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 It is not very often that a new disease entity is discovered. While autoimmune 
pancreatitis was christened in 1995, it is only in the last few years that the 
terms type 2 autoimmune pancreatitis and IgG4-related disease have been 
coined to describe new disease entities. So it is with great pleasure that we 
present this book titled IgG4-related disease (IgG4-RD). Our goal is to pro-
vide a timely overview of this disease entity with particular emphasis on its 
most well-described manifestations, namely, autoimmune pancreatitis (AIP) 
and IgG4-related sclerosing cholangitis (IgG4-SC). 

 As gastroenterologists, this effort grew out of our interest in AIP and 
IgG4-SC. As worldwide experience has grown, AIP and IgG4-SC are now 
recognized as manifestations of a multiorgan disease process termed IgG4- 
related disease (IgG4-RD). While there is much overlap in terms of the clini-
cal, serological, histological, and imaging features among the various organs 
involved, there are also key differences. Clearer understandings of the over-
lapping and disparate features have substantially aided patient care and are 
reviewed in detail throughout this book. 

 Initial efforts around the world occurred in isolation producing often con-
fl icting evaluation and management strategies, leading to confusion and 
uncertainty among physicians. Recent multinational    collaborative efforts 
have enhanced our understanding of the pathogenesis as well as clinical, lab-
oratory, and imaging fi ndings associated with IgG4-RD. This combined effort 
has led to the adoption of a broadly accepted nomenclature and helped stan-
dardize the diagnostic and therapeutic approach. However, in this book we do 
elaborate on key differences that remain throughout the world, thereby allow-
ing clinicians and researchers to tailor their practice and studies accordingly. 
This book offers a manageable understanding of key aspects of the disease 
while providing in-depth information that should well serve those seeking a 
deeper understanding of this unique disorder. 

 We would like to acknowledge the renowned team of experts that we feel 
fortunate to have worked with, and we appreciate their hard work and devo-
tion to this project. We have found this journey of discovery to be rewarding 
and hope you will as well. 

Rochester, MN, USA Michael J. Levy
Suresh T. Chari 
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           Introduction 

 The recognition and characterization of 
 autoimmune pancreatitis (AIP) and IgG 4 -related 
disease (IgG 4 -RD) has evolved over the course of 
more than 50 years. The possibility and probabil-
ity that chronic pancreatitis was sometimes 
caused by autoimmune mechanisms was men-
tioned in several publications beginning in 1959, 
but the recognition of characteristic clinical, 
imaging, and histopathologic features for such 
patients was not recorded until the 1990s as noted 
below. The characterization of AIP continues to 
be refi ned as refl ected in the other chapters of 
this book. The recognition of IgG 4 -related dis-
ease (IgG 4 -RD) was an outgrowth of study of 
autoimmune pancreatitis, so our fi rst focus is on 
the  recognition of AIP.  

    Recognition of Autoimmune 
Pancreatitis 

 AIP is a rare disease with an estimated annual inci-
dence in the range of 0.82 per 100,000 in Japan [ 1 ]. 
There is currently no reason to think that its preva-
lence is higher in Western nations although there 

are no data bearing on this  assumption [ 2 ,  3 ]. 
Because of the low incidence, most clinicians, radi-
ologists, and pathologists are likely to see only 
occasional cases. As might be expected, this low 
incidence delayed the recognition of AIP. There is 
also evidence that the incidence of AIP has risen 
dramatically during the past two decades [ 4 ]. This 
provides a further basis for the relatively recent 
recognition of the disease. 

 Because AIP may cause pancreatic enlarge-
ment that is often localized in the head, patients 
are likely to be referred to tertiary care centers for 
diagnosis and treatment. Many patients with 
these infl ammatory masses have undergone pan-
createctomy because of a preoperative clinical 
diagnosis of a pancreatic neoplasm and then been 
diagnosed after resection as having pancreatitis 
by the surgical pathologist. Experience with such 
cases is the basis for the histopathologic diagno-
sis of AIP. Retrospective studies in specialized 
centers in the USA indicate that 2.2–2.5 % of 
pancreatectomies were done because of mass- 
forming AIP [ 5 – 7 ]. These data refl ect a period 
before there was emphasis on the clinical diagno-
sis of AIP. With improved understanding and rec-
ognition of AIP, reducing the rate of such 
resections is an obvious goal [ 8 ]. 

 The survival of patients with AIP is reported 
to be similar to that of the general population of 
the same age [ 9 ], although one fi nds reference to 
patients that progress to a stage of cachexia and 
death in older literature [ 10 ]. Since AIP is rarely 
fatal, at least in the current era, it is rarely the 
focus of an autopsy. We can anticipate that 
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 end- stage AIP would be encountered at a low 
incidence in autopsies done following death from 
other causes, but we do not really know if AIP 
would be distinguished from end-stage chronic 
pancreatitis of other causes. Suda described 
early- and late-stage AIP, the latter based on 
prominent loss of acinar cells [ 11 ]. All specimens 
were from pancreatic resection or biopsy, and all 
contained infl amed ducts. Although the late-stage 
patients ( n  = 11) were about 2.5 years older than 
the early-stage group ( n  = 17) at disease onset, the 
age difference was not signifi cant. The degree of 
lymphoplasmacytic infi ltration was more vari-
able, and venulitis was less frequent in the late 
stage, but it is not obvious that the late-stage 
group should be regarded as end stage. 

 Because AIP is now diagnosed and treated 
nonoperatively, it is possible that patients with a 
well-supported clinical diagnosis of AIP will be 
followed until death and autopsied—allowing 
characterization of the sequelae (“end stage”) of 
AIP. Because of the likelihood that such patients 
will have been treated with corticosteroids, even 
this approach may not reveal the natural course of 
the disease.  

    Recognition of Autoimmune 
Etiology 

 There are several early literature references to a 
possible autoimmune etiology of pancreatitis. 
In 1959, Thal et al. reported pancreatic autoanti-
bodies in a patient with chronic pancreatitis [ 12 ] 
and subsequently commented that “The fi nding of 
true auto-antibodies in this case raised the interest-
ing possibility that his disease was either precipi-
tated by or aggravated by an auto-immunizing 
mechanism” [ 13 ]. In 1961, Sarles reported a group 
of patients having “primary infl ammatory sclero-
sis” of the pancreas stating that “It appears in later 
life (average age of onset, 61.4 years) and is found 
as often in women as in men” [ 10 ].    The authors 
mention a lymphoplasmacytic infi ltrate, perilobu-
lar fi brosis, and lobular sclerosis in one pancreas 
patient and hypergammaglobulinemia in two 
patients. These fi ndings are supportive of a diag-
nosis of AIP, although the clinical and pathologic 

data are not adequate to allow a fi rm retrospective 
diagnosis of AIP for all patients in the group. 
The following statement appears in the last lines of 
the summary: “It is thus possible to put forward 
the hypothesis that this type of pancreatitis is an 
infl ammatory, noninfectious disease that is caused 
by phenomena of self-immunization” [ 10 ]. 

 Autoimmune pancreatitis (“Autoimmunpan-
kreatitis”) is explicitly mentioned as a possible 
cause of chronic sclerosing pancreatitis in a 1979 
review by Putzke [ 14 ]. The prominence of inter-
stitial lymphoplasmacytic infi ltrates and perilob-
ular, intralobular, and periductal fi brosis was 
noted in some pancreases—consistent with our 
current histopathologic criteria for the diagnosis 
of AIP. The dominant view regarding the patho-
genesis of immune- mediated pancreatitis at that 
time centered on humoral immunity. This view 
was based in part on studies in which animals 
were immunized with and developed antibodies 
against pancreas- derived fractions and subse-
quently developed pancreatic fi brosis [ 15 ]. 
Thal stated “It is not yet clear whether these cir-
culating antibodies are merely a side result of a 
more important reaction of the delayed hypersen-
sitivity type occurring at the cellular level” [ 15 ]. 
A central role for antibody- mediated injury was 
supported by a later study in which diffuse inter-
stitial pancreatitis developed in mice treated with 
antiserum from guinea pigs immunized with pan-
creatic fractions [ 16 ]. In fact, one still fi nds the 
statement that it is unclear whether autoimmune 
antibodies that yield elevations of IgG and IgG4 
in AIP patients represent an epiphenomenon or 
play a role in the pathogenesis of disease [ 17 ]. 

 The central role of cell-mediated immunity in 
the pathogenesis of other autoimmune diseases 
was recognized later beginning in 1974 [ 18 ]. Its 
role was specifi cally supported as a possible 
mechanism in AIP by the demonstration of high 
numbers of T lymphocytes in infi ltrates in the 
pancreas [ 19 ,  20 ] and experimentally by the 
induction of pancreatitis in rats by adoptive transfer 
of CD4(+) T cells sensitized to a pancreatic 
epitope [ 21 ]. 

 In the literature from Western nations, the 
1997 paper by Ectors et al. stands out because a 
pattern of chronic pancreatitis that was clearly 
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different than chronic alcoholic pancreatitis was 
identifi ed in a group of resected pancreases from 
nonalcoholic patients [ 19 ]. The name “chronic 
nonalcoholic duct destructive pancreatitis” was 
suggested for this type of pancreatitis. Some of 
these patients (4/12) had autoimmune disease 
manifest in other organs, and autoimmune etiol-
ogy for the ductal lesions in the pancreas was 
carefully considered although the pancreatitis 
was ultimately classifi ed as idiopathic. 

 Yoshida is credited with introducing the term 
“autoimmune pancreatitis,” citing 11 cases 
including one of their own and 10 others reported 
from 1961 to 1991 [ 22 ]. This appears to be the 
fi rst use of the term in English literature. There 
were numerous reports from Japanese centers 
that characterized AIP during the following 
decade. However, it is clear that the concept of 
autoimmune-mediated pancreatic injury emerged 
in several centers and several countries over mul-
tiple decades. Acceptance of the term (AIP) and 
an increasing focus on diagnosis, characteriza-
tion, and treatment of the disease are evident in a 
search for publications on the topic in sequential 
time periods (Table  1.1 ).

       Recognition of Subtypes 

 Heterogeneity in the pathology of AIP resection 
specimens also delayed its recognition. This het-
erogeneity has now resolved into the recognition 
of at least two subtypes of AIP as discussed in 
Chap.   3    . Early descriptions focused on the 
 prominence of mixed infi ltrates of lymphocytes 
and plasma cells in some cases of chronic pancre-
atitis [ 23 ]. The fi rst use of the descriptive diagnosis 
“lymphoplasmacytic sclerosing pancreatitis,” 
now often referred to as LPSP, or type 1 AIP, 
appears to have been in 1991 [ 23 ]. 

 Another report focused on ductal infl amma-
tion, sometimes resulting in duct destruction, 
and it was noted that intraductal aggregates of 
neutrophilic granulocytes were commonly asso-
ciated with duct destructive lesions [ 19 ]. 
Variation in the number of granulocytic leuko-
cytes (neutrophils and eosinophils) was noted 
among cases of AIP [ 24 ]. The neutrophilic 

aggregates were called granulocytic epithelial 
lesions (GEL) [ 25 ], and it is now recognized 
that GEL are a characteristic of type 2 AIP [ 26 ]. 
A matter of passing interest focuses on the acro-
nym applied to type 2 AIP, often referred to as 
IDCP. The basis for this acronym is ambiguous, 
being defi ned variously as “idiopathic duct cen-
tric pancreatitis” [ 3 ,  27 ] and alternately as 
“idiopathic duct-centric pancreatitis” [ 20 ,  28 ].  

    Recognition of IgG 4 -Related 
Disease (IgG 4 -RD) 

 The recognition of the possible role of IgG4 in 
the pathogenesis of type 1 AIP [ 29 ] and subse-
quently of IgG 4 -related disease (called IgG4- 
related sclerosing disease [ 30 ] and IgG4-related 
systemic diseases [ 3 ]) evolved as follows. AIP 
was noted in early reports cited above to occur in 
patients coincident with several other autoim-
mune diseases [ 19 ,  22 ]. Overall, it appears that 
there is evidence of involvement of other organs 
by autoimmune processes in a quarter to more 
than half of AIP patients in various series. 

   Table 1.1    Publications on AIP listed in sequential 
searches for “autoimmune pancreatitis” using the 
MEDLINE database for 1950–2010   

 Years  No. a   Comment 

 1950–
1978 

 0  Several clinical and experimental 
papers during this period focused on 
immune-mediated pancreatic disease 
(see text) 

 1979–
1994 

 1  “Autoimmunpankreatitis” is mentioned 
in a German review [ 14 ] 

 1995  1  First use of “autoimmune pancreatitis” 
in an English publication [ 22 ] 

 1996–
2000 

 17  Eleven of these papers were from Japan 

 2001–
2005 

 170  In 2003, 21/28 listings were from Japan 

 2006–
2010 

 538  In 2010, 99 listings originated in 14 
countries 

   a Number of journal references listed in the Ovid 
MEDLINE database for 1950–2010 using the term “auto-
immune pancreatitis.mp” as keyword and the Ovid 
MEDLINE database on Jan. 5, 2011  
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 A variety of autoantibodies were detected in 
patients with AIP [ 22 ]. Hypergammaglobulinemia 
was documented in some patients [ 10 ,  22 ], lead-
ing to the examination of immunoglobulin sub-
classes and recognition in 2001 that IgG4 was 
elevated in the serum of most Japanese patients 
with AIP [ 31 ]. Later, increased numbers of IgG4- 
positive plasma cells were demonstrated in a high 
fraction of pancreases with AIP [ 29 ], and fi nally 
similar elevations of IgG4-positive cells were 
identifi ed in other involved organs [ 29 ]. This led 
to the proposal that AIP was part of an IgG4- 
associated systemic autoimmune disease [ 29 , 
 30 ]. A MEDLINE search for IgG4-related scle-
rosing disease yielded 55 listings with the fi rst 
appearing in 2006 [ 30 ]. In a 2008 review, 
Kamisawa states that “This disease includes AIP, 
sclerosing cholangitis, cholecystitis, sialadenitis, 
retroperitoneal fi brosis, tubulointerstitial nephri-
tis, interstitial pneumonia, prostatitis, infl amma-
tory pseudotumor and lymphadenopathy, all 
IgG4-related” [ 32 ].  

    Concluding Comments 

 As the literature for AIP is reviewed, it is neces-
sary to consider what is included under the term 
AIP in each report. It is typical for series from 
Japan to be composed entirely or predominantly 
of type 1 AIP patients—the type of AIP that is 
seen in IgG 4 -related disease. Accordingly, we 
fi nd that as many as 95 % of the patients have 
elevated serum IgG4 in series from Japan [ 31 ]. In 
contrast, in Western literature it is likely that 
series of patients are composed of mixtures of 
type 1 and type 2 AIP with the latter comprising 
fewer than half of most series. In series from the 
USA and Europe, the fraction of patients with 
elevation of IgG4 is reported as 53–76 %, depend-
ing on cutoff level, in various series [ 33 ,  34 ]. This 
seems to refl ect the inclusion of type 2 AIP 
patients who typically do not have elevation of 
serum IgG4 [ 9 ]. In a recent discussion of IgG 4 - 
related diseases, it seems clear that the authors 
include both LPSP and IDCP when they discuss 
AIP although AIP subtypes are specifi cally men-
tioned [ 17 ]. 

 The reason for the higher fraction of AIP type 
1 patients in Japan than in the West is not known, 
but emerging information at the molecular and 
genetic level regarding the causes of autoimmune 
disease seems relevant. The Fc receptor, FcgRIIa, 
has been identifi ed as an infl ammatory mediator 
in rheumatoid arthritis and systemic lupus ery-
thematosus [ 35 ]. FcgRIIa binds immunoglobu-
lins of several classes including IgG4 with 
varying affi nity. IgG4 has recently been reported 
in immune complexes deposited within pancre-
ases with AIP [ 36 ]. This Fc receptor has been 
found to have several polymorphisms. One of 
these, FcgRIIa H131, has a higher affi nity for 
IgG2 than FcgRIIa R131 [ 37 ]. FcgRIIa H131 is 
more prevalent in Japanese and Chinese than 
among Americans [ 38 ]. While there are no spe-
cifi c data to tie this polymorphism to the patho-
genesis of AIP, these observations illustrate the 
type of genetic variation that could cause differ-
ences in the incidence and type of AIP occurring 
in different racial and geographic groups. 

 Although most AIP can be classifi ed on the 
basis of histopathology as type 1 or type 2 by 
expert pathologists when a resection specimen is 
available [ 27 ], some cases are diffi cult to classify 
by the current criteria. We do not know if these 
are simply examples of type 1 or type 2 AIP that 
are atypical, perhaps due to differences in stage 
or degree of involvement, or whether they might 
represent yet other rarer subtypes of the disease. 
Recognition of rare subtypes of a rare disease 
will be very diffi cult and may depend on fi nding 
new genetic or immunologic markers.     
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        Autoimmune pancreatitis (AIP) can present as 
acute pancreatitis, but is typically recognised as 
a distinct form of chronic pancreatitis. Key fea-
tures include pancreatic lymphoplasmacytic 
infi ltration, chronic infl ammatory storiform 
fi brosis and hypergammaglobulinaemia [ 1 ,  2 ]. 
Heavy infi ltration of the pancreas by lympho-
cytes targeting acinar and/or duct cells may lead 
to severe damage, which is to a varying extent 
reversible with steroid therapy. Two predomi-
nant patterns of AIP have been identifi ed, 
namely, lymphoplasmacytic sclerosing pancre-
atitis (LPSP or type 1; see Fig.  2.1 ) and idio-
pathic duct-centric pancreatitis (IDCP or type 2; 
see Fig.  2.2 ), that both share some common his-
topathological features. LPSP characteristically 
shows the hallmark periductal lymphoplasma-
cytic infi ltrate, high levels of serum and tissue 
IgG4-positive plasma cells, storiform fi brosis 
and obliterative phlebitis [1A]. In contrast, IDCP 
is typifi ed by intense neutrophilic infi ltration in 
the lobule and duct, referred to as granulocyte 
epithelial lesions (GEL) that may lead to ductal 
destruction. Some use the term ‘IgG 4 -related 

sclerosing cholangitis (IgG 4 -SC)’ in reference to 
the bile duct disease frequently associated with 
AIP [ 3 ,  4 ]. Little is known regarding the triggers 
of AIP or why the pancreatic and bile ducts 
become targets of immune-mediated damage. 
There are, however, a number of intriguing 
clues that provide early insight, including 
genetic predisposition, the number of candidate 
pancreatic autoantigens bearing structural simi-
larity to microbial pathogens (attacked by 
molecular mimicry), animal forms of AIP that 
offer further insight, the roles of TGF-β and 
complement activation by immune complexes, 
as well as potential triggers for AIP including  H. 
pylori  [1A].

       Pancreaticobiliary Anatomy 
and Histological Features of AIP 

 Intercalated ducts are the fi rst tier of pancreatic 
ducts that receive acinar secretions and gradually 
coalesce into larger ducts which terminate in 
the main pancreatic duct, contributing to and 
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 draining exocrine secretion into the duodenum. 
Centroacinar cells lining the acinar lumen con-
tinue into the intercalated and intralobular ducts as 
cuboidal epithelium, while the epithelial lining of 
the larger interlobular ducts varies with their size. 
The biliary ducts are lined by cuboidal or colum-
nar epithelial cells and are surrounded by capillary 
plexuses arising from the hepatic artery. 

 Pancreatic arterial supply arises from the 
celiac trunk and superior mesenteric artery, and 
venous blood drains to the portal vein. A third of 
lobular terminal arterioles supply islets before 
reaching acinar capillary beds although the 
functional signifi cance is unclear [ 5 ,  6 ]. 
Abundant lymphatics around lobular blood ves-
sels drain interstitial fl uid to peripancreatic 
nodes and subsequently to lymph nodes draining 
the pancreas [ 7 ,  8 ]. 

 In human AIP, pancreatic lymphoplasmacytic 
infi ltrates co-localise with macrophages and 
myofi broblasts [ 9 ], likely contributing to AIP 
through cell-cell crosstalk. AIP distorts lobular 
anatomy, and secondary infl ammation around the 
pancreatic ducts causes a severe obliterating peri-
ductal fi brosis [ 10 – 12 ]; small veins show oblit-
erative phlebitis, and there is enlargement of 
peripancreatic and peribiliary lymph nodes [ 13 ]. 
Although the intrapancreatic portion of the extra-
hepatic bile duct is affected in AIP involving the 
head of the pancreas, medium- to large-sized 
interlobular ducts are usually targeted [ 10 ,  12 , 
 13 ] and lymphoplasmacytic sclerosing cholecys-
titis is also reported [ 14 ]. Around the extrahe-
patic and intrahepatic large bile duct exist 
peribiliary glands which contain exocrine acini 
and express pancreatic exocrine enzymes and 

  Fig. 2.1     Lymphoplasmacytic sclerosing pancreatitis, 
or ‘type 1 AIP’ . ( a ) Low-power view of diffuse lym-
phoplasmacytic infi ltration with ( b ) higher-power view 
of storiform fi brosis with ( c ) some areas of myofi bro-
blast predominance. Pancreatic acini are not in evi-
dence, having been replaced by infl ammation and 

fi brosis, although these may be preserved in other 
areas. The infl ammation clearly surrounds the ducts but 
leaves the ductal  epithelium and lumen largely intact 
(A-C, H and E). ( d ) Immunohistochemical demonstra-
tion of characteristically dense infi ltration by IgG4 
plasma cells       

 

E. Alabraba et al.



11

lactoferrin, a non-enzymatic secretory protein; 
the presence of these glands has been proposed to 
account for similar pathology arising from the 
bile duct and the pancreas [ 15 ]. These peribiliary 
glands are also targets of immune destruction in 
AIP [ 15 ]. Biliary and pancreatic ductal epithelial 
cells of affected ducts in AIP may be relatively 
spared despite being surrounded by fi brosis [ 15 ]. 

 Although pancreatic infi ltration by eosino-
phils was not seen in the relatively smaller num-
ber of specimens analysed by Wang et al. [ 16 ], 
larger studies [ 17 ,  18 ] showed prominent pancre-
atic eosinophil infi ltration. Eosinophils also exist 
in GELs, which typify the IDCP form or AIP, 
although neutrophils predominate in these lesions 
[ 12 ]. Some studies have shown sustained reversal 
of peripheral eosinophilia following steroid ther-
apy [ 16 ,  19 ], while others have reported variable 
responses [ 18 ]. 

 Islet autoantibodies are uncommon and islets 
are not infi ltrated by    I g G 4  cells [ 20 ,  21 ]. Fibrosis 
does occur around islets, but the total islet mass is 
relatively preserved in AIP [ 22 ], helped by islet 
differentiation from ductal precursor cells over-
expressing insulin promoter factor-1 (IPF-1) [ 23 ] 
or by the protective effect of infi ltrating macro-
phages [ 24 ]. Nevertheless, diabetes mellitus is 
observed in some cases, and epitope spreading 
(see next section) including to islet antigens does 
occur in experimental AIP [ 1 ]. 

 A less well-studied leukocyte subset in AIP is 
eosinophils although peripheral eosinophilia is 
reported in patients with AIP [ 16 – 18 ].  

    General Overview of Immunity 

 A concise overview of critical components of 
immunity, many of which are featured in AIP, is 
included here to assist the general reader. 
Responses to invading microbes may be innate or 
adaptive (acquired). The innate immune response 
detects and alerts the host to the presence of 
invading pathogens and generates adaptive 
immune responses. The innate immune system 
comprises mononuclear phagocytes (monocytes, 
macrophages, dendritic cells), granulocytes (neu-
trophil, eosinophils, basophils), mast cells and 
natural killer (NK) cells [ 25 ]. 

 Pathogens bear pathogen-associated molecu-
lar patterns (PAMPs) which immune cells recog-
nise via pattern recognition receptors (PRRs), 
such as Toll-like receptors (TLRs) [ 26 ]. Ligation 
of cell-expressed TLRs leads to activation of 
immune cells, which secrete infl ammatory 
 cytokines via downstream signalling pathways. 
A well-known PRR is TLR4, which is expressed 
by all innate immune cells and recognises the 
bacterial PAMP, lipopolysaccharide (LPS). TLRs 
expressed by pancreatic stellate and endothelial 

  Fig. 2.2     Idiopathic duct-centric pancreatitis, or ‘type 2 
AIP’ . ( a ) Low-power view showing infl ammatory cell 
infi ltrate extending to the ductal epithelium, which has 
been destroyed in parts. ( b ) Higher-power view of 

( a ) showing infi ltrate directly beneath the ductal epithe-
lium that is damaged at one point. Beyond this, there is 
extensive fi brosis (H and E)       
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cells contribute to the role of these cells in 
immune responses. 

 The innate response activates the complement 
system to generate several immunologically 
active products including C3b, C3a, C4a, C5a, 
C5a and the membrane-attack complex, which 
act as opsonins, cell activators, chemoattractants 
and inducers of cell lysis. 

 Phagocytic clearance of pathogen-derived 
molecules by neutrophils and monocytes/macro-
phages causes these immune cells to become 
activated and secrete infl ammatory cytokines, 
part of innate immunity driving adaptive immu-
nity. Dendritic cells (DC) function as antigen- 
presenting cells (APC) which present antigen to 
T cells in association with major histocompatibil-
ity complex (MHC) molecules thus initiating 
acquired immune responses in secondary lym-
phoid tissues such as local draining lymph nodes 
[ 27 ]. The MHC genes are present in most verte-
brates and code for cell-surface proteins named 
the human leukocyte antigens (HLA) in man. 
MHC molecules exist as class I via which self- 
peptides are presented to CD8 +  T cells and class 
II for presentation of exogenous peptides to CD4 +  
T cells. There exists three subsets of MHC class I 
molecules, namely, HLA-A, HLA-B and HLA- 
C, and of class II molecules, namely, HLA-DP, 
HLA-DQ and HLA-DR. Antigen recognition is 
specifi c because the T cell receptor (TCR) is only 
able to recognise antigenic peptides linked with 
MHC molecules. A similar process occurs for B 
cells and is mediated by the B cell receptor 
(BCR). Lymphocytes only recognise small parts 
of antigens (epitopes), owing to the much smaller 
size of lymphocyte receptors relative to antigens. 
Haptens are antigens that are too small to elicit 
immune responses unless they are coupled to 
larger immunogenic molecules called carriers. 

 Effective MHC-mediated antigen presenta-
tion necessitates contact between APCs and lym-
phocytes and co-stimulatory activation of 
lymphocytes. Stable cell contact is maintained 
by binding of APC-expressed intercellular adhe-
sion molecule 1 (ICAM-1) to lymphocyte-
expressed lymphocyte function-associated 
antigen 1 (LFA-1), and co-stimulatory signals for 
lymphocyte activation are generated by the 

respective ligations of APC-expressed CD80/
CD86 and CD40 by lymphocyte- expressed 
CD28 and CD154. Ligation of CD80/86 by lym-
phocyte-expressed cytotoxic T lymphocyte-asso-
ciated antigen 4 (CTLA-4) instead of CD28 
downregulates lymphocyte activation and may 
promote tolerance [ 28 ,  29 ]. 

 Autoimmunity can be initiated by unique 
aberrations of antigen processing, namely, epit-
ope spreading and molecular mimicry. In epitope 
spreading, collateral tissue damage induced by 
pathogen-specifi c T cells causes release of self- 
epitopes that become targets for lymphocyte 
attack as a result of bearing homology to the 
immunodominant sequence of pathogens [ 30 ] or 
may occur because non-self-target antigens happen 
to be linked with bystander self-antigens in 
complexes [ 20 ]. Molecular mimicry occurs when 
pathogen peptides share sequence or structural 
similarities with self-antigens and thus trigger the 
production of immune cells and antibodies that 
cross-react with these self-proteins. 

 Terminally differentiated B cells called plasma 
cells produce immunoglobulins (I g ) which are 
antigen-specifi c antibodies. Individual B cells 
evolve to express only one specifi c antibody. 
Plasma-cell precursors are generated in germinal 
centres that arise in lymphoid tissue during the 
immune response [ 31 ]. Following antigen recog-
nition, clones of B cells with high affi nity and 
specifi city for an antigen undergo proliferation 
and produce large quantities of antigen-specifi c 
antibody. Antibodies are composed of two identi-
cal heavy chains and two identical light chains 
joined by disulfi de bonds. The termini of the 
heavy and light chains that are not involved in 
antigen binding form the constant region and 
defi ne the class and subclass of the antibody. 
There exist fi ve classes of I g  determined by the 
constant region of the heavy chains, namely, I g G, 
I g A, I g M, I g D and I g E. I g G is further split into four 
subclasses, I g G 1–4 . 

 Unlike innate responses, adaptive responses 
become more effi cient on subsequent exposure(s) 
to antigens because during the primary immune 
response when antigen is fi rst encountered, mem-
ory lymphocytes are generated. For instance, 
memory B cells produce larger amounts of 
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 antibody with greater affi nity for the antigen on 
subsequent exposure to antigens compared to the 
primary response. Functions of antibodies 
include classic complement pathway activation 
and antibody-dependent cellular cytotoxicity 
towards target cells. 

    T Cells in Infl ammation 

 The T cell subset repertoire is ever expanding, 
but key subsets are CD4 + , CD8 +  and regulatory T 
cells (which can express CD4 + , CD8 +  and other 
characteristic molecules), all contributing to 
infl ammatory responses. 

 CD4 +  helper T cells secrete cytokines that facil-
itate immune responses. CD4 +  T helper (T h ) cells 
may be T h 0, T h 1, T h 2 or T h 17 cells. T h 0 cells are 
uncommitted naïve cells capable of differentiating 
into other functional phenotypes depending on 
the prevailing cytokine milieu. Differentiation of 
T h 1 cells is stimulated by interferon gamma (IFN-γ) 
and interleukin-12 (IL-12), of T h 2 cells by IL-4 
and of T h 17 cells by TGF-β and IL-6 or IL-23. T h 1 
cells produce IFN-γ, IL-2 and IL-12; T h 2 cells 
produce IL-4, IL-5, IL-6 and IL-10; T h 17 cells 
produce IL-17A, IL-17F, IL-21 and IL-22 [ 32 ,  33 ]. 
T h 1 cytokines activate macrophages and promote 
T cell-mediated cytotoxicity, while T h 2 cytokines 
promote humoral immunity (mediated by B cell-
produced antibodies). T h 17 cells have effector 
functions distinct from those of T h 1 and T h 2 cells, 
primarily clearing pathogens that are not ade-
quately handled by T h 1 or T h 2 cells. T h 17 cells 
amplify immune responses at sites of infl amma-
tion and are implicated in chronic infl ammation 
and autoimmune disease [ 34 ]. T h 17 cytokine IL-17 
promotes germinal centre formation and autoanti-
body secretion [ 35 ], while IL-21 induces prolifera-
tion of B cells and their differentiation into 
I g -producing plasma cells [ 36 ]. 

 CD8 +  cytotoxic or killer T cells eliminate 
virally infected cells following detection via 
MHC I-linked viral peptides. Cytotoxic CD8 +  T 
cells kill target cells via the granzyme-perforin or 
the Fas-FasL pathways. In the granzyme-perforin 
pathway, granzyme serine proteinases released 

from activated CD8 +  T cells are passed into the 
target cell via pores in the target-cell membrane 
created by perforins, also released by activated 
CD8 +  T cells. Granzymes cleave granzyme A, 
granzyme B, caspases, and Bcl2-interacting 
domain, inducing apoptosis of the target cell. 
FasL-bearing CD8 +  T cells can bind the Fas mol-
ecule on target cells thus activating caspases 
within and inducing apoptosis of target cells. 

 Regulatory, suppressor T cells (T regs ) are typi-
cally CD4 +  CD25 +  T cells that express the tran-
scription factor forkhead box P3 (Foxp3). T regs  
may occur naturally in the thymus or may be 
induced in peripheral lymphoid organs. T regs  are 
also identifi able by high level of expression of 
CD45RO, CTLA4 and glucocorticoid-induced 
tumour necrosis factor receptor (GITR), as well 
as low levels of CD127 and CD45RA. T regs  
suppress activation, proliferation and effector 
functions of T cells, NK cells, B cells and a range 
of APCs. Suggested mechanisms by which T regs  
induce suppressor activity include CTLA4-
mediated suppression of APCs, contact- induced 
suppression of effector T cells and secretion of 
TGF-β and IL-10. The translational potential of 
harnessing the suppressive effect of T regs  is under 
investigation in clinical trials of autoimmune 
diseases [ 37 ] where impaired T reg  response is 
implicated [ 38 ]; such an approach may be appli-
cable to AIP. T cell differentiation is tightly 
regulated as naïve T cells stimulated with TGF-β 
differentiate into T regs , but into T h 17 cells in the 
presence of both TGF-β and IL-6 [ 33 ].  

    B Cells in Infl ammation 

 B cell responses to antigenic stimulation may be 
T cell dependent or independent. In T cell- 
dependent responses, antigen taken up by B 
cells is processed and presented to T cells via 
MHC II in secondary lymphoid organs. Naïve B 
cells subsequently mature and undergo clonal 
expansion, somatic hypermutation, and class-
switch recombination. Naïve B cells are of IgM 
and IgD  isotypes. Class-switch recombination of 
Ig heavy chain permits B cells to produce 
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 antigenic- specifi c antibodies of different isotypes, 
while somatic mutation of Ig gene rearrange-
ments increases the antigen binding affi nity of 
the B cell receptor (BCR). As well as maturing 
into Ig-secreting plasma cells, naïve antigen-spe-
cifi c B cells also mature into memory B cells, 
allowing rapid induction of high levels of high 
affi nity IgG, IgA and IgE antibodies to be gener-
ated after a secondary antigen challenge. Class-
switch recombination is important for memory 
B cell generation and relies on interactions 
between T cell-expressed CD40L and B cell-
expressed CD40. 

 T cell-independent responses are induced by 
polymeric antigens such as LPS which activate 
B cells by cross-linking surface Ig molecules 
[ 39 ]. Most T cell-independent antibody 
responses do not involve somatic mutation, 
resulting in weak immune memory to T cell-
independent antigens. The emergence of self-
reactive clones of B cells is prevented by 
processes such as clonal deletion, receptor editing 
to less self-reactive ones and clonal anergy. 
Autoimmune responses by self- reactive B cells 
can also be inhibited by macrophage- secreted 
IL-6 and CD40L. Failings at these checkpoints 
allow expansion of memory B cell pools that 
promote autoimmunity [ 40 – 43 ]. B cells 
promote autoimmunity by producing patho-
genic autoantibodies, presenting antigen to 
autoreactive T cells, forming tissue-damaging 
immune complexes, secreting proinfl ammatory 
cytokines such as IL-2 and IFN-γ, as well as by 
ectopic neo-lymphogenesis [ 44 ]. Ectopic 
neo- lymphogenesis is de novo formation and 
maintenance of germinal centres in ectopic 
tissue sites thus amplifying local disease [ 45 ], 
frequently observed in AIP. B cells function as 
autoantigen- presenting cells in diabetic NOD 
mice [ 46 ]. B cell depletion by targeting the 
CD20 antigen, expressed by B cells at almost all 
stages of differentiation, is therapeutically ben-
efi cial in NOD mice with autoimmune diabetes 
[ 47 ] or in patients with rheumatoid arthritis 
[ 48 ]. B cells are also capable of inhibiting 
immune responses by producing IL-10 and 
TGF-β or promoting differentiation of T regs  [ 49 ].   

    Specifi c Changes of Autoimmunity 
in AIP 

 Evidence of autoimmune injury in AIP includes 
the presence of autoantibodies, lymphocyte 
infi ltration, association with specifi c HLA hap-
lotypes and associations with other immune 
infl ammatory diseases. Unlike classic autoim-
mune diseases, AIP affects males more com-
monly than females, and as previously 
mentioned, identifi ed autoantibodies are not 
completely specifi c for AIP. Rodent and dog 
models have increased our understanding of the 
immune process underlying AIP. Because of the 
clinical focus on antibodies in AIP with blood 
being far easier to sample than pancreatic tissue, 
I g G 4  and autoantibodies are discussed fi rst, even 
though it may be that T cell responses have a 
predominating role in the pathogenesis of AIP. A 
diagrammatic representation of the immune 
mechanisms that may contribute to AIP is given 
in Fig.  2.3 .

      IgG4 in AIP 

 Serum and pancreatic tissue elevations of 
I g G 4  occur in AIP [ 50 – 52 ]. The I g G 4  subclass 
accounts for only 3–6 % of total serum I g G in 
normal subjects and has signifi cantly higher 
concentrations in men than women [ 53 ]. The 
elevation of I g G 4  +  cells in AIP patients may be 
due to a global increase in the total number of 
infiltrating plasma cells (see Fig.  2.3 ) and not 
a preferential increase of I g G 4  +  plasma cells 
alone [ 54 ]. 

 Unlike other I g G subclasses, I g G 4  cannot bind 
C1q and is unable to activate the classic comple-
ment pathway [ 55 ]. Classic complement pathway 
activation, however, does occur in patients with 
AIP and is associated with elevated serum I g G 1  
[ 56 ]. Kawa et al. showed I g G 4  can undergo Fc-Fc 
binding interactions with I g G subtypes 1–3, which 
induces aggregation of I g  to form complexes; they 
speculated that the easier clearance of aggregate 
complexes terminates the infl ammatory process 
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  Fig. 2.3     Schematic representation of immune events in 
AIP . Autoimmune attack on pancreatic acinar and ductal 
cells in AIP begins with uncommitted CD4 +  T helper cells 
( T   h   0 ) experiencing an MHC-complexed autoantigen pre-
sented by antigen-presenting cells such as dendritic cells 
( DC ) in association with appropriate co-stimulatory sig-
nals. CXCL13- expressing DC may attract and undergo 
cognate interactions with CXCR5-expressing lympho-
cytes in AIP. T h 0 cells become activated and differentiate 
into T h 1, T h 2, T h 17, or T regs  depending on the nature of the 
antigen and the cytokines prevalent in the pancreatic 
microenvironment. T h 1, T h 2, T h 17, and T regs  are induced 
by IL-12, IL-4, TGF-β and IL-6 and TGF-β alone, respec-
tively. These T h  subsets drive immune reactions that are 
partly driven by the cytokines they produce. T h 2 cells 
drive B cell differentiation into autoantibody-producing 
plasma cells by producing IL-4, IL-10, and IL-13. Plasma 
cells produce autoantibodies directed against endocrine 
pancreatic antigens, thus acinar and ductal cells ( high-
lighted  within pancreas by  ellipse with dashed outline ). 

Production of antibodies by plasma cells leads to comple-
ment activation. T h 2 cytokine IL-5 promotes recruitment 
of eosinophils which may themselves secrete pro-fi brotic 
cytokines such as IL-4, IL-13, and TGF-β. The T h 1 cyto-
kine IFN-γ activates macrophages to secrete TNF-α 
which may activate acinar or endothelial cells, and IL-2 
promotes differentiation of cytotoxic T cells ( T   c  ). 
Aberrant MHC expression by pancreatic ductal cells ren-
ders them more susceptible to attack by T c , particularly 
CD8 +  T cells via granzyme- perforin or Fas-FasL path-
ways.    T h 17 cells produce IL-17A, IL-17F, IL-21 and 
IL-22 which promote germinal-centre formation, auto-
antibody secretion, induce B cell proliferation and differ-
entiation into I g -producing plasma cells. T regs  oppose 
the proinfl ammatory actions of other T cells and promote 
fi brosis by activating pancreatic stellate cells (PSC) to 
myofi broblasts via secreted TGF-β which binds to TGF-
βRI/II expressed by PSC. Steroids treat AIP by inhibiting 
DCs, complement activation and antigen-specifi c anti-
body production       

 

2 Immune Pathogenesis



16

[ 57 ]. I g G 1  is itself elevated in AIP, even in patients 
with normal I g G 4  [ 58 ]. I g G 4  is produced by human 
B cells stimulated with T h 2 cytokines IL-4 [ 59 ] 
and IL-13 [ 60 ], as well as by the T reg  cytokines 
IL-10 and TGF-β [ 61 ,  62 ]. 

 I g G 4  is uniquely able to perform ‘Fab-arm 
exchange’ in which random swapping of heavy 
and light chain pairs between I g G 4  molecules 
occurs leading to bi-specifi c antibodies (enabling 
cross-linking of non-identical antigens) which 
are anti-infl ammatory [ 63 ]. I g G 4  antibodies gen-
erated in I g E-mediated allergic responses are usu-
ally associated with tolerance-inducing 
mechanisms [ 64 ]. Bi-specifi c antibodies formed 
by ‘Fab-arm exchange’ are functionally monova-
lent (cannot cross-link identical antigens) despite 
being structurally hetero-bivalent and are thus 
less likely to form large immune complexes and 
have a low potential for inducing infl ammation. 
If large numbers of target and effector cells are 
present, binding by high levels of bi-specifi c anti-
bodies can lead to immunopathology as may 
occur in Wegener’s granulomatosis [ 65 ] and bul-
lous pemphigoid [ 66 ]. There are no data to sup-
port a causative role for I g G 4  in AIP, and 
expression of the pro-fi brotic cytokines TGF-β 
and PDGF-B is not affected by the I g G 4  status of 
AIP patients [ 9 ]. I g G 4  autoantibodies may simply 
be generated as a result of chronic autoimmune 
infl ammation and may not actually cause injury, 
but based on evidence to date including work that 
has shown I g G 4  in AIP can be an autoantibody 
[ 68 ], the possibility that I g G 4  either exacerbates 
or reduces the pathology of AIP cannot be 
discounted.  

    Autoantibodies in Human AIP 

 The targeting of infl ammatory damage to pancre-
aticobiliary ducts in AIP suggests antigens 
expressed by ductal epithelium are recognised by 
the immune system. Immune responses are elic-
ited following in vivo alteration of rat pancreatic 
ductal antigens by ductal infusion of trinitroben-
zene sulfonic acid (TNBS) which acts as a hapten 
[ 67 ]. The presence of organ-specifi c autoantibod-
ies in the serum of AIP patients is demonstrated 

by increased I g G 4  expression in normal tissue 
immunoreacted with sera from AIP patients, the 
increased I g G 4  expression being attenuated if 
serum was obtained from patients treated with 
corticosteroids [ 68 ]. 

 The most frequent autoantibodies detected in 
AIP patients are anti-lactoferrin (anti-LF) and anti-
carbonic anhydrase type II and/or IV (anti-CA-II 
or anti-CA-IV), which detect the candidate target 
antigens LF and CA [ 69 – 72 ]. A recent series of 26 
Japanese patients with AIP was reported in which 
90 % of patients’ sera were positive for either 
anti-CA-II or anti-LF and 30 % positive for both 
[ 73 ]. Carbonic anhydrase is also expressed by sali-
vary glands and kidneys and lactoferrin by breast, 
bronchial, salivary and gastric glands. Neither is 
specifi c for AIP as either or both can be detected in 
Sjögren’s syndrome [ 69 ], ulcerative colitis [ 74 ] 
and primary sclerosing cholangitis [ 75 ]. 

 Other autoantigens implicated in AIP are 
α-Fodrin and serine protease inhibitor Kazal-type 
1 (SPINK-1, also known as pancreatic secretory 
trypsin inhibitor or PSTI, mutations of which 
predispose to chronic pancreatitis). α-Fodrin 
expression is limited to AIP patients with associ-
ated Sjögren syndrome or sclerosing cholangitis 
[ 76 ], also an autoantigenic marker of Sjögren 
syndrome [ 77 ]. Autoantibodies to SPINK1 
detected in patients with AIP are of IgG1 subclass 
[ 73 ]. Screening of a human pancreas cDNA 
library with serum from a patient with AIP 
revealed clones identical to amylase α-2A [ 78 ] 
and heat shock protein 10 (HSP 10) cDNA [ 79 ]. 
Autoantibodies against amylase α-2A [ 78 ] and 
HSP 10 [ 79 ] have been detected in Japanese 
patients with AIP, and serum autoantibody titres 
were reduced by steroid therapy. 

 In a recently published study undertaken by 
Löhr et al. [ 80 ], a comprehensive genomics and 
proteomics approach to AIP extended our under-
standing through the fi nding that acinar cells and 
their protein components are targeted by the 
infl ammatory process. The loss of acinar cells 
was associated with elevated autoantibody titres 
against cationic and anionic trypsinogens (PRSS1 
and PRSS2) and SPINK-1; there was no differ-
ence in the fi ndings between both subtypes of 
AIP. These autoantibodies were found to have a 
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predictive accuracy of 80 % for distinguishing 
patients with AIP from those with non-AIP 
chronic pancreatitis, and an accuracy of 86 % for 
AIP patients versus healthy controls. The detec-
tion of these antibodies by ELISA may help to 
distinguish AIP from other types of pancreatitis 
such as alcoholic pancreatitis. 

 All the autoantigens identifi ed so far are 
expressed by pancreatic ducts and acini, in keeping 
with the histological injury observed in AIP. A list 
of the autoantibodies is given in Table  2.1 . These 
autoantibodies may arise from cell destruction or 
by epitope spreading of initial autoantigens.

       Cellular Responses in Human AIP 

 MHC class I (HLA-ABC) and II antigens 
(HLA-DR and HLA-DQ) are focally expressed 
by pancreatic ductal epithelium in AIP [ 81 – 83 ]. 
Aberrant expression of MHC I and MHC II by 
pancreatic ducts is seen in chronic pancreatitis 
[ 84 – 87 ]. In AIP, pancreatic duct cells may act as 
APC alongside dendritic cells to present MHC- 
complexed autoantigenic peptides to T cells. The 
chemokine CXCL13 and its receptor CXCR5 are 
expressed by cells in periductal and parenchymal 
areas of the pancreata of patients with AIP [ 54 ]. 
In tissues affected by autoimmune disease, 
CXCL13-expressing follicular dendritic cells 
and CXCR5-expressing naïve B or memory 
CD4 +  T cells are known to undergo cognate inter-
actions crucial for maintaining lymphocytic infi l-
trates and supporting germinal centres of 
lymphoid follicles [ 88 ]. 

 Polyclonal lymphocyte populations are detected 
in most patients with AIP, suggesting the immune 

response targets numerous antigens or numerous 
antigenic epitopes generated by  epitope spreading 
[ 51 ]. Similar polyclonal B cell activation produc-
ing I g M, I g G 1 , I g G 2  and I g G 4  plasma cells occurs in 
AIRE-defi cient NOD mice with AIP [ 89 ]. 

 In patients with AIP and coexistent cholangitis 
(autoimmune pancreato-cholangitis or AIPC), 
areas of pancreatitis and cholangitis are infi ltrated 
by large numbers of CD4 +  CD25 + T regs  [ 90 ]. The 
ratio of Foxp3 + /CD4 +  cells is higher in AIPC than 
in other autoimmune or non- autoimmune dis-
eases, and infi ltrating T regs  may produce IL-10 and 
TGF-β which are highly expressed in AIPC [ 90 ]. 
Local IL-10 will promote B cell switching to I g G 4 -
producing plasma cells, and TGF-β will activate 
pancreatic stellate cells (PSC) to myofi broblasts 
causing fi brosis. Interestingly, analysis of peri-
pheral blood IL-10 and TGF-β in AIP patients 
revealed no difference from healthy controls or 
non-AIP chronic pancreatitis [ 91 ]. Other studies 
have analysed peripheral T cell counts in AIP 
patients and demonstrated that T h 1 cells predomi-
nate over T h 2 cells [ 70 ] with a marked increase in 
CD4 +  and CD8 +  T cells expressing HLA-DR +  [ 70 ]; 
naïve T regs   (CD4+ CD25+ CD45RA+) are decreased 
while memory T regs  (CD4+ CD25+ CD45RA-) are 
elevated [ 91 ]. The increase of memory T regs  may 
refl ect the activation of T h 0 cells into effector and 
memory populations. However, it is diffi cult to rec-
oncile the contrasting data on T h 1/T h 2 cytokine 
profi ling in the pancreas [ 90 ] and in the peripheral 
blood [ 70 ] of AIP patients. 

 Circulating CD4 +  T cells expressing HLA-DR 
infi ltrate pancreatic ductal epithelium in AIP [ 82 , 
 83 ]. Although HLA-DR is mainly expressed by 
professional APCs, activated human T cells syn-
thesise and express MHC class II molecules [ 92 ]. 
In vivo activated human T cells express MHC 
class II and co-stimulatory molecules and may be 
able to present peptide antigens to bystander T 
cells. Antigen presentation by MHC class 
II-expressing T cells provides downregulatory 
signals to antigen-responding CD4 +  T cells [ 92 , 
 93 ]. This immunoregulatory role is emphasised 
by HLA-DR +  CD4 +  CD25 hi  natural T regs , which 
express the highest levels of Foxp3, rapidly 
induce strong suppression and exhibit low in 
vitro expansion capabilities [ 94 ,  95 ]. 

