more confidence if
patients have extrapancreatic manifestations and the disease is
responsive to corticosteroid therapy (Table 1).

Treatment of AIP

Persistent pancreatic enlargement or mass, intrahepatic biliary
strictures, obstructive jaundice with distal biliary stricture,
pancreatitis with pancreatic duct stricture, and uncontrolled
diabetes and weight loss are all indications for therapy (37).
Most patients respond with oral prednisone 40 mg daily for
four weeks followed by a taper of 5 mg per week, during a
period of eight weeks (Table 2). Generally, patients show com-
plete resolution or marked improvement in the manifestations
of disease (Table 2). Of note, a trial of corticosteroid therapy
should not be used as a substitute for a rigorous search for etiol-
ogy, and should be given only to patients with a negative evalu-
ation for known etiologies of pancreatic and biliary disease,
especially cancer.
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TABLE 1

HISORt diagnostic criteria for autoimmune pancreatitis (AIP) and immunoglobulin G4 (IgG4)-associated cholangitis (IAC)

AIP

IAC

Histology

» Plasmacytic infiltrate with >10 IgG4-positive cells cells/lHPF

« Periductal infiltrate with obliterative phlebitis and storiform fibrosis

Imaging

« Diffusely enlarged pancreas with delayed (rim) enhancement with irregular,
attenuated main pancreatic duct

« Variants with focal pancreatic mass, focal pancreatic duct stricture,
pancreatic atrophy, pancreatic calcification or pancreatitis

Serology

« Elevated serum IgG4 level (>140 g/L)

Other organ involvement

« Hilar, intrahepatic or distal biliary strictures

« Parotid and lacrimal gland

* Mediastinal lymphadenopathy

» Retroperitoneal fibrosis

Response to steroid therapy

« Resolution or marked improvement of pancreatic and extrapancreatic
manifestations

Histology

« Plasmacytic sclerosing cholangitis with >10 IgG4-positive cells/HPF

« Obliterative phlebitis and storiform fibrosis

Imaging

« Strictures involving intrahepatic, proximal extrahepatic or
intrapancreatic bile ducts

« Fleeting/migrating biliary strictures

Serology

+ Elevated serum IgG4 level (>140 g/L)

Other organ involvement

+ Features of AIP on imaging or histology

» Retroperitoneal fibrosis

* Renal lesions

« Salivary/lacrimal gland enlargement

Response to steroid therapy

» Normalization of liver enzyme levels or resolution of biliary stricture

HISOR! Histology, imaging, serology, organ involvement and response to steroid therapy;, HPF High-power field. Adapted with permission from reference 43

TABLE 2

Preferred Mayo Clinic initial steroid treatment protocol for autoimmune pancreatitis and immunoglobulin G4 (IgG4)-

associated cholangitis

Initial steroid regimen

Prednisone 40 mg/day oral for 4 weeks, then taper by 5 mg/week for a total of 11 weeks of treatment

Imaging
Follow-up evaluation

« If biliary stent placed on presentation: ERCP repeated 6 to 8 weeks after initiating treatment; if improvement in strictures noted (no tight strictures),

stents removed
« If no biliary stent placed, then no follow-up imaging performed
Laboratory evaluation
Initial
« Serum bilirubin, AP, AST, ALT, IgG4, CA 19-9 at baseline
Follow-up evaluation

« Biliary stent in place: Earlier-described laboratory tests repeated 4 weeks after stent removal (see earlier for stent removal protocol), then every

8 to12 weeks thereafter

« No biliary stent: Earlier described laboratory tests repeated 6 to 8 weeks after initiating steroid treatment; if a response is documented, then laboratory tests

repeated every 8 to 12 weeks thereafter

ALT Alanine aminotransferase; AP Alkaline phosphatase; AST Aspartate aminotransferase; CA Carbohydrate antigen 19-9; ERCP Endoscopic retrograde cholan-

giopancreatography. Adapted with permission from reference 43

Resolution of symptoms often occurs quite rapidly in AIP,
where obstructive jaundice usually resolves within two to three
weeks. However, serological normalization of serum I1gG4,
and radiological resolution of pancreatic mass or enlarge-
ment, may take weeks to months (38). Symptomatic, radio-
logical, serological or histological relapse may present during
treatment, or after withdrawal of treatment. Symptomatic
relapse is usually associated with radiological and serological
relapses, whereas serological relapse may be observed in
patients without symptoms or radiological evidence of disease
activity (35).