   Table 2.1    Autoantibodies identifi ed in patients with AIP   

 Autoantibody  References 

 Anti-lactoferrin (anti-LF)  [ 69 ] 
 Anti-carbonic anhydrase II or IV 
anti-CA-II or anti-CA-IV) 

 [ 68 – 71 ] 

 Anti   -α-Fodrin  [ 75 ] 
 Anti-amylase α -2A  [ 77 ] 
 Anti-heat shock protein 10 (anti-HSP 10)  [ 78 ] 
 Anti-cationic trypsinogen (anti-PRSS1)  [ 79 ] 
 Anti-anionic trypsinogen (anti-PRSS2)  [ 79 ] 
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 B cells may have a pro-fi brotic role in AIP. 
Peripheral blood B cells are recruited and acti-
vated due to repeated injury in sites of tissue 
fi brosis [ 96 ]. B cells secrete IL-4, IL-6 and IL-13 
which cause paracrine activation of PSC [ 96 – 98 ] 
or induce macrophages to secrete TGF-β causing 
paracrine activation of PSC [ 99 ,  100 ]. The spe-
cifi c role of tissue I g G 4  in AIP is uncertain, but it 
certainly does refl ect the large number of B cells 
recruited to the pancreas and to extrapancreatic 
sites such as the salivary glands and liver [ 101 ]. 

 The T h 2 cytokine IL-5 is expressed in tissue 
affected by AIP [ 90 ] and is an important stimu-
lus to eosinophilic infi ltration and activation 
[ 102 ]. The exact role played by eosinophils in 
AIP is uncertain, but they are capable of produc-
ing cytokines including IL-2, IL-3, IL-4, IL-5, 
IL-7, IL-13, IL-16, TNF-α, TGF-β and RANTES, 
as well as cationic proteins such as eosinophil 
cationic protein and reactive oxygen metabo-
lites. As in AIP, profound fi brosis also occurs in 
eosinophilic pancreatitis where there is heavy 
eosinophilic infi ltration of the pancreas [ 17 ]; 
eosinophilic pancreatitis may be an unusual 
variant form of AIP [ 103 ,  104 ]. Eosinophil-
derived mediators may activate PSC similar to 
their effect on fi broblasts during fi brosis else-
where [ 105 – 107 ].  

    Rodent AIP 

 Spontaneous or induced rodent models of AIP 
have contributed to the understanding of the 
immune pathogenesis of AIP. Spontaneous 
experimental rodent models of AIP include the 
following (see also the complete list in Table  2.2 ):
     (i)    MRL/Mp mice spontaneously develop AIP 

after 22 weeks of age. Their pancreata are infi l-
trated by CD4 +  T cells and macrophages with 
destruction of acini that are replaced by adi-
pose tissue [ 108 ]. Conplastic mouse strains 
containing the nuclear genome of MRL/MpJ 
mice and the mitochondrial genome of FVB/N 
mice (MRL/MpJ-mt FVB/N ) mice develop a more 
severe parenchymal destruction infl ammatory 
infi ltrate in the pancreas by 24 weeks of age 
compared with MRL/MpJ controls [ 109 ].   

   (ii)    Mice homozygous for aly (alymphoplasia) 
mutation lack lymph nodes and Peyer’s 
patches, show defects in humoral and cel-
lular immunity and spontaneously develop 
AIP after 14 weeks of age. Pancreatic acinar 
cells are destroyed by infi ltrating CD4+ T 
cells and replaced by adipose tissue, while 
islet cells are completely spared [ 110 ].   

   (iii)    Male Wistar Bonn Kobori (WBN/Kob) rats 
develop AIP spontaneously from 4 weeks 
of age marked by lymphocytic infi ltration 
and acinar destruction. Fibrosis begins 
from 8 weeks of age and is accelerated 
with increased infl ammatory cell infi ltra-
tion from 12 weeks of age. The pancreas 
is infi ltrated mainly by CD8 +  T cells 
expressing MHC I and II, serum I g G 2b  lev-
els are increased, peripheral blood T regs  
are reduced in count and extrapancreatic 
lesions exist [ 111 ].   

   (iv)    NOD mice are prone to autoimmune dis-
eases, but they do not spontaneously 
develop AIP. NOD mice with knockout of 
CD28 gene (NOD.CD28KO mice) show 
defective thymic development, mainte-
nance of peripheral T regs  and are predis-
posed to AIP. NOD.CD28KO mice 
transfused with islet-specifi c BDC2.5 T regs  
are protected from autoimmune islet 
injury but develop AIP from 8 weeks of 
age onwards. They show increasing infi l-
tration of the pancreas by CD4 +  T cells, 
initially periductally then progressively 
spreading to result in atrophy of acinar 
cells and replacement by adipose tissue at 
16 weeks. The inciting autoantigen was 
identifi ed as α-amylase, and injecting 
mice with tolerance- inducing amylase-
coupled splenic cells fi xed with 1-ethyl-3-
(3- dimethylaminopropyl)-carbodiimide 
(ECDI) has been shown to attenuate 
mononuclear cell infi ltration and exocrine 
pancreatic injury [ 112 ].   

   (v)    NOD mice lacking the tolerance-inducing 
autoimmune regulator (AIRE) gene show a 
shift in target autoantigen recognised by 
autoreactive T cells from islet-expressed 
antigen to acinar cell-expressed pancreas- 
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specifi c protein disulfi de isomerase (PDIp) 
which protects AIRE-defi cient NOD mice 
from autoimmune diabetes and induces 
spontaneous AIP [ 89 ]. Mice show pancre-
atic lymphoid cell infi ltration starting at 
2 weeks of age progressing to intense lym-
phocytic infi ltration of acini that are com-
pletely destroyed and replaced with adipose 
tissue by 8–12 weeks after birth, leaving β 
cell islets and pancreatic ducts relatively 
well preserved [ 89 ].   

   (vi)    HLA-DR*0405 transgenic Ab0 NOD 
develop spontaneous AIP by 18 weeks of 
age or earlier with periacinar leukocytic 
infi ltration and destruction of acini, which 
are replaced by adipose tissue. 
HLA-DR*0405 transgenic Ab0 mice have 
near-normal CD4 +  T cell count and func-
tion, unlike Ab0 mice which are severely 
defective. These mice additionally show 
acinar-to-ductal metaplasia with loss of aci-
nar zymogen granules and formation of 
ductular structures, but the islet cells are 
preserved [ 113 ].   

   (vii)    C57BL/6 mice with conditional knockout 
of TGF-β type 2 receptor (TGF-βR2) in 
S100A4+ cells (TGF-βR2 fspKO  mice) show 
acinar metaplasia with infi ltration by mac-
rophages and T cells by 6 weeks of age, 
although islet cells are spared [ 114 ].    

  Induced models of AIP include the following:
    (i)    MLR/Mp mice treated with poly-

inosinic:polycytidylic acid (poly I:C) 
develop AIP earlier at 18 weeks [ 115 ,  116 ], 
and mice treated with IFN-γ show more 
prominent leukocyte infi ltration and wors-
ened histological injury [ 117 ]. Of note poly 
I:C-treated mice show elevated anti-PSTI 
but not anti-CA-II or anti-LF autoantibody 
titres and also elevated serum I g G 1  and I g G 2b  
though not I g G 4  [ 116 ].   

   (ii)    Neonatally thymectomised BALB/c mice 
immunised with CA-II or LF antigens 
develop AIP with CD4 +  T cells infi ltration 
of infl amed ductal or periductal areas and 
apoptotic ductal or acinar cells. Neonatally 
thymectomised mice lack peripheral T regs  
and are prone to autoimmunity. This was the 

fi rst model to show AIP can be induced by 
treatment with autoantibodies and greatly 
strengthens their pathogenic role. Adoptive 
transfer of splenic T cell subsets from 
immunised to nude mice identifi ed CD4 +  T 
cells as the effectors of immune damage in 
recipient mice. Insulitis was not induced by 
immunisation with CA-II or LF or by lym-
phocyte transfer [ 118 ].   

   (iii)    Young B6 mice develop AIP 4 weeks after 
being infected with the LP-BM5 murine leu-
kaemia retrovirus (MuLV) in addition to 
becoming profoundly immunodefi cient, but 
islets are relatively preserved. Increasing leu-
kocytic infi ltration, initially seen around the 
pancreatic ducts with later involvement of 
the acini, causes acinar cell destruction peak-
ing at 12 weeks after infection. A paucity of 
TUNEL-positive acinar cells suggests apop-
tosis is not the main mechanism of acinar 
cell death in this model, although lympho-
cytes undergo apoptosis, which may repre-
sent activation-induced cell death [ 119 ].   

   (iv)    Adoptive transfer of amylase-specifi c acti-
vated CD4 +  T cell lines induces diffuse AIP 
in recipient DA(RP) rats, though less severe 
in Lewis rats. T cell lines specifi c for either 
CA-II or LF, however, did not induce AIP in 
DA(RP) rats [ 120 ].     

 Table  2.2  lists the various models of autoim-
mune pancreatitis so far described. Autoantigens 
thus so far identifi ed in murine studies include 
pancreatic amylase [ 112 ,  120 ], CA-II and LF 
[ 118 ], PDIp [ 89 ] and PSTI [ 116 ].  

    Canine AIP 

 A naturally occurring form of autoimmune 
chronic pancreatitis has been described in the 
English cocker spaniel (ECS) which develops 
pancreatic duct-centric immune damage with 
systemic manifestations, such as by keratocon-
junctivitis sicca and autoimmune polyarthritis. 
Histology of the pancreas in affected dogs shows 
duct destruction associated with periductal and 
perivenular infi ltration by T cells and progres-
sive interlobular fi brosis [ 121 ]. Affected dogs 
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often develop exocrine and endocrine insuffi -
ciency in end-stage disease, but neither serum 
nor tissue I g G subsets were measured in these 
studies. Autoimmune disease in ECS is associ-
ated with the dog leukocyte antigen system 
[ 122 ], but similar canine HLA association stud-
ies in AIP are lacking. German Shepherd dogs 
and rough- coated Collies also develop a distinct 
juvenile onset autoimmune-mediated atrophic 
 lymphocytic pancreatitis with autoantibodies 
directed against acini. Their pancreata are infi l-
trated by lymphocytes and acini are destroyed 
causing exocrine insuffi ciency, but ductal epi-
thelial cells are not targeted. Typically CD8 +  T 
cells predominate in areas of parenchymal 
destruction and destroyed acini of dogs are 
replaced by fat, but islets are relatively spared as 
seen in some rodent models of AIP, such as 
homozygous aly mice described in the preceding 
section [ 123 ,  124 ]. 

 The burning question is to what extent these 
animal fi ndings are relevant to, or can be trans-
ferred to, the human situation. There are likely to 
be signifi cant insights from each species that 
could be applied to all. The dog has been sug-
gested as a better model of pancreatic disease 
than rodents because the anatomy and function of 
the canine pancreas is more similar to humans 
[ 125 ], justifying very much further study to 
improve the management of AIP, not just in dogs 
but also in humans.  

    TGF-Β: Immunomodulator 
and Pro-fi brotic Factor in AIP 

 TGF-β signalling is essential for maintaining 
normal immune homeostasis of pancreatic acinar 
and ductal cells; indeed TGF-β1, TGF-β2 and 
TGF-β3 are highly pleiotropic cytokines that 
almost all cells secrete. Mice overexpressing a 
dominant-negative mutant form of TGF-β type 2 
receptor under the infl uence of the pS2 promoter 
(which functionally inactivates TGF-β signalling 
selectively in pancreatic acinar and ductal cells) 
are more susceptible to developing autoimmune- 
mediated pancreatitis induced by caerulein injec-
tions [ 126 ]. Autoimmunity during pancreatitis in 

these mice is suggested by serum I g G and I g M 
autoantibodies targeting pancreatic acinar cells 
and ductal epithelial cells [ 126 ]. These transgenic 
mice show markedly increased MHC class II 
expression in the pancreatic acinar cells that 
enhances APC-T cell interactions during pancre-
atitis [ 126 ]. 

 Adoptive transfer of TGF-βR2-defi cient den-
dritic cells (DC) from TGF-βR2 fspKO  mice induced 
AIP in syngeneic wild-type mice in vivo and 
caused enhanced T cell activation during in vitro 
assays using ovalbumin antigen, likely due to 
enhanced maturation of DCs in response to anti-
gen [ 120 ]. 

 TGF-β is crucial for transforming PSC into 
proliferating myofi broblasts [ 127 ,  128 ] and is 
expressed alongside its receptor in AIP tissue. In 
pancreatic tissue specimens from patients affected 
by AIP, macrophages express the TGF- β1 pro-
peptide called latency-associated peptide (LAP) 
[ 9 ]; pancreatic ductal cells and infi ltrating mono-
nuclear cells express TGF-β1 itself [ 129 ], while 
myofi broblasts and ductal cells express TGF-βR2 
[ 9 ]. TGF-β and other pro-fi brotic cytokines 
including PDGF-B transform PSC into myofi bro-
blasts causing intense periductal fi brosis [ 9 ].   

    Potential Triggers of Disease 

    Effect of Immunological Genotype 
on AIP 

 The occurrence and outcome of AIP is associated 
with genetic factors within and outside the major 
histocompatibility complex (MHC). Polypeptide 
chains encoded by MHC I genes are HLA-A, 
HLA-B, HLA-C, HLA-E, HLA-G and HLA-F 
(all belong to human leukocyte antigen or HLA 
class I), and those encoded by MHC II genes are 
HLA-DR, HLA-DQ and HLA-DP (all HLA class 
II). DR and DQ subregion genes are closely 
linked and usually inherited together such that 
DR and DQ alleles form stable haplotypes in the 
population; α and β denote functional genes, 
while ψ denotes non-functional genes. A dia-
grammatic representation of potential triggers of 
AIP is given in the summary (Fig.  2.4 ).
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   Molecular genotyping of 40 Japanese patients 
with AIP showed that HLA haplotype 
DRβ1*0405-DQβ1*0401 is associated with AIP 
[ 130 ], and this was confi rmed in a more recent 
study of 15 Japanese patients with AIP [ 78 ]. 
Another study of 43 Japanese patients with AIP 
showed that in addition to the haplotype HLA- 
DRβ1*0405-DQβ1*0401 of HLA class II, there 
also exists a susceptibility region that includes 
the C3-2-11 microsatellite located between 
HLA-A and HLA-E genes in the HLA class I 
region [ 131 ]. However, no mutual association 
was found between HLA-DRB1*0405- 
DQB1*0401 and the C3-2-11 microsatellite 
region suggesting these are two distinct genetic 
susceptibility factors for AIP. Susceptibility con-
ferred by HLA-DR*0405 in man is reproduced in 

HLA-DR*0405 transgenic Ab0 NOD mice that 
develop spontaneous AIP closely mimicking 
human disease [ 113 ]. The association of AIP and 
the DRB1*0405 allele may be explained by link-
age disequilibrium with promoter polymor-
phisms in nuclear factor kappa light polypeptide 
gene enhancer in B cells inhibitor-like 1 
(NFκBI-L1), which may represent a true 
 susceptibility allele as it has crucial roles in 
infl ammation and immunity [ 131 ]. The HLA-
DRB1*0405-DQB1*0401 haplotype is also 
linked with autoimmune type 1 diabetes in 
Japanese patients [ 132 ]. 

 Susceptibility MHC alleles were not found in 
a study of 40 Korean patients with AIP, but it 
was demonstrated that the HLA DQB1*0302 
allele showed a signifi cant association with the 

Molecular mimicry 2º to
bacterial or viral infection

Genetic predispostion
2º to HLA haplotype

Autoantibodies

Damage to exocrine
Pancreas

Recruitment and activation of
inflammatory cells, cytokine release

and aberrant MHC expression

Stellate cell activation
and pancreatic fibrosis ?β-islet cell damage

Systemic manifestations

  Fig. 2.4     Overview of mechanisms leading to injury in 
AIP . Triggers, such as molecular mimicry and genetic 
susceptibility, lead to the expression of autoantigenic epi-
topes and subsequently the production of autoantibodies 
that target the exocrine pancreas. Pancreatic injury gener-
ates a cytokine milieu that recruits infl ammatory cells 
which become activated to secrete cytokines and cause 

further damage. Pro-fi brotic cytokines activate pancreatic 
stellate cells leading to fi brosis. Activated immune cells 
and cytokines entering the circulating blood may partly 
account for the systematic manifestations of AIP. β-islet 
cells may be damaged by surrounding fi brosis, but it is 
recognised that AIP and autoimmune diabetes share sus-
ceptibility haplotypes       
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relapse of AIP [ 133 ], and amino acid sequencing 
identifi ed a single-nucleotide substitution of 
aspartic acid to non-aspartic acid at position 57 
of the DQβ1 residue [ 133 ]. HLA susceptibility 
haplotypes may alter antigen presentation to T 
cells, enhancing responses following antigen 
recognition and promoting development of 
autoimmunity. 

 Polymorphisms of alleles 110G and 110A/A 
of Fc-receptor-like 3 (FCRL3) gene, which 
belongs to the Fc-receptor-like family of genes 
that bear homology with classical Fcγ receptor 
genes, have also shown association with AIP in a 
study of 59 Japanese patients [ 134 ]. Although 
independently associated with AIP, no associa-
tion was found between FCRL3-110 alleles and 
the HLA DRB1*0405-DQB1*0401 haplotype 
[ 134 ]. FCRL3 gene is located on chromosome 
1q21 and encodes a glycoprotein of unknown 
function, but is suspected to play a role in 
immune regulation as it contains intracellular 
domain tyrosine-based activation and inhibition 
motifs [ 135 ]. The majority of FCRL3 is 
expressed in germinal-centre centrocytes that are 
the precursors of B cells. An effect on B cell 
development may explain the positive correla-
tion between the number of polymorphisms of 
FCRL3 susceptibility alleles and serum I g G 4  
concentrations in patients with AIP [ 134 ]. 
FCRL3 is expressed on B cells, and single-
nucleotide polymorphisms (SNP) within the 
FCRL3 gene are associated with susceptibility to 
rheumatoid arthritis, autoimmune thyroiditis and 
systemic lupus erythematosus, possibly linked to 
altered binding affi nity of the transcription factor 
NF-κB [ 136 ]. FCRL3 may actually be a true sus-
ceptibility gene for AIP as it causes T reg  dysfunc-
tion that promotes loss of self-tolerance and 
onset of autoimmunity [ 137 ]. 

 Genes encoding non-MHC proteins such as 
cytokines may also affect susceptibility to AIP. 
There is a lower relative risk of disease resulting 
from these non-MHC genes compared with the 
disease-associated MHC haplotypes. CTLA-4 is 
a key negative regulator of the T cell immune 
response. The G/G genotype of a CTLA-4 SNP 
at position +6230 increased susceptibility to AIP 
(OR 2.48) in a study of 59 Japanese patients with 

AIP [ 138 ]. The +6230A/A genotype was found 
to be associated with AIP resistance (OR 0.49) 
but was associated with an enhanced risk of 
relapse, as was the +49A/A genotype (OR 5.45 
and 12.66, respectively) [ 138 ]. Serum soluble 
CTLA-4 levels were found to be signifi cantly 
higher in patients with AIP but showed no corre-
lation with +6230 alleles [ 138 ]. CTLA-4 49A 
polymorphisms and the -318C/+49A/CT60G 
haplotype increased susceptibility to AIP in 
Taiwanese patients [ 139 ]. CTLA-4 polymor-
phisms may induce susceptibility to AIP by caus-
ing loss of self-tolerance. Adenine to guanine 
polymorphism at position +49 of exon 1 of 
CTLA-4 (CTLA4 +49A/G) is also associated 
with increased susceptibility to autoimmune thy-
roiditis and type 1 diabetes [ 140 ]. 

 Polymorphisms of TLR4 [ 141 ] and the TNF-α 
promoter gene [ 131 ] were shown to have no asso-
ciation with susceptibility to AIP in Japanese 
patients. Polymorphism of the TNF-α promoter 
-863A, however, was found to be associated with 
extrapancreatic disease including nephritis, 
lymphadenopathy, thyroiditis and hepatitis in 
Taiwanese patients with AIP [ 139 ].  

    Molecular Mimicry 

 Molecular mimicry, a mechanism by which 
pathogens can induce autoimmune disease, is the 
development of cross-reactivity to a self-peptide 
that may arise during the immune response to a 
foreign peptide. An allogeneic peptide-MHC 
complex may resemble a self-peptide-MHC 
complex, which can lead to cross-reactivity by 
lymphocytes. Although the cross-reactivity of 
lymphocytes with an array of antigens allows 
response to diverse pathogens, cross-reactivity 
with self-antigens is inappropriate and breaks 
down immune tolerance. AIP may arise from 
protracted or repeated exposure to indigenous 
etiologic agents that can break self-tolerance, by 
activating CD4 +  T cells because of incomplete 
specifi city, or the regulation of specifi city, of T 
cell antigen receptors, leading to expansion of 
cytotoxic T cells and antigen-sensitised plasma 
cells that produce autoantibodies. 
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  Helicobacter pylori  ( H. pylori ) is strongly 
associated with peptic ulceration and is suggested 
to be a pathogenic trigger of AIP [ 142 ]. Gastric 
peptic ulcers infi ltrated by abundant I g G 4 -bearing 
plasma cells occur more frequently in patients 
with AIP compared to non-diseased controls or 
patients with non-autoimmune CP [ 143 ,  144 ], 
and it has recently been proposed that AIP-related 
gastritis is added to the list of I g G 4 -related scle-
rosing diseases [ 145 ]. In considering the poten-
tial role of  H. pylori  as a trigger of molecular 
mimicry, it must be acknowledged that AIP- 
related gastric ulcers also occur in the absence of 
 H. pylori  [ 144 ,  145 ]. 

 The role of  H. pylori  in causing AIP by molec-
ular mimicry is supported by the signifi cant 
homology that exists between human carbonic 
anhydrase type II and an important  H. pylori  sur-
vival enzyme called α-carbonic anhydrase 
(α-CA), with the binding motif of the AIP sus-
ceptibility allele HLA DRB1*0405 also being 
present in the homologous segment [ 146 ]. This 
suggests that  H. pylori  may trigger AIP in geneti-
cally predisposed individuals [ 146 ]. Direct bacte-
rial infection of the pancreas by  H. pylori  as part 
of molecular mimicry is unlikely because  H. 
pylori  DNA is not detectable in the pancreas of 
patients with AIP [ 147 ]. 

 Screening of serum specimens from 35 AIP 
patients identifi ed a peptide called AIP1-7 bear-
ing sequence homology to the  H. pylori  peptide 
plasminogen-binding protein (PBP) and also to 
the pancreatic acinar enzyme ubiquitin-protein 
ligase E3 component n-recognin 2 (UBR2) [ 52 ]. 
Anti-PBP antibodies were detected in nearly all 
screened patients, raising the possibility that 
molecular mimicry due to homology of URB2 
with PBP drives acinar damage [ 52 ]. 

 Mice treated with avirulent  Escherichia coli  
for 8 weeks develop delayed onset AIP with lym-
phoplasmacytic infi ltration and anti-CA, anti-LF 
and antinuclear autoantibodies. The authors of 
the aforementioned study speculated that host 
self-antigen(s) may act as molecular mimics of 
 Escherichia coli , stimulating host immune 
response in this model [ 148 ]. Gastric  Helicobacter  
species (not pylori) are also detected in most 
dogs [ 149 ] and may drive molecular mimicry 
during AIP in dogs.   

    Action of Corticosteroids in AIP 

 The clinical symptoms of AIP are readily relieved 
by steroid therapy in the majority of patients 
[ 50 ]. Corticosteroids signifi cantly lower the 
relapse of AIP [ 150 ], as achieved by other immu-
nosuppressants such as azathioprine and myco-
phenolate [ 151 ]. 

 Corticosteroids inhibit antigen-specifi c anti-
bodies, but the relative amounts of total I g G 4  in 
human peripheral blood mononuclear cells can 
increase after steroid therapy [ 152 ]. The differ-
ential effect of corticosteroids on circulating 
specifi c and total I g  isotype formation is due to 
suppression of antigen-specifi c lymphocyte 
responses that does not reduce total I g G 4  produc-
tion. The number of pancreatic I g G 4  +  plasma 
cells, however, is reduced by corticosteroids 
[ 153 ]. Such therapy also signifi cantly decreases 
serum immune complex concentrations in AIP 
patients, most likely by inhibiting the classic 
complement pathway, as mannose-binding lec-
tin levels are unaffected by corticosteroid ther-
apy [ 56 ]. Corticosteroids may also reduce 
antigen presentation to lymphocytes in AIP, as 
this therapy signifi cantly decreases the number 
of peripheral myeloid and CD123 +  plasmacytoid 
DC [ 91 ]. 

 Although corticosteroids enhance differentia-
tion of T regs  [ 154 ], the number of peripheral 
CD4 + CD25 hi  T regs  in AIP patients treated with 
corticosteroids remains unaffected, but this may 
be related to the dosage used [ 91 ]. In vitro assays 
show corticosteroids reduce expression of 
ICAM-1 and E-selectin on human umbilical vein 
endothelial cells stimulated with LPS, suggesting 
corticosteroids attenuate immune cell recruit-
ment during infl ammation [ 155 ]. 

 Corticosteroids support pancreatic function 
by correcting CFTR localization to the apical 
membrane of pancreatic duct cells, restoring 
HCO 3  -  secretion, and by promoting the regen-
eration of acinar cells, improving digestive 
enzyme secretion [ 153 ]. While the above effects 
of corticosteroids are advantageous, there are 
many well-known disadvantages, including a 
lack of effect on some areas of fi brotic tissue 
injury damage and major side effects. 
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 The search for greater understanding of the 
pathogenesis of AIP will help inform the devel-
opment of new therapies, which can sensibly 
draw upon novel approaches under development 
for other autoimmune diseases. To maximise the 
potential for progress, the pancreatic community 
should be ready to adopt developments from both 
within and outside, whether in basic or clinical 
research. Advances are likely to occur faster if 
committed centres collaborate, including with 
industry, to explore applications of new mole-
cules and trial new treatments.  

    Learning Points 

     1.    Autoimmune pancreatitis (AIP) is typically 
recognised as a distinct form of chronic pan-
creatitis with key features of diffuse lympho-
plasmacytic infi ltration and chronic 
infl ammatory sclerosis of the pancreas asso-
ciated with hypergammaglobulinaemia.   

   2.    The two predominant patterns of AIP are 
lymphoplasmacytic sclerosing pancreatitis 
(LPSP or type 1) with elevated tissue and 
serum expression of IgG4 and idiopathic 
duct-centric pancreatitis (IDCP or type 2) 
with granulocyte epithelial lesions.   

   3.    Both acinar and ductal cells are the targets of 
autoantibodies in AIP; islets are most likely 
attacked in more advanced disease through 
epitope spreading. Polyclonal lymphocyte 
populations suggest numerous antigenic epi-
topes are targeted.   

   4.    I g G 4  may be induced by IL-4, IL-13, IL-10 or 
TGF-β and may serve an anti-infl ammatory 
role because of its ability to undergo Fab- 
arm exchange.   

   5.    Pancreatic stellate cells may be transformed 
into myofi broblasts by the important regula-
tory cytokine TGF-β family or by IL-4, IL-6 
and IL-13 produced by T regs  and B cells or 
by mediators secreted by infi ltrating 
eosinophils.   

   6.    Autoantigens identifi ed in patients with AIP 
include lactoferrin, carbonic anhydrase types 
II and IV, SPINK-1 (PSTI), α-Fodrin, amy-
lase α-2A and anti-HSP 10; those in rodents 

with AIP include lactoferrin, carbonic 
 anhydrase type II, PSTI, amylase and PDIp. 
Pancreatic digestive enzymes have been 
identifi ed as important autoantigens that may 
provide the basis for more sensitive and spe-
cifi c diagnostic tests.   

   7.    Fibrosis usually occurs following exocrine 
damage in man; however, some rodents and 
dogs show replacement of destroyed paren-
chyma with adipose tissue.   

   8.    Individual genotypes can increase susceptibil-
ity to AIP (HLA-DRβ1*0405- DQβ1*0401, 
C3-2-11 microsatellite, FCRL3 and CTLA-4 
gene polymorphisms), relapse of AIP (HLA 
DQB1*0302, CTLA-4 polymorphism) or 
resistance to AIP (+6230A/A genotype of 
CTLA4).   

   9.    Homology between carbonic anhydrase type 
II and α-carbonic anhydrase as well as 
between URB2 and PBP of humans and  H. 
pylori , respectively, implicates  H. pylori  as a 
pathogen that may trigger AIP through 
molecular mimicry.   

   10.    Steroid therapy inhibits antigen-specifi c 
antibodies, classic complement pathway 
activation and dendritic cells. Increasing 
understanding of AIP will assist efforts to 
develop new and improved therapies, more 
likely to accelerate through collaboration 
between committed centres and with 
industry.         
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           Defi nition of Type 1 and Type 2 AIP 

 Type 1 autoimmune pancreatitis    (AIP) is defi ned 
as a pancreatitis with unique morphological fea-
tures of diffuse or segmental/focal enlargement 
of the pancreas and narrowing of short segment 
or entire length of the MPD, serologically the 
elevation of serum IgG4, histologically lympho-
plasmacytic sclerosing pancreatitis (LPSP), and 
an association of various extrapancreatic lesions. 

 Type 2 AIP is defi ned by the histological fi nd-
ings of idiopathic duct-centric pancreatitis 
(IDCP) or granulocytic epithelial lesions (GELs). 
Type 2 AIP shows imaging fi ndings and response 
to steroids similar to type 1 AIP but lacks sero-
logical biomarker and is occasionally compli-
cated with infl ammatory bowel disease (IBD).  

    Clinical Features 

 The clinical and pathological features of AIP are 
summarized below, and they are compared 
between type 1 and type 2 AIP (Table  3.1 ).

     1.    Symptoms    
  As the initial symptoms, type 1 AIP patients 
have obstructive jaundice in 33–59 %, 
abdominal pain in 32 %, back pain in 15 %, 
weight loss in 15 %, and appetite loss and 
general fatigue in about 10 % each. Fifteen 
percent of patients are asymptomatic [ 1 ]. 
Abdominal pain is usually absent or mild to 
moderate if present, and severe pain like 
acute pancreatitis is rare. Since AIP develops 
frequently in elderly males with painless 
obstructive jaundice, mild abdominal pain, 
or nonspecifi c symptoms such as weight loss 
and appetite loss, differentiation between 
AIP and pancreatobiliary malignant tumors 
is very important [ 2 ]. Type 2 AIP patients are 
more likely to show more severe pain resem-
bling acute pancreatitis than type 1 AIP 
(46.2 % vs. 11.1 %) [ 3 ].

    2.    Imaging    
  Imaging fi ndings of type 1 and type 2 AIP 
are essentially similar, although pancreatic 
swelling is more frequently diffuse type in 
type 1 compared with type 2 AIP [ 3 ].
    (a)     Ultrasound (US), Endoscopic US (EUS), 

and Intraductal US (IDUS)  
 The US imaging of typical AIP is diffuse 
enlargement of the pancreas showing a 
homogenously hypoechoic pattern, 
occasionally scattered with tiny bright 
spots. The imaging is called “sausage-
like” [ 1 ,  4 ,  5 ] (Fig.  3.1a  ,  b). In cases of 
segmental/focal enlargement, the US 

         T.   Shimosegawa ,  M.D.       (*) 
  Department of Gastroenterology , 
 Hohoku University Hospital ,   1-1 Seiryo-machi, 
Aoba-ku ,  Sendai, Miyagi ,  Japan   
 e-mail: tshimosegawa@int3.med.tohoku.ac.jp  

  3      Overview of Types 1 and 2 

            Tooru     Shimosegawa    



32

   Table 3.1    Comparison of clinical features between type 1 and type 2 AIP   

 Type 1  Type 2 

 Age  50–70 y.o.  20–40 y.o. 
 Presentation  M > F  M = F 
 Imaging  CT/MRI  Diffuse/segmental/focal enlargement 

of the pancreas 
 Mass forming > diffuse enlargement 

 ERP  Irregular narrowing of the MPD 
(diffuse/segmental/focal) 

 Irregular narrowing/obstruction of the MPD 

 PET  Pancreas/extrapancreatic lesions  Pancreas 
 Serology  IgG4, IgG, ANA, RF  – 
 Histology  LPSP  IDCP/GELs 
 OOI  Sclerosing cholangitis  UC 

 Sclerosing sialadenitis  Crohn’s disease 
 Retroperitoneal fi brosis 
 Tubulointerstitial nephritis 

 Therapy  PSL  PSL 

  Fig. 3.1    US imaging of the pancreas in a patient with 
AIP. The swollen pancreas before treatment ( a ) showed 
“sausage- like” appearance with homogeneously low-

echoic pattern. Diffuse enlargement of the pancreas 
was improved remarkably in response to steroid treat-
ment ( b )       

imaging may show a relatively clearly 
margined hypoechoic lesion that is 
sometimes diffi cult to differentiate from 
pancreatic cancer (PCa) [ 5 ]. The EUS 
fi ndings of AIP are essentially the same, 
although the involved area can be seen 
more clearly [ 5 ].

   US is useful to detect wall thicken-
ing of the biliary tract, the fi nding char-
acteristic for sclerosing cholangitis, an 

extrapancreatic lesion seen in approxi-
mately 60 % of AIP patients. The wall 
thickening is detected chiefl y in the 
common bile duct, occasionally spread-
ing to the gallbladder and even to the 
intrahepatic bile ducts [ 6 ]. Examination 
by the IDUS reveals thickening of the 
inner hypoechoic zone of the bile duct 
wall, with the outer hyperechoic zone 
being preserved [ 7 ] (Fig.  3.2a–d ).
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  Fig. 3.2    IDUS fi ndings of sclerosing cholangitis complicated to AIP. The respective IDUS imaging in the left panels 
( a – c ) corresponds to the line markers on the cholangiogram in the right ( d )       

       (b)     Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI)  
 The CT fi nding of AIP is characterized 
by the delayed enhancement of the swol-
len pancreas on dynamic CT [ 8 ] 
(Fig.  3.3a, b ). Irrespective of diffuse or 
segmental/focal enlargement, the 
involved area shows slightly low density 
compared with the uninvolved area in 
early imaging and increases the  density 
in delayed phases. A very unique fi nding 

of AIP is a low-density marginal zone in 
the periphery of the pancreas called 
“capsule- like rim” which may indicate 
fi bro- infl ammatory changes of peripan-
creatic area [ 8 ] (Fig.  3.3a ).

   In the MRI, the involved area of the 
pancreas typically shows signals lower 
than the liver in T1-weighted imaging. The 
signal intensity in T2-weighted imaging is 
variable depending on the fi brosis [ 8 ] 
(Fig.  3.4a–d ). The characteristic fi nding 
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of AIP on dynamic MRI is a delayed 
enhancement of the involved area. The 
“capsule-like rim” can be shown in 
T2-weighted images as a low signal 
structure which is enhanced in a delayed 
manner [ 8 ] (Fig.  3.4c, d ). At present, 
MRCP is considered to have insuffi cient 

resolution for the visualization of MPD 
narrowing in AIP.

       (c)     Endoscopic Retrograde Cholangiopanc-
reatography (ERCP)  
 One of the most characteristic fi ndings 
of AIP is the diffuse or segmental/
focal, irregular narrowing of the MPD 

  Fig. 3.4    MR imaging of the pancreas in a patient with 
AIP. The T1-weighted imaging ( a ,  b ) shows the swollen 
pancreas with slightly low signal intensity compared with 

the liver. “Capsule-like rim” is clearly seen in the 
T2-weighted imaging as marginal low signal area in the 
periphery of the pancreas (d,  arrows )       

  Fig. 3.3    Dynamic CT imaging of the pancreas in patients 
with AIP. Diffuse enlargement ( a ) and focal swelling ( b ) 
of the pancreas in AIP patients. The swollen pancreas 

shows a low-density rim-like structure ( arrowheads  in  a  
and  b ) in the periphery of the pancreas called “capsule-
like rim”       
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  Fig. 3.5    ERP imaging of diffuse-type and localized-type 
AIP. The main pancreatic duct (MPD) shows diffuse nar-
rowing with irregular wall ( a ). The localized type shows 

MPD narrowing in a short segment in the pancreas body 
( arrows ), but the upstream MPD does not show remark-
able dilatation ( b )       

  Fig. 3.6    Bile duct stricture at the liver hilum due to scle-
rosing cholangitis complicated to AIP. Severe stricture at 
the hepatic hilum before treatment with PSL ( white 

arrows  in  a ) was remarkably ameliorated in response to 
steroid treatment ( white arrows  in  b )       

on pancreatogram. Typically, the duct 
narrowing spans more than 1/3 of the 
entire pancreatic duct or occurs as 
multiple segmental narrowing [ 9 – 11 ] 
(Fig.  3.5a ). Characteristically, even in 
the case of short-segment narrowing, the 
upstream MPD usually does not show 
remarkable dilatation, an important 
sign to differentiate AIP from PCa [ 12 ] 
(Fig.  3.5b ). Up to 80 % of AIP patients 
show biliary stenosis in any site of the 
extra or intrahepatic biliary tract, most 
frequently occurring in the lower part 
of the common bile duct [ 13 ]. The 
hilar biliary duct lesions in AIP patients 
are occasionally diffi cult to differentiate 

from bile duct carcinoma [ 12 ,  13 ] 
(Fig.  3.6a, b ).

        (d)     [   18    F]Fluorodeoxyglucose Positron 
Emission Tomography (FDG-PET)  
 In AIP patients, FDG is taken up strongly 
in the involved area of the pancreas, 
which disappears quickly in response to 
steroid treatment [ 14 ]. Although the 
FDG-PET is unable to differentiate AIP 
from PCa, it is helpful to detect the sys-
temic distribution of extrapancreatic 
lesions of AIP [ 15 ,  16 ] (Fig.  3.7a, b ).

         3.    Serology    
  Type 1 AIP is characterized by the elevation 
of serum IgG4. According to the original 
report by Hamano H et al., serum IgG4 alone 
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is an excellent marker with high accuracy 
(97 %), sensitivity (95 %), and specifi city 
(97 %) for the differentiation of AIP from 
PCa [ 17 ]. However, Ghazale A et al. reported 
that 13 out of 135 PCa patients (10 %) 
showed slight elevation of serum IgG4 and 
called attention to overconfi dence on IgG4 as 
it is not a disease-specifi c marker [ 18 ]. Other 
than IgG4, serum γ-globulin and IgG can be 
used for the evaluation of disease activity, 
response to steroids, and prediction of 
recurrence. 

 Various antibodies appear in the sera of 
type 1 AIP patients. Representatives include 
anti- lactoferrin antibody (ALF), anti-car-
bonic anhydrase II antibody (CA-II), anti-
nuclear antibody (ANA), anti-pancreatic 
secretory trypsin inhibitor (PSTI) antibody, 
and rheumatoid factor (RF) with the respec-
tive frequency for the appearance of 75 %, 

55 %, 60 %, 30.8 %, and 20–30 % [ 19 ,  20 ]. 
In differentiation from PCa, the sensitivity, 
specifi city, and accuracy of ANA are 58 %, 
79 %, and 67 %, respectively, while those of 
RF are 23 %, 94 %, and 54 %, respectively 
[ 19 ]. Recently, Frulloni L et al. suggested the 
involvement of  H. pylori  infection in the 
pathogenesis of AIP, because reportedly 
plasminogen-binding protein (PBP) of  H. 
pylori  could have been detected in 95 % of 
AIP patients [ 21 ]. 

 It should be noted that anti-SSA/Ro and 
anti- SSB/La antibodies, well-known mark-
ers of Sjögren’s syndrome, are rarely seen in 
AIP patients. Anti-mitochondrial antibody 
(AMA), a marker of primary biliary cirrhosis 
(PBC), is also rarely detected [ 19 ]. One 
fourth of AIP patients show a decrease in 
thyroid function, and 34 % and 17 % of them 
have positive anti- thyroglobulin and anti-

  Fig. 3.7    Whole-body FDG-PET imaging of a patient 
with AIP. FDG was taken up to the body and tail of the 
swollen pancreas, the large pseudotumor of the liver, 

the pulmonary hilar lymph nodes, and to the salivary 
glands ( a ). They disappeared shortly after the steroid 
treatment ( b )       
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  Fig. 3.8    LPSP. ( a ) The pancreas tissue section stained by 
hematoxylin-eosin (H-E) shows characteristic fi ndings of 
lymphoplasmacytic sclerosing pancreatitis (LPSP), “sto-
riform fi brosis,” and massive infi ltration of plasma cells 

and lymphocytes. ( b ) Immunohistochemistry for IgG4 on 
the adjacent section to ( a ) demonstrates the presence of 
numerous IgG4-positive plasma cells       

thyroid peroxidase (TPO) antibodies, respec-
tively [ 22 ]. 

 At present, there is no known serum bio-
marker specifi c to type 2 AIP [ 23 ]. 
Conversely, type 2 AIP is suspected in the 
patients who show imaging fi ndings sugges-
tive of AIP but show negative results for 
serum IgG4 and other organ involvement 
(OOI) which are characteristic features of 
type 1 AIP.

    4.    Histology    
  Type 1 AIP is defi ned histologically as 
lymphoplasmacytic sclerosing pancreatitis 
(LPSP) [ 24 ] (Fig.  3.8a, b ). The diagnosis can 
be made solely with the histological fi nding 

of LPSP when large specimens are obtained 
for evaluation. The fi nding is characterized 
by dense and unique fi brosis called “stori-
form fi brosis” which is associated with mas-
sive infi ltration of lymphocytes and plasma 
cells and obliterative phlebitis [ 25 ] 
(Fig.  3.8a ). These changes are prominent 
around the medium- to small-size ducts. 
Immunohistochemistry can clearly demon-
strate that plasma cells seen in the lesion are 
largely positive for IgG4 [ 26 ,  27 ] (Fig.  3.8b ). 
However, caution is required for IgG4-
positive plasma cells, because they are not 
specifi c to AIP but can be seen occasionally 
in the lesion of PCa or alcoholic CP [ 26 ,  27 ].

  Fig. 3.9    IDCP. The pancreas tissue section stained by 
hematoxylin-eosin (H-E) shows characteristic fi ndings of 
idiopathic duct-centric pancreatitis (IDCP) which is char-
acterized by a massive infi ltration of infl ammatory cells 

(including neutrophils) around medium- and small-size 
ducts ( a ). A magnifi ed view ( b ) shows the infi ltration of 
numerous neutrophils into the duct epithelium and the 
destruction of epithelial lining       
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  Fig. 3.10    Lachrymal gland adenitis. MRI T1W1 imaging ( a ) shows bilateral enlargement of the lachrymal glands 
( white arrows ). FDG-PET ( b ) demonstrates densely accumulated FDG in these glands ( black arrows )       

  Fig. 3.11    Pulmonary hilar lymph node swelling. CT 
imaging depicts enlargement of multiple lymph nodes 
( yellow arrows ) around the pulmonary hilum       

   Type 2 AIP is histologically defi ned by 
the presence of idiopathic duct-centric 
pancreatitis (IDCP) [ 28 ] or granulocytic 
epithelial lesions (GELs) [ 29 ] (Fig.  3.9a, 
b ), which is defi ned as infl ammatory infi l-
trates seen densely in the lobules than in 
interlobular fi brotic areas, accompanied by 
numerous neutrophils and destruction of 
duct epithelium (Fig.  3.9a ). Klöppel G 
defi ned “GELs” as focal disruption and 
destruction of the duct epithelium resulting 
from invasion of mainly granulocytes [ 30 ] 
(Fig.  3.9b ). GELs are typically seen in 
medium- to small-caliber ducts.

     5.    Other Organ Involvement (OOI)    
  It is well known that type 1 AIP is frequently 
associated with various extrapancreatic 
lesions, such as adenitis of lachrymal 
(Fig.  3.10a, b ), submandibular and/or 
parotid glands [ 31 ], pulmonary hilar lymph 
node swelling [ 32 ] (Fig.  3.11 ), sclerosing 
cholangitis [ 33 ] (Fig.  3.6a, b ), retroperito-
neal fi brosis [ 34 ] (Fig.  3.12 ), renal involve-
ment [ 35 ] (Fig.  3.13a, b ), and interstitial 
pneumonitis [ 36 ] (Fig.  3.14a, b ). Other 

lesions reported so far include hypophysitis 
[ 37 ] (Fig.  3.15 ), chronic thyroiditis [ 22 ], 
pseudotumor of the liver [ 38 ,  39 ], gastric 
ulcer [ 40 ], prostatitis [ 41 ], Schönlein-
Henoch purpura, and  autoimmune thrombo-
cytopenia [ 42 ]. Typical sialadenitis is 
recognized as bilateral, symmetrical, hard, 
and painless swelling of submandibular 
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  Fig. 3.12    Retroperitoneal fi brosis. The CT imaging shows a soft tissue mass at the ventral side of abdominal aorta 
( white arrow  in  a ), which is strongly labeled by FDG on PET scan ( white arrows  in  b )       

  Fig. 3.13    Renal involvement. Renal involvements can be observed as multiple low-density band-like ( white arrow  in 
 a ) and wedge-like ( white arrow  in  b ) structures in the renal cortex       

  Fig. 3.14    CT imaging of interstitial pneumonitis seen in a patient with AIP. The pulmonary lesions in the periphery of 
the lung ( a ) almost completely disappeared after steroid treatment ( b )       
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  Fig. 3.15    Hypophyseal involvement. This patient devel-
oped suddenly bitemporal hemianopsia and diabetes 
insipidus shortly after discontinuation of steroid mainte-

nance therapy for AIP. The MRI imaging shows swelling 
of the stalk and the gland of hypophysis       

and/or lachrymal glands, with mild sicca 
symptom and negative anti-SSA/Ro and 
anti-SSB/La antibodies, features compatible 
with Mikulicz disease or Küttner tumor [ 43 , 
 44 ]. In addition, sclerosing cholangitis com-
plicated to AIP (SC-AIP) shows the mor-
phology distinct from primary sclerosing 
cholangitis (PSC) on cholangiogram [ 45 , 
 46 ]. Since the similar infl ammatory changes 
seen in the pancreas often occur in the major 
duodenal papilla, its biopsy can be used as a 
diagnostic adjunct for type 1 AIP [ 47 ]. 
Steroids are effective for extrapancreatic 
lesions as well and improvement can be 
achieved in a short time after the beginning 
of treatment [ 14 – 16 ].

        Kamisawa et al. proposed the concept of 
“IgG4-related sclerosing disease” in which 
pancreatitis is a manifestation of systemic 
disease [ 48 ,  49 ]. The word “sclerosing” 
comes from similarity in the distribution of 
involved organs and the pathological fea-
tures to multifocal fi brosclerosis [ 50 ]. 
Because some extrapancreatic lesions lack 
or show less fi brous tissues, the term 

“IgG4- related disease” is now accepted for 
the disease entity [ 51 ]. Currently type 1 
AIP is considered to be a pancreatic mani-
festation of the systemic “IgG4-related 
disease” [ 51 ]. 

 It is reported that type 2 AIP patients do 
not develop various extrapancreatic lesions 
which are characteristically seen in the type 
1 AIP patients, but up to 30 % of them are 
complicated with infl ammatory bowel dis-
eases (IBDs) such as ulcerative colitis (UC) 
and Crohn’s disease synchronously or heter-
ochronously [ 52 ].  

    Diagnosis 

     1.    Diagnostic Criteria     
 Since Japan Pancreas Society (JPS) fi rst 
proposed the diagnostic criteria of AIP in 
2002 [ 53 ], various criteria have been proposed 
from many countries, such as the Korean 
diagnostic criteria by Asan Medical Center 
[ 54 ] and by Korean Pancreas-Biliary 
Association (KPBA) [ 55 ], the HISORt criteria 
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by Mayo Clinic [ 56 ], the revised Japanese 
criteria by JPS [ 2 ], and so on. The reasons 
why multiple criteria were created in a short 
period may be the rapid understanding of this 
disease, the alteration of disease concept in a 
short period (such as the recognition of IgG4 
as a serum marker and the association of vari-
ous extrapancreatic lesions), the difference in 
the diagnostic approaches to this disease 
(ERCP- oriented or histology-oriented), and 
the appearance of another type different from 
the originally defi ned AIP (type 2). The fi rst 
attempt to integrate different criteria was 
made by Japanese and Korean experts, result-
ing in successful compilation of the Asian cri-
teria published in 2008 [ 57 ]. However, 
different diagnostic approaches to AIP 
between Japan/Korea (ERCP-oriented) and 
Western countries (histology-oriented) and 
growing attention to another type AIP ham-
pered the integration of the Asian criteria [ 57 ] 
and the HISORt criteria [ 56 ]. Experts from 
Eastern and Western countries gathered and 
exchanged hot discussions from various 
points of view on AIP at the Satellite sympo-
sium of the joint conference of the 40th annual 
meeting of APA and JPS in 2009, which was 
summarized as the “Honolulu consensus” 
later [ 58 ]. Based on the consensus, a draft of 
diagnostic criteria was made and discussed by 
experts from various countries at the joint 
conference of the 14th IAP meeting and the 
41st JPS annual meeting in Fukuoka in 2010, 
and, based on the agreement and after the 
brush up, it was fi nally reported as the 
International Consensus Diagnostic Criteria 
for AIP (ICDC) in 2011 [ 59 ]. The ICDC is the 
latest criteria for AIP, which can be used 
worldwide.

    2.    Diagnosis of AIP    
  At present, the ICDC are the sole criteria that 
can make separate diagnoses of type 1 and 

type 2 AIP [ 59 ]. In addition, the ICDC are 
designed to reach the diagnosis of AIP by 
various diagnostic approaches irrespective of 
the practice patterns in different countries. 
Although it is mentioned that the ICDC can 
be tailored for use in individual institutions 
depending on local expertise [ 59 ], the com-
parison of clinical and pathological features 
of AIP and search for the most suitable treat-
ment should be discussed beyond countries 
based on the ICDC.

    3.    ICDC    
  To accomplish the goal that the consensus 
diagnostic criteria should be used world-
wide irrespective of practical patterns in dif-
ferent countries, the ICDC were designed to 
make the diagnosis by a combination of 6 
factors, namely, parenchymal imaging (P), 
ductal imaging (D), serology (S), other 
organ involvement (OOI), histology of the 
pancreas (H), and response to steroid (Rt) 
[ 59 ] (Tables  3.2 ,  3.3 ,  3.4 ,  3.5 , and  3.6 ). In 
order to add more fl exibility in the diagnos-
tic measures, the respective fi ve factors (P, 
D, S, OOI, H) have Level 1 and Level 2 fi nd-
ings according to the grade of specifi city to 
AIP (Tables  3.2  and  3.3 ). The diagnostic 
procedures would be initiated by the paren-
chymal (P) imaging (CT or MRI) suggestive 
of AIP, which was followed by different 
diagnostic fl ows depending on whether the 
P fi nding was typical or indeterminate/atyp-
ical [ 59 ]. According to the ICDC, the diag-
nosis of “defi nitive” or “probable” is made 
for type 1 and type 2 AIP depending on the 
reliability of the diagnosis (Tables  3.4  and 
 3.5 ). Patients who show pancreatic imaging 
compatible with AIP but have no other fac-
tors suggestive of AIP can be diagnosed 
with AIP-not otherwise specifi ed (AIP-
NOS) if they respond to steroid treatment 
(Table  3.6 ).
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      Table 3.2    Factors and Findings of ICDC for type 1 AIP   

 Factor  Level 1 fi nding  Level 2 fi nding 

  P  Parenchymal imaging   Typical:  
 Diffuse enlargement with delayed 
enhancement (sometimes associated 
with rim like enhancement) 

  Indeterminate  (including atypical*): 
 Segmental/focal enlargement with delayed 
enhancement 

  D  Ductal imaging (ERP)  Long (>1/3 length of the main 
pancreatic duct) or multiple 
strictures without marked upstream 
dilatation 

 Segmental/focal narrowing without marked 
upstream 
 Dilatation (duct size < 5 mm) 

  S  Serology   IgG4:  
 > 2 X upper limit of normal value 

  IgG4:  
 1 – 2 X upper limit of normal value 

  OOI  Other Organ Involvement   a or b:    a or b:  
  a. Histology of extrapancreatic 
organs:  
  Any 3 of the following  
 (1)  Marked lymphoplasmacytic 

infi ltration with fi brosis and 
without 

 (2)  Storiform fi brosis 
 (3) Obliterative phlebitis 
 (4)  Abundant (> 10 cells/hpf) 

IgG4- positive cells 

  a. Histology of extrapancreatic organs 
including endoscopic biopsies of bile duct: 
Both of the following  
 (1)  Marked lymphoplasmacytic infi ltration 

with fi brosis and without granulocytic 
infi ltration 

 (2)  Abundnat (> 10 cells/hpf) IgG4- positive 
cells 

  b. Typical radiological evidence: 
at least one of the following  
 (1)  Segmental/multiple proximal 

(hilar/intrahepatic) or proximal 
and distal bile duct stricture 

 (2)  Retroperitoneal fi brosis 

  b. Physical or radiological evidence: 
At lease one of the following  
 (1)  Symmetrically enlarged salivary/

lach rymal glands 
 (2)  Radiologic evidence of renal 

involvement described in association 
with AIP 

  H  Histology of the pancreas   LPSP  (core biopsy/resection) 
  At least 3 of the following  
 (1)  Periductal lymphoplasmacytic 

infi ltrate without granulocytic 
Infi ltration 

 (2) Storiform fi brosis 
 (3) Obliterative phlebitis 
 (4)  Abundant (> 10 cells/hpf) 

IgG4- positive cells 

  LPSP  (core biopsy) 
  Any 2 of the following  
 (1)  Periductal lymphoplasmacytic infi ltrate 

without granulocytic infi ltration 
 (2) Storiform fi brosis 
 (3) Obliterative phlebitis 
 (4)  Abundant (> 10 cells/hpf) IgG4- positive 

cells 

  Rt#  Response to steroid  Rapid (< 2 wk) radiologically demonstrable resolution or marked improvement in 
pancreatic or extra-pancreatic manifestations 

  # Rt should be used with these cavieats: 
 a. Rt should be exercised only after negative work-up for cancer including EUS-FNA. 
 b.  General feeling of well being, resolution of mild symptoms (e.g., arthralgia, dyspepsia) and reduction in serum IgG4 

levels are not included in “response”. 
 c.  In patients with clinical pancreatitis at presentation, spontaneous improvement in pancreatic swelling may occur with 

resolution of pancreatitis and “response” to steroids should be interpreted with caution. 
 d.  Currently recognized spectrum of presentation of type 1 AIP does not include idiopathic recurrent pancreatitis or 

typical painfu chronic pancreatitis. Diagnosis of AIP in this setting is to be made by defi nitive histology rather than 
by response to steroid therapy. 

 *  Atypical: Some AIP cases may show low-density mass, pancreatic ductal dilatation, or distal atrophy. Such atypical 
imaging fi ndings in patients with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic 
cancer. Such patients should be managed as pancreatic cancer unless there is strong collateral evidence for AIP, and 
thorough workup for cancer is negative.  
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    Table 3.4    Diagnosis of Defi nitive/Probable type 1 AIP (see Table  3.2 )   

 Diagnosis  Factor  Imaging (P)  Collateral Evidence 

 Defi nitive type 1 AIP  Histology  Typical /indeterminate  Histologically confi rmed LPSP (Level 1 H) 
 Imaging  Typical 

 Indeterminate 
 Any non-D Level 1 or Level 2 fi nding 
 Two or more from Level 1 fi ndings 
(+ Level 2 D *) 

 Response to steroid  Indeterminate  Level 1 S or OOI + Rt 
 Or 
 Level 1 D + Level 2 S or OOI or H + Rt 

 Probable type 1 AIP  Indeterminate  Level 2 S or OOI or H + Rt 

   *  Level 2 D is counted as Level 1 in this setting.  

    Table 3.5    Diagnosis of Defi nitive/Probable type 2 AIP (see Table  3.3 )   

 Diagnosis  Imaging (P)  Collateral Evidence 

 Defi nitive type 2 AIP  Typical /indeterminate  Histologically confi rmed IDCP (Level 1 H) 
 Clinical IBD and Level 2 H + Rt 

 Probable type 2 AIP  Typical /indeterminate  Clinical IBD and Level 2 H + Rt 

    Table 3.6    Diagnosis of AIP Not Otherwise Specifi ed (AIP-NOS) (see Table  3.2  or  3.3 )   

 Diagnosis  Imaging (P)  Collateral Evidence 

 AIP-NOS  Typical /indeterminate  Clinical 1 D or Level 2 D + Rt 

      Table 3.3    Factors and Findings of ICDC for type 2 AIP   

 Factor  Level 1 fi nding  Level 2 fi nding 

  P  Parenchymal imaging   Typical:  
 Diffuse enlargement with delayed 
enhancement (sometimes associated 
with rim like enhancement) 

  Indeterminate  (including atypical*): 
 Segmental/focal enlargement with delayed 
enhancement 

  D  Ductal imaging (ERP)  Long (>1/3 length of the main 
pancreatic duct) or multiple strictures 
without marked upstream dilatation 

 Segmental/focal narrowing without marked 
upstream 
 Dilatation (duct size < 5 mm) 

  OOI  Other Organ 
Involvement 

  IBD  
 Clinically diagnosed infl ammatory bowel disease 

  H  Histology of 
the pancreas 

 IDCP : 
 Both of the following 
 (1)  Granulocytic infi ltration of duct 

wall (GEL) with or without 
granulocytic acinar infl ammation 

 (2)  Absent or scant (0 – 10 cells/hpf) 
IgG4-positive cells 

 Both of the following 
 (1)  Granulocytic and lymphoplasmacytic acinar 

infi ltrate 
 (2)  Absent or scant (0 – 10 cells/hpf) 

IgG4-positive cells 

  Rt   #   Response to steroid  Rapid (< 2 wk) radiologically demonstrable resolution or marked improvement in 
pancreatic or extra-pancreatic manifestations 

  # Rt should be used with these cavieats: 
 a. Rt should be exercised only after negative work-up for cancer including EUS-FNA. 
 b.  General feeling of well being, resolution of mild symptoms (e.g., arthralgia, dyspepsia) and reduction in serum IgG4 

levels are not included in “response”. 
 c.  In patients with clinical pancreatitis at presentation, spontaneous improvement in pancreatic swelling may occur with 

resolution of pancreatitis and “response” to steroids should be interpreted with caution. 
 d.  Currently recognized spectrum of presentation of type 1 AIP does not include idiopathic recurrent pancreatitis or 

typical painfu chronic pancreatitis. Diagnosis of AIP in this setting is to be made by defi nitive histology rather than 
by response to steroid therapy. 

 *  Atypical: Some AIP cases may show low-density mass, pancreatic ductal dilatation, or distal atrophy. Such atypical 
imaging fi ndings in patients with obstructive jaundice and/or pancreatic mass are highly suggestive of pancreatic 
cancer. Such patients should be managed as pancreatic cancer unless there is strong collateral evidence for AIP, and 
thorough workup for cancer is negative.  
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           Treatment 

     1.    Achievement of Remission     
 According to a survey on 563 AIP patients in 
Japan, the remission rate by steroid treat-
ment was 98 % [ 60 ], a value which was sig-
nifi cantly higher than without steroids 
(74 %), endorsing oral prednisolone (PLS) 
as a standard therapy for AIP. The Japanese 
guidelines for the treatment of AIP [ 61 ] rec-
ommend the biliary drainage for jaundice 
associated with AIP and the control of blood 
glucose for DM before steroid use (Fig.  3.16 ). 
The guidelines recommend oral PSL for 
patients who have symptoms such as jaun-
dice, biliary stenosis, and abdominal pain, 
but strictly prohibit a facile use of steroids 
before cautious rule out of pancreatobiliary 
cancer. The recommended initial dose of 
PSL is 0.6 mg/kg/day. After administration 
of the initial dose for 2–4 weeks, it is to be 
reduced gradually (by 5 mg every 1–2 weeks) 
depending on the improvement of clinical 
manifestations, blood test results, and imag-
ing fi ndings to the maintenance dose roughly 
within 2–3 months. Because radiological 
improvement appears around 1–2 weeks 
after the start of steroid therapy [ 61 ], mor-
phological and serological evaluations 
should be followed 2 weeks after the start of 
steroids. As poor responses suggest the pos-
sibility of PCa and other malignant diseases, 
reevaluation should be carried out promptly.

     2.    Maintenance Therapy    
  The important issue in the treatment of AIP 
is how to inhibit the frequently occurring 
relapses. AIP is reported to recur in 18–32 % 
cases under steroid maintenance and in 53 % 
cases after cessation of steroids [ 62 ,  63 ]. 
Japanese experts recommended steroid 
maintenance therapy after remission in order 
to prevent relapse [ 1 ,  60 ]. On the other hand, 
Chari ST of Mayo Clinic recommended early 
discontinuation of steroids and restart of oral 
PSL when AIP recurred. Their protocol con-
sists of PSL at a dose of 40 mg/day for 4 
weeks as the initial treatment, followed by a 

reduction by 5 mg every week and a with-
drawal within 11 weeks [ 56 ] (Fig.  3.17 ).

   Recently Kamisawa T et al. retrospec-
tively analyzed the treatment of 563 AIP 
patients in 17 centers in Japan [ 60 ]. The 
results showed that the relapse rate on main-
tenance therapy was 23 %, whereas it 
increased to signifi cantly higher 34 % after 
the discontinuation of steroids. Relapses 
occurred within 1 year after the withdrawal 
of steroids in 56 % cases and within 3 years 
in 92 % cases. The PSL doses at the time of 
relapse were 10 mg/day in 16 % cases, 
7.5 mg/day in 11 %, 5 mg/day in 46 %, and 
2.5 mg/day in 13 %. Even if AIP recurred, 
patients responded well to restart or dose-up 
of PSL. However, it is still controversial 
whether the maintenance therapy with PSL 
really contributes to the prognosis in the light 
of unfavorable side effects .  

 Type 2 AIP reportedly responds very well 
to steroids as type 1 AIP does. Sah RP et al. 
showed that the patients with histologically 
confi rmed type 2 AIP responded well to the 
steroid treatment and none of them devel-
oped recurrence during the follow-up period 
of 9–108 months [ 3 ]. None or less frequent 
relapse is considered to form another impor-
tant clinical feature that distinguishes type 2 
from type 1 AIP.

    3.    Other Medicine    
  The use of immune-modulating medicine for 
patients with steroid resistant AIP has been 
reported chiefl y from Western countries. The 
medicine so far reported includes azathio-
prine [ 64 ,  65 ], a combination of PSL and 
azathioprine [ 66 ], mycophenolate mofetil 
[ 67 ], cytoxan [ 67 ], and 6-mercaptopurine 
[ 68 ]. In addition to these drugs, there are sev-
eral recent reports on the successful use of 
rituximab for the treatment of patients with 
AIP or IgG4-related sclerosing cholangitis 
(IgG4-SC), who were refractory to steroids 
and/or other immune-modulating drugs [ 68 –
 70 ]. Because rituximab exerts its effects 
through the depletion of B-lymphocytes, B 
cell activity may play important role in the 
pathogenesis of AIP.  
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  Fig. 3.16    A schematic drawing of the steroid regimen for AIP recommended by Japanese experts       

  Fig. 3.17    A schematic drawing of the steroid regimen for AIP recommended by Mayo Clinic       

    Prognosis 

 According to a recent follow-up study of 78 
patients with type 1 and 19 patients with type 2 
AIP for the median period of 58 and 89 months, 
respectively, the long-term survival of AIP 
patients was not signifi cantly different from that 
of the demographically similar US population 
[ 3 ]. In addition, there was no difference in the 

survival between type 1 and type 2 AIP patients. 
Although the study suggested that neither type of 
AIP affects the long-term survival, some earlier 
reports demonstrated the development of pancre-
atic atrophy and pancreatic stones in 30–40 % 
and 6.5–25 % of AIP patients, respectively [ 71 – 73 ]. 
The stone formation seemed to be related to the 
occurrence of relapses. Takayama M et al. reported 
the prognosis of 42 cases of AIP who had been 
followed for median periods of 54.5 months. 

 

 

3 Overview of Types 1 and 2



46

The study revealed that pancreatic stones appeared 
in 8 patients (19 %), 54.4 % in the patients who 
had relapses but only 6.5 % in those who had 
never had relapse [ 73 ]. 

 It is reported so far that PCa developed in 11 
patients with AIP in their clinical course: 5 at the 
diagnosis of AIP and 6 at around 3–5 years after 
the initiation of steroid therapy [ 74 – 76 ]. The 
unique localization of PCa is suggested, because 
9 of these 11 cases had PCa in the body or tail of 
the pancreas, the location unique to usual PCa 
which develops preferentially in the pancreas 
head [ 74 ].  

    Issues to Be Settled 

     1.    How to Obtain High-Quality Tissue 
Specimens     
 Currently, the diagnosis of type 2 AIP is 
solely based on the pathological fi ndings of 
IDCP/GELs, which holds true even by the 
ICDC. Even in the diagnosis of type 1 AIP, 
histological evaluation would be decisive 
when the case lacks characteristic features 
like elevation of serum IgG4 or typical other 
organ involvement. However, it is diffi cult to 
make a correct histological diagnosis by US- 
or EUS-guided aspiration biopsy, because 
pathological changes in the pancreas may 
not be homogeneous and may not be evalu-
ated precisely in small specimens. Indeed, a 
recent report from Korea demonstrated that 
transabdominal US-guided pancreatic core 
biopsy could give correct diagnosis only in 
26 % of the AIP patients examined [ 77 ]. 
Some experts recommended the use of 
19-gauge Trucut needles to obtain large sam-
ples [ 78 ], but there are limitations for the use 
due to a fear for complications or diffi culty 
in insertion of such thick needles into the tar-
geted lesions [ 79 ]. Therefore, it is strongly 
desired to develop devices that enable to 
obtain high- quality tissue specimens safely 
and with high certainty.

    2.    Establishment of Clinical and Pathological 
Features of AIP in the World    
  Although AIP has attracted attention since 
the original report in 1995 [ 80 ] and an 

increasing number of reports have been pub-
lished in the past 17 years, most of them 
came from limited countries in the world. It 
is expected that a spread of the ICDC may 
clarify whether this disease distributes more 
widely in the world, whether this disease is 
homogeneous or heterogeneous in the clini-
cal and pathological features, whether this 
disease shows racially or geographically dif-
ferent characteristics, and whether unique 
types other than type 1 and type 2 AIP exist 
or not [ 81 ].

    3.    Best Treatment for Quality of Life (QOL)    
  There is no clear evidence whether long-
term administration of PSL at low doses 
really suppresses the relapse of AIP and 
improves the prognosis of patients or not. 
There is no evidence whether other immune-
modulating drugs are more effective and 
safer than steroids and could improve the 
QOL of patients [ 82 ]. To establish the best 
regimen for the treatment of AIP, prospec-
tive randomized clinical trials and long-
term follow-up for the effectiveness are 
required under a cooperation of multiple 
countries.     
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           Introduction 

 To the pathologist, chronic pancreatitis is a 
combination of infl ammation, fi brosis, and loss 
of acinar tissue, accompanied by secondary 
changes in ducts and islets. Long thought to be 
nondescript and nonspecifi c, there are in fact 
histologic clues to various etiologic possibili-
ties, including alcoholic chronic pancreatitis, 
hereditary pancreatitis, paraduodenal pancre-
atitis, obstructive chronic pancreatitis, and 
autoimmune pancreatitis [ 1 ]. Recent work fur-
ther suggests that the term “autoimmune pan-
creatitis” encompasses at least two entities, one 
related to a systemic IgG4 disease process 
referred to as IgG 4 -related disease (IgG 4 -RD) 
and one not, and that histology can generally 
separate the two. The two entities are provi-
sionally termed autoimmune pancreatitis, type 
1 and type 2 [ 2 ].  

    Histopathology of Type 1 AIP 

 Type 1 AIP is the pancreatic manifestation of 
IgG 4 -RD. It is characterized by periductal lym-
phoplasmacytic infl ammation, phlebitis, and 
fi brosis, almost always accompanied by increased 
numbers of IgG4-positive plasma cells (Fig.  4.1 ) 
[ 3 ]. The distribution within the pancreas is usu-
ally diffuse, but can be localized, mimicking 
neoplasm. Even when the pancreas is diffusely 
involved by imaging and gross examination, 
histology reveals focal parenchymal sparing in 
the majority of resected organs [ 4 ].

   The periductal infl ammation involves 
medium-sized ducts. It is dominated by lympho-
cytes, but substantial numbers of plasma cells are 
also present (Fig.  4.2 ). Duct epithelium is intact 
and does not show reactive or hyperplastic 
changes. At times, the periductal infl ammation is 
accompanied by a collar of dense fi brous tissue 
(Fig.  4.3 ). Occasional lymphoid aggregates, 
some with germinal centers, accompany the 
periductal infl ammation. Eosinophils may be 
seen, sometimes in large numbers [ 5 ], but neutro-
phils are not a feature of type 1 AIP.

    Infl ammation and fi brosis are the parenchymal 
changes characteristic of type 1 AIP (Fig.  4.4 ). 
A fi broinfl ammatory process encroaches on and 
overruns lobules. The fi brosing process forms short 
fascicles of collagen arranged in a swirled, cartwheel 
pattern. Adding to the distinctive appearance is 
the fact that the storiform fi brosis is almost 
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always accompanied by dense lymphoplasmacytic 
infl ammation. Eosinophils may be seen, but, just 
as in the periductal infi ltrate, the presence of 
neutrophils suggests a diagnosis other than type 1 
AIP. The infi ltrate typically spills into peripan-
creatic soft tissue, where one very commonly 
sees lymphoid aggregates and perineural infl am-
mation (Fig.  4.5 ). Lymphoid aggregates are also 
present in the parenchyma, but are not a promi-
nent feature.

    The lymphoplasmacytic infi ltrate of type 1 
AIP involves vein walls. This is always a striking 
fi nding in the resected pancreas, where one can 
locate large muscular arteries at low power and 
contrast the usual absence of infl ammation there 
to the dense lymphoplasmacytic infi ltrate that 
compresses and often obliterates the lumen of the 
adjacent vein (Fig.  4.6 ). Rarely, the artery may 
also have some lymphoplasmacytic infl amma-
tion, but neutrophils are not present in either vein 
or artery, and there is no fi brin or nuclear dust.

   As the pancreatic form of systemic IgG4- 
related disease, type 1 AIP typically has increased 
numbers of IgG4-positive plasma cells (Fig.  4.7 ). 
Various defi nitions for “increased” have been 
proposed, with any particular cutoff value neces-
sarily refl ecting a trade-off between sensitivity 
and specifi city [ 6 – 8 ]. A recent consensus state-
ment has chosen to utilize different cutoff values 
depending on the nature of the specimen, requir-
ing more than 50 positive cells per high power 
fi eld to support the diagnosis in resection speci-
mens, but only 10 per high power fi eld in needle 
biopsies [ 3 ].

   In some organ systems, the IgG4 to IgG ratio 
may be more specifi c for the diagnosis of type 1 
AIP [ 9 ], particularly those such as lung, that tend 
to have a very rich plasma cell infi ltrate [ 10 ,  11 ]. 
Those who fi nd the IgG4/IgG ratio useful suggest 
that 40 % is the best cutoff value [ 12 ]. In the pan-
creas, we feel that IgG4 counts alone, combined 
with appropriate histology, are suffi cient to make 
an accurate diagnosis. 

 It is important to note that increased numbers 
of IgG4-positive plasma cells are not specifi c for 
the diagnosis of type 1 AIP. Other situations in 
which the pancreas can have increased IgG4 
include type 2 AIP (discussed below), primary 

  Fig. 4.1    Type 1 AIP. This low-power view shows phlebi-
tis ( long arrow ) and a medium-sized duct with infl amma-
tion ( short arrow ). Fibrosis and infl ammation occupy the 
center of the fi eld       

  Fig. 4.2    Dense periductal lymphoplasmacytic infl ammation. 
The epithelium is not infl amed and appears undamaged       

  Fig. 4.3    The periductal infl ammation is accompanied by 
a collar of fi brous tissue       
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sclerosing cholangitis, adenocarcinoma, and 
malignant lymphoma. Conversely, the  absence  of 
tissue IgG4 does not necessarily rule out type 1 
AIP. This is an unusual event (two patients in our 

experience), but rare patients can have compelling 
clinical and morphologic changes of IgG4- related 
disease without detectable tissue IgG4, suggest-
ing that IgG4 is a characteristic but not necessary 
marker for this idiopathic condition.  

    Needle Biopsy and Fine Needle 
Aspiration in Type 1 AIP 

 Increasing recognition of systemic IgG4-related 
disease has made pancreatoduodenectomy speci-
mens less common in recent years, although van 
Heerde et al. still found a prevalence of AIP of 
2.6 % among patients undergoing this operation 
at a Dutch tertiary care center between 2000 and 
2009 [ 13 ]. Large-caliber (19-gauge) trucut biopsy 
(TCB) obtained via endoscopic ultrasound can 
provide diagnostic histology. In some TCB speci-
mens, all three of the supportive criteria (periduc-
tal infl ammation, storiform fi brosis, phlebitis) 

  Fig. 4.4    ( a ) A preserved duct occupies the  top  half of the 
fi eld. In the  lower  half, pancreatic lobules have been replaced 
by a fi broinfl ammatory process. ( b ) Swirling fascicles of col-
lagen, accompanied by lymphoplasmacytic infl ammation. ( c ) 

Another example of storiform fi brosis, this one with slightly 
less infl ammation. ( d ) The fi broinfl ammatory process is both 
interlobular ( top ) and intralobular ( bottom ). A few attenuated 
acini survive ( arrow ). There are no neutrophils       

  Fig. 4.5    Lymphoid follicles extend into peripancreatic 
parenchyma in type 1 AIP. A peripancreatic vein is 
involved by phlebitis ( arrow )       
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can be found. Given the importance of phlebitis 
to the diagnosis, some authors have recom-
mended the use of special stains to highlight 
blood vessel walls [ 14 ]. In practice, the presence 
of two criteria plus increased numbers of IgG4- 
positive plasma cells (more than 10 per high 
power fi eld) is suffi cient to provide strong sup-
port for a diagnosis of type 1 AIP (Fig.  4.8 ). Fine 
needle aspiration (FNA) is more problematic: 
while some authors have been able to use the tis-
sue fragments garnered during such a procedure 
to identify storiform fi brosis and increased IgG4 
[ 15 ], others warn than fi ne needle aspiration is 
often interpreted as “atypical,” increasing the 
likelihood of unnecessary surgery [ 16 ].

       Histopathology of Type 2 AIP 

 The pancreas of patients with type 2 AIP is often 
only focally involved. The region that seems to 
be most often affected is the pancreatic head 
including the pancreatic portion of the distal bile 
duct. As in type 1 AIP, the outstanding histologic 
feature is a periductal lymphoplasmacytic infi l-
trate usually affecting some or all of the medium- 
sized ducts (Fig.  4.9 ). As in type 1, the 
infl ammation is often accompanied by periductal 
fi brosis, which may narrow the affected duct. In 
contrast to type 1, the epithelium in type 2 is 
infl amed and damaged. This is the so-called 
granulocytic epithelial lesion (GEL), a change 
that is specifi c to type 2 AIP [ 17 ]. This lesion is 
characterized by focal disruption and destruction 
of the duct epithelium due to the invasion of neu-
trophilic granulocytes (Fig.  4.9 ). The number of 
GELs and their severity differs from patient to 
patient. The lymphoplasmacytic infi ltrate may 
extend from the periductal area to the acinar tis-
sue, but here too neutrophils are an almost invari-
able component (Fig.  4.10 ). Perilobular fi brosis, 
occasionally of the storiform type, can be seen, as 
can phlebitis, but they are usually less pro-
nounced than that in type 1 AIP (Fig.  4.11 ). 
Another sometimes helpful criterion for the diag-
nosis of type 2 AIP is that IgG4-positive plasma 
cells are absent or present only in small numbers 
(<10 cells/HPF) [ 7 ,  18 ].

  Fig. 4.6    Obliterative phlebitis. ( a ) Mononuclear infl ammatory cells infi ltrate the vein wall, leaving the adjacent mus-
cular artery untouched. ( b ) Another vein encased in a fi broinfl ammatory process. Note the focal arteritis ( arrow )       

  Fig. 4.7    Increased numbers of IgG4-positive plasma 
cells in type 1 AIP       
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  Fig. 4.8    (a) Lymphoplasmacytic infl ammation, storiform fi brosis, and phlebitis ( arrow ) in a needle biopsy of AIP type1. 
( b ) IgG4-positive plasma cells in a needle biopsy. Some of the positive cells are perineural ( arrow )       

  Fig. 4.9    Duct changes in type 2 AIP. ( a ) The periductal infl ammation and fi brosis are similar to type 1 AIP. ( b ) Neutrophils 
infi ltrate and damage duct epithelium, the granulocytic epithelial lesion (GEL) of type 2 AIP       

  Fig. 4.10    Neutrophils at the periphery of, and partly 
infi ltrating, a pancreatic lobule in type 2 AIP       

  Fig. 4.11    Sparse phlebitis in type 2 AIP ( arrow ). Note 
the lobular neutrophils on the  right        
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         Large-Caliber TCB in Type 2 AIP 

 It can be diffi cult to establish a diagnosis of type 
2 AIP on clinical grounds alone, since this condi-
tion lacks both the elevated serum IgG4 and the 
presence of other organ involvement that contrib-
ute to a diagnosis of type 1 AIP. Thus, TCB can 
be a critical part of the workup. A biopsy with 
periductal lymphoplasmacytic infl ammation, 
sparse to no tissue IgG4, and perhaps a bit of sto-
riform fi brosis can be considered suggestive of 
type 2 AIP in the right clinical setting. A GEL in 
a pancreatic biopsy from a patient suspected of 
having AIP is diagnostic for type 2 AIP [ 18 ]. 
Neutrophils in pancreatic acini are also charac-
teristic of type 2 AIP and can increase one’s con-
fi dence in the diagnosis.  

    Differential Diagnosis of Type 2 AIP 
Versus Type 1 AIP 

 Macroscopically, type 1 AIP and 2 are indistin-
guishable. In many cases, they present as a 
tumorous mass in the head of the pancreas 
mimicking ductal adenocarcinoma [ 17 ,  19 ]. 
The infl ammatory infi ltration of the pancreas 
head and the wall of the extrahepatic bile duct 
leads to narrowing of the distal bile duct and the 
main pancreatic duct. Both types of AIP share 
the absence of pseudocysts and, in most cases, 
calculi [ 2 ,  17 ]. 

 The histopathology of the two types of AIP 
differs in the following features: type 2 AIP is 
characterized by the presence of GELs, which are 
absent in type 1 AIP [ 2 ,  17 ]. Neutrophils are also 
commonly seen in the pancreatic lobule in type 2, 
but are not a feature of type 1. Type 2 AIP typi-
cally has few or no IgG4- positive plasma cells, 
which contrasts with the presence of abundant 
(>10 cells/hpf) IgG4-positive plasma cells in type 
1 AIP. Other features that are not specifi c but are 
usually more pronounced in type 1 AIP are (1) an 
intense lymphoplasmacytic infi ltration not only 
around ducts but also in the acinar tissue; (2) a 
swirling (storiform) fi brosis centered around 
ducts and extending into the lobules; and (3) a 

vasculitis with lymphoplasmacytic infi ltration 
surrounding and obliterating the veins (phlebitis) 
and, to a lesser extent, also the arteries (arteritis). 
Immunohistochemistry for CD3-, CD4-, and 
CD8-positive lymphocytes, CD79a-positive 
plasma cells, and CD68-positive macrophages 
often reveals a higher number of the abovemen-
tioned cells in AIP type1 than 2 [ 7 ,  20 ].  

    Extrapancreatic Disease 
in Type 2 AIP 

 Patients with type 2 AIP usually do not show the 
immune-mediated diseases that are observed in a 
subset of type 1 AIP, summarized under the term 
IgG4-related sclerosing disease [ 21 ,  22 ]. Instead, 
they sometimes suffer from chronic infl amma-
tory bowel disease [ 17 ] (Kamisawa et al. 2011). 
Moreover, these patients mostly fail to exhibit 
elevated IgG4 serum levels and increased IgG4- 
positive plasma cells.  

    Epidemiology of Type 2 AIP 

 The two groups of AIP patients differ in their clini-
cal features such as gender and mean age. Type 2 
AIP is associated with an equal gender distribution 
and a mean age (45–48 years) that is considerably 
lower than that of type 1 AIP patients, which peaks 
between 60 and 65 years [ 2 ,  17 ,  22 ]. 

 It is interesting to note that the relative fre-
quency of the two AIP types in Europe and the 
USA seems to differ from that in East Asia. 
While in Europe each subtype can be expected in 
about 40–60 % of the cases (in biopsy series they 
amount to 38 % and 45 %, respectively), the type 
2 AIP seems to be rare in East Asia [ 23 ].  

    Clinical Features and Laboratory 
Data of Type 2 Versus Type 1 AIP 

 Clinically, both types of AIP patients are indis-
tinguishable. Many patients complain of abdom-
inal pain, although the frequency and intensity 
of pain attacks tend to be lower than in type 1 
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AIP patients than in type 2 AIP patients [ 22 ]. 
Other frequent symptoms are jaundice and loss 
of weight. Corticosteroid treatment resolves 
strictures of the extrahepatic bile ducts and main 
pancreatic duct, as well as the pancreatic mass 
and focal lesions in the lungs, kidneys, and ret-
roperitoneal infl ammatory pseudotumors. This 
can be the case after only 1–2 weeks of steroid 
therapy [ 22 ,  24 ,  25 ]. 

 Long-term follow-up in patients with AIP 
after pancreatic resection revealed that recur-
rence of the disease may be observed in type 1 
AIP, while this seems to be not the case or only 
very rare in type 2 AIP [ 17 ,  26 ,  27 ]. 

 Among the autoantibodies that may be 
detected are antibodies against antigens from the 
pancreatic ducts and acini such as lactoferrin, 
carbonic anhydrase type II, and SPINK1 and 
trypsinogen [ 28 ,  29 ]. Other autoantibodies asso-
ciated with AIP are antinuclear antibody, rheu-
matoid factor, and anti-smooth muscle antibody.  

    Pathogenesis 

 The pathogenesis of AIP is still not known, but 
several fi ndings, common to both types of AIP, 
are suggestive of an immune-related etiopatho-
genesis. These include the general histopathologi-
cal features of both AIP types, their frequent 
association with immune-related disorders such 
as the IgG4-systemic diseases on the one hand 
and the idiopathic infl ammatory bowel diseases 
on the other, and the response to steroid treatment. 
Whether the demonstrated circulating autoanti-
bodies against carboanhydrase II, lactoferrin, and 
nuclear and smooth muscle antigens as well as 
SPINK1 are found in the same frequency in type 
1 AIP as in type 2 AIP is so far not known. 

 A clear difference between type 1 AIP and 2 
concerns the presence or absence of abundant 
IgG4-positive plasma cells in the pancreatic tis-
sue, a fi nding that seems to correlate with either 
elevated or normal IgG4 serum levels in the 
respective patients. Recently it was found that 
renal tissue from AIP patients with tubulointer-
stitial nephritis contained granular deposits at the 
tubular basement membranes, that were positive 

for IgG4 and complement C3, and occasionally 
IgG1, IgG2, and IgG3 [ 30 ]. In a similar study on 
pancreatic tissue and bile duct tissue of six GEL- 
negative AIP patients, using double immunofl uo-
rescence microscopy, deposits of IgG, IgG4, and 
C3c (but not C1q, IgA, and IgM) were identifi ed 
that colocalized with basement membrane- 
associated collagen IV of ducts and acini [ 31 ]. 
On the basis of these fi ndings, it may be hypoth-
esized that IgG4 could play a role in the deposi-
tion of immune complexes at pancreatic structures 
that seem to be the target of the fi broinfl amma-
tory process characterizing AIP. In order to clar-
ify whether this hypothesis is only valid in 
IgG4-positive patients with type 1 AIP, a patient 
was included in the study whose clinical features 
were indistinguishable from those of the other six 
patients of the series but who showed a type 2 
AIP with very low numbers of IgG4-positive 
plasma cells in the pancreatic tissue. This patient 
failed to show any IgG4-positive deposits at the 
basement membranes of the ducts and acini but 
remained positive for C3c and IgG. If this thus far 
unique fi nding is confi rmed in future studies, it 
would imply that in type 2 AIP the pathomecha-
nisms leading to the changes in the ducts and 
acini and the fi brosis are independent of the 
effects of IgG4. This then raises the question as 
to whether the increased number of IgG4 plasma 
cells, the high IgG4 serum levels, and the tissue 
depositions of IgG4 play a primary and active 
role in the pathogenesis of AIP or are rather sec-
ondary phenomena.  

    Autoimmune Pancreatitis as a 
Pre- or Paraneoplastic Condition 

 There are rare reports of pancreatic ductal adeno-
carcinoma discovered in association with AIP 
[ 32 ,  33 ]. Thus far, the three documented cases 
have been in patients with type 1 AIP [ 33 ]. Others 
have proposed the intriguing idea that type 1 AIP 
might be a paraneoplastic infl ammatory condi-
tion, reacting to clonal proliferations that are 
often eradicated, but sometimes develop into 
malignancies. This is currently no published data 
to support this idea.     
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           Introduction 

 Patients with autoimmune pancreatitis (AIP) 
commonly present with vague abdominal pain, 
jaundice, or weight loss, and contrast-enhanced 
computed tomography (CT) is often the fi rst 
imaging study obtained. Radiological evaluation 
is crucial in making the correct diagnosis. 
Differentiating AIP from pancreatic cancer is the 
main goal to avoid unnecessary surgery or inva-
sive intervention. One should be aware of various 
pancreatic and extrapancreatic manifestations of 
AIP in order to facilitate diagnosis.  

    Pancreatic Morphological Changes 

 Diffuse parenchymal enlargement of the pancreas 
is a characteristic feature of AIP seen in 24–73 % 
of patients (Figs.  5.1a, b , and  5.2 ) [ 1 – 5 ]. The pan-
creatic border becomes featureless with efface-
ment of the lobular contour of the pancreas [ 2 ]. 

The pancreatic tail may become foreshortened [ 6 ]. 
On CT, the pancreas shows delayed enhancement 
during the late phase of contrast enhancement [ 1 ,  7 ]. 
On magnetic resonance imaging (MRI), the pan-
creas is diffusely hypointense on T1-weighted 
images, slightly hyperintense on T2-weighted 
images, and shows heterogeneous and diminished 
enhancement during the early phase with delayed 
increased enhancement during the late phase of 
contrast enhancement [ 1 ,  2 ,  8 ].

    Focal, mass-like enlargement of the pancreas 
is seen in 18–40 % of patients with AIP (Fig.  5.3 ) 
[ 2 ,  4 ,  5 ,  9 ]. Any portion of the pancreas can be 
involved, although involvement of the pancreatic 
head is more common [ 5 ,  10 ]. On CT, the 
enlarged segment of the pancreas typically dem-
onstrates iso-attenuation compared to the non- 
enlarged segment of pancreatic parenchyma [ 2 ]. 
In a small number of cases, the focally enlarged 
segment is low attenuation compared to the unin-
volved pancreatic parenchyma and may be indis-
tinguishable from pancreatic cancer [ 2 ,  4 ,  9 ,  11 ]. 
The demarcation between the normal paren-
chyma tends to be sharp in such cases [ 11 ]. 
Atrophy of the pancreas upstream to the focally 
involved area is uncommon in patients with AIP 
in contrast to patients with pancreatic carcinoma. 
The pancreas may also appear as an area of seg-
mental low density without mass-like enlarge-
ment. Multifocal pancreatic involvement is rare, 
but occasionally multiple low-attenuation lesions 
may be seen [ 12 ]. When the pancreas is focally 
enlarged, the normal appearing segment should 
be carefully examined, as the apparent normal 
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area may cause biliary dilatation or may have 
abnormally decreased enhancement which are 
clues to the diagnosis.

   The pancreas may appear normal in size or 
atrophic in 9–36 % of patients [ 3 – 5 ]. A normal- 
sized pancreas may result from a milder form of 
disease, but in such cases the enhancement pat-

tern is usually altered [ 5 ]. Pancreatic atrophy is 
believed to represent a late burnt-out phase of the 
disease [ 2 ]. This appearance can also be seen 
after steroid therapy. 

 A capsule-like rim can been seen around the 
enlarged pancreas in 14–48 % of patients with AIP 
(Figs.  5.1a , and  5.2 ) [ 1 ,  2 ,  4 ,  5 ]. The capsule- like 
rim is low attenuation on contrast-enhanced CT 
and hypointense on both T1- and T2-weighted 
images and shows delayed enhancement on 
contrast- enhanced MR. The rim may diffusely sur-
round the entire pancreas or only focal regions [ 5 ]. 
The rim is thought to represent peripancreatic 
extension of the characteristic infl ammatory cell 
infi ltration [ 1 ]. Mild peripancreatic stranding may 
also be present which is usually confi ned to the 
peripancreatic region with infrequent involvement 
of the mesentery and anterior pararenal fascia [ 2 ].  

    Enhancement Characteristics 

 The enhancement pattern is a useful adjunct to 
the morphological changes of the pancreas, 
which is assessed by contrast-enhanced CT or 

  Fig. 5.1    ( a – d ) A 68-year-old male with autoimmune 
pancreatitis. ( a ,  b ) Contrast-enhanced CT shows diffuse 
enlargement of the pancreas. Capsule-like rim is present 
around the tail of the pancreas. Enhancement of intrapan-

creatic portion of the bile duct is suggestive of biliary 
involvement. Note the intrahepatic biliary dilation. ( c ,  d ) 
Contrast-enhanced CT obtained after steroid treatment 
shows diffuse atrophy of the pancreas       

  Fig. 5.2    A 66-year-old male with autoimmune pancreati-
tis. T2-weighted MR image shows diffuse enlargement of 
the pancreas and capsule-like rim around the pancreas. 
Capsule-like rims are hypointense to the pancreatic 
parenchyma       
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contrast-enhanced MRI using multiphasic tech-
nique. Irie et al. fi rst described delayed enhance-
ment in patients with diffuse changes of AIP; CT 
attenuation of the pancreas was higher at 6 min 
delayed scan compared to the 60 s delayed scan 
[ 1 ]. Qualitatively, CT attenuation of the pancreas 
in AIP is similar or higher than that of the liver 
and lower than that of spleen during the pancre-
atic phase and is similar or higher than that of the 
liver and higher than that of spleen in hepatic 
phase of biphasic CT [ 10 ,  13 ]. Quantitatively, 
mean CT attenuation value of the pancreatic 
parenchyma in AIP was signifi cantly lower than 
that in normal controls during the pancreatic 
phase (AIP: 85 HU, normal pancreas: 104 HU; 
 p  < 0.05), but not signifi cantly different in the 
hepatic phase (AIP: 96 HU, normal pancreas: 
89 HU;  p  = 0.6) [ 7 ]. Similar enhancement pattern 
was observed on MR [ 8 ]. 

 This enhancement pattern was also seen in 
patients with focal AIP: decreased enhancement 
during the pancreatic phase with delayed enhance-
ment during the hepatic phase (Figs.  5.4a, b ). 
On the other hand, pancreatic carcinoma shows 
decreased enhancement in the pancreatic phase 
with a minimal change in the enhancement in the 
hepatic phase (Figs.  5.5a, b ). Wakabayashi et al. 
evaluated the CT enhancement pattern in 9 
patients with focal AIP [ 9 ]. Of the 9 patients, 6 
lesions were hypo-attenuating in the early phase 
but all were homogeneously iso-attenuating in 
the delayed phase. On the other hand, only 2 of 
80 patients with pancreatic carcinoma had 
 homogeneous enhancement in the delayed phase. 

Quantitatively, the mean CT attenuation value of 
focal AIP was not signifi cantly different in the 
pancreatic phase (AIP: 71 HU, carcinoma: 
59 HU;  p  = 0.06), but signifi cantly higher than 
that in carcinoma in the hepatic phase (AIP: 
90 HU, carcinoma: 64 HU;  p  < 0.001) [ 7 ]. 
Delayed enhancement of the mass or focally 
enlarged segment, defi ned as a 15-HU or greater 
increase from the pancreatic phase to the hepatic 
phase, was found in 7 of the 13 patients with 
focal AIP (54 %) and in 5 of 33 patients (15 %) 
with carcinoma ( p  = 0.02).

        Diffusion-Weighted MR 

 Diffusion-weighted MR is a technique to evalu-
ate the rate of microscopic water diffusion within 
tissues by using special magnetic gradients. 
Quantitative measurements of the diffusivity of 
water are described by the apparent diffusion 
coeffi cient. Kamisawa et al. showed that apparent 
diffusion coeffi cient values were signifi cantly 
lower in AIP (1.01 ± 0.11 × 10(−3) mm(2)/s) 
than in pancreatic cancer (1.25 ± 0.11 × 10(−3) 
mm(2)/s) and normal pancreas (1.49 ± 0.16 × 10
(−3) mm(2)/s) (P < 0.001) (Fig.  5.4c ) [ 14 ]. 
Taniguchi et al. showed that apparent diffusion 
coeffi cient values were signifi cantly lower in AIP 
(0.97 ± 0.18 × 10(−3) mm(2)/s) compared to other 
types of chronic pancreatitis (1.45 ± 0.10 × 10
(−3) mm(2)/s) [ 15 ].    In addition, diffusion-weighted 
MR was helpful in reclassifying what appeared to 
be focal mass-forming AIP to diffuse AIP by 

  Fig. 5.3    ( a ,  b ) A 68-year-old male with autoimmune pancreatitis. ( a ,  b ) Contrast-enhanced CT shows focal enlargement of the 
pancreatic tail. Remaining pancreas is normal. Multiple small low-density lesions are due to renal involvement of AIP       
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  Fig. 5.4    ( a – c ) A 30-year-old female with autoimmune 
pancreatitis, type II. ( a ,  b ) Contrast-enhanced MR 
images show segmental abnormality in the tail of the 
pancreas. The abnormal segment shows decreased 

enhancement during the early phase of contrast enhance-
ment with delayed enhancement. ( c ) Diffusion-weighted 
images (ADC map) show restricted diffusion in abnor-
mal segment       

  Fig. 5.5    ( a ,  b ) An 83-year-old female with diffuse infi l-
trative pancreatic carcinoma. ( a ,  b ) Pancreas is diffusely 
enlarged and shows decreased enhancement. Unlike AIP, 

the abnormal pancreas does not show increased delayed 
enhancement. Note the rim of high density at the periph-
ery of the pancreas       

showing diffusely decreased apparent diffusion 
coeffi cient values in the non- enlarged pancreatic 
segment.  

    Pancreatic Duct Changes 

 Diffuse or segmental narrowing of the main 
pancreatic duct is the characteristic ERCP fi nd-
ing [ 2 ,  16 ]. The pancreatic duct narrowing is 
often poorly seen on CT as the normal pancreatic 

duct is very small. MRCP is a preferred nonin-
vasive method to assess the pancreatic ductal 
changes. Segmental narrowing of the main pan-
creatic duct may be seen as a poorly visualized 
segment on CT or MRCP compared to a normal-
caliber pancreatic duct in uninvolved segments 
of pancreas [ 17 ,  18 ]. Mild pancreatic ductal 
dilation is commonly present upstream to the 
narrowed segment, and thus mild caliber 
changes of the main pancreatic duct are often 
detectable on CT or MR. The degree of main 
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pancreatic duct dilation is usually milder than 
that seen in cases of pancreatic carcinoma. 
A relatively specifi c main pancreatic ductal 
change of AIP is multifocal narrowing, and this 
may be depicted on CT or MRCP [ 18 ,  19 ]. The 
duct-penetrating sign [ 20 ] may also be useful in 
differentiating AIP from pancreatic cancer. 
Secretin-stimulated MRCP may be helpful in 
the assessment of pancreatic duct-penetrating 
sign [ 19 ]. Enhancement of the pancreatic duct 
wall may be present in patients with AIP on por-
tal phase or delayed phase CT [ 5 ].  

    Other Pancreatic and Peripancreatic 
Findings 

 Pancreatic pseudocyst and/or calcifi cation is 
 typically associated with alcohol-induced chronic 
pancreatitis [ 9 ]. However, calcifi cations are seen 
in 14–32 % and cysts are seen in 10–12 % of 
patients with AIP [ 4 ,  5 ], especially in the late or 
post-acute phase; therefore, presence of calcifi ca-
tions or cysts should not exclude the possibility of 
AIP [ 21 ,  22 ]. Pancreatic pseudocysts associated 
with AIP typically shrink after steroid  therapy 
[ 22 ]. Vessels are commonly involved by the 
extension of peripancreatic soft tissue in patients 
with AIP (44–68 %). Vascular involvement may 
be either arterial such as superior mesenteric 
artery (10 %) or venous such as splenic vein or 
portal vein (58 %) [ 4 ,  5 ] . Involved veins are often 
narrowed but occlusion may occur [ 5 ].  

    Other Organ (Extrapancreatic) 
Involvement in the Abdomen 

 The most common site of extrapancreatic 
involvement is the biliary tree presenting with asy-
mptomatic liver test abnormalities or jaundice [ 4 ]. 
On imaging, biliary involvement commonly 
appears as multifocal biliary strictures similar to 
primary sclerosing cholangitis. Rarely, it may 
form a mass which mimics cholangiocarcinoma. 
The kidneys are also commonly involved [ 23 ]. 
Radiographically, renal lesions are commonly 
bilateral and multiple, predominantly involving 

the renal cortex (Fig.  5.3b ). Renal parenchymal 
lesions can be classifi ed as small peripheral corti-
cal nodules, round or wedge-shaped lesions, and 
diffuse patchy involvement. Renal lesions may 
present as a large solitary mass which mimic pri-
mary renal neoplasm. Retroperitoneal fi brosis is 
seen in 10 % of cases. Biliary or renal involve-
ment and retroperitoneal fi brosis are exclusively 
seen in type 1 AIP. On the other hand, type 2 AIP 
is commonly associated with infl ammatory 
bowel disease such as Crohn’s disease or ulcer-
ative colitis [ 24 ].  