Relapse with pancreatic and extrapancreatic disease occurs in
approximately one-third of patients (39) and continued
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immunosuppressive therapy or at least close monitoring is rec-
ommended following complete remission, especially in
patients lacking morphological and serological resolution (40).

Prognosis for AIP

The long-term prognosis for AIP is unknown, but it seems that
patients generally do not experience exocrine and endocrine
pancreatic insufficiency as seen in patients with alcohol-
related chronic pancreatitis. Moreover, it is not clear if some
patients develop pancreatic malignancy following presenta-
tion, and whether AIP would predispose to an increased inci-
dence of pancreatic cancer (41).
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IAC

More than four decades previously, two cases of PSC with pan-
creatic involvement were reported to be compatible with the
diagnosis of IAC (42). It is likely that other reports of scleros-
ing cholangitis responsive to corticosteroid therapy may have
also met the diagnostic criteria for AIP. Previously, [AC has
been referred to using several different definitions that include
PSC mimicking chronic pancreatitis, inflammatory pseudotu-
mour from sclerosing cholangitis, pancreatic pseudotumour
with multifocal idiopathic fibrosclerosis, lymphoplasmacytic
sclerosing pancreatitis with cholangitis, sclerosing pancreato-
cholangitis, atypical PSC associated with unusual pancreati-
tis, lymphoplasmacytic sclerosing cholangitis without
pancreatitis, AlP-associated sclerosing cholangitis, and 1gGG4-
related lymphoplasmacytic sclerosing cholangitis. It is now rec-
ognized that IAC is part of the spectrum of steroid-responsive,
multisystem fibroinflammatory diseases with the characteristic
lymphoplasmacytic infiltrate rich in 1gG4-positive cells (17).
Unlike biliary strictures in patients with PSC, the lesions in
patients with IAC respond well to steroids, and some stictures
have been shown to resolve completely after immunosuppres-
sive treatment.

Clinical presentation of IAC

The largest study of IAC reported to date describes 53 patients
from the Mayo Clinic database of AIP created in 1999 (43). In
contrast to the young patients with the overlap syndrome of
PSC and autoimmune hepatitis (2), most patients with IAC
were older (mean age of 62 years) and 85% were men. These
patients frequently presented with obstructive jaundice (77%),
and had associated AIP (92%), increased serum IgG4 levels
(74%) and abundant IgG4-positive cells in bile duct biopsy
specimens (88%). Biliary strictures were confined to the intra-
pancreatic bile duct in 51% and involvement of the proximal
extrahepatic and intrahepatic ducts was observed in 49% of
patients (Figure 2) (43).

Diagnosis of IAC

Early reports document the histological diagnoses of IAC after
surgical resection, mainly following pancreatoduodenectomy
(44-48). Indeed, obstructive jaundice is an uncommon initial
feature in classic PSC, and this presentation should raise suspi-
cion of IAC. Other clinical features that should prompt a diag-
nosis of IAC include the presence of biliary strictures with
pancreatic duct irregularity, additional pancreatic manifesta-
tions or other organ involvement, and elevated serum IgG4
levels. Diagnosis is confirmed if biliary or other organ histology
shows marked infiltration with IgG4-positive cells (greater
than 10 cells/high-power field) or if the strictures resolve with
corticosteroid treatment (Table 2 and Figure 3).