    Other Imaging Modalities 

 On PET, the pancreas shows increased 
18F-fl uorodeoxyglucose (FDG) uptake in almost 
all cases [ 25 – 29 ]. Although FDG uptake is com-
monly seen in pancreatic cancer (73–82 %), the 
pattern of uptake is usually different [ 26 ,  29 ]. 
FDG uptake in AIP is usually diffuse, segmental, 
or multifocal, while uptake in pancreatic carci-
noma is usually focal. FDG uptake in extrapan-
creatic tissues such as the lacrimal gland, salivary 
gland, biliary tree, periaortic region, kidneys, 
prostate, and lymph nodes is common and spe-
cifi c for AIP [ 26 ,  27 ,  29 ]. On transabdominal US, 
the pancreas is diffusely or focally enlarged and 
hypoechoic. On contrast-enhanced US, the 
involved pancreatic segment commonly shows 
moderated to marked enhancement [ 30 ,  31 ].  

    Differentiating AIP from Pancreatic 
Malignancy and Other Types 
of Pancreatitis 

 Differentiating AIP from pancreatic carcinoma 
on CT or MR can be diffi cult. AIP is one of the 
most common benign disease processes for which 
pancreatic resection is performed for suspected 
pancreatic carcinoma. AIP represents 31 % of 
tumefactive chronic pancreatitis patients who 
undergo pancreatic resection [ 32 ], and 2–6 % 
of patients who undergo pancreatic resection 
for suspected pancreatic cancer [ 32 ,  33 ]. Focal 
enlargement of the pancreas or low- attenuation 
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mass formation is not uncommon in patients with 
AIP [ 2 ,  4 ,  9 ]. Moreover, pancreatic carcinoma 
may present as an iso-attenuating mass in approx-
imately 10 % [ 34 ]. Findings that are useful in dif-
ferentiating AIP from pancreatic carcinoma and 
its frequency are shown in Table  5.1  and Table  5.2  
[ 35 ,  36 ]. Highly specifi c fi ndings of AIP include 
diffuse pancreatic enlargement, capsule-like rim 
around the pancreas, other organ involvement 
(bile duct, kidney, retroperitoneum), and delayed 
enhancement of the pancreatic lesion. A low-den-
sity mass, distal pancreatic duct cutoff, or atro-
phy can be occasionally seen in AIP; given the 
much higher prevalence of pancreatic carcinoma, 
presence of such fi ndings are highly suggestive 
of pancreatic carcinoma   .

    Although diffuse enlargement of the pancreas 
is highly suggestive of AIP, it is not without dif-
ferential diagnosis. Diffuse infi ltrating pancreatic 
malignancies such as lymphoma and pancreatic 
carcinoma should also be considered. While the 
pancreas of AIP typically shows delayed 
enhancement, lymphoma often shows washout of 
contrast on delayed scan [ 37 ]. A high-attenuation 
rim, which represents compressed normal paren-
chyma by carcinoma, is a helpful sign of diffuse 
infi ltrating pancreatic carcinoma [ 38 ] (Figs.  5.5a, 
b ). When the pancreas is focally enlarged but 
without fi ndings suggestive of carcinoma (low- 
density mass, distal pancreatic duct cutoff, or 
atrophy), the fi nding is indeterminate and further 
investigation is necessary to make correct diag-
nosis (Fig.  5.3a ) [ 35 ]. 

 The morphology of the normal pancreas can 
vary even in subjects without pancreatic disease, 
thus assessing morphological changes in AIP 
such as diffuse enlargement is not always easy. In 
such cases, ancillary fi ndings such as enhance-
ment pattern (peak enhancement during pancre-
atic phase), lobulated contour, fatty marble, and 
absence of pancreatic duct irregularity are help-
ful to differentiate normal pancreas from AIP. 
Acute pancreatitis may present with diffuse 
enlargement of the gland with or without 
decreased enhancement. However, the clinical 
presentation is usually different. When pancre-
atic atrophy, calcifi cations, and/or pseudocyst 
formation is present, other forms of chronic pan-

creatitis must be considered in the differential 
diagnosis. These fi ndings could be seen in the 
burnt-out phase of autoimmune pancreatitis.  

    Differences in Type 1 
and Type 2 AIP 

 Little has been reported regarding the differ-
ences between type 1 and type 2 AIP on cross-
sectional imaging (Fig.  5.4a–c ). In a recent 
study, Deshpande et al. reviewed resected cases 
of type 1 ( n  = 11) and type 2 ( n  = 18) AIP [ 39 ]. 
Pancreatic tail cutoff sign was exclusively seen 
in type 2 disease (4/10). Other imaging features 
such as diffuse swelling of the pancreas, pancre-
atic stranding, capsule-like rim, and common 
bile duct strictures were seen in both types of 
AIP and were not helpful in distinguishing from 
one another. An international multicenter  survey 

   Table 5.1    Frequency of CT fi ndings in AIP and 
 pancreatic carcinoma   

 CT fi ndings 

 Diffuse pancreatic enlargement 
without (a), (b), or (c) 

 52 %  0 % 

 Capsule-like rim around the pancreas  38 %  0 % 
 Other organ involvement  58 %  2 % 
 Focal enlargement without (a), (b), or 
(c) or normal-sized pancreas 

 31 %  5 % 

 Low-density mass (a)  15 %  89 % 
 Pancreatic duct cutoff (b)  8 %  67 % 
 Distal pancreatic atrophy (c)  17 %  53 % 
 Liver lesions suggestive of metastases  17 %  18 % 

  Modifi ed from Chari et al.  

   Table 5.2    Frequency of CT fi ndings in focal AIP and 
pancreatic carcinoma   

 CT fi ndings 

 Delayed enhancement  100 %  6 % 
 Capsule-like rim around the 
pancreas 

 35 %  1 % 

 Wall thickening of the bile duct  47 %  6 % 
 Wall thickening of the gallbladder  29 %  4 % 
 Retroperitoneal fi brosis  12 %  0 % 
 Atrophy of the pancreatic body or 
tail 

 0 %  61 % 

  Modifi ed from Kamisawa et al.  
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showed that diffuse swelling of the pancreas 
was more common in type 1 compared to type 2 
AIP (40 % vs. 25 %) [ 24 ]. The pattern of extra-
pancreatic organ involvement is distinct between 
the two types and helpful when present [ 24 ]. 
Biliary or renal involvement and retroperitoneal 
fi brosis are seen in type 1 AIP, whereas infl am-
matory bowel disease is commonly associated 
with type 2 AIP.  

    Posttreatment Changes 
and Relapse 

 Steroid therapy often results in disease remission 
with resolution of clinical symptoms. Enlarged 
pancreatic parenchyma commonly normalizes or 
becomes atrophic (Figs.  5.1c, d ) [ 8 ,  10 ]. 
Improvement of pancreatic duct stricture may be 
evident on CT or MR. Abnormal signal changes 
on T1, T2, or diffusion-weighted MR images 
improve completely or partially. Delayed enhance-
ment changes on contrast-enhanced CT or MR 
usually normalize after steroid treatment. A pan-
creas with diffuse enlargement or capsule- like rim 
may respond to steroid more favorably [ 6 ].  

    Key Points 

•     Diffuse parenchymal enlargement of the pan-
creas is a characteristic feature of AIP seen in 
24–73 % of patients. However, it may present 
as focal or segmental enlargement of pancreas 
or low-density mass.  

•   Capsule-like rim is a specifi c fi nding of AIP 
and seen in 14–48 % of patients with AIP.  

•   The pancreatic parenchyma commonly shows 
decreased enhancement during the early phase 
contrast administration and shows increased 
enhancement during the delayed phase.  

•   Presence of other organ (extrapancreatic) 
involvement is helpful in making the correct 
diagnosis of AIP.  

•   FDG-PET and MRI with diffusion-weighted 
imaging may be helpful when CT fi ndings are 
inconclusive.        
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           Introduction 

 AIP has historically been considered a rare disor-
der, but it is increasingly recognized due to an 
evolving understanding of the diverse nature    of 
this protean disorder. It is now realized that the 
pancreatic manifestations are but one of often 
many manifestations of a systemic fi broinfl am-
matory process. A low threshold is needed for 
diagnosis and AIP should be considered in 
patients presenting with unexplained pancreatic 
disease, especially those with a current or prior 
history of obstructive jaundice. The diagnosis 
should also be entertained in patients with a pan-
creatic mass or enlargement, pancreatic atrophy, 
or exocrine insuffi ciency. AIP is seldom the cause 
of pancreatitis. While many patients with AIP 
present with vague abdominal pain, routinely 
searching for AIP in patients predominantly 
complaining of abdominal pain is of low yield. 

 The Japan Pancreas Society established the 
fi rst set of AIP diagnostic criteria that required (1) 
diffuse pancreatic enlargement and (2) diffuse, 
irregular main pancreatic duct narrowing. 

Diagnosis also requires any of the following: (1) 
increased immunoglobulin G (IgG) level, (2) 
presence of autoantibodies (antinuclear antibody 
or rheumatoid factor), and/or (3) fi brosis and lym-
phoplasmacytic infi ltration within tissue speci-
mens. Creation of the Japanese criteria was an 
important step in the diagnosis and management 
of patients with AIP. Worldwide experience led to 
differing and somewhat confl icting sets of diag-
nostic criteria [ 12 – 16 ]. While variation exists 
among the classifi cation schemes, they each con-
sider an array of clinical, laboratory, and imaging 
fi ndings to accurately establish the diagnosis 
[ 4 ,  15 ,  17 ,  18 ]. Chari and colleagues [ 18 ] incorpo-
rated many cardinal features of AIP to establish 
the Mayo Clinic HISORt criteria that rely on 
histology, imaging, serology, other organ involve-
ment, and response to steroid therapy [ 14 ,  19 – 24 ]. 
Incorporation of these criteria into a diagnostic 
algorithm has been shown to enhance diagnostic 
sensitivity without sacrifi cing specifi city. 

 Even when the diagnosis is considered, diag-
nostic uncertainty often remains [ 25 – 27 ]. 
Incomplete or inadequate evaluation risks unnec-
essary surgery for a benign disorder that tends to 
have a fl uctuating course often with complete 
resolution of all manifestations with or without 
immunosuppressive therapy [ 4 ,  28 ]. Due to limi-
tations of prior diagnostic algorithms, the Mayo 
Clinic HISORt criteria were established, which 
enhance the sensitivity of AIP diagnosis without 
sacrifi cing specifi city [ 29 ]. Despite proper use of 
existing diagnostic algorithms, there is still often 
substantial delay in the diagnosis and use of 
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unnecessary interventions. In addition, a subset 
of patients with suspected AIP remain undiag-
nosed, leading to diagnostic steroid trials that 
often add to the diagnostic confusion and risk 
patient safety. There is clear need to further refi ne 
the diagnostic approach to these patients [ 30 ].  

    Historical Role of EUS 

 Pancreatic imaging is a key component of all AIP 
diagnostic criteria. However, existing diagnostic 
criteria consider only the fi ndings of computed 
tomography (CT), magnetic resonance imaging 
(MRI), and endoscopic retrograde cholangiopan-
creatography (ERCP) [ 31 – 33 ]. Notably absent 
from all the algorithms is the use of EUS. EUS, 
with its ability to provide high-defi nition imaging 
of the pancreas and ability to acquire tissue, could 
potentially play a major role in defi nitive diagnosis 
of AIP and exclusion of cancer. While the ability of 
EUS to diagnose pancreatic cancer is well studied, 
there is absence of quality data supporting the role 
of EUS for defi nitive diagnosis of AIP. It is unclear 
if EUS imaging alone provides suffi cient accuracy 
to establish or even reliably suggest the diagnosis 
of AIP. While EUS may serve as a means of tissue 
acquisition, the general inability of fi ne-needle 
aspiration (FNA) to establish the diagnosis and the 
diffi culty of obtaining Tru-Cut biopsy (TCB) spec-
imens in most centers limit even this use of EUS.  

    Endoscopic Ultrasound Imaging 
Features 

 There are emerging data that suggest the poten-
tial utility of EUS imaging for the diagnosis of 
AIP [ 34 – 39 ]. However, these reports are mostly 
descriptive and lack the necessary methodology 
to determine the predictive value of EUS imaging 
alone. In the absence of such data, we provide 
opinion based on review of the limited published 
reports and our clinical experience. 

 Unfortunately, there are no pathognomonic 
EUS fi ndings of AIP. We regard the most charac-
teristic and “classic” EUS AIP fi ndings to be dif-
fuse (sausage-shaped) pancreatic enlargement with 
hypoechoic, coarse, patchy, and heterogeneous 

appearing parenchyma (Fig.  6.1 ). In our experi-
ence when patients have all these features, there is 
a high probability of AIP. However, patients often 
fail to demonstrate one or more of these features 
(Figs.  6.2  and  6.3 ), which may limit the accuracy 
of EUS. More problematic are patients who pres-
ent with EUS evidence of a mass lesion that can 
mimic pancreatic carcinoma (Fig.  6.4 ). At times 
this process may appear to result in vascular inva-
sion and perception of unresectable neoplasia 
(Fig.  6.5 ). Also, the EUS features of AIP often 
overlap with other pancreatic disorders such as 
usual or “nonspecifi c” chronic pancreatitis 
(Fig.  6.6 ). And fi nally, EUS may demonstrate a 
normal appearing pancreas falsely suggesting the 
absence of any pathology.

        There are no studies that have directly com-
pared EUS to CT or MRI, and it remains unclear 

  Fig. 6.1    Classic EUS appearance of AIP including 
hypoechoic diffuse (sausage-shape) pancreatic enlarge-
ment with hypoechoic, coarse, patchy, heterogeneous 
parenchyma       

  Fig. 6.2    EUS reveals a hypoechoic, course, pancreas in 
which the features are patchy and heterogeneous, in the 
absence of a diffusely enlarged (“sausage-shape”) gland       
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as to the additive value of EUS imaging when CT 
or MRI raise no concern for AIP or fi ndings are 
nondiagnostic. However, pertinent information 
may be obtained among a cohort of 48 patients 

with AIP diagnosed by HISORt criteria who 
underwent pancreatic EUS imaging and TCB 
from our center [ 37 ,  40 ]. The diagnosis of AIP 
was strongly suspected prior to EUS in 14 
patients as a result of their clinical, laboratory, 
imaging, and laboratory fi ndings. For 22 patients, 
the diagnosis was considered pre-EUS as part of 
a broader differential, and in 12 patients the EUS 
appearance alone led to the initial suspicion of 
AIP. These data suggest that EUS imaging alone 
may increase the diagnostic accuracy for AIP in 
patients with negative or nondiagnostic CT 
or MRI. 

 While some features appear “characteristic” 
of AIP, none have proven useful when used in 
isolation to diagnose AIP. In addition the pres-
ence of these perceived “characteristic” features 
in other pancreatic disorders limits their diagnos-
tic specifi city. The lack of pathognomonic fea-
tures and diverse spectrum of EUS fi ndings limits 
the utility of EUS imaging alone. This has driven 
the pursuit of safe methods for obtaining tissue to 
enhance diagnostic accuracy.  

    Endoscopic Ultrasound-Guided 
Tissue Acquisition 

    Fine-Needle Aspiration 

 Despite few reports diagnosing AIP using FNA 
specimens alone, there are no broadly accepted 
criteria for the cytologic diagnosis, and there is 

  Fig. 6.3    EUS appearance of a hypoechoic diffusely 
enlarged (“sausage-shape”) gland, without the course and 
heterogeneous features       

  Fig. 6.4    EUS fi nding of a mass-like lesion in a patient 
with AIP       

  Fig. 6.5    EUS fi nding of a mass-like lesion in a patient 
with AIP that may be confused with an “unresectable” 
pancreatic ductal carcinoma       

  Fig. 6.6    EUS features of nonspecifi c chronic pancreatitis 
in a patient with AIP       
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great reluctance by most pathologists to rely on 
FNA specimens [ 41 – 43 ]. FNA commonly yields 
a diminutive tissue sample and results in a loss of 
tissue architecture, thereby interfering with the 
histologic evaluation. Although some report the 
ability to obtain core specimens with standard 
FNA needles, such efforts have not been ade-
quately studied or validated. 

 Due to the inability to obtain adequate core 
specimens with standard FNA needles, some 
advocate the use of less rigorous or incomplete 
pathology defi nitions for the cytologic diagnosis 
of AIP. These less stringent criteria may rely on 
the presence of a lymphoplasmacytic infi ltrate 
alone without the need to fi nd such infi ltrate posi-
tioned in a periductal location [ 41 – 43 ]. Similarly, 
the need for preservation of ductules, venules, or 
arterioles within the collected specimens appears 
to vary among individual endosonographers and 
their pathologists [ 41 – 43 ]. While “softening” the 
pathology criteria may enhance the diagnostic 
sensitivity of FNA for AIP, doing so is sure to 
compromise diagnostic specifi city. This is par-
ticularly problematic for pancreatic carcinoma, 
which is often associated with a lymphoplasma-
cytic infi ltration. Placing too much value on the 
signifi cance of a negative FNA with the percep-
tion that an underlying malignancy has been 
excluded can be dangerous given the 10–40 % 
false negative rate of FNA for cancer even among 
expert centers [ 44 – 47 ].   

    Tru-Cut Biopsy 

 To overcome limitations associated with FNA 
needles, large caliber cutting biopsy needles have 
been developed that acquire samples with pre-
served tissue architecture, thereby permitting his-
tological examination [ 48 – 55 ]. The EUS Tru-Cut 
biopsy device (Quick-Core, Wilson-Cook, 
Winston-Salem, North Carolina) incorporates a 
disposable 19-gauge needle with a tissue tray and 
sliding sheath that is designed for the capture of a 
tissue core. This device has been shown to be par-
ticularly useful for the diagnosis of stromal 
tumors, lymphoma, and well-differentiated, 

 desmoplastic, and/or vascular tumors that are 
often diffi cult to diagnose by cytology alone [ 56 –
 60 ]. Although characteristic histologic fi ndings of 
AIP exist, until recently it has been impractical to 
use histology to defi nitively establish the diagno-
sis preoperatively. We initially reported the utility 
in using EUS TCB to acquire core specimens 
adequate to demonstrate the full spectrum of his-
tologic features in the diagnosis of AIP [ 37 ]. 

 The classic constellation of histologic fi nding 
in AIP is termed lymphoplasmacytic sclerosing 
pancreatitis (LPSP) that consists of (1) a lympho-
plasmacytic infi ltrate that surrounds (a) medium 
and large size interlobular pancreatic ducts and 
(b) pancreatic venules (obliterative phlebitis) 
while sparing arterioles and (2) swirling fi brosis 
centered around pancreatic ducts (storiform 
fi brosis) [ 61 ,  62 ]. The specimens obtained with 
TCB are of suffi cient size and quality to reveal 
each of these features and may be used to distin-
guish AIP from usual chronic pancreatitis and 
pancreatic carcinoma [ 25 ,  63 ,  64 ]. The evalua-
tion is enhanced through IgG4 immunostaining 
of tissue samples to identify IgG4-positive 
plasma cells. The fi nding of either moderate (11–
30 cells/HPF) or dense infi ltration (>30 cells/
HPF) is considered diagnostic [ 38 ,  65 ]. These 
fi ndings distinguish AIP from alcohol-induced 
pancreatitis and the peri-tumoral infl ammation 
associated with ductal carcinoma [ 38 ]. While tra-
ditionally a histopathologic diagnosis required 
review of resected pancreatic specimens, the 
recent introduction of EUS-guided Tru-Cut 
biopsy can greatly simplify the diagnosis [ 37 ]. 

 We recently updated our experience at the 
Mayo Clinic in patients with a fi nal HISORt 
diagnosis of AIP in order to determine the safety 
and diagnostic sensitivity of EUS TCB. We iden-
tifi ed 48 patients [38 male, 10 female; mean age 
59.7 years (range 18–87)] in whom a mean of 2.9 
EUS TCBs (range 1–7) were performed. 
Histologic examination of the EUS TCB speci-
mens provided a diagnosis in 35 (73 %) patients. 
The diagnostic sensitivity varied among the 5 
endosonographers from 33 % to 90 %. 
Nondiagnostic cases were found to have chronic 
pancreatitis ( n  = 8), nonspecifi c histology ( n  = 2), 
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or a failed tissue acquisition ( n  = 3). EUS FNA–
TCB (mean 3.4 passes, range 1–7 passes) was 
performed in 37 of the 48 patients, failing to 
establish or suggest the diagnosis in any patient. 
Complications included mild transient  abdominal 
pain ( n  = 3) and self-limited intra-procedural 
bleeding ( n  = 1). It is unclear if TCB and/or FNA 
attributed to these complications. No patient 
required hospitalization or therapeutic interven-
tion. Of note, the serum IgG4 was >2x the upper 
limit of normal in only 23 % of patients. None of 
the patients with EUS TCB diagnosis of AIP 
required surgical intervention for diagnosis. Over 
a mean follow-up of 2.6 years, no false negative 
diagnoses of pancreatic cancer were identifi ed. 
Prior to EUS, the diagnosis of AIP was strongly 
suspected in 14 patients as a result of their clini-
cal, laboratory, imaging, and laboratory fi ndings. 
For 22 patients the diagnosis was considered pre- 
EUS as part of a broader differential. Our data 
suggest the potential utility of EUS imaging to 
the initial suspicion of AIP in 12 patients, thereby 
initiating pancreatic TCB and subsequent clinical 
evaluation for AIP. 

 EUS TCB appears safe and provides suffi cient 
material to defi nitively diagnose AIP with high 
sensitivity. EUS TCB obviates the need for surgi-
cal intervention in this medically treatable dis-
ease. Our fi ndings are consistent with the expert 
panel deliberations held at the 2009 Honolulu 
Meeting, sponsored by the American Pancreatic 
Association and Japan Pancreas Society [ 43 ]. 
The panel noted that although pancreatic FNA 
has little or no role in diagnosing AIP, TCB spec-
imens may be suffi cient for diagnosis. 

    AIP Subtypes (Types 1 and 2) 

 This chapter has thus far provided a general 
discussion regarding the role of EUS in AIP, 
almost all of which applies to the most widely 
recognized and most common form of AIP: 
lymphoplasmacytic sclerosing pancreatitis 
(LPSP), the histologic pattern seen in type 1 AIP 
[ 20 ,  66 – 68 ]. The Japanese, Korean, and HISORt 
criteria were designed to diagnose type 1, but 

not type 2, AIP [ 69 ]. There are few data pertaining 
to the less common variant of AIP, type 2 that is 
referred to as idiopathic duct centric chronic 
pancreatitis (IDCP) [ 20 ,  70 – 72 ]. 

 Differences in the age at presentation, gender, 
results of IgG 4  staining, and presence of associ-
ated disorders may provide clues to the presence 
of type 1 or 2 AIP. However, the disease subtypes 
are most reliably distinguished by histologic fea-
tures [ 20 ,  63 ]. Given the paucity of diagnostic 
clues and the need for histologic review of large 
core biopsies, until recently the defi nitive diagno-
sis of type 2 AIP was only possible from surgical 
pancreatic biopsy or resected specimens. While 
our initial experience using EUS TCB offered the 
promise of enhanced diagnosis for type 1 AIP, 
[ 37 ] until recently there were no data pertaining 
to the use of EUS TCB in the setting of type 2 
disease. 

 We recently reported our experience with EUS 
TCB [ 40 ] in this patient cohort using blinded 
pathology review of TCB specimens in 5 patients 
[4 male; mean age 39.6 years (range 25–71)] with 
a fi nal diagnosis of type 2 AIP based on complete 
clinical, laboratory, imaging, and follow-up data 
[ 4 ,  15 ,  17 ]. Patients presented with obstructive 
jaundice ( n  = 2), abdominal pain ( n  = 2), and 
recurrent acute pancreatitis ( n  = 1). The serum 
IgG 4  level was marginally elevated in only 1 of 4 
patients in whom it was measured. Pre-EUS CT 
( n  = 4) and MRI ( n  = 1) revealed diffuse pancreatic 
enlargement ( n  = 3), a focal pancreatic head mass 
( n  = 1), and a normal pancreas ( n  = 1). One patient 
had ulcerative colitis. Based on all pre-EUS data, 
the diagnosis of AIP (of either subtype) was not 
specifi cally suspected in any of the 5 patients, but 
was considered as part of a broad differential in 3 
patients. In the remaining 2 patients, the EUS 
imaging alone raised suspicion for the presence 
of AIP and led to subsequent TCB. 

 EUS revealed a diffusely hypoechoic pancreas 
( n  = 5), and a focal pancreatic head mass was 
present in one patient. A mean of 3.6 TCB (range 
2–7) passes were used to secure a histology diag-
nosis in 4 patients. In one patient, the clinical and 
imaging response to steroids helped enable diag-
nosis. No patient required surgical intervention 
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for diagnosis or management. Four patients 
underwent a mean of 2.25 FNA passes (range 
2–3) that demonstrated pancreatic acinar cells, 
without evidence of neoplasia or AIP of either 
subtype. No complications developed.   

    Summary 

 Although personal opinion and limited data sug-
gest that EUS imaging alone may improve AIP 
diagnosis, there are few data to substantiate this 
view. The lack of pathognomonic imaging fea-
tures, considerable variation in pancreatic imag-
ing, and a diverse spectrum of clinical disease 
highlight the need for safe and reliable measures 
for acquiring pancreatic biopsies to enhance the 
diagnostic accuracy of AIP. 

 While FNA cytologic specimens can be exam-
ined for lymphocytes and plasma cells, their 
presence in other disorders limits specifi city, 
risking mismanagement of an unrecognized pan-
creatic carcinoma. Tissue samples collected via 
FNA lack preservation of tissue architecture 
which most pathologists consider necessary for a 
diagnosis of AIP. As such, until data show other-
wise, reliance on FNA to establish the diagnosis 
of AIP is discouraged. Instead TCB should be 
used with histologic evaluation and IgG4 immu-
nostaining [ 29 ,  63 ]. We perform EUS TCB for 
patients with a compatible clinical presentation 
in whom there is diagnostic uncertainty and when 
the fi nds are likely to alter management. Doing 
so may prevent misdiagnosis of pancreatic carci-
noma risking lost opportunity for potentially 
curative resection while avoiding unnecessary 
surgical interventions for those with AIP. 
Unfortunately, it may not be possible to obtain 
pancreatic core biopsies due to technical, ana-
tomical, or personnel limitations. In such patients, 
it is even more critical to consider all diagnostic 
criteria in a manner that often allows diagnosis 
even in the absence of histologic evaluation. 
Further study is needed to determine the sensitiv-
ity and specifi city of EUS imaging alone as well 
as for FNA and TCB. New imaging technologies 
including elastography and contrast-enhanced 
ultrasound, as well as new biopsy needles under 
development, may offer additional promise.     
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           Introduction 

 In 1992, Toki et al. from Tokyo Women’s Medical 
University group reported four cases of peculiar 
pancreatitis showing diffuse irregular narrowing 
of the entire main pancreatic duct (MPD) on 
endoscopic retrograde pancreatography (ERP) 
[ 1 ]. Three years later, Yoshida et al., from the 
same group, proposed a new entity of autoim-
mune pancreatitis (AIP) based on their experience 
[ 2 ]. Thus, AIP was originally defi ned in Japan 
based on the unique MPD features. Therefore, in 
the Japanese diagnostic criteria for AIP pancrea-
tography, showing diffuse or segmental irregular 
narrowing of the MPD is mandatory [ 3 ].  

    Endoscopic Pancreatographic 
Findings Suggesting AIP 

 In AIP patients, unlike other causes of pancreatic 
duct obstruction or stenosis, MPD narrowing 
involves a greater extent of the duct, manifest by 
extensive narrowing and irregularity without 
upstream dilation. In typical AIP cases, more than 
one-third of the entire length of the MPD is nar-
rowed. Diffuse irregular narrowing of the MPD is 

rather specifi c to AIP (Fig.  7.1 ) [ 3 – 5 ]. In our study 
[ 6 ] comparing endoscopic pancreatography 
(ERP) fi ndings of AIP and pancreatic cancer, the 
length of the narrowed portion of the MPD was 
6.7 ± 3.2 (mean ± SD) cm in AIP patients, which 
was signifi cantly longer than in pancreatic cancer 
patients (2.6 ± 0.8 cm;  p  < 0.01). The length of the 
narrowed portion of the MPD on ERP was longer 
than 3 cm in 76 % of AIP patients, which was sig-
nifi cantly higher than in pancreatic cancer patients 
(20 %;  p  < 0.01). In AIP patients, the degree of 
MPD narrowing may vary in the same patient, 
and skipped narrowed lesions of the MPD were 
detected in 35 % of AIP versus 0 % of patients 
with pancreatic cancer, ( p  < 0.01) (Fig.  7.2 ). In AIP 
patients with segmental narrowing of the MPD, 
secondary upstream dilatation of the MPD is less 
often noted than in pancreatic cancer. The maxi-
mal diameter of the upstream MPD was 
2.9 ± 0.7 mm in segmental AIP patients, which 
was signifi cantly smaller than in pancreatic head 
cancer patients (7.1 ± 1.9 mm;  p  < 0.01). The 
maximal diameter of the upstream MPD 
was < 5 mm in 94 % of segmental AIP patients, 
compared to 18 % of pancreatic cancer patients 
(18 %;  p  < 0.01). In addition, side branches were 
more often visualized emanating from the nar-
rowed portions of the MPD in AIP patients 
(65 %) than in pancreatic cancer patients (25 %; 
 p  < 0.05) (Fig.  7.2 ). Obstruction of the MPD was 
detected more often in pancreatic cancer patients 
(60 %) than in AIP patients (6 %;  p  < 0.01).

    Histopathological features for most patients 
diagnosed with AIP in Japan include dense 
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pancreatic lymphoplasmacytic infi ltration and 
fi brosis, which is termed lymphoplasmacytic 
sclerosing pancreatitis. Typically an abundant 
lymphoplasmacytic infi ltrate and fi brosis sur-
rounds interlobular pancreatic ducts as well as 
the MPD. Although the periductal infl ammation 
is usually extensive and distributed throughout 
the entire pancreas, the degree and extent of peri-
ductal infl ammation differ from duct to duct 
according to the location of the involved pan-
creas. The infi ltrate is primarily subepithelial 
with the epithelium only rarely infi ltrated by 
infl ammatory cells. This process encompasses 

the pancreatic ducts and narrows their lumen [ 7 – 9 ]. 
On the other hand, pancreatic cancer typically 
infi ltrates and destroys the epithelium of the bile 
ducts and main pancreatic duct and side branches, 
resulting in ductal obstruction. These differences 
in periductal histopathological features likely 
account for the variance in pancreatographic 
fi ndings between AIP and pancreatic cancer. 
Pancreatographic fi ndings such as absence of 
MPD obstruction, skip lesions of the MPD, side 
branch derivation from the narrowed portion of 
the MPD, MPD involvement over >3 cm, and 
maximal upstream MPD diameter of <5 mm are 
each suggestive of AIP rather than pancreatic 
cancer [ 6 ]. 

 Nishino et al. also reported three ERP fi ndings 
including the presence/absence of side branches, 
the length of the narrowed MPD, and the maxi-
mal diameter of the upstream MPD could be used 
to distinguish AIP from pancreatic cancer in most 
cases [ 10 ]. In an international multicenter study, 
the presence of extensive MPD narrowing or 
multiple separate narrowed regions of the MPD 
was the most specifi c (≥97 %) but the least sensi-
tive (≤ 38 %) of the four key pancreatographic 
features (long narrowing, lack of upstream dilata-
tion, multiple narrowing, and side branch deriva-
tion) of AIP [ 11 ]. 

 It is diffi cult to differentiate a short narrowing 
of the MPD in AIP from stenosis in pancreatic 
cancer (Fig.  7.3a ). There are some pancreatic 
cancer cases showing pancreatographic fi ndings 
similar to those of AIP [ 10 ].

       Endoscopic Cholangiographic 
Findings Suggesting AIP 

 On endoscopic retrograde cholangiography, steno-
sis of the distal extrahepatic bile duct is detected 
frequently in both AIP and pancreatic cancer 
patients. In our recent study [ 12 ], stenosis of the dis-
tal bile duct was smooth in 87 % of AIP patients but 
irregular in 65 % of pancreatic cancer patients 
( p  < 0.01) (Fig.  7.4 ). Left-side deviation of the lower 
bile duct was detected in both groups. Stenosis of 
the intrahepatic or hilar bile duct was detected in 
only AIP patients (16 %,  p  < 0.01) (Fig.  7.5 ).

  Fig. 7.1    ERP feature of AIP showing diffuse narrowing 
of the main pancreatic duct (With permission from Terumi 
Kamisawa, et al. Clinical diffi culties in the differentiation 
of autoimmune pancreatitis from pancreatic carcinoma. 
Am J Gastroenterology. 2003; 98 (12); 2694–2699)       

  Fig. 7.2    ERP feature of AIP showing skipped narrowed 
lesions of the main pancreatic duct ( long arrows ). Many 
side branches were derived from the narrowed lesions 
( short arrows )       
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    When the infl ammatory process affects the 
pancreatic head, it usually also involves the distal 
bile duct, leading to stenosis and wall thickening 
secondary to fi brosis and lymphoplasmacytic 

infi ltration.The epithelium of the bile duct is well 
preserved. Stenosis of the intrahepatic or hilar 
bile duct is considered evidence of other organ 
involvement and supports the diagnosis of AIP 

  Fig. 7.3    ( a ) ERP feature of AIP showing a short narrow-
ing of the main pancreatic duct ( arrow ). ( b ) The narrowed 
portion is not visualized on MRCP. Upstream dilatation of 
the MPD is less than that of pancreatic cancer       

  Fig. 7.4    ERCP feature of AIP showing stenosis of the 
lower bile duct       

  Fig. 7.5    ERCP feature of AIP showing stenosis of the 
hilar and intrahepatic bile duct (With permission from 
Terumi Kamisawa, Naoto Egawa, Kouji Tsuruta, Atsutake 
Okamoto, Nobuaki Funata. Primary sclerosing cholangitis 
may be overestimated in Japan. Journal of Gastroente-
rology. 2005; Volume 40, Issue 3: 318–319)       
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rather than pancreatic cancer, although it should 
be distinguished from cholangiocarcinoma and 
primary sclerosing cholangitis.  

    Can MRCP Replace ERCP 
for the Diagnosis of AIP? 

 Although pancreatographic fi ndings may differ-
entiate AIP from pancreatic cancer, ERCP can 
cause adverse events such as pancreatitis. 
Magnetic resonance cholangiopancreatography 
(MRCP) is replacing diagnostic ERCP in many 
pancreatobiliary diseases. In the new Korean 
diagnostic criteria, AIP can be diagnosed by 
MRCP without the need for ERCP [ 13 ]. 

 The major drawback in use of MRCP for 
diagnosing AIP is the inability to reliably detect 
MPD narrowing due to the inferior resolution of 
MRCP compared with ERCP. In our study [ 12 ], 
diffuse narrowing of the MPD on ERCP appeared 
as skipped nonvisualized lesions in 50 % 
(Fig.  7.6 ), faint visualization in 19 %, and nonvi-
sualization in 31 % on MRCP. Segmental nar-
rowing of the MPD seen on ERCP was not 
visualized in 86 % on MRCP, and distinguishing 
between AIP and pancreatic cancer was diffi cult 
with MRCP (Fig.  7.3b ). However, less pro-

nounced upstream MPD dilatation on MRCP 
may suggest AIP rather than pancreatic cancer 
(Fig.  7.3b ). Side branch derivation from the nar-
rowed portion of the MPD is another feature 
poorly assessed by MRCP. Skipped nonvisual-
ized lesions and a faintly visualized, narrowed 
MPD associated with diffuse pancreatic enlarge-
ment may be valuable CT or MRCP clues to AIP. 
Park et al. also reported that skipped MPD nar-
rowing and less upstream MPD dilatation on 
MRCP suggest AIP [ 14 ]. As resolution of the 
pancreatic and bile ducts after steroid therapy 
can be fully evaluated on MRCP, MRCP is use-
ful to judge the effect of steroid therapy and fol-
low-up after steroid therapy. With the 
development of MRCP models, visualized nar-
rowed portion of the MPD has been increased. 
Secretin-MRCP is reported to improve MPD 
examination and may allow accurate diagnosis 
of AIP [ 15 ].

       Role of ERCP in International 
Consensus Diagnostic Criteria 
for AIP 

 Local expertise and practice patterns in the use 
of various tests vary considerably worldwide. 
The major initial presenting manifestation of 
AIP is obstructive jaundice due to associated 
sclerosing cholangitis or mass effect [ 16 ]. 
Endoscopic biliary drainage is often performed 
to manage obstructive jaundice along with 
brush cytology and intraductal biopsy to help 
exclude a neoplastic process [ 17 ]. ERP is rou-
tinely used for investigating obstructive jaun-
dice in Japan and Korea, but injecting the 
pancreatic duct is generally avoided in patients 
with obstructive jaundice to minimize the risk 
of post-ERP pancreatitis in Western countries 
[ 11 ]. As previously noted, ERP may help estab-
lish the diagnosis of AIP and is a key imaging 
modality in Japan and Korea. However, the use 
of other criteria is critical to diagnose AIP in 
centers that do not rely on ERP in this setting as 
a result of concern regarding safety and/or lack 
of experience.  

  Fig. 7.6    MRCP feature of diffuse-type AIP showing 
skipped nonvisualized lesions of the main pancreatic duct 
( arrows )       
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    Endoscopic Observation and Biopsy 
from the Major Duodenal Papilla 

 The major duodenal papilla is sometimes swol-
len in AIP patients (Fig.  7.7 ) [ 18 ,  19 ] and may 
histologically demonstrate dense IgG4-positive 
plasma cells and lymphocyte infi ltration with 
fi brosis. In our study [ 18 ] of IgG4 immunos-
taining of biopsy specimens from the major 
duodenal papilla, severe infi ltration of IgG4-
positive plasma cells (≥10/HPF (high power 
fi eld)) was observed in the papilla of all eight 
AIP patients with pancreatic head involvement. 
Moderate infi ltration of IgG4-positive plasma 
cells (9–4/HPF) was detected in one patient 
with pancreatic head cancer, but there were 
rare (≤3/HPF) IgG4- positive plasma cells infi l-
trating the papilla in two AIP patients who 
only had pancreatic body and/or tail involve-
ment, in nine patients with pancreatic cancer, 
and in ten patients with papillitis. IgG4 immu-
nostaining of biopsy specimens obtained from 
the major duodenal papilla is useful for sup-
porting a diagnosis of AIP with pancreatic 
head involvement.

       Conclusions 

 Several ERP fi ndings may be used when evaluating 
AIP and provide reasonable accuracy among phy-
sicians familiar with these features. MRCP does 
not replace ERCP in initial diagnosis, but may have 
a role in the follow-up of patients with AIP.     
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           Introduction 

 As the pancreatic manifestation of an apparent 
systemic disorder which may affect multiple 
organs, autoimmune pancreatitis (AIP) is gener-
ally considered a form of chronic pancreatitis that 
has distinct pathological, histological, and clinical 
characteristics [ 1 ,  2 ]. The clinical manifestations 
of AIP are quite variable, although there appear to 
be a few common presentations. Identifying and 
categorizing the broad range of clinical and sub-
clinical manifestations of AIP is quite challenging, 
as little is known of the natural history, presymp-
tomatic stage, and spectrum of disease. The 
descriptions of the clinical manifestations of AIP 
come from small retrospective cohorts, case series, 
and case reports. This highly selected population 
inevitably represents patients with more severe or 
advanced or unusual clinical presentations. In the 
absence of a characteristic and easily available 
diagnostic test, it will remain diffi cult or impossi-
ble to categorize the full spectrum of clinical ill-

ness associated with AIP. Finally, it is beginning to 
appear that the two  different subtypes of AIP, lym-
phoplasmacytic sclerosing pancreatitis (LPSP—
type 1) and  idiopathic duct-centric chronic 
pancreatitis or AIP with granulocytic epithelial 
lesionsGELs—type 2), have distinct clinical spec-
trums of disease. Therefore, when highlighting the 
clinical features of AIP, it is likely to be important 
that type 1 and 2 disease be considered as similar, 
but distinct, entities. This chapter will focus on 
each type of AIP, recognizing that clinical overlap 
between the two does exist.  

    Prevalence 

 Data on the prevalence of AIP are very limited, 
with virtually all data reported from Japan. It is 
important to consider that although AIP appears 
to be a worldwide phenomenon, different 
regions appear to have differences in the relative 
prevalence of type 1 and type 2 AIP. For exam-
ple, in Japan, type 1 appears to be the predomi-
nant form of AIP while in Western countries 
such as the United States and Europe, a mix of 
types 1 and 2 is encountered [ 3 – 5 ]. AIP has 
been described in both fi rst-world and develop-
ing countries, as well as immigrants from 
Eastern countries to the West [ 6 ]. 

 Despite a dramatic increase in research interest 
and publications on AIP in recent years, the true 
prevalence of AIP is unknown. This is primarily 
due to the absence of a reliable and available diag-
nostic test. This is similar to the situation with 
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celiac disease prior to the availability of sensitive 
and specifi c serology. After an accurate diagnostic 
test was introduced, the full spectrum of celiac dis-
ease was able to be elucidated and the non-gastro-
intestinal and subclinical manifestations became 
apparent and estimates of overall prevalence 
increased dramatically. It seems likely that the 
prevalence of AIP is also underestimated. The 
prevalence of AIP is also diffi cult to determine due 
to the relative rarity of the disease, the confusion 
over classifi cation in regard to clinical subtypes, 
under-recognition of disease, and underreporting. 
One of the fi rst studies of prevalence surveyed 
Japanese hospitals to determine how many patients 
admitted with pancreatitis had AIP based on the 
diagnostic criteria for AIP proposed by the 
Japanese Pancreas Society [ 7 ]. The authors esti-
mated AIP prevalence in Japan to be 0.82 per 
100,000. Other authors from Japan and Korea 
report prevalence rates of 5–6 % of all patients 
with a diagnosis of chronic pancreatitis [ 4 ,  8 ]. 

 There are extremely limited data in regard to 
AIP prevalence in Western countries. In addition, 
the fact that Western countries are believed to 
have a greater percentage of type 2 patients 
makes estimations of prevalence prone to under-
estimation. It has been noted in retrospective case 
series of patients in the United States who have 
undergone operative resection for presumed pan-
creatic malignancy that a small fraction of these 
patients have AIP. In one series, 43 of 1,808 
(2.4 %) patients who underwent pancreatic resec-
tions for presumed malignancy were found to 
have type 1 on histological evaluation of resected 
specimens [ 9 ]. In 245 pathology specimens of 
patients who underwent pancreatic resection for 
benign pancreatic disease at the Mayo Clinic, 
11 % were subsequently found to have AIP [ 10 ]. 
These very limited data provide no reliable esti-
mate of prevalence and there are no data at all on 
incidence.  

    Demographics 

 Type 1 AIP tends to be a disease of elderly 
males, as most patients (up to 85 %) with it are 
older than 50 years [ 11 ,  12 ]. However, AIP has 

been reported in patients as young as the preteen 
years, although it is unclear if the entity at this 
age represents type 1 or 2 [ 13 ,  14 ]. Although the 
age of onset is typically in the sixth decade, type 
1 AIP has been histologically confi rmed in 
patients as young as 30. The male to female pre-
dominance is approximately 2:1 [ 7 ]. Type 1 has 
also been described as an incidental fi nding at 
autopsy [ 15 ]. 

 In young patients (less than 40 years old), type 
2 AIP appears to be more prevalent than type 1 
and the male to female predominance remains 
approximately 2:1 [ 5 ,  16 ]. These data are sup-
ported by the fact that the clinical characteristics 
of AIP in the young tend to be more consistent 
with type 2 than type 1. For example, one study 
from Japan stratifying AIP patients by age dem-
onstrated that young patients show different clin-
ical features from middle-aged or elderly patients 
with AIP; young patients are more likely to have 
abdominal pain and serum amylase elevations [ 17 ]. 
However, until further prevalence studies in 
Western countries of type 2 AIP are performed, 
more defi nitive conclusions about demographics 
of this subtype cannot be made.  

    Serology 

 A hallmark of type 1 AIP is an increasing amount 
of circulating immunoglobulins, specifi cally 
immunoglobulin subclass 4 [ 18 – 21 ].Type 2 AIP 
does not as yet have a serologic biomarker. 
Hamano et al. published the initial landmark 
study in which they demonstrated than an ele-
vated serum IgG4 level was both highly sensitive 
(95 %) and specifi c (97 %) for AIP [ 18 ]. 
Subsequently, further evaluation of IgG4 levels 
in AIP has not demonstrated such robust test 
characteristics. In a study of 510    patients from 
the Mayo clinic, 45 patients had AIP, 135 had 
pancreatic adenocarcinoma, 268 had other pan-
creatic diseases, and 62 had no pancreatic dis-
ease, the sensitivity, specifi city, and positive 
predictive values for elevated serum IgG4 
(>140 mg/dL) for diagnosis of AIP were 76 %, 
93 %, and 36 %, respectively [ 19 ]. See Table  8.1 . 
Serum IgG4 levels, even in the presence of  classic 
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histological fi ndings of type 1, can be normal [ 2 ]. 
However, serum IgG4 elevations are usually not 
seen in patients with pancreatic malignancy [ 22 ]. In 
addition, although patients with type 2 may have 
elevated serum IgG4 levels, it is likely a less 
common fi nding than in type 1 [ 16 ,  23 ].

   A meta-analysis of 159 patients with AIP and 
1099 controls were described in seven selected 
papers reporting the usefulness of serum IgG4 in 
diagnosing AIP. In total, 304 controls had pan-
creatic cancer, 96 had autoimmune diseases, and 
the remaining 699 had other conditions. Serum 
IgG4 showed fair accuracy in distinguishing 
between AIP and the overall controls, pancreatic 
cancer, and other autoimmune diseases (area 
under the curve [+/− SE]: 0.920 +/−0.073, 0.914 
+/−0.191, and 0.949 +/−0.024, respectively) [ 20 ]. 

 Levels of total IgG and gamma globulins may 
also be increased in AIP, although it is unusual to 
have elevated serum levels of IgG or gamma 
globulins without elevation of serum IgG4 
 levels [ 24 ]. Lower serum IgM and IgA have also 
been reported in patients with AIP [ 25 ]. 
Additionally, levels of IgG4 can fl uctuate during 
the course of disease, depending on remission 
status [ 26 ]. Given the lack of sensitivity and 
specifi city in regard to total immunoglobulin and 
IgG4 level, these tests should not be used as the 
sole diagnostic test for AIP. 

 Elevated titers of many other autoantibodies 
have been described in AIP, including  rheumatoid 
factor (RF) and antinuclear antibody (ANA) [ 1 ]. 
Autoantibodies against carbonic anhydrase II and 
IV as well as lactoferrin are detected in some 
patients with AIP [ 27 ,  28 ]. Involvement of 

 antinuclear and antismooth muscle antibodies, as 
well as autoantibodies to the pancreatic secretory 
trypsin inhibitor, has been described. A novel 
peptide (AIP 1–7), which demonstrates homol-
ogy with an amino acid sequence of plasminogen- 
binding protein (PBP) of Helicobacter pylori and 
with ubiquitin-protein ligase E3 component 
n-recognin 2 (UBR2), was positive in 33 of 35 
patients with autoimmune pancreatitis (94 %) 
and in 5 of 110 patients with pancreatic cancer 
(5 %) [ 29 ]. An increased frequency of peripheral 
eosinophilia has been described in AIP, although 
this fi nding is clearly not specifi c to this disease [ 30 ]. 
It is not clear that these antibodies, including 
IgG4, have an important pathophysiologic role or 
are simply markers of disease. One recent study 
described complement deposition along with 
IgG4 along the basement membrane of pancre-
atic ductal cells and acini, suggesting the IgG4 
may play a direct role in immune-complex medi-
ated injury [ 31 ]. The antigenic target of the IgG4 
remains unknown.  

    Clinical Features 

 AIP has diverse clinical symptoms, due in part to 
the difference between type 1 and type 2 
(Table  8.2 ). The “classic” type 1 clinical 
 presentation is painless jaundice in an elderly 
male—this occurs in up to 80 % of patients with 
a new presentation of type 1 [ 1 ,  32 ]. The jaundice 
is secondary to infl ammation of the pancreas 
entrapping the intrapancreatic portion of the 
common bile duct. See Fig.  8.1 . The degree of 

   Table 8.1    IgG4 level in patients with different diseases of the pancreas a    

 AIP 

 Normal  Pancreatic  Benign pancreatic  Chronic 

 Pancreas  Cancer  Tumor  Pancreatitis 

 Number b   45  62  135  64  79 
 Mean IgG4 ± SM  550 ± 99  49 ± 6  68 ± 9  47 ± 5  46 ± 5 
 Range  16–2,890  3–263  3–1,140  3–195  3–231 
 Proportion elevated 
>140 mg/dL 

 76 %  4.8 %  9.6 %  4.7 %  6.3 % 

  Reprinted with permission [ 1 ] 
  a Adopted from [ 19 ] 
  b Based on 510 patients referred to the Mayo Clinic for evaluation of pancreatic disease from 1/05 to  6/06  
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pancreatic infl ammation can be diffuse or local-
ized, and thus some patients will present with a 
focal pancreatic mass [ 33 ]. The primary clinical 
challenge in this setting is distinguishing AIP 
from pancreatic malignancy. The biliary manifes-
tation of IgG 4 -related disease (IgG 4 -RD) will be 
addressed in subsequent chapters, but there is 
often clinical overlap between this entity and AIP 
[ 34 ]. Patients presenting with obstructive 

 jaundice may have just a stricture of the 
 intrapancreatic bile duct but may also have coex-
istent strictures of more proximal biliary ducts 
due to IgG 4 -related sclerosing cholangitis 
(IgG 4 -SC). See Figs.  8.2  and  8.3 . This may have 
clinical importance as clinical relapse after suc-
cessful therapy may be much more common in 
those with more extensive biliary strictures.

      Patients with type 1 can sometimes present 
with weight loss and new onset glucose intoler-
ance, making the distinction even more diffi cult 
between AIP and pancreatic malignancy [ 5 ,  9 ]. 
Like other forms of benign pancreatic disease, 
pancreatic adenocarcinoma has been reported in 
the context of underlying type 1, although this 
relationship has not been fi rmly or completely 
established [ 35 ,  36 ]. 

 A subset of patients may present with abdomi-
nal pain, back pain, or recurrent vomiting [ 2 ,  32 ]. 
Initially, it was felt that although AIP patients can 
present with acute pancreatitis, this was a rela-
tively rare phenomenon [ 37 ]. However, more 
recently, a large case-control study from the 
Mayo Clinic determined that 35 % of newly diag-
nosed AIP patients had features of either acute or 
chronic pancreatitis at the time of presentation 
and that all patients treated with corticosteroids 
responded to treatment [ 38 ]. In another study 

   Table 8.2    Clinical spectrum of type 1 and type 2 AIP   

 Feature  Type 1 a   Type 2 b  

 Most common 
presenting 
complaint 

 Obstructive 
jaundice 
(80–90 %) 

 Obstructive 
jaundice 
(50–60 %) 

 Presenting with 
acute pancreatitis 

 (10–15 %)  (30–40 %) 

 Mean age at 
presentation 

 60–70  40–50 

 Male to female 
predominance 

 2:1  2:1 

 Elevated serum 
IgG4 

 Often elevated  Occasionally 
elevated 

 Associated with 
infl ammatory 
bowel disease 

 No  Yes 

 Relapse  40–50 %  Rare 

   a Type 1 = “lymphoplasmacytic sclerosing pancreatitis” 

  b Type 2 = “idiopathic duct-centric chronic pancreatitis”  

  Fig. 8.1    Pancreas-phase CT of a 57-year-old female with 
type 1 who presented with painless jaundice. The pan-
creas is diffusely enlarged with a classic “sausage-shaped” 
appearance. Also note that pancreatic duct is diminutive       

  Fig. 8.2    Pancreas-phase CT scan from a 42-year-old 
patient with recurrent acute pancreatitis and type 2 AIP. 
Note that the pancreatic duct is dilated proximal to a focal 
stricture in the neck       
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from a single center in France, acute pancreatitis 
was more prevalent in patients with type 2, 
although when compared to patients with type 1, 
this result was not statistically signifi cant [ 5 ]. 
Endocrine or exocrine failure directly attribut-
able to AIP, however, appears to be relatively 
rare, especially in type 2 [ 5 ,  39 ]. Patients with 
type 1 can also present with large pancreatic 
pseudocysts [ 40 ]. Thus, the pancreatic manifesta-
tions of type 1 can mimic pancreatic malignancy, 
painless chronic pancreatitis, or acute pancreati-
tis but are less likely to mimic unexplained pan-
creatic insuffi ciency 

 The recognition of type 2 as a distinct clinical 
entity has led to more focus on distinguishing 
the cardinal clinical features of this AIP subset. 
Patients with type 2 tend to be younger and have 
less association with extrapancreatic disease, 
with the exception of infl ammatory bowel dis-
ease [ 16 ]. Colitis has been reported in up to 
30 % of patients with type 2, and the fi nding of 
IgG4- positive cells on colon biopsy suggests 
that IBD may represent an extrapancreatic mani-
festation of AIP [ 12 ,  41 ]. Patients with type 2 
tend to present more often with acute pancreati-
tis than do type 1 patients but also do present with 

obstructive jaundice at high frequencies [ 16 ,  42 ]. 
Further study is needed to better defi ne the clini-
cal profi le of type 2 disease. 

 In addition to the pancreatic manifestations and 
presentations of AIP, a number of extrapancreatic 
organs may be involved in those with IgG 4 -RD. 
These are discussed in more detail in subsequent 
chapters but a few observations are appropriate. 
These extrapancreatic manifestations often pro-
vide important clues in reaching a confi dent diag-
nosis of AIP. Some of these fi ndings may be 
present and visible on standard radiographic imag-
ing obtained in the evaluation of a patient with 
pancreatitis or pancreatic mass. Retroperitoneal 
fi brosis, focal areas of renal parenchymal changes 
suggestive of tubulointerstitial nephritis, and pseu-
dotumors of various intra-abdominal organs are all 
consistent with underlying IgG 4 -RD. In addition, 
the coexistence of enlarged salivary or lacrimal 
glands; pseudotumors in the lung, orbit, or thyroid; 
or other rare conditions noted in subsequent chap-
ters also should increase clinical suspicion that 
AIP is present.  

    Distinguishing AIP from Malignancy 

 The classic clinical presentation of AIP often closely 
mimics that of pancreatic adenocarcinoma—
painless jaundice in an elderly male—sometimes 
associated with weight loss and new onset or 
worsening glucose intolerance. In addition, imag-
ing can demonstrate focal pancreatic and biliary 
strictures, as well as a pancreatic parenchymal 
mass. It is important therefore for clinicians to 
distinguish between these two entities due to 
vastly different prognostic and therapeutic con-
siderations [ 43 ]. The diagnostic criteria from 
multiple societies and institutions (Japan, Asian, 
Mayo HiSORT) are discussed elsewhere in the 
text. However, it is important to recognize that 
each of the classifi cations systems has its 
strengths and weaknesses and none has been pro-
spectively validated specifi cally as a tool to dis-
tinguish between malignant and infl ammatory 
disease [ 44 ]. 

 Clinicians must fi rst keep in mind that com-
pared to pancreatic adenocarcinoma, AIP is a 

  Fig. 8.3    Pancreatogram from the same 42-year-old 
patient with type 2 AIP obtained at ERCP demonstrating 
a stricture in the pancreatic neck with proximal ductal 
dilation       
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rare disease. It is also important to remember that 
all focal pancreatic masses should be sampled 
histologically prior to a consideration of AIP and 
a negative initial biopsy does not preclude the 
diagnosis of subsequent malignancy [ 45 ]. A 
diagnosis of AIP should never be made in the 
context of a pancreatic mass unless histological 
sampling has defi nitively ruled out malignancy. 

 However, clinical features, in addition to pan-
creatic imaging and serology, can help to distin-
guish AIP from malignancy. Symptoms such as 
fl uctuating jaundice or pain are seen more fre-
quently in AIP than in malignancy [ 46 ]. In addi-
tion, a 2-week trial of corticosteroids has been 
advocated as a means of differentiating the two 
clinical entities [ 47 ]. However, it is very impor-
tant to set an objective measurement of response, 
such as resolution of imaging fi ndings, and not 
rely on symptom improvement to distinguish 
benign from malignant etiologies. 

 Not only does misdiagnosis occur in patients 
treated inappropriately with corticosteroids for 
pancreatic adenocarcinoma, it also occurs in 
patients with functional pain syndromes treated 
with prolonged courses of corticosteroids with-
out evidence of AIP. Often this occurs in the con-
text of positive serologic tests without any other 
corroborating evidence. Furthermore, multiple 
patients have undergone operative interventions, 
such as pancreatic head resection or partial hepa-
tectomy, without consideration of autoimmune 
disease. 

 It is therefore incumbent on the clinician to 
consider AIP in the differential diagnosis of 
patients with chronic pancreatitis or biliary stric-
tures. However, exquisite care must be taken to 
assure that a proper diagnosis, especially in cases 
of malignancy, is made. Clinical pearls to help 
avoid misdiagnosis are shown in Table  8.3 .

       Natural History 

 The true natural history of AIP is unknown 
because of its relatively new description, overall 
small numbers of patients, and different subsets 
of disease. However, there are studies, mostly 
from Japan, that have attempted to address this 

issue. Uchida and colleagues followed 21 patients 
with AIP and observed them at a mean interval of 
40.8 months (range, 18–130 months) [ 48 ]. Three 
of the patients underwent surgical therapy, 12 
patients received methylprednisolone (PSL) 
treatment, and the 6 remaining patients received 
no treatment. At the conclusion of follow-up, 7 of 
the 21 patients showed pancreatic atrophy, of 
whom 2 were non-PSL-treated patients. Three 
patients developed chronic pancreatitis. One 
patient was diagnosed with pancreatic cancer 
after 50 months of PSL therapy. A study of 51 
patients with type 1 found recurrence in 21 
(41 %) patients and pancreatic stone formation in 
9 (18 %) patients [ 49 ]. 

 Studies to evaluate the natural history of dis-
ease without corticosteroid intervention are lim-
ited. However, 12 patients with type 1 in Japan 
were followed for more than 6 months after the 
diagnosis of AIP without being given steroids. 
Six patients were later treated with steroids due 
to exacerbation of AIP. Five of them developed 
obstructive jaundice due to bile duct stenosis. 

   Table 8.3    Clinical pearls to help avoid misdiagnosis in 
AIP   

 1. Utilize the Mayo HISORt and/or the Japanese 
Pancreas Society Guidelines to help diagnose AIP 
and differentiate it from malignant disease 

 2. Remember that AIP is a rare disease thought to be 
much less common than pancreatic adenocarcinoma 
or cholangiocarcinoma 

 3. Before initiating corticosteroids, make sure a marker 
is identifi ed to follow for an objective response during 
treatment 

 4. Elevated serum IgG4 levels can decrease in patients 
with pancreatic cancer who are inappropriately treated 
with corticosteroids 

 5. Corticosteroid response in AIP is generally seen 
within 2–4 weeks. If no objective response is 
documented within 4 weeks, the diagnosis is unlikely 
to be AIP 

 6. Corticosteroids often cause subjective improvement 
in symptoms even in patients without AIP 

 7. Serum IgG4 levels are elevated in 5 % of patients 
without pancreatic disease, 10 % of pancreatic cancer, 
and 6 % of chronic pancreatitis—an increased IgG4 
level is not specifi c for AIP 

 8. All focal pancreatic masses should be sampled prior to 
initiating corticosteroids 

  From [ 45 ]. Review  
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Spontaneous improvement occurred in three 
patients. Four asymptomatic patients with seg-
mental pancreatic enlargement demonstrated no 
changes without steroid therapy [ 50 ]. 

 More effort has been made to try and differen-
tiate the natural history of type 1 and type 2. The 
most obvious difference thus far reported has 
been that patients with type 1 disease have a 
relapse rate of approximately 50 %, where 
patients with type 2 disease rarely have relapsing 
disease [ 16 ,  33 ]. In a single institution in France, 
16 out of 28 patients with type 1 disease devel-
oped diabetes, compared with one patient out of 
16 patients who had type 2 disease [ 5 ]. In that 
same study, 10 out 28 patients with type 1 and 5 
out of 16 patient developed exocrine pancreatic 
insuffi ciency. However, this study was retrospec-
tive analysis and not all patients were treated with 
corticosteroids.  

    Prognosis of AIP 

 There is a little information about the long-term 
prognosis of patients treated for AIP [ 51 ]. The 
disease is almost always responsive to treatment 
with corticosteroids, and patients with infl amma-
tory disease tend to respond more favorably than 
those with fi brotic disease [ 52 ]. However, sponta-
neous remission does occur and it is unknown 
whether treatment helps to change the natural 
history of disease [ 53 ,  54 ]. Often, patients treated 
for AIP develop pancreatic atrophy, although the 
development of pancreatic endocrine and exo-
crine insuffi ciency does not always follow [ 55 ]. 
In a survey of 167 patients admitted to hospitals 
in Japan in 2002, 67 % had AIP complicated by 
DM. Approximately half of those patients dem-
onstrated improvement of diabetes following cor-
ticosteroid treatment and only 20 % of total 
patients developed worsening glucose intoler-
ance due to the corticosteroids [ 56 ]. 

 Hirano et al. published the most comprehen-
sive evaluation of prognosis in AIP [ 57 ]. Of 42 
patients with AIP, 19 were treated with cortico-
steroids and 23 were not. In patients not treated, 
after an average observation period of 25 months, 
16 patients (70 %) developed unfavorable events 

including obstructive jaundice as a result of 
 distal bile duct stenosis in four, growing pseudo-
cyst in one, sclerogenic changes of 
extrapancreatic bile duct in nine, hydronephro-
sis as a result of retroperitoneal fi brosis in one, 
and interstitial nephritis in one. In the patients 
treated with corticosteroids, after an average 
observation period of 23 months, six patients 
(32 %) developed unfavorable events consisting 
of interstitial pneumonia in three and a recur-
rence of obstructive jaundice in three. They con-
cluded that corticosteroids could reduce 
AIP-related unfavorable events and recom-
mended their early introduction [ 57 ]. 

 At this time, given the relatively recent 
description of the disease, there are no data in 
regard to the mortality rate associated with AIP. 
In addition, no information in regard to AIP’s 
effect on life expectancy is available.  

    Summary and Future Directions 

 The clinical spectrum varies widely in AIP 
depending on the type (type 1 or type 2) of dis-
ease. Most commonly patients with type 1 AIP 
are older males presenting with painless jaundice 
and an elevated IgG4 level. In type 2 AIP, the 
classic clinical presentation has not yet been 
defi ned, but these patients tend to be younger and 
comparatively more often present with acute pan-
creatitis and normal IgG4 levels. With further 
clinical experience, areas of clinical overlap and 
separation will be better defi ned. 

 Future clinical investigation should focus on 
the natural history of AIP, including asymp-
tomatic patients. Whether or not patients with 
different clinical manifestations of IgG4-
related disease have unique or different prog-
noses also needs to be evaluated. Efforts to fi nd 
a more accurate serologic marker also need to 
be explored, so that autoimmune disease can be 
better differentiated from malignancy at pre-
sentation. Eventually, with more robust experi-
ence with the two AIP subtypes, refi nement of 
the clinical spectrum will allow for more opti-
mal treatment recommendations in this 
disease.  
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    Key Points 

•     The two clinical subtypes of AIP (type 1 and 
type 2) have both overlapping and separate 
clinical characteristics.  

•   Patients with type 1 most commonly present 
as older males with obstructive jaundice.  

•   Patients with type 2 are younger and more fre-
quently present with painful acute or chronic 
pancreatitis.  

•   Although not completely accurate for diagno-
sis of AIP, IgG4 currently is the most widely 
used serum test for AIP.  

•   AIP and pancreatic malignancy frequently 
present with similar symptoms; it is essential 
to rule out malignancy before considering the 
diagnosis of AIP.  

•   The long-term natural history of AIP is 
unknown; however patients with type 2 are 
less likely to relapse after treatment.  

•   More clinical experience with these two enti-
ties is needed before the clinical spectrum of 
disease can be completely defi ned.        
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           Introduction 

 Autoimmune pancreatitis (AIP) closely mimics 
the presentation of pancreatic cancer (PC). 
However, unlike pancreatic cancer, AIP responds 
to steroid treatment [ 1 ,  2 ]. A correct and timely 
diagnosis of AIP can avert unnecessary surgery 
as well as ease patient anxiety related to the sus-
picion of PC. Similarly misdiagnosing PC as AIP 
can lead to signifi cant delay in diagnosis of PC 
and inappropriate treatment with steroids. Thus, 
distinguishing AIP from pancreatic cancer is of 
great clinical signifi cance. 

 Both AIP and PC most commonly present with 
obstructive jaundice [ 3 ]. AIP is generally painless or 
associated with mild abdominal pain. Persistent 
narcotic-requiring pain is highly suggestive of PC. 
Infrequently, severe pain and pancreatitis may be 
present at presentation of AIP although this is often 
followed by jaundice which becomes the overshad-
owing symptom thereafter [ 4 ]. PC can also present 
with painless jaundice. Constitutional features like 
weight loss, anorexia, or fatigue occur in both AIP 
and PC. Thus, in most patients clinical features 
alone are not suffi cient to differentiate AIP from PC. 

 AIP is a rare disease [ 5 ,  6 ] although its 
 recognition is increasing worldwide. Pancreatic 
cancer is relatively more common [ 7 ]. Only about 
3–5 % of patients undergoing resection for sus-
pected pancreatic cancer were found to have AIP 
[ 8 ]. Therefore, a high index of suspicion is required 
to diagnose AIP although overdiagnosis is a real 
possibility. Differentiating AIP from PC is a chal-
lenging task even at the expert centers. In this 
chapter, we describe a validated approach to diag-
nosis of AIP based on the international consensus 
diagnostic criteria (ICDC) [ 9 ]. Misdiagnosing AIP 
or PC could be largely avoided with careful appli-
cation of this approach.  

    The International Consensus 
Diagnostic Criteria (ICDC) 

 The international consensus diagnostic criteria 
(ICDC) [ 9 ] were developed as a unifi ed frame-
work for diagnosis of AIP taking into account 
multiple previously published diagnostic crite-
ria [ 10 – 15 ]. Each feature is classifi ed as strong 
( level 1 ) or supportive ( level 2 ) diagnostic evi-
dence. The diagnosis of AIP is made by spe-
cifi c combinations of these features described 
below. 

    Pancreatic Histology 

 Diagnostic histology for type 1 AIP requires at 
least three of the following:
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    1.    Periductal lymphoplasmacytic infi ltrate 
 without granulocyte infi ltration   

   2.    Obliterative phlebitis   
   3.    Storiform fi brosis   
   4.    Abundant (>10 cells/HPF) IgG4-positive cells     

 Type 2 AIP may demonstrate lymphoplasma-
cytic infi ltrate with storiform fi brosis on histol-
ogy, but it is considered diagnostic in the presence 
of both of the following:
    1.    Granulocytic infi ltration of duct wall (GEL) with 

or without granulocytic acinar infl ammation   
   2.    Absent or scant (0–10 cells/HPF) IgG4- 

positive cells      

    Parenchymal Imaging 

 The following features, which are similar in both 
AIP subtypes, may be seen on pancreatic paren-
chymal imaging with a CT/MRI scan:
    1.    Diffuse enlargement of the pancreas (also 

called “sausage-shaped” pancreas) with delayed 
enhancement (considered  typical imaging ). A 
capsule-like rim surrounding the diffusely 
enlarged gland can sometimes be seen.   

   2.    Focal/segmental enlargement with delayed 
enhancement (considered  supportive imaging ).   

   3.     Atypical  features (low-density mass, upstream 
duct dilatation, pancreatic duct cutoff, and 
distal atrophy) which are strongly suggestive 
of pancreatic cancer. Normal-looking pan-
creas ( indeterminate imaging ) can be seen 
occasionally.      

    Ductal Imaging 

 ERP features of long (> 1/3 length of the main 
pancreatic duct) or multiple strictures without 
marked upstream dilatation (duct size < 5 mm) 
are strongly suggestive of type 1 AIP, while seg-
mental/focal narrowing without marked upstream 
dilatation are supportive.  

    Serology (S) 

 Serum IgG4 elevations are associated with type 
1, but not type 2, AIP which may be as follows:

    1.    Strong  (level 1)  evidence if IgG4 ≥2 X ULN.   
   2.    Supportive ( level 2 ) evidence if IgG4 <2 X 

ULN. This may also be seen in up to 10 % of PC.      

    Other Organ Involvement (OOI) 

 Evidence of extrapancreatic involvement (OOI) 
in type 1 AIP could be as follows:
    1.    Strong ( level 1 ) evidence: radiological evi-

dence of proximal bile duct involvement or 
retroperitoneal fi brosis or demonstration of 
≥3/4 histological features described above in 
an extrapancreatic organ   

   2.    Supportive ( level 2)  evidence: radiological evi-
dence of kidney involvement or clinical evi-
dence of salivary/lacrimal gland enlargement 
or demonstration of 2/4 histological  features 
described above in an extrapancreatic organ      

    Steroid Responsiveness 

 Dramatic radiological improvement at 2 weeks of 
steroid treatment constitutes a positive response 
[ 9 ,  16 ].   

    Diagnostic Approach 

 Pancreatic imaging with CT/MRI is recommended 
as the fi rst basis of decision making (Fig.  9.1 ). 
In patients with  supportive/indeterminate  imaging  
for AIP, the next steps in the diagnostic strategy 
should be considered only after a negative work-
up for PC. In patients with any features of PC 
(such as  atypical imaging  features described 
above), negative work-up for PC must include a 
negative FNA before proceeding further.

   The next step is to look for collateral evi-
dence: (1) clinical assessment for salivary/lacri-
mal glands and radiological review for proximal 
biliary strictures, retroperitoneal fi brosis, and 
renal involvement ( OOI ) and (2) obtain IgG4 
serology ( S ). Collateral evidence may be strong, 
moderate, and mild or absent as described in 
Fig.  9.1 . 

 Based on these noninvasive data, diagnosis of 
type 1 AIP can be made in many patients (clinical 
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diagnosis). In others, further assessment of 
pancreatic histology using EUS biopsy, response 
to steroid treatment, or pancreatic ductal imaging 
with ERP may be required for diagnosis. Currently, 
type 2 AIP, which lacks OOI or serology, can only 
be diagnosed on the basis of histology. 

    Clinical Diagnosis 

 AIP is diagnosed based on clinical features alone 
in these two groups which include about 50 % of 
type 1 AIP patients:
    (A)     Typical imaging  with any collateral evidence   
   (B)     Supportive/atypical imaging  with strong 

collateral evidence      

    Biopsy 

 In the absence of any collateral features (about 
20 % of type 1 AIP patients), diagnosis of AIP 
can be made based on histology. Pancreatic tissue 
can be obtained by endoscopic ultrasound (EUS)-
guided core biopsies for which referral to centers 
with experience in this procedure may be neces-
sary. Fine-needle aspiration cytology (FNAC), 
routinely done for evaluation of pancreatic can-

cer, is not suffi cient for histological confi rmation 
of AIP [ 10 ,  17 ,  18 ].  

    Steroid Trial 

 In patients with supportive/atypical imaging, 
diagnosis of AIP can be established through a 
diagnostic steroid trial in the presence of the 
following:
    (A)    Moderate collateral evidence   
   (B)    Mild collateral evidence with consistent 

ERP features     
 It cannot be overemphasized that diagnostic 

steroid trial is to be used sparingly by an experi-
enced pancreatologist only in patients with 
appropriate collateral evidence to confi rm a sus-
picion of AIP. It should not be a means to 
 diagnose AIP with the intention “if it responds to 
steroids, it must be AIP.”   

    Controversies and Pitfalls 

    Utility of ERP 

 Diagnostic ERP has been extensively used in 
Japan and Korea for the diagnosis of AIP [ 11 ,  12 ] 

  Fig. 9.1    The diagnosis of AIP based on International Consensus Diagnostic Criteria. Details of each diagnostic feature 
are described in the text. LPSP: Lymphoplasmacytic sclerosing pancreatitis, ICDP: Idiopathic duct centric pancreatitis       
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although this is infrequently done in the setting of 
obstructive jaundice in the West. ERP features 
can be useful in AIP but require signifi cant train-
ing and expertise [ 19 ]. Its diagnostic utility and 
the inter-user agreement for AIP were poor 
among Western readers [ 19 ]. We found that AIP 
can be diagnosed in 90 % patients without ERP. 
Only in the subgroup of patients with moderate 
collateral evidence, ERP was required for diag-
nosis. For Western centers, we recommend the 
use of EUS biopsy as an alternate approach in 
this small subgroup.  

    Ampullary Biopsies and OOI 

 Ampullary biopsies with IgG4 stain have been 
proposed as a diagnostic test for AIP although its 
diagnostic utility remains controversial [ 20 – 22 ]. 
In ICDC, ampullary biopsy may provide collat-
eral evidence of other organ involvement if ≥2/4 
histological features described earlier are pres-
ent. We found that clinical and radiological 
review for OOI was suffi cient in most cases and 
the routine use of ampullary biopsy is currently 
not recommended.  

    False Diagnoses 

 One piece of mild collateral evidence may be 
seen in up to 12 % PC patients (mostly elevation 
in serum IgG4, rarely OOI in the form of renal or 
liver involvement with metastasis) [ 15 ]. Since PC 
is much more common, this subgroup of PC may 
be encountered commonly in practice. One may 
be easily misled to attempt steroid trial in such 
patients. Steroids can transiently lead to symp-
tomatic improvement even in cases of PC. Thus, 
steroid trial should be used judiciously as dis-
cussed above. Further, reduction of IgG4 levels 
or subjective improvement (such as feeling bet-
ter, resolution of constitutional symptoms) should 
not be regarded as responsiveness to steroid treat-
ment which should be followed radiologically.  

    Seronegative Type 1 AIP Versus Type 
2 AIP 

 About 20 % of type 1 AIP patients lack any col-
lateral evidence in the form of OOI or IgG4 sero-
positivity. Thus, lack of collateral features does 
not necessarily imply a diagnosis of type 2 AIP. 
These two groups have different prognosis and 
risk of relapse [ 23 ], and histology is necessary 
for a defi nitive diagnosis in these cases. These 
patients get classifi ed as AIP-NOS or probable 
AIP in the absence of a diagnostic histology 
either due to indiscriminate steroid trial or a non- 
diagnostic histology.   

    Conclusion 

 AIP is a recently recognized, rare pancreatic dis-
ease that mimics pancreatic cancer but has a 
benign prognosis. International consensus diag-
nostic criteria can be used to diagnose AIP and 
distinguish it from pancreatic cancer.     
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           Introduction 

 Autoimmune pancreatitis (AIP) frequently 
 mimics pancreatic cancer and is challenging to 
diagnose without pathologic confi rmation. For 
the surgeon, AIP is a rare diagnosis typically 
found after pancreatic resection for suspected 
pancreatic cancer. Given the dismal outcomes 
with pancreatic cancer and the dramatic effects of 
corticosteroids in the treatment of AIP, the desire 
to recognize a patient with AIP prior to surgery is 
high. In this chapter, we discuss the surgeon’s 
role as a pragmatist in the diagnosis and manage-
ment of autoimmune pancreatitis. 

 In 1961, Sarles et al. described “primary infl am-
matory sclerosis of the pancreas” [ 1 ]. 
It was not until the 1990s that autoimmune pancreati-
tis was recognized as a defi ned entity distinct from 
other forms of pancreatitis. The term “autoimmune 
pancreatitis” encompasses a multitude of histologic 
fi ndings described as primary chronic pancreatitis, 
chronic sclerosing pancreatitis, nonalcoholic duct-

destructive chronic pancreatitis, lymphoplasmacytic 
sclerosing pancreatitis, and duct-narrowing chronic 
pancreatitis [ 2 ]. Yoshida et al., in a 1995 case report, 
proposed steroid therapy as a treatment option for 
this rare pancreatic disorder [ 3 ]. 

 Prior to the 1990s, surgeons performed  pancreatic 
resection for suspected pancreatic adenocarcinoma 
and occasionally discovered “benign” pancreatitis on 
fi nal pathology. Similarly, patients thought to have 
chronic pancreatitis complicated by biliary obstruc-
tion or refractory abdominal pain underwent pancre-
atic resection with fi nal pathology confi rming 
“chronic pancreatitis.” Over the last decade, we have 
learned from retrospective single-institution studies 
that many of these patients had autoimmune pancre-
atitis [ 4 ,  5 ]. Since AIP is a rare and newly recognized 
entity, much of our understanding of the surgical 
implications of this disease is limited. Moreover, 
the  literature is biased by dramatic resolution of 
the infl ammatory process with steroid therapy in a 
limited number of highly selected patients.  

    Presentation 

 Autoimmune pancreatitis frequently mimics pan-
creatic cancer with a typical presentation of 
weight loss and painless jaundice in an older 
male [ 2 ]. When imaging studies demonstrate a 
mass in the head of the pancreas, pancreatic can-
cer is the most likely diagnosis. With an overall 
5-year survival under 5 % and surgical resection 
the only potentially curative therapy, surgeons 
have a responsibility to anticipate pancreatic 
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resection in all patients with a resectable lesion in 
the pancreas. Improving our understanding of 
how AIP presents can help surgeons develop a 
preoperative evaluation strategy and facilitate 
counseling of patients on the likelihood of pan-
creatic cancer versus AIP. A summary of clinical 
characteristics of AIP is outlined in Table  10.1 .

   Although AIP is an infl ammatory process of 
the pancreas, it does not typically present as 
acute or chronic pancreatitis. Sah et al. reported 
that 24 % of AIP patients presented with acute 
pancreatitis and 11 % presented as chronic pan-
creatitis [ 6 ]. 

 In patients evaluated for acute or chronic pan-
creatitis at Mayo Clinic over an 18-month period, 
only 3.5 % (7 of 178) had autoimmune pancreati-
tis [ 6 ]. Both exocrine and endocrine dysfunctions 
of the pancreas, such as steatorrhea and diabetes, 
have been described in patients with AIP. Diffuse 
AIP may present with chronic pancreatitis-like 
symptoms, while focal AIP can present with a 
pseudotumor and biliary obstruction [ 2 ]. 

 Up to 75 % of patients with known autoim-
mune pancreatitis will present with obstructive 
jaundice [ 6 ]. Abraham et al. reviewed the pancre-
aticoduodenectomy experience at Johns Hopkins 
and identifi ed 9 % of patients (40 of 442) had 
benign disease despite preoperative suspicion for 
malignancy [ 5 ]. Of these patients, 68 % had a 
concerning mass, 40 % had common bile duct 
strictures, and 13 % had false-positive cytology. 
Half of these patients presented with jaundice. 
Autoimmune pancreatitis was identifi ed in 23 % 

of patients (11 of 47) found to have benign dis-
ease on fi nal pathology. 

 Weber et al. at Memorial Sloan-Kettering 
Cancer Center (MSKCC) examined their experi-
ence with AIP from 1985 to 2001 [ 7 ]. During this 
study period, 12 % of patients (159 of 1,287) that 
underwent pancreatic resection were found to 
have benign disease. AIP represented 23 % 
( n  = 31) of patients with benign disease. Only 6 of 
the 31 patients with AIP had a preoperative his-
tory suggestive of an autoimmune process. 

 Patients with a fi nal diagnosis of either auto-
immune pancreatitis or pancreatic cancer have 
similar clinical characteristics at presentation 
including age, weight loss, abdominal pain, inci-
dence of diabetes, rate of alcohol abuse, and his-
tory of pancreatitis [ 4 ,  8 ]. In the Johns Hopkins 
series, none of the patients with autoimmune 
pancreatitis had a history of alcohol abuse or cho-
ledocholithiasis [ 4 ]. The only noticeable differ-
ence between AIP and pancreatic cancer patients 
was computed tomography (CT) imaging where 
discrete lesions were more common in the cancer 
group while autoimmune pancreatitis had more 
diffuse enlargement of the pancreas [ 4 ]. 

 Recent reports have suggested two subtypes 
of AIP described by Park et al. as type 1 and type 
2 [ 9 ,  10 ]. Type 1 AIP is likely a systemic IgG4- 
associated disease that may involve extrapancre-
atic organs as well. Serum IgG4 levels are 
typically elevated and immunohistochemical 
staining of pancreatic tissue for IgG4 is robust. 
Type 1 AIP can involve the bile duct, retroperito-
neum, kidney, lymph nodes, and salivary glands 
[ 9 ]. When the biliary tree is involved with AIP, it 
frequently mimics primary sclerosing cholangi-
tis or cholangiocarcinoma. IgG4-associated 
infl ammatory disease can also spare the pan-
creas as described in case reports of IgG4 chol-
angitis [ 11 – 13 ]. 

 Less is known about type 2 AIP. It occurs typi-
cally in younger patients (fourth decade) with 
equal distribution between the sexes. Type 2 AIP 
has been associated with infl ammatory bowel 
disease. Unlike type 1, type 2 AIP is typically 
IgG4 seronegative. Currently, type 2 AIP has no 
surrogate biomarker and requires histologic eval-
uation for diagnosis [ 9 ,  10 ].  

   Table 10.1    Clinical characteristics of autoimmune 
pancreatitis   

 Parameter  Findings 

 Presentation  Jaundice 
 Weight loss 
 Abdominal pain 
 Malabsorption and steatorrhea 

 Past medical history  Diabetes 
 Infl ammatory bowel disease 
 Sjogren’s syndrome 
 Primary sclerosing cholangitis 
 Retroperitoneal fi brosis 
 Riedel’s thyroiditis 
 Mediastinal adenopathy 
 Interstitial nephritis 
 No history of alcohol abuse 
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    Diagnosis 

 Three diagnostic criteria schemes exist for auto-
immune pancreatitis: the Asian, Mayo HISORt, 
and Italian criteria. The Asian diagnostic criteria 
were developed at a consensus conference held in 
Seoul, Korea, in 2007 involving Japanese and 
Korean gastroenterologists. The Asian criteria 
require either radiographic evidence that supports 
AIP with hypergammaglobulinemia or abundant 
IgG4-positive cells on staining of pancreatic tis-
sue [ 14 ]. The HISORt criteria outlined by Mayo 
Clinic combine  h istology,  i maging,  s erology, and 
 o ther organ involvement with clinical  r esponse to 
steroid  t reatment [ 8 ]. The Italian criteria require 
three of four diagnostic features in medically 
managed patients: (1) histology or cytology that 
should exclude pancreatic cancer and may reveal 
the presence of granulocyte epithelial lesion, (2) 
suggestive radiological fi ndings, (3) association 
with other autoimmune diseases or extrapancre-
atic involvement, or (4) response to steroid ther-
apy [ 15 ]. Currently, no simple diagnostic test 
exists for AIP. Preoperative indicators of autoim-
mune pancreatitis are outlined in Table  10.2 .

   Laboratory studies are generally nonspecifi c 
for autoimmune pancreatitis. Sah et al. reported 
that liver function tests were abnormal at presen-
tation in 86 % of patients (50 of 58) [ 6 ]. In a case 
series by Hardacre et al., CA 19-9 was elevated in 
both AIP ( n  = 17, mean 145 U/mL) and pancre-
atic cancer ( n  = 25, mean 369 U/mL), but CA19-9 
levels were not statistically different [ 4 ]. 
However, Chari et al. from Mayo Clinic reported 
that CA 19-9 levels over 150 U/mL were less 
common in AIP patients (3 of 39, 8 %) compared 
to pancreatic cancer patients (56 of 91, 62 %) [ 8 ]. 

 The laboratory hallmark of AIP is an elevated 
serum IgG4. In 2001, Hamano et al. described 
elevated serum IgG4 in AIP patients, while 
patients with other pancreaticobiliary disorders 
have levels of IgG4 similar to normal subjects [ 16 ]. 
Twenty patients with AIP and 70 patients with 
pancreatic cancer were included in the study. 
Diagnosis of AIP was based on main pancreatic 
duct narrowing and gland swelling that responded 
to glucocorticoid therapy. AIP was not confi rmed 

with histology. With a serum cutoff of 135 mg/
dL, IgG4 was 95 % sensitive and 97 % specifi c 
for the differentiation of AIP from pancreatic 
cancer [ 16 ]. Subsequent studies have not been 
able to achieve such high sensitivity or specifi c-
ity. In a 2009 meta-analysis of the current litera-
ture on IgG4 testing, Morselli-Labate et al. found 
that sensitivities range from 67 % to 100 % and 
specifi cities are typically over 90 % except for 
one study that reported a specifi city of 64 % [ 17 ]. 
Although IgG4 is a useful test for diagnosing 
AIP, it should be remembered that 10 % of 
patients with pancreatic cancer will have an ele-
vated IgG4 [ 8 ]. 

 High-quality multidetector contrast-enhanced 
computed tomography (CT) can differentiate 
AIP from pancreatic cancer in selected patients. 
Diffuse pancreatic enlargement is suggestive of 
AIP (Fig.  10.1 ). Other subtle fi ndings of AIP 
include smooth contour of the pancreas, early 
capsule-like rim enhancement, and delayed but 
uniform pancreatic enhancement with a  persisting 
rim of hyper-attenuation [ 2 ]. Although initial 
reports and diagnostic schemes from Japan and 
Korea suggested that entire gland involvement 
was necessary for the diagnosis of AIP, focal and 
segmental involvement have been reported and 

   Table 10.2    Diagnostic features of autoimmune 
pancreatitis   

 Parameter  Findings 

 Laboratory tests  Elevated IgG or IgG4 
 CT/MRI  Diffusely enlarged pancreas 

 Smooth contour of pancreas 
 Capsule-like rim enhancement of 
pancreas 

 ERCP/MRCP  Small main pancreatic duct 
 Stricture or narrowing of 
pancreatic duct 

 Histology  IgG4-positive staining cells (> 10/
high power fi eld) 
 Storiform fi brosis 
 Periductal lymphoplasmacytic 
infi ltrate 
 Obliterative phlebitis 

   CT  computed tomography,  MRI  magnetic resonance imag-
ing,  ERCP  endoscopic retrograde cholangiopancreato-
graphy,  MRCP  magnetic resonance cholangiopancreato-
graphy  
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are readily visible on imaging. In many cases, 
focal AIP shares similar features on CT with pan-
creatic cancer making the diagnosis of AIP 
impossible by CT alone (Fig.  10.2 ). In the 
MSKCC series of 31 resected AIP patients, 
Weber et al. noted that the most common 
 radiographic fi ndings were a pancreatic mass 
(61 %) or biliary stricture (23 %) both of which 
are features worrisome for malignancy [ 7 ].

    Unlike acute or chronic pancreatitis, CT 
 imaging should not demonstrate fl uid collections, 

fat stranding, necrosis, pseudocysts,  calcifi cations, 
or a dilated pancreatic duct. Likewise, CT 
 fi ndings concerning for pancreatic cancer should 
not be present, such as suspicious liver lesions, 
pancreatic duct cutoff, or distal pancreatic 
 atrophy [ 8 ]. 

 Imaging based on magnetic resonance cholan-
giopancreatography (MRCP) or endoscopic ret-
rograde cholangiopancreatography (ERCP) is 
limited in their ability to differentiate carcinoma 
from benign strictures. Distal bile duct strictures 
of AIP may present with characteristics typical of 
adenocarcinoma, with an irregular or shelf-like 
contour or more segmental as seen in primary 
sclerosing cholangitis; by contrast, biliary stric-
tures in chronic (non-autoimmune) pancreatitis 
usually have a smooth contour. As outlined in the 
Asian diagnostic criteria for AIP, pancreatic duct 
stenosis and narrowing are important radio-
graphic fi ndings. As described in the Johns 
Hopkins series, distal common bile duct involve-
ment was common (7 of 11, 72.7 %) in AIP 
patients who had pancreaticoduodenectomy for 
suspected malignancy [ 5 ]. 

 Although elevated serum levels of IgG4 and 
imaging characteristics may suggest autoimmune 
pancreatitis, histologic evaluation remains the 
gold standard for diagnosis. Pancreatic and 
bile duct brushings do not provide suffi cient 
tissue architecture to diagnose AIP but may con-
fi rm a diagnosis of pancreatic or biliary malig-
nancy. Brush cytology is very specifi c for 
pancreaticobiliary malignancies but can be very 
insensitive (26–89 %) [ 18 ]. Brush cytology and 
endoscopic evaluation of the pancreatic and bili-
ary ducts should be limited to patients presenting 
with obstructive jaundice that require biliary 
drainage. 

 Given the proximity of the stomach and duo-
denum to the pancreas, endoscopic ultrasound 
(EUS) provides detailed images of the pancreas 
enabling assessment of the main pancreatic duct, 
side branches, solid and cystic lesions, and local 
adenopathy. EUS-guided fi ne-needle aspiration 
(FNA) can provide suffi cient sampling to facili-
tate a diagnosis of pancreatic cancer. Recently 
studies have proposed the use of core needle 
biopsy of pancreatic parenchyma to facilitate the 

  Fig. 10.1    CT image of diffuse pancreatic enlargement 
in a patient with autoimmune pancreatitis       

  Fig. 10.2    Autoimmune pancreatitis mimicking pancre-
atic cancer on CT. Hypodense mass in tail of pancreas       
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diagnosis of AIP [ 8 ]. EUS-guided core needle 
biopsy appears to be safe with a complication 
rate of 2.4 % (6 of 247) [ 19 ]. Currently, we have 
limited experience with EUS-guided core needle 
biopsy, and its role in preoperative evaluation of 
AIP versus pancreatic cancer is not known. In 
addition, EUS-guided core needle biopsy is lim-
ited to body and tail lesions. 

 In the preoperative assessment, the main goal 
of brushing cytology, FNA, or core needle biopsy 
should be to facilitate a diagnosis of pancreatico-
biliary malignancy. The absence of malignant 
cells neither confi rms a diagnosis of AIP nor 
excludes underlying malignancy. Abundance of 
IgG4-positive cells is required for the diagnosis 
of AIP using the Asian criteria. However, AIP 
may be IgG4 positive in only 50 % of patients [ 2 ]. 
In addition, sampling error maybe a signifi cant 
issue given the potential patchy distribution of 
AIP [ 20 ]. Chandan et al. reexamined 39 
 pancreatic resection specimens for parenchymal 
sparing and distribution of AIP within the speci-
men. They identifi ed 82 % of specimens had his-
tologically unremarkable (spared) parenchyma 
abutting classic changes of AIP. Positive IgG4 
staining was correlated with histologic evidence 
of AIP, while areas of parenchymal sparing 
lacked IgG4 staining ( p  < 0.0001). This study 
suggests that FNA and core needle biopsy could 
easily miss AIP during a preoperative 
evaluation. 

 The fi nal step in fulfi lling the criteria for a 
diagnosis of AIP is a trial period of steroid ther-
apy. Moon et al. investigated a 2-week trial of 
steroid therapy in 22 consecutive patients that 
had a suspected diagnosis of AIP and a negative 
workup for malignancy. In this study, all patients 
who did not demonstrate response to steroids (7 
of 22) during a 2-week trial were diagnosed with 
pancreatic adenocarcinoma [ 21 ]. Importantly, 
Moon et al. reported that during the study period, 
1091 patients were diagnosed with pancreatic 
cancer and 348 patients underwent major pancre-
atic resections. This would indicate after careful 
selection only 2 % of patients were considered 
candidates for a trial of steroids. 

 At this time, we strongly discourage attempt-
ing a steroid trial to confi rm a diagnosis of AIP 

unless a multidisciplinary team has exhausted all 
efforts to diagnosis pancreatic cancer. Tissue 
sampling should have been obtained on two sepa-
rate occasions. A steroid trial should be limited to 
2 weeks and strict objective criteria for continued 
therapy must be outlined with the managing team 
and the patient prior to starting steroid therapy. 
Importantly, response to steroid therapy alone 
does not confi rm a diagnosis of AIP, since infl am-
matory changes adjacent to adenocarcinoma may 
respond to steroid therapy leading to an error in 
diagnosis. Response to steroid therapy should 
complement other collateral evidence of AIP.  

    Indications for Surgical 
Intervention 

 No specifi c guidelines exist for the surgical man-
agement of AIP. Conventional wisdom would 
suggest that painless jaundice and a resectable 
mass in the head of the pancreas (with double 
duct sign) require no further evaluation and 
resection is warranted. In light of the growing 
understanding of AIP, Chari et al. have proposed 
an algorithm to guide surgeons and gastroenter-
ologists in the evaluation of AIP patients [ 8 ]. 
Signifi cant emphasis in the evaluation of sus-
pected AIP is interpretation of imaging studies. 
Application of such an algorithm depends on a 
multidisciplinary team interested in pancreatol-
ogy and pancreatic imaging. 

 In patients with uncertain diagnosis or any 
suspicion for malignancy, operative intervention 
is indicated. After a 2-week trial of steroids, fail-
ure to demonstrate objective improvement (e.g., 
resolution of main duct narrowing and decrease 
in size of pancreatic mass) also mandates surgical 
intervention. Surgical resection is then diagnostic 
and potentially therapeutic. Since AIP may repre-
sent a systemic process, diagnosis of AIP at the 
time of resection should guide subsequent fol-
low- up. Likewise, recognition of AIP as a 
 separate entity from chronic pancreatitis provides 
opportunity for nonoperative treatment strategies 
if recurrence is noted in the remnant pancreas. 

 Steroid therapy is generally successful with 
87–98 % in remission by 3 months. Relapsing 
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AIP occurs in 6–54 % of patients [ 2 ,  22 ]. Patients 
who develop complications associated with long- 
term corticosteroid therapy may be candidates 
for operative therapy. With a confi rmed diagnosis 
of AIP, surgical intervention does not require 
resection. Biliary bypass, such as hepaticoduode-
nostomy or hepaticojejunostomy, should be con-
sidered in AIP patients with persistent jaundice 
or those who have become dependent on biliary 
stents. Long-term outcomes in patients treated 
with medical therapy are currently not known. 
Also, indications for surgical intervention in 
recurrent or relapsing AIP are not yet defi ned.  

    Operative Considerations 

 Unless the surgeon has histologic confi rmation of 
AIP, a pancreatic resection should be approached 
using oncologic principles. All specimens should 
be resected with adequate margins and with an 
appropriate lymphadenectomy. The specimen 
should be oriented and inked for evaluation by 
pathology. Intraoperative biopsies are not neces-
sary because important diagnostic information 
(e.g., IgG4 staining) is not immediately 
available. 

 Our current understanding of pancreatic resec-
tion for AIP is based on a retrospective review of 
operative notes. The diffi culty of pancreatectomy 
is likely dependent on the location and extent of 
pancreatic involvement. The majority of resected 
patients in published series were managed with 
pancreaticoduodenectomy. In the MSKCC series, 
Weber et al. reported that 79 % (23 or 29) had 
pancreaticoduodenectomy   , 14 % (4 of 29) had 
distal pancreatectomy, and 7 % (2 of 29) had total 
pancreatectomy [ 7 ]. At the time of operation, two 
additional patients were not resected due to 
encasement of the superior mesenteric artery and 
portal vein. 

 In a retrospective review of operative notes 
for autoimmune pancreatitis at Johns Hopkins, 
 pancreaticoduodenectomy was considered 
 diffi cult in 71 % of patients compared with 44 % 
of patients with pancreatic cancer [ 4 ]. Patients 
with AIP had more intraoperative blood loss 
(1,290 mL [range 250–5,200] vs. 832 mL [range 

250–3,000];  p  <0.05) compared with pancreatic 
cancer patients but similar postoperative morbid-
ity and mortality. In a small series of eight 
patients, Schnelldorfer et al. found no signifi cant 
difference in operative times, blood loss, or peri-
operative morbidity in patients with AIP com-
pared to control patients who underwent resection 
for chronic pancreatitis [ 23 ].  

    Surgical Experience at Mayo and 
Massachusetts General Hospital 

 In a retrospective review of the surgical experi-
ence at Mayo Clinic Rochester and Massachusetts 
General Hospital from 1986 to 2011, 69 patients 
underwent pancreatic resection for autoimmune 
pancreatitis. Sixty-eight percent ( n  = 47) of 
patients were male with a median age of 60 (IQR 
46–68). Preoperative diagnosis included concern 
for malignancy 78.3 % ( n  = 54), pancreatitis 
13.0 % ( n  = 9), preoperative biopsy or fi ne-needle 
aspiration positive for malignancy 5.8 % ( n  = 4), 
or unknown 2.9 % ( n  = 2). One patient (1.5 %) 
underwent distal pancreatectomy for autoim-
mune pancreatitis refractory to medical therapy. 
Autoimmune pancreatitis was considered in the 
preoperative differential in four patients (5.8 %). 
The majority of patients underwent standard pan-
creaticoduodenectomy ( n  = 36, 52.2 %) or 
pylorus- preserving pancreaticoduodenectomy 
( n  = 18, 26.1 %). Distal pancreatectomy was per-
formed in 13 patients (18.8 %) and total pancre-
atectomy in two patients (2.9 %). Operative 
details are outlined in Table  10.3 . Thirty patients 
(43.5 %) had a postoperative complication in the 
fi rst 30 days and one postoperative death. Five 
patients (7.3 %) developed a postoperative pan-
creatic fi stula (ISGPF grade A,  n  = 3, 4.4 %; grade 
B,  n  = 1, 1.5 %; grade C,  n  = 1, 1.5 %).