Treatment of IAC

Currently, there is sufficient evidence to recommend a trial of
corticosteroid therapy to treat bile duct lesions and pancreati-
tis in IAC. Resolution of jaundice, improvement in hepatic
biochemistries and reversal of cholangiographic evidence of
biliary stricturing have all been been reported with corticos-
teroid treatment (49-57). For example, Ghazale et al (43)
reported the Mayo Clinic experience of treating IAC using
corticosteroid therapy in 30 patients for initial therapy com-
pared with surgical resection in 18 patients and conservative
management in five patients. After a follow-up period in
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Figure 2) Endoscopic retrograde cholangiopancreatography of a 76-
year-old man with autoimmune pancreatitis and immunoglobulin G4-
associated cholangitis. Multiple strictures are present in the hilar hepatic
and intrahepatic bile ducts and irregular narrowing of the main pancre-
atic duct. Courtesy of Dr Terumi Kamisawa, Department of Internal
Medicine, Tokyo Metropolitan Komagome Hospital (Tokyo, Japan).
Reproduced with permission from reference 66

excess of two to three years, 53% of patients relapsed after cor-
ticosteroid withdrawal and 44% relapsed after surgery.
Corticosteroid therapy normalized liver biochemistries in 61%
of patients, and biliary stents were removed in 17 of
18 patients. Subsequently, 15 patients requiring further treat-
ment for relapse after corticosteroid withdrawal responded to
retreatment with corticosteroids, whereas seven patients
treated with additional immunomodulatory drugs achieved
steroid-free remission (43).

The initial treatment and follow-up protocol recommended
by the Mayo Clinic for patients with IAC is outlined in Table 2.
It is important to mention that this protocol assumes that a rig-
orous evaluation has been performed to rule out cholangiocarci-
noma (CCA) and other cancers, and that the diagnosis of IAC
has been established based on clinical, laboratory and imaging
features. Of note, a trial of corticosteroid therapy should not be
substituted for a thorough search of other causes of biliary stric-
tures (Figure 3).

Some patients are relatively refractory to therapy, which was
underscored by a recent report (58) of a patient with AIP and
IAC unresponsive to both corticosteroids and 6-mercaptopurine.
The systemic manifestations of [gG4-associated disease resolved
following rituximab therapy, a monoclonal antibody directed
against the CD20 antigen on B lymphocytes, permitting
removal of the patient’s biliary stents. This study highlights the
importance of making the diagnosis of AIP or IAC even if the
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Diagnosis and management algorithm for
suspected lgG4-associated cholangitis

| l

L

|

Previous pancreaticobiliary resection
or core biopsy of pancreas showing

diagnostic features of AIP/IAC Ig

Classical imaging findings
of AIP + elevated serum

G4

Two or more of the following:
« Elevated serum IgG4
 Suggestive pancreatic imaging findings

* Other organ involvement
« Bile duct biopsy with 210 IgG4-positive
cells/HPF

Definite IAC
Complete 11-week course of steroids for distal bil
duct strictures
Consider adding azathioprine 2 mg/kg for
maintenance remission in proximal/intra-hepatic
strictures

e

v

Possible IAC
Steroid treatment for 4 weeks

A 4

Repeat evaluation shows
» Markedly improved biliary strictures

allowing stent removal
* Liver enzymes <2 ULN
* Decreasing serum IgG4 and CA 19-9

a) Before steroid therapy:
m Atypical biliary cytology-positive DIA/FISH
m Markedly elevated serum CA 19-9
m Pancreatic duct dilation with pancreatic atrophy

The following features are not suggestive of IAC and should suggest an alternate diagnosis:

b) On steroid therapy:
m Rising serum CA 19-9
= No improvement in liver enzymes or
biliary stricture despite 4-5 weeks of
therapy

Figure 3) Preferred algorithm for the diagnosis and management of immunoglobulin G4 (1gG4)-associated cholangitis. In dll cases, a rigorous evalu-
ation should be made to exclude biliary/pancreatic malignancy before initiating steroid therapy, which should not be used as a substitute for a thorough
search for malignancy. AIP Autoimmune pancreatitis; CA Carbohydrate antigen 19-9; DIA Digital imaging analysis; FISH Fluorescent in-situ
hybridization; HPF High-power field; IAC 1gG4-associated cholangitis; ULN Upper limit of normal. Adapted from reference 43

disease is not responsive to standard corticosteroid therapy, con-
sidering that biological therapies such as rituximab may be a
treatment option for refractory or recurrent disease.

A management dilemma is the timing of removal of the bil-
iary stent, because the patient with obstructive jaundice and
stricture is unlikely to be treated with steroids alone, and there is
obviously a risk for ascending cholangitis if the inflammatory
stricturing recurs after stent withdrawal.