   For patients who underwent pancreatic resection 
for autoimmune pancreatitis, median follow- up 
was 58.4 months ( n  = 58, IQR 24.8–115.3 months). 
Eighteen (26.1 %) patients have developed post-
operative diabetes mellitus and 24 (34.8 %) 
patients have exocrine insuffi ciency with steator-
rhea requiring pancreatic enzyme replacement. 
Postoperatively, 15 (21.7 %) patients have been 
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treated with glucocorticoids. Late reoperation (> 
30 days) was required in 6 (8.7 %) patients and 
endoscopic intervention required in seven 
patients (pancreatic stent,  n  = 3, 4.4 %; biliary 
stent,  n  = 4, 5.8 %). Overall 5- and 10-year sur-
vival were 89.1 % and 80.5 %, respectively.  

    Recurrent Disease and Quality 
of Life After Resection 

 Perioperative morbidity is comparable 
between pancreatic cancer and AIP patients 
who undergo pancreatic resection. Less is 
known about long- term outcomes. Should the 
surgeon and patient celebrate or are we trading 
a lethal disease with a chronic disease? At 
MSKCC, eight of 29 (28 %) patients who 
underwent resection for AIP  developed recur-
rent symptoms requiring intervention [ 7 ]. 
Patients who presented without a discrete 
pancreatic mass and those treated with distal 
pancreatectomy were more likely to have 
recurrent symptoms (Fig.  10.3 ). Nearly all 
patients (7 of 8) with recurrent symptoms were 
managed with endoscopic or percutaneous bili-
ary drainage. Only one patient was treated with 

steroid therapy to control recurrent disease. No 
patients required surgical intervention.

   Schnelldorfer et al. reported that two of the 
eight patients with AIP treated with pancreatic 
resection developed recurrent jaundice [ 23 ]. 
One presented with biliary sepsis early in the 
postoperative period and the second patient 
developed recurrence at 6 months. No patients 
received postoperative steroid therapy. However, 
two patients with persistent abdominal pain 
received trial corticosteroids with no benefi t. No 
patients required reoperation in this series. 

 In the Johns Hopkins series of 37 patients, no 
patients developed recurrent jaundice and only 
one patient developed recurrent episodes of 
abdominal pain and pancreatitis [ 4 ]. Median fol-
low- up was 33 months. Eleven percent of patients 
(4 of 37) required subsequent operations for 
bowel obstruction or ventral hernia. 

 Quality of life after pancreatic resection for 
AIP has not been well investigated. Hardacre 
et al. conducted follow-up telephone interviews 
with 24 AIP patients treated with pancreatico-
duodenectomy. In this series, 68 % of patients 
reported an improvement in quality of life, 18 % 
no change, and 14 % had a decrease in quality 
of life [ 4 ]. In a small series of eight patients 
with mean 5-year follow-up, Schnelldorfer 
et al. reported that 57 % of patients (4 of 7) had 
good quality of life based on SF-36 question-
naires [ 23 ].  

    Conclusion 

 The surgeon’s role in diagnosing and managing 
AIP is to provide a conservative and realistic per-
spective. The majority of patients suspected of 
AIP will have pancreatic cancer. A multidisci-
plinary team can facilitate the diagnosis of AIP in 
the preoperative period and should focus on high- 
quality imaging, serum IgG4, and histologic con-
fi rmation. A short 2-week course of corticosteroids 
should be tested only on carefully selected 
patients. Pathologic evaluation of a pancreatic 
resection specimen remains the gold standard for 
diagnosing AIP. The role of pancreatic resection 
for known AIP is not well defi ned. In the limited 

   Table 10.3    Operative details for pancreatic resection at 
Mayo Clinic Rochester and Massachusetts General 
Hospital ( n  = 69)   

 Variable  n (%) 

 Operation 
 Standard pancreaticoduodenectomy  36 (52.2) 
 Pylorus-preserving 
pancreaticoduodenectomy 

 18 (26.1) 

 Distal pancreatectomy with splenectomy  8 (11.6) 
 Distal pancreatectomy without 
splenectomy 

 5 (7.2) 

 Total pancreatectomy  2 (2.9) 
 Operative time, min, median (IQR)  337 

(236–408) 
 Estimated blood loss, mL, median (IQR)  600 

(300–1,170) 
 Blood transfuse within 24 h of operation  16 (23.2) 
 Diffi cult operation per operative note  34 (49.3) 
 Intraoperative complication  16 (23.2) 
 Portal vein/SMV repair or reconstruction  16 (23.5) 

   IQR  interquartile range  
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number of studies, the diagnosis of AIP does not 
increase the morbidity or mortality of pancreatic 
resection. Surgeons should anticipate signifi cant 
infl ammation with loss of planes and adherence 
to adjacent structures (e.g., portal vein) during 
the resection of pancreatic specimens. Although 
relapsing AIP is not infrequent, only a minority 
(0–28 %) of patients will develop recurrent 
symptoms after resection. Since AIP is a clini-
cally distinct entity from chronic pancreatitis, we 
must carefully monitor these patients after resec-
tion. Steroid therapy has not been investigated in 
resected patients but may play some role in 
controlling the disease and suppressing symp-
toms. Lastly, with limited long-term follow-up, 
the role of the surgeon has not been defi ned for 
patients that fail steroid therapy, develop multiple 
recurrences, or have continued bile or pancreatic 
duct obstructive symptoms despite steroid ther-
apy. Care for patients with AIP requires careful 
individualized care by a team of surgeons, 
radiologists, and gastroenterologists interested in 
this disease.     
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           Introduction 

 Autoimmune pancreatitis (AIP) and IgG4- 
associated cholangitis (IAC) are part of a systemic 
fi bro-infl ammatory disease that can involve multi-
ple organs which characteristically have a lympho-
plasmacytic infi ltrate with abundant IgG4-positive 
cells. The term IgG4-related disease (IgG4-RD) has 
been proposed by consensus as the umbrella term to 
describe this multiorgan disease [ 1 ]. The target of 
therapy in IgG4-RD is the infl ammatory process 
which is exquisitely sensitive to steroids, in contrast 
to the fi brosis which can often lead to damage and 
even destruction of the involved organ.  

    Defi nitions of Treatment Outcomes 

 When discussing treatment in AIP, it is important 
to use specifi c terms that help identify treatment 
goals and responses. 

  Remission : Refers to the resolution of various 
aspects of the disease process. Remission can be 
as follows:
    (a)    Symptomatic: Refers to resolution of pre-

senting symptoms, for example, jaundice or 

abdominal pain. This occurs promptly 
 following start of therapy.   

   (b)    Biochemical: Normalization of liver test 
abnormalities due to biliary stricture; this is 
an important indicator of disease remission 
in IAC.   

   (c)    Serologic: Associated with normalization of 
serum IgG4. This is not always achieved and it 
does not correlate with radiologic remission.   

   (d)    Radiologic: Resolution or stable improve-
ment in imaging abnormalities.   

   (e)    Histologic: Implies complete absence of the 
infl ammatory component. This is almost 
never confi rmed in clinical practice due to 
the ability to follow the preceding less inva-
sive markers of disease activity. Moreover, 
the patchy nature of disease makes it diffi cult 
to conclusively prove histologic remission.    

   Recrudescence : Refers to fl are of the disease 
which is not yet in remission, for example, during 
steroid taper. 

  Relapse : Recurrence of disease after complete 
remission. Relapse can be as follows:
    (a)    Symptomatic: For example, recurrence of 

jaundice. Abdominal pain in the absence of 
other objective evidence of relapse is not a 
common feature of the disease.   

   (b)    Biochemical: Rise of liver test abnormalities 
>2–3× upper limit of normal suggests biliary 
relapse, even before jaundice develops.   

   (c)    Serologic: While elevation of serum IgG4 
levels often precedes or accompanies 
relapses, it can also occur without evidence 
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of relapse. Relapses can also be seronegative, 
that is, without accompanying elevation in 
serum IgG4. So, serum IgG4 elevation alone 
should not be considered disease relapse.   

   (d)    Radiologic: Development of new imaging 
abnormalities signifi es true relapse. This 
may occur in an organ not previously known 
to be affected.   

   (e)    Histologic: True disease relapse shows evi-
dence of infl ammation in the involved organ.    

      Principles of Management of AIP 
and IAC 

 Patients may present either acutely (e.g., with 
obstructive jaundice) or in the late or post-acute 
phase of disease, many months after initial onset 
of symptoms. The disease is treated if symptom-
atic or is active, as assessed by persistent or wors-
ening radiographic or biochemical parameters. 
There is no benefi t to treating burnt-out disease 
(e.g., an atrophic pancreas). The initial goal of 
therapy is to induce remission, which refers to the 
treatment of acute symptomatic and radiologic 
manifestations of AIP with the goal of achieving 
disease control. Induction treatment frequently 
requires adjuvant therapy due to either disease- or 
treatment-related complications. Maintenance of 
disease remission refers to the prevention of sub-
sequent disease relapse with maintenance therapy.  

    Induction of Remission 

 Remission may occur spontaneously or with ste-
roids (steroid-induced remission), keeping in 
mind that in AIP, fi brosis-induced glandular and 
ductal distortion may prevent complete restitu-
tion of the gland to normal architecture (and 
hence normal appearance on imaging). 

    Management of the Acute 
Presentation of AIP 

 Currently steroids are the only proven approach 
for inducing disease remission in AIP. Our under-

standing of the effects of steroid treatment in the 
acute phase of AIP is evolving. The benefi ts of 
steroid therapy are as follows:
    (a)     Quick Response : The use of steroids brings 

about remission consistently and more 
quickly than if no treatment were given. 
Steroids rapidly relieve disease-related 
symptoms (abdominal pain, obstructive 
jaundice). If diagnosis is certain, biliary 
stenting can be avoided as jaundice is 
promptly relieved by steroids, and cholangi-
tis is rare if the biliary tree has not been con-
taminated by instrumentation.   

   (b)     Induction of Remission : Concomitant with 
amelioration of symptoms, an improvement 
in radiologic abnormalities is also seen with 
treatment (Figs.  11.1  and  11.2 ). The disease 
can be brought into remission with more pro-
longed use of steroids.

        (c)     Confi rmation of Diagnosis : If there is any 
doubt about the diagnosis, the rapid response 
to steroids is reassuring and confi rms the diag-
nosis. This includes resolution of pancreatic 
changes (ductal abnormalities, enlargement or 
mass) and of extrapancreatic manifestations 
(biliary strictures, retroperitoneal fi brosis, 
etc.). However, since AIP is associated with 
intense fi brosis, many radiologic changes 
(e.g., ductal changes, retroperitoneal fi brosis) 
may improve only partially or in some cases 
remain unchanged after treatment.     

 Steroids should be offered to all AIP patients 
with active disease; however, there is no role for 
steroids in patients who present in the post-acute 
phase with pancreatic atrophy unless they have 
extrapancreatic disease requiring therapy.  

    Steroid Regimen for Induction 
of Remission 

 There is no consensus on steroid regimen and 
duration of treatment in AIP. Starting doses range 
from 30 to 40 mg in most studies [ 2 – 6 ]. These 
doses are effective in the majority of patients; 
however, it is not known whether lower doses 
(10–20 mg) would also be effective. Starting 
doses are typically given for 3–4 weeks followed 
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by a taper of varying duration. We have used 
prednisone 40 mg daily for 4 weeks followed by 
taper of 5 mg per week (total of 11 weeks of  therapy) 
[ 2 ]. Response is typically rapid with  signifi cant 
radiologic improvement at 2–3 weeks [ 7 ]. In 
patients who experience a complete radiologic 
response, normalization of imaging fi ndings 
 typically occurs at 4–6 weeks [ 7 ].  

    Diagnostic Steroid Trials 

 Response to steroid treatment is one of the 
 diagnostic criteria for many diagnostic 
 classifi cations, including the HISORt criteria [ 2 ]. 
A diagnostic steroid trial refers to the use of a 

brief 2-week steroid course with the intent of 
meeting this criterion to secure the diagnosis of 
AIP. A typical scenario in which this is consid-
ered would be the patient presenting with a pan-
creatic mass that is negative on fi ne-needle 
aspiration for malignancy and with some other 
collateral evidence for AIP. Caution is advised 
prior to considering a diagnostic trial and close 
follow-up with repeat imaging to ensure 
improvement is essential. One study showed that 
no patients with pancreatic cancer had a radio-
graphic response to steroids and CA 19–9 levels 
continued to increase during the diagnostic trial, 
in contrast to the patients with AIP, suggesting 
that in cases where malignancy has been ruled 
out, this is a reasonable option [ 8 ].   

  Fig. 11.1     Panel A  demonstrates the classic diffuse pancreatic enlargement with a faint hyperenhancing rim.  Panel B  
demonstrates resolution of the pancreatic swelling after 1 month of treatment with prednisone       

  Fig. 11.2    Evidence of intra- and extrahepatic biliary duc-
tal stricturing was demonstrated at the time of a baseline 
ERCP to evaluate obstructive jaundice ( panel A ). In the 
presence of evidence of chronic pancreatitis and serum 

IgG4 level elevated greater than two times the upper limit 
of normal, this patient was treated with prednisone. After 
a 12-week course of prednisone, there was resolution of 
their IgG4-associated cholangitis ( panel B )       
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    Adjuvant Therapy 

 Adjuvant therapy is frequently needed for the 
management of complications either related to 
steroid treatment (e.g., diabetes mellitus) or 
directly related to the disease (e.g., obstructive 
jaundice, steatorrhea) or steroid treatment. 
Occasionally other organ involvement mandates 
intervention (e.g., ureteral stenting for retroperi-
toneal fi brosis-induced hydronephrosis). 

    Diabetes Mellitus 

 A common problem during induction treatment is 
either the onset of steroid-induced diabetes melli-
tus or aggravation of premorbid diabetes mellitus. 
Prior to starting treatment, patients should be 
 provided with a clear plan regarding the need for 
vigilant glucose monitoring and titration of their 
antidiabetic regimen. Paradoxically, some patients 
will have improvement in their glycemic control 
during steroid treatment, which is felt to represent 
resolution of endocrine insuffi ciency.  

    Obstructive Jaundice 

 Patients presenting with obstructive jaundice typ-
ically require endoscopic retrograde cholangio-
gram with or without pancreatogram. In patients 
with a bilirubin >3 mg/dL, it is our practice to 
dilate any apparent biliary strictures, perform a 
biliary sphincterotomy, and place a plastic biliary 
stent to improve biliary drainage during initial 
treatment. The stents typically remain in place 
until endoscopic follow-up 6–8 weeks after initi-
ation of steroids. Stenting is not routinely per-
formed for patients with known IAC who develop 
a biliary relapse, unless they do not rapidly 
respond to reinitiation of steroids.  

    Exocrine Insuffi ciency 

 Pancreatic exocrine insuffi ciency is uncommon 
in patients at the time of presentation; however, 

it can become problematic as the disease burns 
out. A large multicenter Japanese study showed 
that 58 of 300 (20 %) patients with radio-
graphic follow- up had pancreatic atrophy fol-
lowing their initial treatment, although the 
frequency of steatorrhea was not reported [ 9 ]. 
For patients presenting with steatorrhea, it is 
typically steroid responsive, so we do not start 
enzyme supplementation immediately. 
However, for those with persistent steatorrhea, 
following steroid treatment supplementation 
may be necessary. For older patients with a 
longer duration of disease, the pancreatic atro-
phy can be progressive and the need for sup-
plementation may develop.   

    Patient Follow-up 

 The initial goal of follow-up is to ensure  sustained 
clinical remission and, if any remaining doubt, to 
ensure there is no evidence of malignancy. Our 
most commonly used follow-up protocol involves 
repeat laboratory tests and imaging 4–6 weeks 
after commencing steroid therapy. If a biliary 
stent was placed at presentation for biliary stric-
tures, stent removal is possible 6–8 weeks after 
starting steroids in the majority of patients 
(unpublished data). 

 The subsequent goals of follow-up are moni-
toring for treatment-related complications, dis-
ease relapse, and either endocrine or exocrine 
pancreatic dysfunction. To identify relapses early 
periodic follow-up of patients who have initially 
responded to treatment is recommended. In the 
study by Hirano et al., imaging was performed 
every 6 months with laboratory testing every 3–6 
months to assess for relapse [ 4 ]. Our follow-up 
protocol is largely based on the organ involved. 
In patients with biliary strictures, we repeat labo-
ratory testing (liver enzymes, serum IgG4) every 
12 weeks for the fi rst 1–2 years. In patients with-
out biliary disease, assessment for recurrence is 
more diffi cult and we have monitored patients for 
recurrent symptoms, and only then do we con-
sider imaging. These practices will likely be 
refi ned as more data on long-term outcomes 
become available.  
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    Prevention of Disease Relapses 

 Do all patients need maintenance therapy to prevent 
disease relapse? Interestingly, the fact that there is a 
high relapse rate (30–50 %) has led to development 
to different approaches to management. The high 
frequency of relapses has led many Japanese inves-
tigators to maintain patients on low-dose daily pred-
nisolone (2.5–10 mg) over the long term [ 5 ]. In this 
approach, patients are tapered down to 5–10 mg/
day of prednisolone and maintained at this dose for 
18–36 months. We have viewed the fact that >50 % 
of patients do not relapse after initial therapy as a 
reason to avoid unnecessary exposure to long-term 
steroids in all patients. Instead, our approach has 
been to withdraw steroids after 11–12 weeks of 
therapy and only use maintenance therapy after the 
fi rst or second relapse of disease. 

 Although patients universally have a quick and 
dramatic initial response to steroid treatment, any-
where from 15 % to 60 % of patients will develop 
disease relapse either after steroid treatment is com-
plete or during the steroid taper [ 9 – 13 ]. Factors con-
tributing to the variable relapse rates include 
differences in the proportion of surgically treated 
patients (who are less likely to relapse), type 1 vs. 
type 2 disease, and overall length of follow-up. 

 Identifi cation of risk factors for relapse may 
help us determine the high-risk patients who would 
benefi t from maintenance therapy upfront and 
allow short-term therapy in lower-risk patients who 
may not need long-term treatment. The strongest 
and most consistent predictor of having an initial 
disease relapse is the presence of proximal biliary 
tract disease [ 11 ,  12 ,  14 ]. Diffuse pancreatic 
enlargement was also associated with disease 
relapse, but the effect size was small [ 11 ]. Studies 
are confl icted about whether or not lack of serum 
IgG4 normalization after steroid treatment predicts 
relapse [ 9 ,  12 ]. The most common locations of 
relapse are the biliary tree and pancreas [ 9 ,  11 ].  

    Treatment of Disease Relapses 

 At present, there are three options for treat-
ment of a patient with relapsing AIP: (1) repeat 
a course of steroids, then either taper off or 

 continue low-dose steroids when the disease is 
in  remission; (2) repeat a course of steroids, 
taper off when the disease is in remission, and 
start an immunomodulator for maintenance 
treatment; or (3) treat with rituximab. Each of 
these options currently seems viable based on 
preliminary data; however, the choice of long-
term therapy for maintenance of remission 
needs further studies with larger numbers of 
patients to assess the risk/benefi t ratio of each 
approach. The duration of use of maintenance 
therapy is also unknown and needs further 
study. 

    Steroids Alone 

 Kamisawa et al. reported in their large multi-
center Japanese series that steroid re-treatment 
was effective for reinducing remission in 123 
(98 %) of 126 patients who relapsed; however, no 
further details regarding follow-up were avail-
able. Steroids have the strongest body of evi-
dence supporting their use in treatment of AIP, 
are cost-effective, and are readily accessible. 
However, the major drawback of this strategy is 
that many patients cannot tolerate high-dose ste-
roids due to side effects, or their disease is unable 
to be maintained in remission without depen-
dence on high doses of steroids. For patients who 
do tolerate the steroids and can be successfully 
weaned, some have considered an additional 
attempt at maintenance treatment with a low 
dose; however, there is no literature to guide this 
decision.  

    Steroids plus Immunomodulators 

 Instead of using long-term low-dose steroids, we 
have opted to give high-dose steroids, then use 
immunomodulatory medications for mainte-
nance of remission in patients who relapse. In our 
experience, azathioprine (2 mg/kg/day) or 
 mycophenolate mofetil (750–1,000 mg twice 
daily) appears to be equally effective in maintain-
ing remission (100 %, median follow-up 6 
months) after relapse in a small number ( n  = 7) of 
patients [ 14 ]. Subsequently, groups from the 
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United States and the United Kingdom have also 
presented their experience with azathioprine for 
patients with relapsing AIP. Raina et al. reported 
a 100 % response rate in 10 patients, two of 
which had a relapse after azathioprine was dis-
continued [ 15 ]. In the third series, there was a 
similar high initial response with only one patient 
having an extrapancreatic relapse while on aza-
thioprine (1 mg/kg/day) (median follow-up 14 
months) [ 12 ]. In sum, although the cumulative 
experience is small, preliminary data suggest 
adding immunomodulators to steroids may be 
one option for weaning steroids in steroid- 
dependent patients and may potentially be useful 
as maintenance treatment for preventing future 
relapse, but this needs confi rmation in larger 
studies.  

    Rituximab 

 The use of rituximab has been described in a 
small number of patients with refractory disease. 
This is a monoclonal CD20 antibody that works 
by causing rapid B-cell depletion. The rationale 
for its use comes from the high proportion of 
CD20-positive B cells in the infl ammatory infi l-
trate in AIP. Similar infi ltrates have been seen in 
patients with orbital pseudolymphoma, a condition 
which is known to be responsive to infl iximab [ 16 ]. 
Our initial report involved a patient with autoim-
mune pancreatitis and biliary strictures refractory 
to multiple courses of steroids, treatment with an 
immunomodulator, and endoscopic interventions 
[ 16 ]. He had a favorable response with removal of 
his biliary stents. More recently, Khosroshahi 
et al. reported treating 10 patients with IgG4-RD 
with rituximab [ 17 ]. While the majority of these 
patients were treated for systemic symptoms (e.g., 
orbital disease, sialadenitis), one patient had AIP 
with IAC and another had isolated IAC. Both of 
these patients responded to their two- dose proto-
col, although the patient with AIP/IAC developed 
a disease relapse 6 months later requiring re-treat-
ment. Our standard protocol, which borrows the 
dosing schedule from studies on lymphoma, con-
sists of administering 375 mg/m 2  intravenously 
for 4 consecutive weeks following by infusions 

every 3 months for the following 2 years. Whether 
or not giving maintenance doses compared to the 
shorter 2-dose protocol is justifi ed will become 
more evident with longer follow- up. Due to the 
high cost of rituximab therapy, this should be 
reserved for refractory patients until additional 
studies investigating the effectiveness of ritux-
imab in the AIP/IAC population have been 
completed.   

    Treatment-Related Complications 

    Steroids 

 The most frequent treatment-related complica-
tions that arise in the management of AIP are 
those related to steroids. Although it has never 
been systematically assessed in this population, 
in our experience over 50 % of patients develop 
some steroid-related side effect, usually minor. 
Almost half of these patients (25 % of all treated 
with steroids) developed hyperglycemia requir-
ing either addition of increased doses of insulin 
or premature tapering of prednisone to compen-
sate (unpublished data). Less frequently observed 
problems, but just as serious, include perturba-
tion of previously controlled depression and/or 
anxiety disorders. Otherwise, concerns have been 
raised regarding the long-term side effects that 
result from cumulative steroid exposure. In their 
multicenter study, Kamisawa et al. reported ten 
patients developed osteoporosis (eight with 
immediate complications of compression frac-
tures or avascular necrosis of the hip) [ 9 ]. It is 
likely these numbers underestimate the true fre-
quency of side effects given the relatively short 
duration of follow-up and the possibility of 
underreporting due to management of complica-
tions by general physicians during disease 
remission.  

    Immunomodulators 

 There were no serious side effects reported in any of 
the series using immunomodulators; however, simi-
lar to steroids immunomodulatory drugs have sig-
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nifi cant side effects. Azathioprine can result in 
allergic reactions, nausea, bone marrow suppres-
sion (2–5 %), hepatotoxicity (2 %), increased risk 
of infections, and rarely pancreatitis [ 18 ]. Signifi cant 
side effects leading to drug discontinuation occur in 
approximately 10–30 % of patients [ 18 ]. 
Mycophenolate mofetil also has signifi cant adverse 
effects including headache (30–50 %), diarrhea (up 
to 30 %), peripheral edema (20 %), hypertension, 
leukopenia, and increased risk of infection [ 19 ]. 
Both drugs also appear to have a slightly increased 
long-term risk of lymphoma [ 19 ].  

    Rituximab 

 In general, treatment with rituximab is safe and well 
tolerated. The most common adverse events are 
acute infusional reactions producing fl u-like symp-
toms and less commonly hypotension, broncho-
spasm, or pruritus [ 20 ]. These cytokine- mediated 
side effects are most common during the fi rst infu-
sion and typically abate with discontinuation of the 
infusion and supportive measures. Reactivation of 
viral hepatitis B and C has been reported and should 
be screened for prior to initiation of treatment [ 20 ]. 
The majority of late adverse events are a conse-
quence of interstitial pneumonitis [ 21 ].   

    Areas of Uncertainty/Future Study 

 Almost 10 years after the increase in recognition 
of AIP, there is still much to learn regarding the 
treatment of this condition. One of the major chal-
lenges in understanding how to treat these patients 
is that various studies included a heterogeneous 
group of patients based on various diagnostic 
schemes. Recently, an international consensus for 
the diagnostic criteria for autoimmune pancreati-
tis has been achieved, which will help clinically 
by ensuring patients are diagnosed correctly, and 
from a research perspective by standardization of 
terms [ 22 ]. Many questions remain:

    Do steroids alter the natural history of this  disease, 
and more specifi cally does treatment prevent the 
development of organ dysfunction?     

 The Hirano study showed a lower incidence of 
relapse in steroid-treated patients receiving low- 
dose maintenance prednisolone compared to those 
not receiving steroids at all [ 4 ]. It remains unclear if 
patients treated with short courses of steroids with-
out maintenance therapy would also have lower 
relapse rates than untreated patients. If this were so, 
it may justify treating asymptomatic patients with 
short courses of steroids to prevent long-term dis-
ease complications. It appears that progression to 
pancreatic atrophy occurs in approximately one-
third of AIP patients. We have also seen progression 
to cirrhosis in patients with biliary disease. 
Treatment of acute fl ares is often necessary to alle-
viate acute disease complications; however, it is 
unclear whether steroid treatment prevents or 
decreases the likelihood of disease progression.

    What is the clinical signifi cance of isolated sero-
logic relapse?     

 Isolated serum IgG4 elevation is a common and 
often confusing clinical scenario. Serum IgG4 lev-
els fall with steroid treatment, even if the IgG4 
elevation is not a consequence of autoimmune 
pancreatitis [ 3 ]. In most cases, the IgG4 levels will 
return to normal after treatment. In one study, the 
failure of IgG4 levels to normalize after steroids 
was associated with a higher rate of relapse (30 %) 
compared to patients who normalized their IgG4 
levels (10 %) [ 9 ]. However, this association was 
not seen in a later study [ 12 ]. If additional evi-
dence confi rms these patients are more likely to 
progress to clinical relapse, it would be more com-
pelling, but at the present we do not restart treat-
ment for isolated serologic relapse, but rather 
follow these patients expectantly.

    Should patients with type 2 AIP be treated differ-
ently than type 1 patients?     

 There are ongoing discussions regarding 
whether or not these are variants of one disease or 
two separate diseases. In symptomatic patients, 
steroids are highly effective. However, a consid-
erable proportion of patients with type 2 AIP are 
asymptomatic at the time of diagnosis, either 
because their initial presentation was acute pan-
creatitis which has since resolved or because the 
diagnosis was incidental. These patients overall 
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have incredibly low rates of disease relapse, so 
maintenance therapy is not justifi ed and the goal 
of induction therapy is not to decrease risk of 
relapse, but rather to control the acute symptoms 
[ 11 ,  23 ,  24 ]. Whether or not treating asymptom-
atic patients prevents or minimizes future organ 
dysfunction is unclear.

    Do different manifestations of IgG4-related dis-
ease have different disease courses?     

 IgG4-related disease can involve multiple 
organs (pancreas, bile duct, retroperitoneum, kid-
neys, lungs, salivary glands). It is unclear if 
relapse rates and long-term prognosis differ with 
various manifestations of the disease. If so, then 
the mode and duration of treatment may need to 
be tailored based on the involved organs.  

    Conclusion 

 Autoimmune pancreatitis and IgG4-associated 
cholangitis are diseases characterized by a dra-
matic symptomatic, biochemical, serologic, and 
radiographic response to steroid treatment. There 
is a wide variation in the dose and duration of ste-
roid administration, and although there are no 
direct comparisons, response rates are universally 
high. Disease relapses in the biliary tree and pan-
creas are common occurring in up to half of all 
patients. The strategy of treating disease relapses 
and the role of maintenance therapy with steroids, 
immunomodulators, and/or rituximab are evolv-
ing. A summary of our current approach to treat-
ing relapsing AIP and IAC is shown in Fig.  11.3 .

  Fig. 11.3    Mayo Clinic treatment algorithm for management of disease relapses for patients with autoimmune 
pancreatitis       
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     Abbreviations 

   ERCP    Endoscopic retrograde cholangio-
pancreatography   

  MRCP    Magnetic resonance cholangio-
pancreatography   

  PSC    Primary sclerosing cholangitis   
  SSC    Secondary sclerosing cholangitis   

          Introduction 

 ‘Sclerosing cholangitis (SC)’ is the term applied 
to a distinct group of bile duct cholangiopathies 
that are evident radiologically and/or pathologi-
cally and which are usually accompanied by cho-
lestatic liver biochemistry [ 1 ,  2 ]. Histologically 
an infl ammatory and obliterative biliary fi brosis 
occurs which leads to bile duct strictures, which 
predispose patients to bacterial cholangitis, sec-
ondary biliary cirrhosis, liver failure and 
malignancy. 

 The fi rst description of sclerosing cholangitis 
dates to Delbet in 1924, and it is only over the last 

30–40 years that greater insights into this group 
of diseases have been gained [ 3 ,  4 ]. These have 
resulted in a clearer distinction between primary 
and secondary disease. SC is now seen to repre-
sent a spectrum of chronic biliary diseases that 
are characterised either as having an unknown 
aetiology, albeit with clear association with 
infl ammatory bowel disease (i.e. primary scleros-
ing cholangitis), or as the consequence of identi-
fi able insults to the biliary tree (i.e. secondary). 
The interest in secondary sclerosing cholangitis 
(SSC) comes not just from the individual patient 
perspective but from the drive to better under-
stand primary disease, for which there remains a 
lamentable lack of treatment other than 
transplantation. 

 A multifocal biliary stricturing process usu-
ally characterises SSC. Although small duct dis-
ease alone is possible, making a secure diagnosis 
becomes more challenging in this scenario. It has 
an array of aetiologies (Table  12.1 ) consequent to 
known pathogenic processes or injury such as 
obstruction of the bile ducts due to malignancy or 
stones; operative, toxic or ischemic injury; bacte-
rial infections; or congenital abnormalities [ 5 ,  6 ]. 
It also includes IgG4-related autoimmune pan-
creatitis, which is extensively discussed else-
where in this book. This chapter provides an 
overview of secondary sclerosing cholangitis, 
without necessarily being exhaustive as regards 
every reported potential aetiology, but with the 
aim of highlighting important themes.
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   Table 12.1    Secondary causes of sclerosing cholangitis   a    

 Mechanism  Examples 

 Infection  AIDS cholangiopathy/papillary 
stenosis 

 Recurrent pyogenic cholangitis/
oriental cholangiopathy 

 Systemic fungal infection 
 Schistosomiasis 

 Vascular  Hepatic artery thrombosis/ischemia 
reperfusion/preservation injury 

 Portal biliopathy/hereditary 
haemorrhagic telangiectasia 

 ‘ICU’ syndrome 

 Toxic  Intra-arterial chemotherapy, e.g. 
intra-arterial fl oxuridine 

 Formaldehyde administered to 
treat a hydatid cyst 

 Immunologic  IgG4 autoimmune sclerosing 
vcholangitis 

 Eosinophilic cholangitis 

 Obstructive  Cholangiocarcinoma  Choledocholithiasis/chronic 
pancreatitis 

 Diffuse intrahepatic 
metastasis 

 Infi ltrative  Histiocytosis X  Mast cell cholangiopathy  Amyloidosis/sarcoidosis 
 Traumatic  Surgical biliary trauma 
 Congenital  Carolis/choledochal cyst  MDR3 mutations  Cystic fi brosis 

   a    Some aetiologies mechanistically overlap; some aetiologies may not be true sclerosing cholangitis, but give a radio-
logical picture that is easily mistaken for SC  

   Table 12.2    Aetiologies of sclerosing cholangitis in an 
ambulatory general liver clinic setting (data based on 
Alswat K et al. Am J Gastroenterol. 2012;107:56–63)   

 Characteristic  Summary 

 Number of patients   n  = 168 
 Gender  Female: 82 (49 %) 

 Male: 86 (51 %) 
 Age at diagnosis (years)  38 +/−14.2 
 Ethnicity  Caucasian: 116 (69 %) 

 Other: 52 (31 %) 
 Disease classifi cation  Large duct: 106 (63 %) 

 Small duct: 14 (8 %) 
 AIH/PSC: 18 (11 %) 
 Secondary: 30 (18 %) 

 Secondary aetiologies  AIP/SC: 14 (8 %) 
 Biliary stones: 5 (3 %) 
 Portal vein thrombosis: 4 (2 %) 
 Kasai: 3 (2 %) 
 Misc: 4 (2 %) 

       Clinical Presentation 
and Epidemiology 

 There is no reliable epidemiologic data for SSC, as 
there is no way to track its incidence or prevalence, 
given presently inadequate diagnostic codes [ 7 ]. 
Clinic descriptions are liable to referral bias based 
on whether it is a medical, surgical or endoscopic 
practice, whilst case reports in the literature have 
similar issues. Broadly nevertheless it remains an 
uncommon biliary disease, seemingly less so than 
PSC. In one retrospective 10-year review (1992–
2002) from the Mayo Clinic [ 8 ], there were 31 
cases of SSC identifi ed, as compared to over 1,000 
cases of PSC. Fifty- eight percent of these patients 
were men, and the mean age at diagnosis was 57 
years. In this case series, the most common causes 
of SSC were surgical trauma during cholecystec-
tomy (42 %) and choledocholithiasis (39 %). 
Additional documented aetiologies of SSC were 
recurrent pancreatitis and abdominal injury. In an 
ambulatory, secondary and tertiary non-transplant 
hepatology practice in Canada just under 20 % of 
patients had a secondary aetiology for sclerosing 
cholangitis, predominantly autoimmune pancre-
atitis (Table  12.2 ). Once again, a referral bias may 
however be evident.

   SSC patients present clinically in a wide vari-
ety of ways, from asymptomatic incidental pre-
sentations all the way through to presentation 

with cholangitis or end-stage liver disease. 
Patient evaluation must clearly be personalised 
given the array of secondary aetiologies, and it is 
most important to carefully listen to the patient’s 
history when determining investigations, rather 
than investigating everyone in the same way. 
Generally having diagnosed a patient with a large 
duct cholangiopathy by MRCP or ERCP, most 
clinicians routinely ensure patency of the portal 
vein by ultrasonography, extend imaging to 
include the pancreas and other abdominal organs, 
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measure IgG4 levels and actively screen for 
colonic disease (including with colonic biopsies 
even if endoscopically the mucosa appears 
 normal) as a minimum. Investigations beyond 
this must be tailored to the patient as it is not 
usual to subsequently identify a secondary aetiol-
ogy for SC that is not strongly suggested from 
either the patient history or facets of the carefully 
reviewed imaging, blood work or histology.  

    Pathophysiologic Themes 

 The presence of such a variety of secondary 
causes that can mimic the histological and radio-
logical features of primary sclerosing cholangitis 
(including autoimmunity, ischemia, infection and 
toxins) suggests commonality in certain fi nal 
pathways associated with biliary injury [ 9 ,  10 ]. 
Greater appreciation of these processes may aid 
understanding of primary disease and facilitate 
the development of new treatments. The funda-
mental injury is not to hepatocytes but rather to 
medium- and large-sized bile ducts with cholangi-
ography often demonstrating intra- and/or extra-
hepatic bile ducts with localised or multifocal 
strictures and intervening segments of normal or 
dilated ducts. Histologically concentric periductal 
fi brosis (‘onion-skinning’) occurs that progresses 
to narrowing and obliteration of small bile ducts. 
Across disease aetiologies there is initial damage 
to portal bile ducts with associated portal/peripor-
tal changes (infl ammation, ductular reaction) and 
resultant secondary parenchymal changes. The 
cholangiocytes demonstrate  reactive features 
including expression of adhesion molecules, 
infl ammatory and profi brogenetic cytokines and 
receptors, as well as growth factors stimulating 
extracellular matrix production, accumulation 
and proliferation of periductal myofi broblasts. 

 The pathogenesis of PSC duct lesions is of 
course uncertain, but one concept proposes an 
immunologic attack on components of the subepi-
thelial (periductal) mesenchyme leading to pro-
gressive periductal fi brosis and subsequent 
interruption of fl uid and nutrient exchange 
between the peribiliary capillary plexus and the 
biliary epithelium. The end product would be 

ischemic duct injury/loss and interestingly 
 mechanistically ischemic cholangiopathy is prob-
ably the most understood of all secondary aetiolo-
gies, given that bile ducts are supplied with blood 
exclusively via hepatic arteries [ 11 ,  12 ]. 
Depending on the nature, localisation and relative 
speed of vascular change, ischemic cholangiopa-
thy may present as acute formation of biliary 
casts, bile duct necrosis or chronic disease with 
sclerosing cholangitis. Whereas the extrahepatic 
biliary system has a good vascular supply (from 
two parallel running arteries to the common bile 
duct fed by branch vessels, e.g. the retroduodenal 
artery, gastroduodenal artery, left and right hepatic 
artery), the intrahepatic ducts are supplied by a 
nonaxial network of small arteries forming a 
plexus of arterioles, venules and capillaries within 
the peribiliary adventitia with a second plexus 
within the biliary wall primarily composed of capil-
laries (‘peribiliary capillary plexus’) derived only 
from the right and left hepatic artery. These are 
therefore functional end arteries making intrahe-
patic bile ducts vulnerable to ischemic events, given 
that other than peripherally, portal venous blood 
does not contribute to biliary tree blood supply. 
Ischemic bile duct injury occurs if the small hepatic 
arteries or the peribiliary vascular plexus are dam-
aged, or if all arterial blood supply is interrupted, for 
example, in a transplanted liver with hepatic artery 
thrombosis. This latter scenario is unique as the 
liver allograft is devoid of a collateral arterial circu-
lation, especially early post transplantation. Indeed 
liver transplantation has aptly highlighted the sensi-
tivity of biliary epithelium to a wide variety of vas-
cular insults. Biliary strictures in liver transplant 
recipients can relate to a combination of large 
hepatic artery occlusion (e.g. surgical reconstruc-
tion or sepsis/bile leak) and/or damage to small 
arteries and the peribiliary plexus (e.g. preservation 
injury, ischemia–reperfusion, rejection, ABO 
incompatibility, CMV infection) [ 13 – 15 ]. 

 The strong association between PSC and coli-
tis has also furthered the possibility that penetra-
tion of infectious or toxic agents through an 
infl amed, and ‘leaky’, colon into the portal sys-
tem may be important in precipitating biliary 
infl ammation. In secondary sclerosing cholangitis, 
recurrent infection either as a primary or secondary 
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event is often important, and mechanistically 
infectious aetiologies also provide a more readily 
understandable pathway to biliary damage, with 
recurrent direct infl ammatory cholangitis result-
ing in a fi brosing cholangiopathy. The syndrome 
of immunodefi ciency-related aetiologies demon-
strates how cholangitis when recurrent, persistent 
and not easily eradicated can result in SC [ 16 ]. 
In such patients a variety of organisms, including 
 Cryptosporidium ,  Microsporidium  and  Cytom-
egalovirus , have been isolated from the bile. It 
may also be the case that a virus such as HIV 
directly interferes with innate responses to biliary 
infection—the HIV-1 Tat protein, for example, is 
reported to suppress cholangiocyte toll-like 
receptor 4 expression and defence against 
 Cryptosporidium parvum  [ 17 ]. Given these asso-
ciations there have been attempts to culture 
potential culprit pathogens in cohorts of patients 
with established PSC, but these have failed to 
show any specifi c infection associated with dis-
ease. However, newer genomic/microbiome tech-
nologies may in time discover previously 
unidentifi ed bacterial (or viral) species relevant 
to pathogenesis. 

 The close connection between PSC and 
infl ammatory bowel disease also suggests that 
adaptive and innate immune responses can gener-
ate chronic and progressive tissue-specifi c (bili-
ary) infl ammatory responses with production of 
injurious proinfl ammatory cytokines [ 18 ]. 
Pathogenesis of duct injury may relate to activa-
tion of innate immune responses through special 
pattern recognition receptors that detect con-
served microbial structures known as  pathogen- 
associated molecular patterns  including toll-like 
receptors that can activate innate immune 
responses, mediated by activated macrophages, 
dendritic cells and natural killer cells. The subse-
quent peribiliary recruitment of gut-primed T 
cells may mediate further bile duct injury. Clearly 
IgG4-associated cholangitis demonstrates the 
potential role for immune-mediated injury in 
large bile duct cholangiopathy aptly. 

 Some rare inherited diseases are also mecha-
nistically insightful in both man and experimen-
tal models. In mice it is possible to recapitulate 
features of sclerosing cholangitis by introducing 
a deletion in the  Mdr2  gene, the product of which 

is an important biliary transporter [ 19 ,  20 ]. This 
canalicular phospholipid fl ippase (Mdr2/MDR3) 
normally mediates biliary excretion of phospho-
lipids, allowing the formation of mixed micelles 
with bile acids and cholesterol, which protect the 
bile duct epithelium from the detergent proper-
ties of bile acids.  Mdr2  knockout mice are not 
capable of excreting phospholipids into bile and 
spontaneously develop bile duct injury with mac-
roscopic and microscopic features closely resem-
bling sclerosing cholangitis. Impairment of 
MDR3 ultimately leads to a lithogenic and toxic 
bile milieu. The bile ducts have disrupted tight 
junctions and basement membranes, bile acid 
leakage into portal tracts, induction of a portal 
infl ammatory infi ltrate and activation of proin-
fl ammatory and profi brogenic cytokines. This 
results in activation of periductal myofi broblasts, 
leading to periductal fi brosis, separating the 
peribiliary plexus from bile duct epithelial cells 
resulting in atrophy and loss of the bile duct epi-
thelium. In man, ABCB4 defi ciency, or low 
phospholipid- associated cholelithiasis, is charac-
terised by symptomatic cholelithiasis at a young 
age (<40 years), recurrence of biliary symptoms 
despite cholecystectomy and recurrent intra- and 
extrahepatic biliary stones, with secondary scle-
rosing cholangitis sometimes encountered [ 21 ]. 
Even rarer causes of sclerosing cholangitis can be 
further used to highlight important cellular 
themes. Therefore, the fact that claudin-1 gene 
mutations are found in neonatal sclerosing chol-
angitis, in association with ichthyosis, implicates 
defi ciencies in tight junction function as relevant 
[ 22 ]. In the liver, tight junctions separate bile 
fl ow from plasma and are composed of strands of 
claudins and occludin. In this syndrome it is 
speculated that cholestasis is due to the absence 
of claudin-1, leading to increased paracellular 
permeability and to hepatocyte and bile duct inju-
ries secondary to paracellular bile regurgitation.  

    Infections and Secondary 
Sclerosing Cholangitis 

 Although robust epidemiologic data is lacking, 
recurrent infection is a prominent cause of sec-
ondary sclerosing cholangitis and is encountered 
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in a number of settings: persistent biliary 
 obstruction, post-biliary surgery/manipulation, 
recurrent biliary stones and immunodefi ciency 
states. Whilst atypical infections (e.g. cryptospo-
ridiosis) are reported because of clinical interest, 
it seems most likely that the more common sce-
nario of recurrent bacterial cholangitis related to 
fi xed anatomical defects is more relevant for the 
majority. Nevertheless atypical infections in 
immunocompromised hosts are important. In 
children with primary immunodefi ciency and 
liver disease, clinical evidence of liver disease 
was documented in ~ one in four patients with 
abnormal liver biochemistry [ 23 ]. Of these, scle-
rosing cholangitis was diagnosed in 60 %, based 
on radiological and histological criteria. Infection 
with  Cryptosporidium parvum  was proven in 
about 2/3rds of those with SC. Prior to effective 
HIV therapy, HIV/AIDS cholangiopathy was 
also relatively frequently seen. Biliary involve-
ment in this setting includes papillary stenosis 
and sclerosing cholangitis, and cholangiographic 
abnormalities can regress if effective antiviral 
therapy is given [ 24 ]. Infection of the biliary or 
duodenal epithelium is the primary cause of duc-
tal abnormalities in AIDS cholangiopathy with 
infectious agents including  Cryptosporidia  [ 25 ], 
 Isospora belli  [ 26 ] and CMV [ 27 ,  28 ]. 

 Among the many pathogens identifi ed, 
 Cryptosporidium  species are the most common 
identifi able aetiology [ 29 ,  30 ]. These are a family 
of protozoan parasites that may be contracted 
through infected animals or from contaminated 
food and water. When the encysted  C. parvum  
are ingested, sporozoites are released from the 
exocyst, after exposure to the low pH of the stom-
ach and proximal duodenal digestive enzymes. 
Sporozoites have a lectin on their surface that 
mediates adherence to intestinal epithelial cells. 
Sporozoites disrupt the microvilli and enter the 
cytoplasm leading to diarrhoea and can also 
migrate up the biliary tree to infect biliary epithe-
lial cells. Acalculous cholecystitis and/or scleros-
ing cholangitis may then develop. Of 82 
HIV-infected patients exposed to  Cryptosporidia  
in a waterborne outbreak, the development of 
abdominal pain associated with biliary tract dis-
ease occurred in 29 % of cases and was confi rmed 
by cholangiography in 40 % [ 31 ]. If undetected 

by blood or stool cultures, the next most com-
mon organisms are  Microsporidia  species. Other 
 recognised infections include  cytomegalovirus, 
Enterocytozoon bieneusi, Septata intestinalis, 
Mycobacterium avium–intracellulare, Isospora 
belli  and possibly a direct effect of HIV infection 
itself as alluded to above. As many as 50 % of 
patients with AIDS cholangiopathy may still 
have no identifi able opportunistic infection. 
Malignancies such as lymphoma and Kaposi sar-
coma can also been associated with cholangitis 
but rarely present as a cholangiopathy, and if 
imaging identifi es an isolated CBD stricture, par-
ticular suspicion to excluding primary lymphoma 
or pancreatic disease should be made. 

 Treatment is directed at identifi ed pathogens 
and should be guided by infectious disease spe-
cialists, as well as to the physical biliary tree 
changes, and when effective can lead to resolu-
tion of biliary changes. Antimicrobial therapy 
against  Cryptosporidia  species with trime-
thoprim–sulphamethoxazole is indicated, espe-
cially if patients have diarrheal symptoms, whilst 
effective treatment against  Microsporidia  species 
remains elusive. Ganciclovir for CMV and multi-
drug regimens against  M. avium–intracellulare  
can also be given as indicated whilst albendazole 
for infection with  S. intestinalis  has been shown 
to result in symptom improvement when present. 
Symptomatic patients likely require interven-
tional therapy as well and endoscopic sphincter-
otomy has been shown to relieve pain and biliary 
obstruction in patients with papillary stenosis, 
whilst balloon dilatation or stent placement may 
be needed to manage biliary strictures. 

 Oriental cholangiohepatitis (otherwise known 
as recurrent pyogenic cholangitis and Oriental 
cholangitis) is the name given to a disease defi ned 
by intrabiliary pigment stone formation that 
occurs equally in men and women [ 32 ]. The bili-
ary obstruction that results leads to localised 
stricturing and recurrent cholangitis and a mark-
edly abnormal biliary tree with extrahepatic and 
intrahepatic ductal dilatation and focal areas of 
intrahepatic stricturing/fi brosis. The common 
clinical presentation is that of right upper quad-
rant pain, recurrent fevers and jaundice. It is a 
secondary cause of sclerosing cholangitis, which, 
whilst once considered an exclusive problem for 
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those who live or who have lived in Southeast 
Asia, is now recognised as occurring worldwide. 
Cholangiography can demonstrate multiple stric-
tures of both the intrahepatic and extrahepatic 
biliary tree, with the bile ducts fi lled with sludge 
and stones. When analysed, the bile is purulent 
and laden with debris composed of bile pigment, 
desquamated epithelial cells, bacteria and pus. 
The initial insult is thought usually to be caused 
by hepatobiliary infestation with  Clonorchis 
sinensis  (liver fl uke), although other infections 
with  Ascaris lumbricoides ,  Fasciola hepatica , 
 Opisthorchis sinensis  and  Entamoeba  have been 
implicated [ 33 ]. The fl uke seems to act as a nidus 
for stone formation, either directly or by causing 
strictures. Transient portal bacteraemia is thought 
to also introduce bacteria into the biliary ducts, 
and this perpetuates cyclical infection and stone 
formation. Management is either through endo-
scopic/radiological clearance of the biliary tree 
or more commonly through surgery: cholecystec-

tomy and improved biliary drainage with either 
Roux-en-Y choledochojejunostomy or choledo-
choduodenostomy; partial hepatectomy may be 
required for localised disease [ 34 ].  

    Vascular Aetiologies 

 As described above the vascular supply to the 
biliary tree predisposes it to vascular injury and 
the development of secondary ischemic cholan-
giopathy. This is commonly a result of specifi c 
loss of blood supply from damage to the hepatic 
artery, particularly after transplantation. More 
global vascular insults can also be relevant (e.g. 
the cholangiopathy seen with severe ischemia–
reperfusion injury or in patients with widespread 
shunting in hereditary haemorrhagic telangiecta-
sia, Fig.  12.1 ). Sclerosing cholangitis in critically 
ill patients, including those with severe burns, is 
an entity describing a severe biliary disease with 

  Fig. 12.1    Secondary sclerosing cholangitis secondary to 
ischemia in hereditary haemorrhagic telangiectasia. ( a ) 
Coronal thick slab MRCP image depicting segmental dilata-
tion of bile ducts with multifocal strictures ( arrows ). ( b )  Left 
image : Axial T1 weighted precontrast image shows atrophy 

of the right lobe with high signal stone in the right posterior 
bile duct typical of biliary necrosis. ( c )  Right image : Axial 
arterial phase image shows a markedly enlarged hepatic 
artery ( arrow ) and heterogeneously enhancing liver paren-
chyma, both due to arteriovenous shunts in the liver       
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progression to liver cirrhosis that is seen in 
 critically ill patients on the ICU, who previously 
likely did not survive their critical traumatic or 
septic illnesses. The mechanisms leading to this 
form of cholangiopathy with stricture formation 
and complete obliteration of bile ducts are 
unknown, but ischemic injury of the biliary tree 
with the formation of biliary casts and subse-
quent ongoing biliary infection due to multiresis-
tant bacteria seem likely to be major pathogenic 
mechanisms [ 35 – 37 ].

       Portal Biliopathy 

 ‘Portal biliopathy’ is the term applied to biliary 
changes seen in patients with chronic portal vein 
thrombosis, in which there is common bile duct 
obstruction caused by extrinsic compression of 
the ducts from large venous collaterals at the 
porta hepatis (Fig.  12.2 ) [ 38 ]. Worldwide it is not 
an infrequent problem given the many infective 
aetiologies of portal vein thrombosis, resultant 
from a portal pyemia, or the sequelae of missed 
appendicitis. Often the thrombosis seems to have 
occurred, frequently silently, when young, but 
patients tend to present in adulthood. Mechanical 

protrusion of the paracholedochal veins (venous 
plexus of Petren) in the lumen of the bile duct and 
a secondary ischemic vascular bile duct injury 
are believed relevant to pathophysiology [ 26 ].

   Partial or complete bile duct obstruction is 
common and patients are frequently symptom-
atic, although cholangitis seems to be a late man-
ifestation. Good Doppler interrogation of the 
portal venous circulation is needed, and this can 
be challenging to interpret with extensive cavern-
ous transformation, the Doppler signal of the cav-
ernoma not infrequently being initially 
misinterpreted as portal venous fl ow. Cross- 
sectional imaging with appropriate contrast CT 
studies can help. Cholangiography normally 
shows most abnormalities to be in the common 
bile duct and includes wall irregularities, local-
ised saccular dilatation and fi lling defects sug-
gesting common bile duct calculi. Strictures of 
the common hepatic ducts, as well as mild intra-
hepatic duct irregularities, can also be seen. 
Therapeutic strategies are generally for those 
symptomatic patients who have developed cho-
ledocholithiasis and obstructive jaundice and are 
usually endoscopy based. The presence of exten-
sive venous collaterals increases the risk of inter-
vention, requiring appropriate caution from the 

  Fig. 12.2    Typical MR fi ndings in portal biliopathy       
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endoscopist, hemobilia being more likely iatro-
genic than spontaneously occurring. Obstructive 
jaundice can arise from a dominant stricture or 
other anatomic bile duct defects in the absence of 
common bile duct stones but not due to chole-
dochal varices alone. Surgery is best avoided 
where possible, but portosystemic shunts or 
transplant has been used occasionally [ 39 ].  

    Toxic Aetiologies 

 A well-recognised and not surprising cause of 
secondary sclerosing cholangitis is related to 
hepatic artery infusion with the chemotherapy 
agent fl oxuridine (FUDR) [ 40 ,  41 ]. Involvement 
of the common hepatic duct bifurcation with 
sparing of the CBD is characteristic, and this 
relates to the arterial supply of extrahepatic bile 
ducts being derived primarily from the gastrodu-
odenal arcade, which is often excluded from 
hepatic artery infusion. Ischemia, rather than 
direct FUDR toxicity to biliary epithelium, 
appears to be the underlying mechanism of 
action. The clinical picture closely resembles 
PSC but usually can be managed by discontinua-
tion of infusion and, in some cases, percutaneous 
transhepatic drainage or ERCP. The injection of 
20 % formaldehyde with sodium chloride or 
 ethanol for the treatment of hydatid disease has 
also been associated with SSC [ 42 ]. Direct 
sclerosant- type effects on biliary epithelia are the 
proposed mechanism of action.  

    Gallstones, Pancreatitis and 
Secondary Sclerosing Cholangitis 

 Chronic pancreatitis can lead to benign bile duct 
strictures that may appear similar to sclerosing 
cholangitis [ 43 ,  44 ]. In acute pancreatitis tran-
sient partial obstruction of the distal common 
bile duct caused by infl ammation and oedema is 
not an infrequent occurrence, whereas in those 
with chronic pancreatitis, a distal bile duct 
obstruction caused by infl ammation and pancre-
atic parenchymal fi brosis occurs. These strictures 
involve the entire intrapancreatic segment of the 

common bile duct and are associated with dilata-
tion of the entire proximal biliary tree. Benign 
strictures of the bile duct can also result from the 
chronic infl ammation associated with gallstones 
in either the gallbladder or common bile duct. 
Bile duct strictures caused by cholelithiasis are 
usually associated with a narrowing at the level 
of the common hepatic duct caused by a stone 
impacted in the infundibulum of the gallbladder. 

 The vast majority of iatrogenic bile duct injuries 
occur during laparoscopic cholecystectomy, most 
commonly being when a portion of the common 
bile duct is resected with the gallbladder [ 45 ]. Bile 
duct injuries are often not recognised at the time of 
surgery and may present weeks later with sepsis or 
jaundice. Late complications, including biloma for-
mation and biliary stricture, may occur. The inci-
dence of bile duct injury with open cholecystectomy 
is estimated at <0.2 %, which includes minor duct 
(of Luschka) injuries. Initial reports of bile duct 
injury from laparoscopic cholecystectomy in up to 
2 % of cases have now fallen to the same frequen-
cies as expected after open cholecystectomy. 

 Autoimmune pancreatitis (AIP) is now a well- 
described multisystem infl ammatory disease with 
a variety of clinical manifestations that include 
acute or chronic pancreatitis, biliary or pancreatic 
strictures and/or pancreatic lesions [ 46 ]. The typi-
cal magnetic resonance characteristics of AIP 
include focal or diffuse enlargement of the pan-
creas (mass-forming type), absence of parenchy-
mal atrophy or dilatation proximal to the site of 
stenosis, absence of peripancreatic spread, clear 
demarcation of the culprit lesion and the presence 
of a peripancreatic rim. The predominant feature 
on cholangiopancreatography may be that of a dif-
fusely or segmentally irregular and narrow main 
pancreatic duct (i.e. the duct- stenotic type). In 
addition, strictures of the distal bile ducts may be 
evident (Fig.  12.3 ). This steroid responsive disease 
is described in greater detail elsewhere.

       Eosinophilic Cholangitis 

 Eosinophilic infi ltrates of the portal triads with or 
without peripheral eosinophilia usually suggest a 
parasitic, fungal or drug-induced disease. There 
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are however reports of primary eosinophilic 
c holangitis in the literature with marked eosinophilic 
infi ltration of the hepatobiliary tree, including 
development of a secondary sclerosing cholangi-
opathy [ 47 ]. This is rare as a primary process but 
it is telling perhaps mechanistically that not infre-
quently patients with colitis and PSC are noted to 
have eosinophilia of unknown signifi cance [ 48 ].  

    Conclusion 

 Sclerosing cholangitis is a disease with a broad 
spectrum of aetiologies. It has the potential to lead 
to important clinical outcomes, including recur-
rent cholangitis, liver cirrhosis and a need for 
transplant. The variety of secondary aetiologies 
has highlighted a number of important biologic 
pathways that lead to large bile duct injury. These 
pathways may prove of importance in the future as 
new therapies for primary disease are tested.     
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           Introduction and Outline 

 Autoimmune pancreatitis is a fi broinfl ammatory 
disease of the pancreas. In a seminal and appar-
ently serendipitous discovery, Harmano and 
coworkers detected elevated levels of serum IgG4 
in patients with autoimmune pancreatitis [ 1 ]. 
Subsequent to this discovery, serum and tissue 
IgG4 rapidly emerged as robust biomarkers of 
autoimmune pancreatitis. In 2003, Kamisava pro-
posed a systemic form of “autoimmune pancreati-
tis,” and this hypothesis was to a large extent 
based on the presence of elevated numbers of 
IgG4 plasma cells at extrapancreatic sites of the 
disease [ 2 ]. Over the next decade, this systemic 
form of IgG4-related disease has been shown to 
involve virtually every organ system [ 3 ]. The 
nomenclature of this multiorgan disease is in fl ux, 
and a number of competing terms have been used 
including IgG4-related sclerosing disease, IgG4-
associated autoimmune disease, hyper-IgG4 dis-
ease, IgG4-related systemic sclerosing disease, 
and IgG4-related systemic disease (IgG4-RSD) – 
the last term will be used in this chapter [ 4 ]. 

 Two variants of autoimmune pancreatitis are 
now widely recognized: type 1 and type 2, with 
only the former variant being consistently, but 
not always, associated with elevated serum and 
tissue levels of IgG4 [ 5 ,  6 ]. In fact, type 2 disease 
is virtually confi ned to the pancreas, and hence 
this chapter will focus on the pathology of type 1 
autoimmune pancreatitis and its involvement of 
the hepatobiliary tree. The preferred designation 
for this hepatobiliary involvement by IgG4- 
related disease is IgG4-related sclerosing cholan-
gitis (ISC) [ 7 ]. 

 Morphologically, ISC may involve both the 
extrahepatic and the intrahepatic portions of the 
bile duct with extrahepatic ISC being much 
more common than intrahepatic disease. In fact, 
Whipple resections from patients with type 1 
autoimmune pancreatitis almost universally 
show diffuse involvement of the resected por-
tion of the bile duct. A smaller percentage of 
cases show involvement of both regions of the 
bile duct [ 7 ]. This chapter will initially discuss 
the intrahepatic manifestations followed by a 
description of the extrahepatic disease, with the 
implicit understanding that simultaneous 
involvement of both sites is relatively common. 
Similar to other forms of IgG4-RSD, some 
patients present with hepatic tumefactive 
lesions. Finally, we will also describe gallblad-
der involvement by IgG4-RSD. Examination of 
the gallbladder may provide a powerful diag-
nostic tool for distinguishing ISC from its clos-
est mimics, primary sclerosing cholangitis 
(PSC) and cholangiocarcinoma.  
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    Pathology of Intrahepatic ISC 

 This form of ISC may mimic PSC. In most 
instances, the diagnosis of ISC is preceded by 
pancreatic involvement, i.e., autoimmune pancre-
atitis, and only rarely may precede clinically 
inapparent pancreatic involvement. Most patients 
present with obstructive jaundice [ 7 ]. On cholan-
giogram, both intra- and extrahepatic strictures 
may be present [ 7 ,  8 ]. 

    Histology 

 Histologically, the presence of portal-based infl am-
matory nodules is highly characteristic of ISC 
(Fig.  13.1 ) [ 9 ]. The infl ammatory nodules are com-
posed of lymphocytes, plasma cells, and eosino-
phils, admixed with fi broblasts. Although 
obliterative phlebitis, an almost obligate feature of 
autoimmune pancreatitis, is not seen in peripheral 
liver biopsies, a perivenular accentuation in portal 
tracts is often present. This histologic appearance is 
remarkably similar to other forms of IgG4-RSD. In 
fact, the histologic appearance within the stromal 
nodules is virtually identical to the interlobular 
stroma of type 1 autoimmune pancreatitis and the 
stroma of salivary glands involved by autoimmune 
pancreatitis [ 5 ,  10 ]. The peripheral bile ducts may 

show histologic evidence of injury, but accentuation 
of the  infl ammation around the duct is rarely seen. 
Although more commonly seen in PSC and often 
used as a diagnostic feature of PSC, periductal 
onion skin- type fi brosis is occasionally seen in ISC 
as well and hence cannot help distinguish PSC from 
ISC. Sections from the hilar region of the liver, 
however, may show both obliterative phlebitis and 
infl ammation of large caliber bile ducts.

   The key to arriving at the correct diagnosis is 
a tissue stain for IgG4. Liver biopsy in ISC shows 
elevated numbers of IgG4-positive plasma cells 
(Fig.  13.2 ). In one series, 70 % of biopsies from 
ISC cases showed >5 IgG4-positive plasma cells 
per HPF, while in PSC, IgG4-positive plasma 
cells were either absent or fewer than 5 per HPF 
[ 5 ,  11 ]. It should be noted that there are marked 
variations between microscopes with regard to 
the size of one HPF. A recently published study 
highlights this issue [ 12 ]: although these authors 
found that cases with ISC had signifi cantly 
(p = 0.0002) higher IgG4-bearing plasma cells, 
the mean number of such cells was only 2.2 per 
HPF [ 12 ]. Although only a relatively small num-
ber of cases have been evaluated, IgG4-positive 
plasma cells have not been observed in liver 
biopsies from patients with chronic viral hepati-
tis and primary biliary cirrhosis [ 13 ]. IgG4-
positive plasma cells have been identifi ed in a 
subset of cases of autoimmune hepatitis [ 14 ]. 

  Fig. 13.1    IgG4-associated cholangitis. This wedge 
biopsy shows a portal-based infl ammatory nodule. The 
infl ammation tends to spare the bile duct (BD)       

  Fig. 13.2    An IgG4 immunoperoxidase stain on the case 
illustrated in Fig.  13.1 . Note the large numbers of IgG4- 
positive plasma cells       
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Furthermore, 23 % of explant livers from patients 
with PSC showed IgG4-positive plasma cells 
[ 15 ]. Interestingly, when compared with cases 
without IgG4-positive plasma cells, those with 
elevated IgG4 cells had a more aggressive clini-
cal course [ 15 ]. Thus, without the appropriate 
morphological features (i.e., infl ammatory nod-
ules), the signifi cance of occasional IgG4-
positive cells remains uncertain. An IgG4 to IgG 
ratio may help improve the specifi city of this bio-
marker; however, a diagnostic cutoff for this vari-
able has not been established.

       Differential Diagnosis 

 Clinically and pathologically ISC may mimic 
PSC. This distinction has signifi cant therapeutic 
implications since unlike PSC, ISC is a steroid- 
responsive disease. The presence of pancreatic 
disease that is compatible with autoimmune pan-
creatitis would strongly support a diagnosis of 
ISC. The presence of IgG4-positive cells, portal 
infl ammation dominated by plasma cells, and 
infl ammatory nodules are histologic clues that 
assist in distinguishing ISC from PSC 
(Table  13.1 ). Nonetheless, it should be empha-
sized that these histologic features may not be 
seen in every liver biopsy. Furthermore, although 
signifi cant numbers of IgG4-positive plasma 
cells (defi ned as >10/HPF) are seldom seen in 
needle biopsies from PSC cases, one of the 
authors (VD) has noted the presence of signifi -
cant numbers of IgG4-positive plasma cells in 

two patients with PSC arising in the background 
of ulcerative colitis (the colonic biopsies from 
these patients also demonstrated an elevated 
number of IgG4-positive plasma cells). The his-
tologic diagnosis of ISC should not be based 
solely on the presence of elevated IgG4 cells: 
correlation with the clinical and imaging features 
and corroborating histologic features is an abso-
lute requirement.

        Extrahepatic Bile Duct Involvement 

 The overall rate of extrahepatic bile duct involve-
ment in autoimmune pancreatitis type 1 is 
71–100 % [ 7 ,  9 ,  16 – 20 ] and represents the most 
commonly involved extrapancreatic site in auto-
immune pancreatitis. ISC can present either as 
bile duct wall thickening with dense lymphoplas-
macytic infi ltration and marked interstitial fi bro-
sis resulting in bile duct stricture or as 
mass-forming lesion in the hilum mimicking 
extrahepatic cholangiocarcinoma (Fig.  13.3 ). 
Isolated ISC, i.e., biliary disease not associated 
with autoimmune pancreatitis, can also occur. 
ISC without autoimmune pancreatitis has similar 
histopathological features as ISC arising in the 
setting of autoimmune pancreatitis.

      Histology 

 Microscopically, ISC has similar morphological 
changes as seen in type 1 autoimmune 

   Table 13.1    Comparison of clinical and histologic features of IAC and PSC   

 IgG4-associated cholangitis  Primary sclerosing cholangitis 

 Age  Predominantly older (mean age 63)  Younger (mean age 39) 
 Sex  Male predominance  Male predominance 
 IBD  Occasional  Very common 
 Pancreas involvement  Most cases  Occasional 
 ERCP  Extrahepatic involved; 

intrahepatic strictures less common 
 Both extrahepatic 
and intrahepatic biliary strictures 

 Histology 
and immunohistochemistry 

 Infl ammatory portal-based nodules 
and IgG4-positive plasma cells 

 Variable portal-based 
infl ammation, periductal fi brosis 
 IgG4 plasma cells – typically 
rare to absent in biopsy material 
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  Fig. 13.3    Extrahepatic biliary tract involvement by ISC. 
Note the hepatic hilar fi brosis, bile duct thickening, and 
stricture formation       

  Fig. 13.4    IgG4-associated cholangitis. The liver shows 
periductal lymphoplasmacytic infi ltrate and fi brosis with 
stellate narrowing of bile duct       

  Fig. 13.5    IgG4-assocaited cholangitis with storiform 
fi brosis. Infl ammatory cells intermixed with fi broblasts 
and short swirling collagen fi bers producing a storiform 
pattern       

 pancreatitis. The characteristic features include 
transmural lymphoplasmacytic infi ltration, 
marked fi brosis with storiform pattern, and 
 obliterative phlebitis. The lymphoplasmacytic 
infi ltration is transmural and extends to involve 
the periductal connective tissue and peribiliary 
glands. The lymphoplasmacytic infi ltrate tends to 
localize beneath the bile duct epithelium but only 
rarely infi ltrates the epithelium to cause epithe-
lial damage (Fig.  13.4 ). The dense lymphoplas-
macytic infi ltrate involves the intrapancreatic 
common bile duct and lower half of common bile 
duct, but it may extend proximally to extrapan-
creatic common bile ducts and hepatic ducts. The 
lumen of the bile duct is narrowed by periductal 

infl ammation and fi brosis. Prominent lymphoid 
aggregates and follicles in the periductal connec-
tive tissue can be seen in some cases, but this is a 
nonspecifi c feature.

   Eosinophils are present in most cases. Small-
sized epithelioid granulomas without necrosis 
within the wall of common bile ducts may be 
seen [ 21 ]. A small number of neutrophils can be 
seen occasionally, but abscess formation with/
without tissue necrosis is not present. 

 The periductal fi brosis shows a storiform pat-
tern similar to that described in autoimmune pan-
creatitis. The fi brosis also contains high numbers 
of lymphocytes and plasma cells intermixed with 
fi broblasts and short swirling collagen fi bers 
which produces a storiform pattern (Fig.  13.5 ). 
This infl ammed stroma is essentially identical 
to the reaction seen at other organ sites involved 
by IgG4-RSD. A tumefactive appearance with 
effacement of tissue architecture may be seen in 
severe cases.

   Obliterative phlebitis is pathognomonic for 
ISC as it is in autoimmune pancreatitis type 1. 
The infl ammation typically begins at the periph-
ery of venous walls (perivenulitis), spreading 
through the wall as the lesion progresses. Fully 
developed lesion (obliterative phlebitis) is 
 characterized by obstruction of the lumen and 
 destruction of the wall by dense lymphoplasma-
cytic infi ltration (Fig.  13.6 ). These venous lesions 
are located adjacent to arteries and show a round 
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to oval outline with accentuation of the lympho-
plasmacytic infi ltration at the periphery of the 
lesion. An elastic Van Gieson stain may uncover 
subtle forms of obliterative phlebitis.

       IgG4 Immunostain 

 Moderate (>10 cells/HPF) or severe (>30 cells/
HPF) increase in IgG4+ plasma cell infi ltrate is 
a useful diagnostic tool for ISC, although it is 
not entirely specifi c [ 22 ,  23 ,  24 ]. Nearly 90 % 
ISC show moderately increased IgG4+ plasma 
cell infi ltrates [ 7 ]. But increased IgG4 immu-
nostaining can occur in resected specimens in 
about 25 % of primary sclerosing cholangitis 
(PSC) as well as 20 % of cholangiocarcinoma 
patients [ 15 ].  

    Differential Diagnosis 

 The two diseases to consider in the differential 
diagnosis are PSC and cholangiocarcinoma. 
Histologically, the extrahepatic bile ducts in 
PSC are thickened by fi brosis and moderate to 
marked lymphoplasmacytic infi ltrate intermixed 
with eosinophils and neutrophils. But unlike 
ISC, where the transmural lymphoplasmacytic 

infi ltration spares the biliary lining epithelium, 
the surface epithelium in PSC is often infl amed 
with edema, sloughing, erosion, and neutrophilic 
infi ltration. Furthermore, the infl ammation in 
PSC is concentrated around the periluminal por-
tion of the bile duct with only mild infl amma-
tory changes in the outer layer of the bile duct. 
The periductal reaction in PSC differs from the 
storiform fi brosis seen in ISC: fi brosis in PSC is 
composed of dense collagen with a well-orga-
nized laminated pattern and lesser numbers of 
infl ammatory cells (Fig.  13.7 ). Obliterative 
phlebitis is not seen in PSC cases [ 15 ,  21 ].

   The diagnosis of ISC on routine intraductal 
forceps biopsy specimens can be challenging. 
The superfi cial nature of the sample, tissue frag-
mentations, and crushing artifact limit the 
pathologist’s ability to appreciate storiform 
fi brosis or obliterative phlebitis. Under these cir-
cumstances, a defi nitive diagnosis of ISC is sel-
dom possible on a small biopsy specimen, 
although even limited information gleaned from 
a biopsy when viewed in conjunction with clini-
cal and imaging features can provide meaningful 
information. It should be noted that the sensitiv-
ity of brush cytology and intraductal forceps 
biopsy for bile duct carcinoma is relatively low. 
Fluorescence in situ hybridization (FISH) test 
on cytology specimen can also be helpful for 

  Fig. 13.6    IgG4-associated cholangitis. Obliterative phle-
bitis characterized by organized obstruction of veins with 
wall destruction by dense lymphoplasmacytic infi ltration 
( arrow )       

  Fig. 13.7    Primary sclerosing cholangitis. Infl amed biliary 
epithelium with edema ulceration and periductal lamel-
lated fi brosis. Note that the infl ammatory infi ltrate is sig-
nifi cantly less than seen in ISC (compare with Fig.  13.4 )       
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the detection of malignancy in biliary tract 
strictures, but false-positive FISH results have 
occurred in the setting of ISC as well as AIP 
[ 25 ,  26 ]. 

 Secondary sclerosing cholangitis due to 
chronic biliary infection in patients with primary 
or acquired immunodefi ciency syndromes may 
mimic ISC on imaging. One entity that can cause 
sclerosing cholangitis in both children and adults 
and mimic ISC histopathologically is Langerhans 
cell histiocytosis (LCH) because of interstitial 
fi brosis and eosinophilic infi ltration [ 27 ,  28 ]. 
LCH usually lacks the dense lymphoplasma-
cytic infi ltration of ISC. Langerhans cells have 
abundant eosinophilic cytoplasm and grooved 
nuclei with indented nuclear membranes. 
Immunoreactivity of Langerhans cells to CD1a 
and S100 can confi rm the diagnosis of LCH.   

    IgG4-Associated Infl ammatory 
Pseudotumor 

 IgG4-associated infl ammatory pseudotumors 
may present as a solitary peripheral liver nodule 
or as a tumoral lesion in the porta hepatis 
(Fig.  13.8 ). While sclerosing cholangitis is invari-
ably noted in cases with hilar disease, sclerosing 
cholangitis may not be present in cases with a 
peripheral nodule.

      Histology 

 A recent study [ 29 ] described two types of 
infl ammatory pseudotumors involving liver and 
bile ducts: fi brohistiocytic and lymphoplasma-
cytic. The lymphoplasmacytic type is believed 
to represent an IgG4-related disease, while the 
evidence linking the former entity to IgG4 is 
less robust. The fi brohistiocytic infl ammatory 
pseudotumors typically show xanthogranuloma-
tous infl ammation, multinucleated giant cells, 
and neutrophilic infi ltration and mostly occur in 
the peripheral hepatic parenchyma. In addition, 
the fi brohistiocytic type does not show oblitera-
tive phlebitis, cholangitis with periductal 

fi brosis, and increased IgG4-positive plasma 
cells: these being features typical of the lym-
phoplasmacytic variant.  

    Differential Diagnosis 

 The primary clinical and radiologic differential 
diagnosis in these cases is cholangiocarcinoma 
and metastatic carcinoma. Histologically, with a 
generous biopsy sample, a cholangiocarcinoma 
can readily be excluded. It should be noted that a 
cholangiocarcinoma may rarely show a brisk 
peritumoral lymphoplasmacytic infi ltrate, and 
this feature could mimic IgG4-associated infl am-
matory pseudotumor. 

 Another diagnostic possibility on a biopsy sam-
ple showing a fi broinfl ammatory infi ltrate is an 
infl ammatory myofi broblastic tumor. However, 
IgG4-associated infl ammatory pseudotumor 
shows signifi cantly higher numbers of IgG4-
positive plasma cells and higher IgG4 to IgG ratios 
[ 30 ]. In one series, all 22 cases showed IgG4 to 
IgG ratios of >30 %, while all 16 cases of infl am-
matory myofi broblastic tumor showed ratios less 
than 30 % [ 30 ]. Furthermore, ALK expression is 
restricted to infl ammatory  myofi broblastic tumor, 
although the stain is positive in only 50 % of cases 
[ 31 ]. Other entities in the differential diagnosis of 

  Fig. 13.8    A hepatectomy performed with the presume diag-
nosis of cholangiocarcinoma. The fl eshy hilar mass mimics 
malignancy. Also note the peripheral liver nodules ( arrows ) 
(Source: Image from IgG4-associated cholangitis: a com-
parative histological and immunophenotypic study with 
 primary sclerosing cholangitis on liver biopsy material)       
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an IgG4-associated pseudotumor include follicular 
dendritic cell tumor and interdigitating dendritic 
cell tumor [ 31 ].   

    Gallbladder Disease in Autoimmune 
Pancreatitis 

 It should come as no surprise that IgG4-RSD 
may also involve the cystic duct and gallbladder. 
However, unlike other forms of cholecystitis, 
gallbladder involvement by this disease is gener-
ally asymptomatic. Nonetheless, 53 % of cases in 
one series showed a thickened gallbladder on 
imaging [ 32 ]. 

 Histologically, in our experience, gallblad-
ders with a predominantly extramural pattern of 
infl ammation (Fig.  13.9 ), infl ammatory nod-
ules, and phlebitis are strongly associated with 
autoimmune pancreatitis [ 33 ]. Half (11 of 22) of 
the autoimmune pancreatitis-associated gall-
bladders we studied showed at least one of these 
three patterns of involvement [ 33 ]. Furthermore, 
the presence of >10 IgG4+ plasma cells/HPF 
and/or an IgG4/IgG ratio of >0.5 within the 
 gallbladder was indicative of autoimmune 
 pancreatitis. Histologic evaluation of the gall-
bladder, when available, can be of value in two 
situations: (1) gallbladders with autoimmune 

pancreatitis-like morphology, these fi ndings 
could raise the possibility or support the clinical 
impression of autoimmune pancreatitis, and (2) 
in individuals with sclerosing cholangitis, this 
histologic appearance would raise the possibil-
ity of ISC. Nonetheless, although histologic 
evaluation of the gallbladder emerges as a 
potential diagnostic resource in autoimmune 
pancreatitis, this data is best viewed in conjunc-
tion with other relevant clinical, serologic, and 
imaging features.

       Conclusion 

 The morphological picture of ISC is essentially 
similar to other forms of IgG4-RSD: storiform 
fi broinfl ammatory stroma, obliterative phlebi-
tis, and elevated numbers of IgG4-positive 
plasma cells. Biopsies from the ampulla, bile 
ducts, and liver when combined with a tissue 
IgG4 immunoperoxidase stain may provide 
accurate tissue diagnosis (Table  13.2 ). We 
would urge caution on relying solely on an 
IgG4 immunoperoxidase stain since elevated 
numbers of IgG4-positive plasma cells may 
rarely be seen in malignancy.

      Key Points 

•     ISC is usually associated with autoimmune 
pancreatitis type 1.  

•   The disease can affect the extrahepatic and/or 
the intrahepatic portion of the bile duct or 
form a tumefactive lesion.  

•   Key morphological features include the fol-
lowing: transmural lymphoplasmacytic infi l-
tration, marked interstitial fi brosis with 
storiform pattern, obliterative phlebitis, and 
increased IgG4-positive plasma cells.  

•   Biopsies from the liver, bile duct, and ampulla 
when viewed in conjunction with a IgG4 
immunoperoxidase stain may help support a 
diagnosis of ISC.  

•   The differential diagnosis primarily includes 
PSC and cholangiocarcinoma.         

  Fig. 13.9    Gallbladder from a patient with type 1 autoim-
mune pancreatitis. The wall of the gallbladder is markedly 
thickened by a lymphoplasmacytic infi ltrate. The infl am-
matory pathology ( arrow ) is predominantly located 
beyond the muscularis propria ( arrowhead )       
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           Introduction and Short Review 
of Autoimmune Pancreatitis 

 Autoimmune pancreatitis (AIP) is a recently 
defi ned clinical entity with unique clinical and 
histological features. AIP was described as “lym-
phoplasmacytic sclerosing pancreatitis with 
cholangitis” by Kawaguchi et al. in 1991. The 
term “AIP” was introduced in 1995 by Yoshida 
et al., and since then it has been the most com-
mon term used to describe this clinicopathologic 
entity. Two types of AIP are now recognized. 
Original reports pertained almost exclusively to 
type 1 AIP that accounts for nearly all patients in 
Asia and is termed “lymphoplasmacytic scleros-
ing pancreatitis (LPSP).” The hallmark histologi-
cal features of type 1 AIP include infi ltration of 
the pancreatic periductal areas with lymphocytes, 
plasma cells, and fi brosis and by obliterative 
phlebitis. The more recently described type 2 
AIP, termed “idiopathic duct-centric pancreatitis 
(IDCP),” while uncommon in Asia, accounts for 
a large percentage of Western patients with AIP. 

The pathognomonic histological feature of type 2 
AIP is the fi nding of granulocytic epithelial 
lesions with consequent destruction of the pan-
creatic duct epithelium ( 1 ). The remainder of this 
chapter focuses on the clinical, radiologic, and 
histological manifestations of IgG4-related scle-
rosing cholangitis (IgG4-SC) in patients with 
type 1 AIP. 

 Antinuclear antibodies (ANAs) and other auto-
antibodies are frequently detected in the serum 
samples of patients with AIP. More than 90 % of 
patients have high serum IgG levels, particularly 
IgG4. In addition, IgG4+ plasma cells are often 
histologically detected in the tissue samples from 
the pancreas and other affected organs ( 2 ,  3 ). 

 Imaging plays a crucial role in the diagnosis and 
follow-up of these patients. Characteristic imaging 
fi ndings include diffuse pancreatic enlargement, so-
called sausage-like appearance, and an enhancing 
band-like peripancreatic rim with or without mild 
peripancreatic stranding ( 4 ). AIP sometimes mani-
fests with focal pancreatic enlargement and a mass-
like lesion that may be diffi cult to differentiate from 
a pancreatic neoplasm. Pancreatic duct dilatation is 
absent in most patients with AIP, in contrast to pan-
creatic neoplasia. However, in a minority of patients, 
mild pancreatic duct dilatation may be associated 
with focal narrowing of the main pancreatic duct. 
Published studies showed that the caliber of the 
main pancreatic duct proximal to the stricture is 
smaller in patients with AIP (<4 mm in 67 % of the 
patients and 4–6 mm in 33 %) than in those with 
pancreatic ductal adenocarcinoma (<4 mm in 4 %, 
4–6 mm in 22 %, and >6 mm in 74 %) ( 5 – 8 ).  
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    Extrapancreatic Features of AIP 

 Several extrapancreatic disorders may be 
 associated with AIP. Lacrimal and salivary gland 
lesions, hilar lymphadenopathy, retroperitoneal 
fi brosis, tubulointerstitial nephritis, and sclerosing 
cholangitis have all been reported with varying 
frequencies and clinical outcomes ( 9 ). Among the 
extrapancreatic organ features, biliary tract 
involvement is the most common, with a reported 
frequency of 33–90 % ( 8 ,  10 ,  11 ). These extrapan-
creatic features may present concurrently or 
remotely in time from the diagnosis of AIP, and 
they show favorable clinical and radiographic 
response to steroid therapy ( 9 ). At times, it may be 
diffi cult to differentiate other organ involvement 
from inherent diseases of the affected organs. 
Conversely, the recognition of extrapancreatic 
manifestations may aid in the diagnosis of AIP. 

    IgG4-Related Sclerosing Cholangitis 
(IgG4-SC) 

    Introduction 
 IgG4-SC is the most common extrapancreatic 
manifestation and may affect the intra- and/or 
extrahepatic bile ducts ( 12 ). Jaundice is the 
most common presenting symptom and is 
reported in 70–80 % of the patients in some 
series ( 13 ). Histological features of IgG4-SC 
include diffuse bile duct wall and gallbladder 
infi ltration with CD3-positive T lymphocytes, 
plasma cells, and often fi brosis. CD4- and CD8-
positive lymphocytes are also abundant on the 
pathologic specimens. The plasma cells are also 
predominantly IgG4 or IgG1 positive rather 
than IgG2- or IgG3- positive cells ( 14 ). 
Cholestasis and hyperbilirubinemia in AIP 
patients most often result from either parenchy-
mal infl ammation and/or fi brosis within the pan-
creatic head, secondarily obstructing the bile 
duct or as a direct result of IgG4-SC. The histo-
logical fi ndings in the pancreas and the biliary 
system support the notion that AIP does not 
represent solely a pancreatic disorder, rather one 
 component of a multiorgan disorder.   

    Symptomatology and Basic 
Pathophysiology 

 The diagnosis of IgG4-SC is typically established 
in patients 50–60 years of age ( 15 ). Obstructive 
jaundice is the most common presenting feature 
( 8 ,  10 ,  11 ) and results primarily from stenosis of 
the distal extrahepatic bile duct in 80 % of the 
patients ( 16 ) versus stenoses of the hilar and 
intrahepatic bile ducts in fewer than 10 % of 
patients ( 16 ). Approximately 35 % of patients 
complain of abdominal pain and weight loss is 
also a common feature ( 17 ,  18 ). 

 There is a link to other autoimmune diseases, 
with Sjögren’s the most common. The presence of 
both disorders is termed “systemic exocrinopathy” 
( 18 ). While the association of AIP and IgG4-SC 
with infl ammatory bowel disease (IBD) has been 
suggested ( 19 ,  20 ), the causality and association has 
been questioned by others ( 21 – 23 ). The diagnosis 
of IgG4-SC is often suggested by the fi nding of 
increased levels of serum bilirubin and IgG4 levels 
and the presence of classic imaging fi ndings. 

 IgG4-SC most often affects the extrahepatic 
bile ducts but may also involve the intrahepatic 
bile ducts or present with diffuse biliary disease 
( 12 ). Distal extrahepatic bile duct (intrapancre-
atic) involvement must be distinguished from 
pancreatic malignancies, which can also be con-
fused with AIP-related pseudotumors due to 
overlapping clinical, imaging, and laboratory 
fi ndings ( 4 ). Visualization of the pancreatic duct 
throughout the mass-like pseudotumor, i.e., duct 
penetrating sign, and less signifi cant dilatation of 
the downstream pancreatic duct may help indi-
cate the presence of AIP pseudotumors rather 
than a pancreatic neoplasia ( 4 ,  24 ,  25 ). 

 The major underlying pathology leading to 
biliary stenosis is massive bile duct wall thicken-
ing due to lymphoplasmacytic infi ltration and 
myofi broblasts proliferation that results in fi bro-
sis ( 26 ). Interestingly, the epithelial cells lining 
the bile ducts are spared, in contrast to primary 
sclerosing cholangitis, and the pathologic 
changes are almost exclusively detected within 
deeper layers of the bile duct wall ( 26 ). This pro-
cess may result in biliary cirrhosis and even the 
need for liver transplantation ( 27 ).  

A.D. Karaosmanoglu et al.



147

    Ultrasound Findings 

 Although transabdominal ultrasound (TUS) fi nd-
ings are nonspecifi c, in selected patients they 
may help the diagnosis of IgG4-SC. Biliary ste-
nosis is observed in approximately 88 % of 
patients ( 15 ), mostly confi ned to the distal extra-
hepatic bile duct ( 16 ) (Fig.  14.1 ). The length of 
the narrowing is reported to be 10–40 mm (mean 
30 mm) with smooth tapering in 83 % versus 
abrupt narrowing in 17 % of patients ( 10 ). 
Intrahepatic ductal dilatation may also be 
detected in the minority of the patients. TUS 
often reveals the typically smooth and circumfer-
ential bile duct wall thickening associated with 
IgG4-SC. TUS may also detect the underlying 
cause of biliary obstruction, such as intraductal 
stones, or a mass involving the hepatic hilum or 
pancreatic head.

   The role of intraductal ultrasound (IDUS) in 
the assessment of bile duct wall thickening has 
also been studied in detail ( 28 ). Although techni-
cally challenging and invasive, IDUS may be 
useful in selected patients. Hyodo N. et al. ( 28 ) 
demonstrated diffuse bile duct wall thickening in 
the corresponding stenotic segments detected 
during endoscopic retrograde cholangiography 
(ERC). Wall thickening within non-stenotic seg-
ments of the bile duct is a common feature but 
may also develop secondary to the presence of an 
indwelling stent. The use of ultrasound contrast 

allows visualization of bile duct wall enhance-
ment, which resolves following steroid treatment. 
The bile duct wall thickening detected with IDUS 
could not be visualized with conventional TUS in 
the same study.  

    Computed Tomography (CT) and 
Magnetic Resonance Imaging (MRI) 

 The use of cross-sectional imaging (CT or MRI) 
is key to the diagnosis of IgG4-SC. The degree of 
biliary obstruction is generally more severe for 
intrapancreatic bile duct strictures ( 8 ,  11 ). The 
stricture typically appears smoothly tapered with 
minimal secondary upstream dilatation ( 19 ,  28 ) 
(Figs.  14.2  and  14.3 ). Coronal images ideally 
demonstrate the bile duct stricture, associated 
wall thickening, and increased enhancement 
manifest of the underlying infi ltrate with infl am-
mation and fi brosis (Fig.  14.4 ) ( 5 ,  10 ,  29 ,  30 ). 
However, the presence of an indwelling stent 
may obscure cross-sectional imaging due to reac-
tive changes and pneumobilia (Fig.  14.5 ) ( 8 ). 
Enlarged lymph nodes, measuring up to 3 cm in 
their shortest dimension (mean 14 mm), had been 
reported with IgG4-SC and may range in number 
from two to ten (mean, 4.5). MRI fi ndings are 
similar to those for CT. There are few data con-
cerning the role of MRCP in the diagnosis of 
IgG4-SC (Figs.  14.6  and  14.7 ).

  Fig. 14.1    A 43-year-old man presenting with jaundice 
and mild abdominal pain. ( a ) Transabdominal US 
image demonstrates the mildly distended main pancre-
atic duct with multiple strictures ( arrows ), a common 

fi nding in AIP. ( b ) CT images did not demonstrate the 
mild ductal dilatation seen on transabdominal US. Note 
diffuse dilatation in extra- and intrahepatic biliary systems 
on CT       

 

14 CT and MRI Features



148

            Cholangiography 

 Cholangiography performed either percutane-
ously in antegrade fashion or retrograde via ERCP 
is the most reliable imaging modality for the endo-
luminal evaluation of the biliary system. As for CT 
and MRI, the most common cholangiographic 
fi nding is distal extrahepatic bile duct stenosis 
( 31 ). However, sclerosing changes of the intrahe-
patic and hilar biliary ducts are more often reported 
at cholangiography, affecting as many as 50 % of 
patients ( 31 ). Nakazawa et al. have categorized the 
cholangiographic fi ndings of IgG4-SC into four 
subgroups:
   Type 1: Stenoses only in the distal extrahepatic 

bile duct  
  Type 2: Multiple stenoses in extra- and intrahe-

patic biliary system  
  Type 3: Stenoses detected in hilar region distal 

extrahepatic bile duct  
  Type 4: Stenoses only in the hilar region    

 Nakazawa et al. detected type 1 (Fig.  14.8 ) as 
the most common subgroup followed by type 2 
with types 3 and 4 less often, but equally detected 
( 31 ). They also reported that a long-segment stric-
ture, a long-segment stricture with pre- stenotic 
dilatation, and a stricture of the distal extrahepatic 
bile duct were characteristic, but nonspecifi c fea-
tures of IgG4-SC (Fig.  14.9 ). Conversely, patients 
with PSC more often demonstrated biliary band-
like short-segment strictures, a beaded or pruned-
tree appearance, or diverticulum-like formations 
in the biliary tree. A shaggy-appearing biliary sys-
tem and hilar strictures were noted in a few 
IgG4-SC and PSC patients. The authors also noted 
that the presence of concomitant pancreatic 
changes may serve as a clue to IgG4-SC, due to 
their uncommon occurrence with PSC. 
Comparative cholangiographic fi ndings of 
IgG4-SC and PSC are listed in Table  14.1 .

         Differential Diagnosis of IgG4-SC 

     (A)     Pancreatic Cancer     
 It is important to consider pancreatic cancer 

(PC) when evaluating patients with suspected 
IgG4-SC, because of the similar clinical and 
radiographic features, different treatment strat-
egies, and impact on prognosis following 
delayed diagnosis. IgG4-SC and PC are diag-
nosed at a similar age in patients often present-
ing with vague abdominal pain, cholestasis, 
and obstructive jaundice. However, the abdom-
inal pain associated with PC tends to be more 
severe, persistent, and progressive compared 
to IgG4-SC ( 9 ). A serum CA 19–9 level 
>150 IU/L is reported to signifi cantly correlate 
with PC in contrast to elevated IgG4 levels that 
predict AIP ( 32 ). However, elevated IgG4 
levels are reported in about 10 % of PC 
patients, which is particularly important given 
the far greater occurrence of PC compared to 
AIP. The clinical fi ndings for IgG4-SC and PC 
are outlined in Table  14.2 .

   On cross-sectional imaging, PC most often 
appears as a hypodense or T1 hypointense mass 
associated with upstream main pancreatic duct 
dilatation and parenchymal atrophy. While 

  Fig. 14.2    A 55-year-old woman with new onset jaun-
dice. ( a ) Coronal CT demonstrates severe stenosis of the 
intrahepatic portion of the common bile duct ( arrows ). ( b ) 
Corresponding ERCP confi rmed the CT fi ndings ( arrow )       
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  Fig. 14.3    A 53-year-old man with newly diagnosed AIP. 
( a ) Abrupt stenosis of the mid extrahepatic bile duct with 
proximal dilatation ( arrow ). Also note the contrast 
enhancement of the bile duct wall. ( b ) ERCP confi rmed 
the CT fi ndings ( arrow ). CT ( c ) and ERCP ( d ) images of 
a different patient with tapered distal biliary stenosis. 
Arrows in Fig. 14.3c–d denote the stenotic distal bile duct 
segment       

  Fig. 14.4    A 51-year-old woman presenting with severe 
jaundice and abdominal pain. Coronal CT demonstrates 
severe stenosis of the distal intrapancreatic bile duct with 
signifi cant wall enhancement ( arrows )       

 vascular invasion is indicative of PC, as many 
as 15 % of AIP patients have infl ammatory 
changes that falsely suggest vascular invasion. 
In a report from Japan, 32 % of the patients 
with AIP had a focal pancreatic abnormality 
that was located in the pancreatic head in 85 % 
of patients, which is also the most common site 
for PC ( 33 ). 

 Features that favor the diagnosis of AIP 
over PC include an elevated IgG4 level (in par-
ticular >2xULN), a smoothly tapered pancre-
atic duct, less severe upstream pancreatic duct 
dilatation, coexisting features of IgG4-SC, or 
other extrapancreatic manifestations. On the 
contrary, PC is more likely with elevated serum 
CA 19-9, abrupt pancreatic duct cutoff, vascular 
invasion (especially arterial) (Figs.  14.10  and 
 14.11 ), and parenchymal atrophy ( 8 ,  34 ).

    Abdominal CT distinguishes AIP from PC in 
92.5 % of patients according to one report ( 35 ). 
However, current diagnostic algorithms do not 
rely on imaging alone. Endoscopic ultrasound- or 
CT- or TUS-guided percutaneous pancreatic 
biopsy may be necessary in some patients to con-
fi rm the diagnosis.
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    (B)     Primary Sclerosing Cholangitis    
  The clinical and imaging features of PSC often 

closely mimic those of IgG4-SC. PSC is a fi bro-
sclerotic disease of the biliary tree, characterized 
by diffuse stricturing of the intra- and/or 

 extrahepatic bile ducts ( 36 ). The presence of anti-
neutrophil cytoplasmic antibody (pANCA) in the 
serum of 70–80 % of PSC patients supports the 
notion that PSC is an immunological disorder ( 37 , 
 38 ). The disease is usually progressive,  generally 

  Fig. 14.5    A 46-year-old woman with AIP. ( a ) Coronal 
CT images demonstrate contrast enhancement in the wall 
of the stenosed bile duct (arrow). Note the stent-induced 

artifact. ( b ) Diffuse enlargement of the pancreatic head in 
the same patient (arrows) on axial image       

  Fig. 14.6    MRCP image of a 55-year-old patient with 
AIP. Severe distal biliary stenosis is well outlined on 
MRCP ( arrow ). Note pronounced upstream dilatation and 
gallbladder hydrops       

  Fig. 14.7    Coronal T2-weighted image of a 59-year-old 
patient demonstrates diffuse hypointense wall thickening 
predominantly in upper third of extrahepatic bile duct 
( arrows ) and mild stenosis       
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unresponsive to current treatment options, with 
resulting transplantation or death occurring a 
mean of 12–18 years after the diagnosis ( 38 ). PSC 
and IgG4-SC are diagnosed more commonly in 
males with a two to one predominance over 
female patients ( 39 ). While the age at diagnosis 
varies, IgG4-SC patients tend to be older than 
patients with PSC ( 40 ). Obstructive jaundice, 
while common in IgG4-SC, is infrequent with 
PSC ( 39 ), highlighted by the fi ndings of one study 
that reported the abrupt onset of obstructive jaun-

dice in 75 % of the patients with AIP, in contrast 
to 4 % of the patients with PSC ( 23 ). Although 
hypergammaglobulinemia is detected in both, 
increased serum levels of IgG4 is more typical of 
IgG4-SC ( 23 ). Clinical fi ndings for IgG4-SC and 
PSC are compared in Table  14.3 .

   The presence of infl ammatory bowel disease, 
while common for PSC, is infrequent for type 1 
AIP and IgG4-SC ( 39 ). The presence of cholan-
giocarcinoma (CCA) also strongly suggests 
underlying PSC. 