Predictors of relapse in AIP and IAC

The Mayo Clinic experience suggests that relapse of IAC
occurrs in 40% of patients after completing an 11-week
course of corticosteroids (43). Post hoc analysis showed that
proximal extrahepatic and intrahepatic biliary stricturing was
associated with a high rate of relapse, but no other specific
clinical predictors of relapse were identified. Park et al (59)
studied 40 patients with AIP who achieved symptomatic,
radiological, and serological remission on prednisolone 0.5
mg/kg per day for one to two months followed by a gradual
taper to a maintenance dose of 2.5 mg/day to 7.5 mg/day for
an average of six months before stopping treatment. In this
study, 30% of patients relapsed. While no clinical predictors
for relapse were identified, evaluation of HLA class II alleles
showed that relapse of AIP was associated with the substitu-
tion of aspartic acid to a nonaspartic acid residue, at residue
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57 of HLA DQPI (nonrelapse group 29.6% versus relapse
group 100%; P <0.001; OR 3.4; 95% CI 1.9 to 6.0).

Differences between IAC and PSC

Demographic, radiographic, histological and immunological fac-
tors help to differentiate IAC from PSC. For example, Nishino
et al (60) reported that patients with IAC were considerably
older at the time of diagnosis and serum 1gG4 levels were sig-
nificantly higher compared with PSC patients. They also
found that patients with PSC had cholangiographic evidence
of band-like strictures, a beaded appearance, and a ‘pruned-
tree’ appearance; however, patients with IAC were more
likely to have segmental strictures and strictures of the distal
one-third of the common bile duct. Histological studies of the
liver demonstrate that fibrous obliterative cholangitis is only
found in patients with PSC and advanced fibrotic changes
corresponding to Ludwig’s stages 3 and 4 are seldom observed
in IAC patients. The extent of IgG4-positive plasma cell
infiltration is far more pronounced in the liver of patients
with IAC compared with PSC patients, and cholangio-
graphic studies show no improvement in PSC cases following
corticosteroid therapy; all IAC patients however tend to
have demonstrable radiographic improvement in the biliary
strictures (61).
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Furthermore, CCA develops in up to 10% to 30% of patients
with PSC (63); development of CCA however, has not been
reported with IAC. These differences between PSC and IAC
suggests that both entities have major differences in their
underlying etiology and pathophysiology.

1gG4-ASSOCIATED HEPATITIS

Recently, a case report (12) was published of one patient with
hepatitis and chronic cholecystitis, raised I1gG4 levels and
IgG4-bearing plasma cells in the gallbladder wall, with no evi-
dent pancreatic disease. Liver biopsy showed interface and lob-
ular hepatitis with rosette formation and marked plasma cell
infiltration, and the immunostaining of liver tissue showed
abundant IgG4-reactive plasma cells. The international
autoimmune hepatitis group score was 18 (pretreatment defini-
tive diagnosis greater than 15) and standard treatment resulted
in remission of symptoms and normalization of liver bio-
chemistries with prednisolone 40 mg daily for four weeks,
tapered by 5 mg weekly to 5 mg daily. Because liver dysfunction
is frequently seen in AIP, albeit usually cholestatic or obstruc-
tive, investigators previously interested in studying ISD started
to evaluate the liver disease in these patients as well. In one
study from Japan (13), liver histology and IgGG4-bearing plasma
cell infiltrates were evaluated in 17 patients with AIP before
and after treatment and were compared with 63 patients with
autoimmune hepatitis, PBC, PSC and chronic viral hepatitis.
Liver histology was classified into various patterns that included
portal inflammation with or without interface hepatitis, large
bile duct obstructive features, portal sclerosis, lobular hepatitis,
and canalicular cholestasis as well as combinations of some of
these histological features in the same liver.

The number of hepatic IgG4-bearing plasma cells was sig-
nificantly higher in patients with AIP than in controls and the
extent of [gG4 plasma cell infiltrate directly correlated with
serum IgG4 concentration. Moreover, glucocorticoid therapy
reduced IgGG4-bearing plasma cell infiltration of the liver and
ameliorated other histological findings. The authors, there-
fore, concluded that all liver biopsies of patients with AIP
showed a spectrum of biliary and hepatic changes associated
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