 When imaging patients with a putative diag-
nosis of PSC or IgG4-SC, the pancreas should be 
carefully inspected. Any pancreatic enlargement, 
minimal peripancreatic stranding, or main pan-
creatic duct irregularity should raise suspicion 
for IgG4-SC rather than PSC. The presence 
of bile duct wall thickening may suggest 
IgG4-SC, but care must be taken to also consider 
the infl uence of an indwelling stent or underlying 
CCA in this setting. The favorable response to 
steroid therapy strongly suggests IgG4-SC as 
compared to PSC that rarely responds to steroids 
and other immunosuppressive medications ( 41 ).

    (C)     Recurrent Pyogenic Cholangitis    
  Also referred to as oriental cholangiohepati-

tis, recurrent pyogenic cholangitis (RPC) is 

  Fig. 14.8    A 53-year-old man with AIP. ERCP demon-
strates severe stenosis ( arrows ) in the lower third of the 
extrahepatic bile duct       

  Fig. 14.9    A 54-year-old-woman with multiple intrahe-
patic long-segment strictures ( arrows ) with associated 
upstream biliary dilatation typical of IgG4-SC involve-
ment. Also note the severe stenosis of the right hepatic 
duct extending to the hilar region       

   Table 14.1    Cholangiographic differences between 
IgG4-SC and PSC   

 IgG4-SC  PSC 

  Band-like stricture   −  + 
  Beaded appearance   −  + 
  Pruned-tree appearance   −  + 
  Diverticulum-like 
formations  

 −  + 

  Long stenosis   +  Uncommon 
  Segmental stricture   +  Uncommon 
  Long stricture with 
pre-stenotic dilatation  

 +  Uncommon 

  Shaggy appearance   +  + 
  Hilar stricture   +  + 
  Distal CBD stricture   Extremely 

common 
 Uncommon 

  Pancreatic abnormalities   Extremely 
common 

 Uncommon 

   AIP-SC  autoimmune pancreatitis-associated sclerosing 
cholangitis,  IgG4-SC  IgG4-related sclerosing cholangitis, 
 PSC  primary sclerosing cholangitis  
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characterized by recurrent bouts of pyogenic 
cholangitis associated with biliary obstruction 
due to biliary strictures and/or pigmented stones 
( 42 ) potentially related to microbial infection 
( 43 ). The biliary segment most often involved in 
RPC is the lateral segment of the left lobe where 
multiple stones are typically found with 
 cholangiography, cross-sectional imaging or 
MRCP. To the best of our knowledge, intrahe-
patic biliary stones have not been reported in 
patients with IgG4-SC, thereby potentially serv-
ing as another distinguishing feature.

    (D)     Cholangiocarcinoma    
  Cholangiocarcinomas are tumors of the biliary 

system that most often involve the hilar region 
(Klatskin tumor) but may also involve the intrahe-
patic and distal extrahepatic bile ducts (Fig.  14.12 ). 
The distinction of CCA and IgG4-SC is important 
given their disparate  treatment and prognosis .The 
presentation of CCA is nonspecifi c and overlaps 
with that of IgG4-SC making clinical differentia-
tion diffi cult. Similarly, the presence enlarged 
hilar or pancreatic lymph nodes is common to 
both CCA and IgG4-SC ( 10 ). The presence of 

   Table 14.2    Important points for differentiating IgG4-SC from pancreatic cancer   

 AIP and  IgG4-SC   Pancreatic cancer 

  Abdominal pain   + (mild to moderate)  + (moderate to severe) 
  Biliary obstruction   +  + 
  Main pancreatic duct dilatation   + (mild, <6 mm in almost 100 %)  + (moderate to severe, >6 mm in 74 %) 
  Lymphadenopathy   +  + 
  Venous invasion   Very rare  Common 
  Arterial invasion   Never reported  Common 
  IgG4 positivity   Extremely common (81 %)  Rare (10 %) 
  Ca 19–9 level   <150 IU/L  >150 IU/L 
  Pancreatic atrophy   Uncommon at diagnosis  Downstream atrophy common 

   AIP  autoimmune pancreatitis,  IgG4-SC  IgG4-related sclerosing cholangitis  

   Table 14.3    Important clinical points for differentiating 
 IgG4-SC  from PSC   

 AIP-SC  PSC 

  Patient age   Elderly patients  Young adults to 
middle aged 

  Gender   Male 
predominance 

 Male predominance 

  Presenting 
symptom  

 Obstructive 
jaundice 

 Liver dysfunction 

  IgG4 positivity   +  − 
  Location in 
biliary system  

 Mostly 
extrahepatic 

 Mostly intrahepatic 

  Treatment   Strong steroid 
response 

 Almost no response 

  Prognosis   Favorable with 
treatment 

 Dismal even with 
treatment 

  Need for liver 
transplant  

 Extremely rare but 
reported 

 Standard treatment 

   IgG4-SC  IgG4-related sclerosing cholangitis,  PSC  pri-
mary sclerosing cholangitis  

  Fig. 14.10    A 55-year-old man with typical features of 
AIP. Note mild main pancreatic duct dilatation ( arrow-
heads ) and fi broblastic pseudotumor at the pancreatic 
head ( arrows ). The pancreas looks swollen instead of 
atrophic seen in pancreatic cancer. The main pancreatic 
duct dilatation is not pronounced as in pancreatic cancer       
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coexisting pancreatic pathology may serve as a 
clue to IgG4-SC. However pancreatic changes 
may be absent in the setting of IgG4-SC as dem-
onstrated in a case report from Nakazawa et al. 
( 31 ). The cholangiogram in their patient demon-
strated hilar and distal common bile duct stric-
tures leading to a diagnosis of PSC. The resected 
specimen demonstrated no evidence of malig-
nancy and instead the presence of IgG4-positive 
plasma cells and obliterative phlebitis with fi bro-
sis, each consistent with IgG4-SC ( 31 ).

     (E)     Hepatic Infl ammatory Pseudotumor    
  The association of hepatic infl ammatory pseu-

dotumor (HIP) and sclerosing cholangitis has 
been reported ( 26 ). More recently the association 
of HIP and IgG4-SC has been reported with histol-
ogy demonstrating abundant IgG4-positive 
plasma cells ( 44 ) and steroid administration yield-
ing a clinical and radiographic response ( 26 ).   

    Gallbladder Involvement 
Associated with AIP or IgG4-SC 

 Gallbladder abnormalities are commonly associ-
ated with IgG4-SC, as in one report in which all 
20 evaluated patients showed moderate or marked 
mucosal or transmural lymphoplasmacytic infi l-
tration ( 45 ). In this report, the degree of gallblad-
der infl ammation correlated well with extrahepatic 
bile duct lymphoplasmacytic infi ltration ( 45 ). 

 Another study detected gallbladder wall thick-
ening in 10/17 patients with IgG4-SC by TUS 
and/or CT, all 10 of whom also had extrahepatic 
bile duct strictures. Severe infl ammation was 
detected in 75 % of the AIP patients who under-
went resection and none of these patients demon-
strated dysplasia or neoplasia. The authors 
proposed the term “sclerosing cholecystitis” for 
the chronically infl amed gallbladders in the 
setting of AIP ( 46 ). Histologically, abundant 
infi ltration with IgG4-positive plasma cells was 
seen in the  gallbladder and bile duct walls ( 46 ). 
The absence of dysplastic and neoplastic changes 
within the gallbladder of IgG4-SC patients is in 
contrast to that for PSC that is associated with 
malignant transformation ( 47 ).  

    Key Points 

 –     IgG4-SC is the most common associated extra-
pancreatic abnormality in patients with AIP.  

 –   The most commonly affected site in IgG4-SC 
is the distal (intrapancreatic) bile duct.  

 –   ERP is currently the gold standard imaging 
modality for evaluating the biliary system 
with accumulating data supporting the role of 
MRCP.  

 –   Biliary duct wall thickening and diffuse con-
trast uptake in cross are the most striking 
imaging fi ndings on noninvasive (CT or MRI) 
imaging.  

 –   PSC, cholangiocarcinoma, and pancreatic 
cancer often clinically and radiographically 
mimic IgG4-SC, and it is critical to distin-
guish these entities given their varied treat-
ment and prognoses.  

  Fig. 14.11    A 41-year-old man with AIP. Diffuse enlarge-
ment of the pancreatic head with a hardly appreciable 
hypodense mass-like lesion ( arrows ). Note that the peri-
vascular planes are clear without any signs suggestive of 
malignant infi ltration or invasion. The pancreas contours 
are also lobular without any evidence of spiculation       

  Fig. 14.12    Multifocal dilatation in the left and right 
hepatic ducts ( arrows ). The imaging appearance may be 
suggestive of cholangiocarcinoma; however this patient 
has other organ involvement typically associated with 
IgG4-SC. Patient responded well to corticosteroid therapy       
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 –   There is no evidence of increased risk of bili-
ary malignancy in IgG4-SC.  

 –   The gallbladder may also be affected in IgG4-SC 
patients, manifested by diffuse wall thickening 
and lymphoplasmacytic infi ltration.        

   References 

       1.    Kloppel G, Luttges J, Sipos B, et al. Autoimmune 
pancreatitis: pathological fi ndings. JOP. 2005;6(1 
suppl):97–101.  

    2.    Hamano H, Kawa S, Horiuchi A, et al. High serum 
IgG4 concentrations in patients with sclerosing pan-
creatitis. N Engl J Med. 2001;344:732–8.  

    3.    Kamisawa T, Funata N, Hayashi Y. Lymphoplasmacytic 
sclerosing pancreatitis is a pancreatic lesion of IgG4- 
related diseases (IgG4-RD). Am J Surg Pathol. 2004;
28:1114.  

      4.    Okazaki K, Kawa S, Kamisawa T, et al. Japanese con-
sensus guidelines for management of autoimmune 
pancreatitis: I. Concept and diagnosis of autoimmune 
pancreatitis. J Gastroenterol. 2010;45:249–65.  

     5.    Yang DH, Kim KW, Kim TK, et al. Autoimmune pan-
creatitis: radiologic fi ndings in 20 patients. Abdom 
Imaging. 2006;31:94–102.  

   6.    Wakabayashi T, Kawaura Y, Satomura Y, et al. Clinical 
and imaging features of autoimmune pancreatitis with 
focal pancreatic swelling or mass formation: compari-
son with so-called tumor-forming pancreatitis and 
pancreatic carcinoma. Am J Gastroeterol. 2003;
98:2679–87.  

   7.    Inoue K, Ohuchida J, Ohtsuka T, et al. Severe localized 
stenosis and marked dilatation of the main pancreatic 
duct are indicators of pancreatic cancer instead of 
chronic pancreatitis on endoscopic retrograde balloon 
pancreatography. Gastrointest Endosc. 2003;58:510–5.  

         8.    Kawamoto S, Siegelman SS, Hruban RH, et al. 
Lymphoplasmacytic sclerosing pancreatitis (autoim-
mune pancreatitis): evaluation with multidetector CT. 
Radiographics. 2008;28:157–70.  

      9.    Kawa S, Okazaki K, Kamisawa T, et al. Japanese con-
sensus guidelines for management of autoimmune 
pancreatitis: II. Extrapancreatic lesions, differential 
diagnosis. J Gastroenterol. 2010;45:355–69.  

        10.    Sahani DV, Kalva SP, Farrell J, et al. Autoimmune 
pancreatitis: imaging features. Radiology. 2004;233:
345–52.  

      11.    Kamisawa T, Chen PY, Tu Y, et al. MRCP and MRI 
fi ndings in 9 patients with autoimmune pancreatitis. 
World J Gastroenterol. 2006;12(18):2919–22.  

     12.    Nishino T, Oyama H, Hashimoto E, et al. 
Clinicopathological differentiation between scleros-
ing cholangitis with autoimmune pancreatitis and pri-
mary sclerosing cholangitis. J Gastroenterol. 
2007;42:550–9.  

    13.    Okazaki K, Uchida K, Chiba T. Recent concept of 
autoimmune-related pancreatitis. J Gastroenterol. 
2001;36:293–302.  

    14.    Nishino T, Toki F, Oyama H, et al. Biliary tract 
involvement in autoimmune pancreatitis. Pancreas. 
2005;30:76–82.  

     15.    Detlefsen S, Drewes AM. Autoimmune pancreatitis. 
Scand J Gastroenterol. 2009;44:1391–407.  

      16.    Kamisawa T, Anjiki H, Egawa N. Rapid changes in 
sclerosing cholangitis associated with autoimmune 
pancreatitis. Pancreas. 2009;38:601–2.  

    17.    Kim KP, Kim MH, Song MH, et al. Autoimmune 
chronic pancreatitis. Am J Gastroenterol. 2004;99:
1605–16.  

     18.    Kloppel G, Luttges J, Lohr M, et al. Autoimmune 
pancreatitis: pathological, clinical, and  immunological 
features. Pancreas. 2003;27:14–9.  

     19.    Pearson RK, Longnecker DS, Chari ST, et al. 
Controversies in clinical pancreatology: autoimmune 
pancreatitis-does it exist? Pancreas. 2003;27:
1–13.  

    20.    Yoshida H, Tanaka S, Nagayama Y, et al. Autoimmune 
pancreatitis associated with ulcerative colitis (in 
Japanese). J Gastroenterol Imaging. 2002;4:66–74.  

    21.    Notohara K, Burgart LJ, Yadav D, et al. Idiopathic 
chronic pancreatitis with periductal lymphoplasma-
cytic infi ltration: clinicopathologic features of 35 
cases. Am J Surg Pathol. 2003;27:1119–27.  

   22.    Kamisawa T, Funata N, Hayashi Y, et al. Close rela-
tionship between auto-immune pancreatitis and multi-
focal fi brosis. Gut. 2003;52:683–7.  

      23.    Nakazawa T, Ohara H, Sano H, et al. Clinical differ-
ences between primary sclerosing cholangitis and 
sclerosing cholangitis with autoimmune pancreatitis. 
Pancreas. 2005;30:20–5.  

    24.    Yoshizaki K, Takeuchi K, Okuda K, et al. Abdominal 
ultrasonogram of autoimmune pancreatitis: fi ve cases 
of pancreatic lesions accompanied by Sjogren syn-
drome. J Med Ultrason. 1999;26:1125–36.  

    25.    Muraki T, Ozaki Y, Hamano H, et al. Ultrasonographic 
diagnosis of autoimmune pancreatitis. Biliary Tract 
Pancreas. 2005;26:711–6.  

       26.    Nakanuma Y, Zen Y. Pathology and immunopathol-
ogy of immunoglobulin G4-related sclerosing cholan-
gitis: the latest addition to the sclerosing cholangitis 
family. Hepatol Res. 2007;37:S478–86.  

    27.    Zamboni G, Luttges J, Capelli P, et al. 
Histopathological features of diagnostic and clinical 
relevance in autoimmune pancreatitis: a study on 53 
resection specimens and 9 biopsy specimens. 
Virchows Arch. 2004;445:552–63.  

      28.    Hyodo N, Hyodo T. Ultrasonographic evaluation in 
patients with autoimmune-related pancreatitis. J 
Gastroenterol. 2003;38:1155–61.  

    29.    Kawamoto S, Siegelman SS, Hruban RH, et al. 
Lymphoplasmacytic sclerosing pancreatitis with 
obstructive jaundice: CT and pathology features. Am 
J Roentgenol. 2004;183(4):915–21.  

A.D. Karaosmanoglu et al.



155

    30.    Nikfarjam M, Muralidharan V, Christophi C, et al. 
Autoimmune pancreatitis. ANZ J Surg. 2002;72(6):
450–2.  

        31.    Nakazawa T, Ohara H, Sano H, et al. Cholangiography 
can discriminate sclerosing cholangitis with autoim-
mune pancreatitis from primary sclerosing cholangi-
tis. Gastrointest Endosc. 2004;60:937–44.  

    32.    Sugumar A, Chari ST. Distinguishing pancreatic can-
cer from autoimmune pancreatitis: a comparison of 
two strategies. Clin Gastroenterol Hepatol. 2009;7(11 
Suppl):59–62.  

    33.    Kamisawa T, Okamoto A, Wakabayashi T, et al. 
Appropriate steroid therapy for autoimmune pancre-
atitis based on long-term outcome. Scand J 
Gastroenterol. 2008;43:609–13.  

    34.    Kamisawa T, Egawa N, Nakajima H, et al. Clinical 
diffi culties in the differentiation of autoimmune pan-
creatitis and pancreatic carcinoma. Am J 
Gastroenterol. 2003;98(12):2694–9.  

    35.    Procacci C, Carbognin G, Biasiutti C, et al. 
Autoimmune pancreatitis: possibilities of CT charac-
terization. Pancreatology. 2001;1(3):246–53.  

    36.    Bjornsson E, Chapman RW. Sclerosing cholangitis. 
Curr Opin Gastroenterol. 2003;19:270–5.  

    37.    Snook JA, Chapman RW, Fleming K, et al. Anti- 
neutrophil nuclear antibody in ulcerative colitis, 
Crohn’s disease and primary sclerosing cholangitis. 
Clin Exp Immunol. 1989;76:30–3.  

     38.    Webster GJM, Pereira SP, Chapman RW. Autoimmune 
pancreatitis/IgG4-associated cholangitis and primary 
sclerosing cholangitis-overlapping or separate dis-
eases. J Hepatol. 2009;51:398–402.  

      39.    Björnsson E, Chari ST, Smyrk TC, et al. 
Immunoglobulin G4 associated cholangitis: descrip-

tion of an emerging clinical entity based on review of 
the literature. Hepatology. 2007;45:1547–54.  

    40.    Angulo P, Lindor KD. Primary sclerosing cholangitis. 
Hepatology. 1999;30:325–32.  

    41.    Chen W, Gluud C. Glucocorticosteroids for primary 
sclerosing cholangitis. Cochrane Database Syst Rev. 
2004;3, CD004036.  

    42.    Menias CO, Surabhi VR, Prasad SR, et al. Mimics of 
cholangiocarcinoma: spectrum of disease. 
Radiographics. 2008;28:111–1129.  

    43.    Park MS, Yu JS, Kim KW, et al. Recurrent pyogenic 
cholangitis: comparison between MR cholangiogra-
phy and direct cholangiography. Radiology. 
2001;220:677–82.  

    44.    Zen Y, Harada K, Sasaki M, et al. IgG4-related scleros-
ing cholangitis with and without hepatic infl ammatory 
pseudotumor, and sclerosing pancreatitis-associated 
sclerosing cholangitis: do they belong to a spectrum of 
sclerosing pancreatitis? Am J Surg Pathol. 
2004;28:1193–203.  

     45.    Abraham SC, Cruz-Correa M, Argani P, et al. lym-
phoplasmacytic chronic cholecystitis and biliary 
tract disease in patients lymphoplasmacytic scleros-
ing pancreatitis. Am J Surg Pathol. 
2003;27:441–51.  

     46.    Kamisawa T, Tu Y, Nakajima H, et al. Sclerosing 
cholecystitis associated with autoimmune pancre-
atitis. World J Gastroenterol. 2006;12(23):
3736–9.  

    47.    Lewis JT, Talwalkar JA, Rosen CB, et al. Prevalence 
and risk factors for gallbladder neoplasia in patients 
with primary sclerosing cholangitis: evidence for a 
metaplasia-dysplasia-carcinoma sequence. Am J Surg 
Pathol. 2007;31:907–13.    

14 CT and MRI Features



157M.J. Levy and S.T. Chari (eds.), Autoimmune (IgG4-related) Pancreatitis and Cholangitis, 
DOI 10.1007/978-1-4419-6430-4_15, © Springer Science+Business Media New York 2013

           Introduction 

 Endoscopic retrograde cholangiopancreatogra-
phy (ERCP) is a useful, but not a mandatory, tool 
in the investigation or diagnosis of IgG4-related 
sclerosing cholangitis (IgG4-SC). As with other 
areas of pancreaticobiliary medicine, it has less 
of a solely diagnostic role than previously, and 
alternatives to its use should always be consid-
ered, mindful of the inherent risk, albeit low, of 
the procedure [ 1 ]. This is particularly relevant 
with respect to IgG4-SC, as the diagnosis may be 
defi nitively established on the basis of character-
istic clinical, serological (e.g., serum IgG4), 
pathological, and radiological features [ 2 ]. 
Nevertheless, ERCP has three main roles in the 
patient with suspected IgG4-SC:
    1.    Defi nition of the biliary (+/− pancreatic) ductal 

system, which may advance the diagnosis   
   2.    Tissue sampling, from both the pancreatico-

biliary system and other areas of the upper GI 

tract, to confi rm the diagnosis of IgG4-SC 
(and exclude malignancy)   

   3.    Relief of jaundice and biliary obstruction    
  On the other hand, endoscopic ultrasound (EUS) 
and transpapillary intraductal ultrasonography 
(IDUS) during ERCP using mini-probe (20MHz) 
also provide important information for  diagnosing 
IgG4-SC. Although it is diffi cult to make a 
 defi nite diagnosis with EUS/IDUS image alone 
without tissue sampling, it assists in the 
diagnosis. 

 In this chapter, particular focus will be paid to 
the diagnostic information provided by cholangi-
ography by ERCP and endosonographic image of 
EUS/IDUS, in patients with suspected IgG4-SC.  

    ERCP 

    Cholangiographic Features on ERCP 

 In IgG4-SC any part of the biliary tree may be 
involved [ 3 ], with proximal, hilar, or intrahe-
patic biliary stricturing reported in 49–82 % of 
cases [ 2 ,  4 ]. This is refl ected in the site of biliary 
abnormality and stricturing found on ERCP. 
Jaundice is a presenting feature in >70 % of 
cases of IgG4-SC/AIP [ 3 – 5 ], usually due to 
stricturing of the distal, intrapancreatic portion 
of the bile duct. Nishino et al. reported strictur-
ing of the biliary tree in 14/16 (88 %) patients 
with AIP, with the distal bile duct involved in 
9/14 (64 %) [ 6 ]. Of 53 patients with IgG4-SC, 
Ghazale et al. reported that biliary strictures 
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were confi ned to the intrapancreatic bile duct in 
51 % [ 2 ], and in a study from the UK, distal bile 
duct stricturing was found in 15/25 (60 %) AIP 
patients who had not undergone prior pancreati-
cobiliary surgery [ 4 ]. 

 There do not appear to be cholangiographic 
features of a distal bile duct stricture in IgG4-SC 
which allow a clear distinction from other benign 
etiologies, or malignant disease, and this has con-
tributed, in the setting of a pancreatic mass, to the 
assumption of pancreatic cancer. However, the 
fi nding of concomitant proximal biliary or pan-
creatic disease (mass or stricture) may offer a 
clue to the diagnosis of IgG4-SC/AIP (Fig.  15.1 ). 
A careful cholangiogram, suffi cient to delineate 
the hilar and second order bile ducts, should be 
considered in such cases.

   An important clue to the diagnosis of 
IgG4-SC may come from the appearance of the 
pancreatic duct at ERCP. As discussed, a distal 
bile duct stricture secondary to AIP may mimic 
pancreatic cancer. Several groups have assessed 
pancreatographic features that distinguish AIP 
from pancreatic cancer or other forms of chronic 
pancreatitis [ 7 ,  8 ]. Narrowing of the main pan-

creatic duct over >3 cm (or >1/3rd the duct 
length), multiple strictures, side branches aris-
ing from strictured main duct, and lack of 
upstream pancreatic duct dilatation all suggest a 
diagnosis of AIP [ 7 ,  8 ] (Fig.  15.2 ). Conversely, 
a short pancreatic duct stricture in the pancreatic 
head, adjacent to the distal bile duct stricture, 
and upstream main pancreatic duct dilatation of 
≥4 mm [ 7 ], suggests pancreatic cancer rather 
than IgG4-SC/AIP. There is of course a balance 
to be struck in terms of the role of a pancreato-
gram. While a pancreatogram may provide use-
ful diagnostic information, contrast injection 
(particularly with repeated injections) may 
induce pancreatitis [ 9 ]. We advocate pancrea-
tography for suspected IgG4-SC/AIP when the 
diagnosis is not otherwise possible.    A com-
pletely normal pancreatogram does not exclude 
the diagnosis of IgG4-SC. While 92 % of the 
IgG4-SC patients reported by Ghazale et al. [ 2 ] 
also had AIP, it is likely that the true frequency 
of AIP in patients with IgG4-SC is lower, as 
most previous reports have identifi ed biliary 
disease (i.e., IgG4-SC) in patients with an estab-
lished diagnosis of AIP.

  Fig. 15.1    ERCP in a patient with IgG4-SC and AIP, show-
ing a low bile duct stricture ( a ), diffusely narrowed main 
pancreatic duct ( b ), and intrahepatic duct strictures ( c )       

  Fig. 15.2    Pancreatogram in a patient with obstructive 
jaundice. Characteristic features of IgG4-SC/AIP are 
seen, including a stricture of the intrapancreatic portion of 
the bile duct ( broken arrow ), a diffusely narrowed main 
pancreatic duct, with multiple strictures ( bold arrow ), and 
no upstream pancreatic duct dilatation       
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       Role of ERCP in the Differential 
Diagnosis of IgG4-SC 

 The two most important, and diffi cult, diseases to 
differentiate from IgG4-SC are primary scleros-
ing cholangitis (PSC) and cholangiocarcinoma 
(CCA). The focus here is on the appearances at 
ERCP that may present confusion, or allow dis-
tinction, as the full diagnostic parameters that 
may be applied clinically are addressed 
elsewhere. 

 IgG4-SC may mimic PSC, and the similarities 
and differences between the two diseases have 
become the subject of interest over the last few 
years [ 10 – 12 ]. A possible clinical or diagnostic 
overlap between IgG4-SC and PSC may also be 
suggested by serum IgG4 levels, with raised 
serum IgG4 levels demonstrated in 9–36 % of 
patients with PSC [ 11 ,  13 ], a much higher fre-
quency than is seen in other types of pancreatico-
biliary disease [ 13 ]. While a pancreatic mass is 
not a feature of classical PSC, pancreatic duct 
abnormalities have been reported in 7–15 % of 
patients [ 14 ]. Classical PSC is associated with 
infl ammatory bowel disease (IBD) in 80 % of 
cases. While Japanese groups report minimal 
association between IgG4-SC and IBD, European 
groups have found IBD in >15 % of cases [ 4 ]. 

The presence of raised serum and tissue IgG4 
[ 11 ,  15 ] in PSC, and the extent of disease overlap 
(in particular between IgG4-SC and IgG4+ PSC), 
is reviewed elsewhere. In view of the common 
presentation of IgG4-SC in the sixth/seventh 
decade, with obstructive jaundice and imaging 
often showing complex biliary stricturing and 
infl ammatory mass lesions in the liver hilum, it is 
not surprising that the disease may be misdiag-
nosed as cholangiocarcinoma (CCA) [ 16 – 19 ]. In 
an important paper, Erdogan et al. showed that of 
185 patients who had undergone surgery for pre-
sumed hilar cholangiocarcinoma, 32 (17 %) had 
benign disease, and of these nearly 50 % (15/32) 
had features of IgG4-SC [ 20 ]. 

 Can ERCP help to distinguish IgG4-SC from 
PSC and CCA? Differences in biliary abnormal-
ity between IgG4-SC and PSC have been reported, 
including longer biliary strictures, associated dis-
tal bile duct stricturing in IgG4-SC (Figs.  15.1  
and  15.3 ), and predominant band-like strictures 
with beading in PSC [ 5 ]. In a study by Oh et al. 
[ 21 ], 16 patients with hilar/intrahepatic strictures 
due to IgG4-SC were compared with patients 
with PSC and with CCA. Biliary imaging fi nd-
ings suggestive of IgG4-SC included multifocal 
biliary tree involvement ( n  = 14),  concentric bile 
duct thickening with preserved  luminal patency 

  Fig. 15.3    ERCs in two patients with obstructive jaundice 
and HISORt criteria confi rming IgG4-SC. Both demon-
strate diffuse intrahepatic biliary disease, with multiple long 

strictures, in the absence of obvious beading or signifi cant 
dilatation       
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( n  = 13), and relatively mild proximal dilatation, 
despite prominent bile duct thickening ( n  = 11). 
Patients with IgG4-SC were also characterized by 
marked improvement of biliary strictures after 
steroid therapy. In a recent international study, 17 
clinicians with varying experience treating 
IgG4-SC from centers in the USA, Japan, and the 
UK were blinded to the correct diagnosis in 40 
preselected ERCs of patients with IgG4-SC, PSC, 
and cholangiocarcinoma. The clinicians were 
asked to give the diagnosis and to identify key 
cholangiographic features [ 22 ] (Fig.  15.4 ). The 
overall specifi city, sensitivity, and interobserver 
agreement for the diagnosis of IgG4-SC were 
88 %, 45 %, and 0.18 %, respectively. High speci-
fi city for diagnosing IgG4-SC using ERC implies 
that while particular cholangiographic features 
may support the diagnosis, the poor sensitivity 
suggests that, based on ERC alone, many patients 
with IgG4-SC who might benefi t from steroid 
therapy may be misdiagnosed with PSC or CCA. 
Misdiagnosis of IgG4-SC as CCA is well recog-
nized [ 19 ,  23 ,  24 ], often resulting in erroneous 
surgery. The insertion of uncovered (and there-
fore usually unremovable) metal biliary stents in 
patients with presumed CCA [ 25 ] without patho-
logical confi rmation should be avoided, where the 
possibility of nonmalignant causes, such as 
IgG4-SC, exists [ 26 ,  27 ].

    In conclusion, cholangiographic features may 
support a diagnosis of IgG4-SC, but defi nitively 

distinguishing IgG4-SC from other causes of 
benign and malignant disease, based on cholangi-
ography alone, is diffi cult. However, at ERCP, 
the endoscopist has the potential to advance the 
diagnosis further, by means of tissue acquisition 
(Table  15.1 ).

       Tissue Acquisition 

 ERCP often provides important cholangiographic 
and pancreatographic diagnostic information and 
allows endoscopic therapy for dominant biliary 
strictures. ERCP also has a vital role in tissue 
acquisition. Because of the diffi culty in diagnos-
ing IgG4-SC, and excluding malignancy based 
upon imaging and/or serology (e.g., serum IgG4 
levels), most include a tissue diagnosis into their 
diagnostic criteria [ 28 ]. 

 It is important to exclude malignancy in 
patients with suspected IgG4-SC, many of 
whom are older and presenting with stricture-
induced obstructive jaundice. Biliary brush 
cytology is mandatory in all patients at the time 
of ERCP. Brush cytology provides high 
 diagnostic specifi city for malignancy (98–
100 %), but relatively low sensitivity (59–62 %) 
[ 29 – 31 ]. Brush cytology provides greater 
 diagnostic yield for biliary strictures occurring 
secondary to CCA compared to those resulting 
from pancreatic cancer. In a series of 86 patients 

  Fig. 15.4    Representative ERCs of primary sclerosing 
cholangitis ( a ), IgG4-SC ( b ), and cholangiocarcinoma ( c ) 
used to assess the ability of observers to make a diagnosis 

of each disease, based on cholangiogram alone (From 
Kalaitzakis et al. [ 22 ])       
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with indeterminate biliary strictures, Glasbrenner 
et al. reported a sensitivity of 80% for CCA, but 
only 35.5% for pancreatic cancer [ 32 ]. In a series 
of 61 patients with PSC and dominant strictures, 
brush cytology reported as high-grade dyspla-
sia/adenocarcinoma showed 73 % sensitivity, 
95 % specifi city, and an 85 % positive predictive 
value for CCA [ 33 ]. 

 Published data on the role of biliary brush 
cytology in establishing the diagnosis of 
IgG4-SC/AIP are scanty, probably due to its low 
yield. Of 46 patients with proven IgG4-SC/AIP 
who have undergone ERCP at University College 
Hospital in London, the diagnosis could not be 
established in any patient with biliary brush 
cytology (GW, personal communication). 
Cytological analysis of EUS-guided fi ne needle 
aspirates was reported by Levy et al. to be insuf-
fi cient for diagnosis in AIP among patients where 
the diagnosis was established by EUS-guided 
Trucut biopsy [ 34 ]. The role of endoscopic ultra-
sound is discussed separately [ 34 ,  35 ]. 

 While brush cytology cannot diagnose 
IgG4-SC, the diagnosis may be established by 
ERCP or radiographically guided pinch biopsies 
taken from the biliary tree or papilla with identi-
fi cation of characteristic histological features, 
including an IgG4-positive lymphoplasmacytic 
infi ltrate [ 19 ,  36 ] [ 37 ]. In a study of 23 patients 
with IgG4-SC, Naitoh et al. demonstrated a lym-
phoplasmacytic infi ltrate in 17/17 (100 %) of 
patients undergoing intraductal biopsies at ERCP, 

although a diagnostically high IgG4-positive 
plasma cell infi ltrate was seen in only 3/17 (18 %) 
cases [ 38 ]. They also report a useful role for 
intraductal ultrasound with circular-symmetric 
wall thickness, a smooth outer and inner margin, 
and a homogeneous internal echo within a biliary 
stricture strongly suggesting IgG4-SC, compared 
to cholangiocarcinoma ( p  < 0.01). They also 
noted that a bile duct wall thickness of >0.8 mm 
in non-strictured regions strongly suggested 
IgG4-SC (sensitivity 95.0 %, specifi city 90.9 %, 
accuracy 93.5 %) [ 38 ]. 

 Peroral direct cholangioscopy allows visual-
ization of the biliary mucosa and directed biop-
sies and is acquiring an emerging role in the 
assessment of biliary strictures [ 39 ] (Fig.  15.5a, b ). 
It has been proposed as having a specifi c role in 
the assessment of strictures in patients with scle-
rosing cholangitis [ 40 ]. Although a high degree 
of accuracy in differentiating benign from malig-
nant strictures through visualization alone has 
been reported [ 41 ], it is likely that the greatest 
utility arises from visually targeted biopsy. In a 
retrospective study of 134 patients undergoing 
peroral cholangioscopy and intraductal biopsy, 
Itoi et al. found a sensitivity of 99.0 %, specifi c-
ity of 95.8 %, and positive predictive value of 
99.0 % for malignancy [ 42 ]. We have diagnosed 
one patient with IgG4-SC, based on cholangiog-
raphy and cholangioscopically directed 
Spybite™ biopsy (GW, personal communica-
tion. Figure  15.5c, d ).

   The systemic nature of many cases of IgG4-SC 
and the similar histological pattern of all involved 
tissues [ 43 ] provide the potential for diagnosis 
based on endoscopic biopsies from outside the 
biliary tree. An increased propensity for gastric 
ulceration has been reported in patients with 
IgG4-SC/AIP [ 44 ], and an IgG4-positive 
 lymphoplasmacytic infi ltrate may be found [ 45 ]. 
A specifi c search for gastric ulcers should be 
made at the time of ERCP for suspected IgG4-SC. 
Probably the most fruitful source of extrabiliary 
biopsies is from the duodenal papilla. In a small 
initial study, Kamisawa et al. demonstrated high 
levels of IgG4+ plasma cells (>10/high power 
fi lm) in biopsies from the duodenal papilla in all 
3 patients with AIP, compared with absent or low 

   Table 15.1    Causes of biliary stricturing   

 Pancreatic cancer a   Acute/chronic 
pancreatitis a  

 Cholangiocarcinoma  Lymphoma 
 Autoimmune pancreatitis a   Ampullary tumor/

stenosis a  
 Primary sclerosing cholangitis  Iatrogenic 
 IgG4-associated cholangitis  Stone disease 
 Sarcoidosis  Mirizzi’s syndrome 
  Clonorchis  infection  Ischemia 
 Metastatic disease  HIV cholangiopathy 
 Hepatocellular carcinoma  Tuberculosis 
 Hilar nodes  Gallbladder cancer 
 Peri-choledochal varices/cavernoma 

   a Predominant involvement of lower bile duct  
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levels in controls [ 46 ], and these fi ndings have 
been supported by a larger study from the same 
group, with an IgG4-positive infi ltrate in 80 % of 
patients with AIP [ 47 ]. A ratio of IgG4+/IgG+ 
plasma cells within the ampulla of >0.10 pro-
vides a diagnostic sensitivity and specifi city of 
86% and 95 %, respectively, when compared to 
adenocarcinoma and other forms of chronic 
 pancreatitis [ 48 ]. While the duodenal papilla may 
appear swollen endoscopically in IgG4-SC/AIP 
[ 49 ], characteristic histological fi ndings may be 
found even if it appears endoscopically normal. 
Endoscopic biopsy of the duodenal papilla is 
straightforward and very low risk, and although 
evidence for characteristic fi ndings has to date 
largely been derived from patients with AIP, 
rather than specifi cally those with IgG4-SC, it is 

our practice to take ampullary biopsies, and 
immunostain for the presence of an IgG4+ lym-
phoplasmacytic infi ltrate, in any patient undergo-
ing ERCP for suspected IgG4-SC.  

    ERCP and Response to Treatment 

 There are no randomized placebo-controlled data 
regarding the therapy of IgG4-SC. Nevertheless, 
a response to steroids is a central component of 
the HISORt criteria for IgG4-SC [ 28 ], and chol-
angiographic improvement can be gratifying and 
occasionally dramatic. In addition to resolution 
of distal bile duct stricturing (often in association 
with resolution of the pancreatic enlargement 
associated with AIP), marked improvement may 

  Fig. 15.5    Peroral direct cholangioscopy, using Spyglass™ 
cholangioscope and Spybite™ biopsy forceps ( a ), allows 
visualization and directed biopsies in a patient with sus-

pected IgG4-SC ( b ). Intraductal biopsies showed a fl uoric 
lymphoplasmacytic infi ltrate ( c ), with immunostaining dem-
onstrating >10 IgG4+ plasma cells/high power fi lm ( d )       
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  Fig. 15.6    ERC in a patient with IgG4-SC and signifi cant extrahepatic biliary stricturing ( a ). Considerable improve-
ment is seen after 3 months of steroid therapy ( b )       

  Fig. 15.7    ERC in a patient with IgG4-SC and signifi cant intrahepatic biliary stricturing (a). Considerable improvement 
is seen after steroid therapy (b)          

be seen within the rest of the extrahepatic 
(Fig.  15.6a, b ) and intrahepatic biliary tree 
(Fig.  15.7a, b ). Although there is no consensus 
on steroid regimens, most groups from Japan, 
Europe, and the USA administer oral Prednisolone 
30–40 mg daily [ 28 ,  50 – 52 ], and a clinical and 
cholangiographic improvement is usually seen 
within 4 weeks. It is unclear what factors deter-
mine a favorable response and hence which 

patients should be selected for treatment. Patients 
with recent-onset disease, with acute jaundice, 
and demonstrable change in imaging over a short 
period of time seem most likely to respond. This 
probably refl ects the predominant infl ammatory, 
rather than fi bro-stenotic, nature of early disease. 
In contrast, long-standing, static disease, which 
has been present for years, appears to respond 
less well. Nevertheless, steroid therapy for 
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patients with established biliary cirrhosis secondary 
to IgG4-SC may show marked improvement in 
liver synthetic function [ 4 ]. High levels of serum 
IgG4 may normalize as the disease activity of 
AIP settles, either spontaneously or in response 
to steroids [ 53 ]. It remains to be proven whether 
raised pretreatment serum IgG4 in IgG4-SC pre-
dicts a favorable response to steroids.

    Just as a response to steroids is a diagnostic 
feature of IgG4-SC, resolution or signifi cant 
improvement of dominant biliary strictures is a 
characteristic feature. In those patients who 
have required an initial ERCP (for biliary stent-
ing) and been commenced on steroids, our prac-
tice is to repeat the ERCP after 6 weeks. 
Resolution of jaundice, marked improvement in 
liver function tests, and signifi cant improve-
ment/resolution of distal bile duct stricturing are 
characteristically seen. If this has not occurred 
and certainly if stricturing has worsened, an 
alternative diagnosis to IgG4-SC should be 
actively sought. It may be that not all patients 
presenting with biliary obstruction and a new 
diagnosis of IgG4-SC require an ERCP. If the 
diagnosis can be established promptly (e.g., on 
the basis of classical pancreaticobiliary imag-
ing, a raised serum IgG4, and other organ 
involvement), then steroid therapy may be com-
menced without the inherent risks of ERCP. 
Nevertheless, close monitoring is essential, in 
view of the risks of biliary sepsis in the setting 
of steroid therapy and biliary obstruction. In 
those in whom ERCP is deemed necessary (for 
both diagnostic and therapeutic purposes), it is 
not clear how dominant biliary strictures should 
be managed.    Although there is a move towards 
balloon dilatation, rather than endoscopic stent-
ing, in the management of dominant strictures in 
PSC [ 54 – 56 ], it is our practice to use stent short 
term rather than perform balloon dilatation, in 
patients newly diagnosed with IgG4-SC. This is 
due to the rapidly reversible nature of strictur-
ing, with steroids, particularly in those patients 
with recent-onset disease. In our own experience 
(GW, personal communication), 10F plastic 
stents spontaneously migrate from distal biliary 
strictures within 6 weeks in >60% of patients 
following the introduction of steroids, again 
refl ecting the steroid response. ERCP should not 

be routinely used to assess cholangiographic 
response to treatment, unless there is a specifi c 
need for intervention (e.g., stent change). 

 Clinical relapse may occur after an initial 
course of steroids for AIP, with recent studies 
reporting this in 24–68 % of cases [ 57 ]. Of note, 
predictors of AIP relapse include failure of serum 
IgG4 levels to fall during steroid therapy and 
extrapancreatic disease, in particular biliary dis-
ease (i.e., IgG4-SC). In our own series from 
London, 54 % of patients with AIP who also had 
IgG4-SC subsequently relapsed or failed to wean 
steroids, compared to no relapse among AIP 
patients with isolated pancreatic disease [ 4 ]. This 
fi nding is similar to that of the Mayo Clinic, 
which demonstrated relapse in 53 % of IgG4-SC 
patients after an initial course of steroids. 
Proximal biliary stricturing more strongly pre-
dicted relapse than distal bile duct stricturing 
(64 % vs. 32 %) [ 28 ]. In those developing jaun-
dice/biliary obstruction as the clinical manifesta-
tion of relapse, repeat ERCP may be necessary, 
both to enhance biliary drainage and to exclude 
the development of a malignant stricture (mind-
ful that malignancy has been occasionally associ-
ated with AIP [ 58 – 60 ]). Biliary brush cytology 
should be taken from all dominant strictures. 
Endoscopic therapy is similar to that at fi rst pre-
sentation. The medical management of relapse of 
IgG4-SC/AIP is discussed elsewhere.   

    EUS/IDUS 

    Ultrasonographic Features 
of IgG4-SC on EUS/IDUS 

 EUS and IDUS provide detailed images of the 
bile duct wall. The features to observe in EUS/
IDUS are the following [ 38 ,  61 ]: (1) origin (wall 
thickness, extrinsic compression), (2) symmetry 
(circular-symmetric, circular-asymmetric, semi-
circular), (3) outer margin (smooth, notched), (4) 
inner margin (smooth, prickled, rigid, or papil-
lary), (5) internal echo (homogeneous, linear- 
high, or heterogeneous), and (6) the bile duct 
wall thickness. Although EUS is useful to evalu-
ate bile duct abnormalities, IDUS more readily 
evaluates “symmetry.” 
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 The typical EUS feature of the bile duct in 
IgG4-SC/AIP is a homogeneous, regular thicken-
ing of the bile duct wall, which is characterized 
by an echopoor intermediate layer and hyper-
echoic outer and inner layers [ 62 – 64 ] (Fig.     15.8 ). 
Furthermore, characteristic bile duct wall thick-
ening (diffuse and uniform thickening, circular- 
symmetric thickening) is generally recognizable 
on IDUS (Fig.  15.9 ). Naitoh et al. [ 38 ] reported 
that the origin of hilar strictures was wall thick-
ening in all 9 of the patients (100 %) examined 
using IDUS. Moreover, the symmetry was 
circular- symmetric in 6 patients (67 %) and 
circular- asymmetric in 3 (33 %). In addition, a 
smooth outer margin and a smooth inner margin 
in the stricture are specifi c fi ndings in EUS/
IDUS. The internal echo in the thickening wall, 
whether it is homogeneous or heterogeneous, 
remains controversial.

    The wall thickening can be visualized even if 
a cholangiogram on ERCP does not demonstrate 
a bile duct stricture. Slight sclerogenic changes 
of the extrapancreatic bile duct might not be 
clearly visible on ERCP. Naito et al. [ 38 ] 
 evaluated the IDUS fi ndings on proximal-mid-
dle CBD, where ERCP showed a normal appear-
ance in 20 patients. The symmetry was 
circular- symmetric in 16 patients (80%) and 
circular- asymmetric in 4 (20 %). When they 
regarded wall thickness greater than 1 mm as 
indicating wall thickening, wall thickening was 

observed in 17 patients (85 %). From these data, 
it is considered that IDUS is superior to ERCP 
for evaluation of ductal change in IgG4-SC. 

 Contrast-enhanced EUS (CE-EUS) is increas-
ingly performed. Hyodo et al. [ 65 ] evaluated 
CE-EUS fi ndings of bile duct in fi ve patients 
with AIP. They found that wall thickening is 
strongly enhanced by CE-EUS from 30 s after 
administration of contrast medium for ultra-
sound, peaking at 120 s in all patients. Moreover, 
in three patients, IDUS imaging showed concen-
tric bile duct wall thickening with smooth con-
fi guration of the outermost layer, similar to that 
observed on EUS imaging. In addition, the thick-
ened bile duct wall was markedly enhanced with 
contrast medium on IDUS.  

    Role of EUS and IDUS in the 
Differential Diagnosis of IgG4-SC 

 EUS and IDUS enable visualization of the entire 
extrahepatic bile duct and may establish the 
 diagnosis of a biliary stricture. As described 
above, ultrasound can reveal slight bile duct 
abnormalities, which are not normally detected by 
cholangiography. Hirano et al. reported [ 66 ] not 
only sclerogenic changes on ERCP but also wall 
thickening detected by IDUS or EUS as  indicating 
biliary involvement in AIP. Furthermore, the fre-
quency of biliary involvement in AIP was reported 

  Fig. 15.8    EUS fi ndings in IgG4-SC. EUS demonstrates 
the diffuse thickening of the biliary wall ( between arrows ) 
of common bile duct with the following features ( a ,  b ): 

homogeneous and regular thickening which is character-
ized by an hypoechoic intermediate layer and hyperechoic 
outer and inner layers       
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as 73.9 %, although it was 26.6 % if evaluation 
was made solely using ERCP. Therefore, ultra-
sound is an indispensable modality for the diagno-
sis of biliary abnormalities. 

 The most important role of EUS/IDUS in the 
differential diagnosis of IgG4-SC is the discrimina-
tion of IgG4-SC from PSC and/or cholangiocarci-
noma. Biliary strictures can mimic both sclerosing 
cholangitis and biliary cancer. Fundamentally, 
EUS/IDUS fi ndings showing circular-symmetric 
wall thickness, with inner and outer smooth mar-
gins, were typical for IgG4-SC. 

 Regarding discrimination from PSC, Kubota 
et al. [ 67 ] recently evaluated characteristic IDUS 
features that might discriminate eight patients 

with PSC from nine patients with IgG4-SC/AIP. 
The outcomes of IDUS (IgG4-SC/AIP vs. PSC) 
were as follows: symmetrical thickness, 89 % 
(8/9) vs. 25 % (2/8); wall thickness (mm), 3.0 
+/−1.0 vs. 2.1+/−0.7; heterogeneous internal 
echo, 66.7 % (6/9) vs. 22.2 % (2/9); and lateral 
mucosal lesions continuous to the hilar, 55.6 % 
(5/9) vs. 11.1 % (1/9). Symmetrical thickness of 
the bile duct, a heterogeneous internal echo, and 
the presence of lateral mucosal lesions continu-
ous to the hilar were signifi cantly more detected 
in cases of IgG4-SC/AIP than in PSC ( p  < .05). 
Furthermore, the wall thickness tended to be 
more prominent in IgG4-SC/AIP than in 
the PSC. 

  Fig. 15.9    IDUS fi ndings in IgG4-SC. Cholangiogram on 
ERCP shows intrahepatic and extrahepatic strictures. IDUS 
reveals the diffuse wall thickening of biliary duct in not 
only stricture but also normal appearance on cholangio-
gram. ( a ) IDUS shows circular-symmetric wall thickness 
in hilar stricture (line A). ( b ) IDUS shows slight wall thick-

ness in middle extrahepatic bile duct in which cholangio-
gram is normal (line B). ( c ) IDUS shows wall thickness in 
the lower part of bile duct (line C); circular-symmetric 
thickening and smooth outer/inner margin with homoge-
neous internal echo       
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 Regarding discrimination of bile cancer, 
Naitoh et al. [ 38 ] evaluated IDUS fi ndings in 23 
patients with IgG4-SC. Their results show that 
circular-symmetry, wall thickness, smooth inner 
and outer margins, and a homogeneous interme-
diate layer within the stricture were signifi cantly 
more common in AIP than in cholangiocarci-
noma. The wall thickness in non-strictured 
regions of IgG4-SC was signifi cantly greater 
than that in cholangiocarcinoma. Therefore, bile 
duct wall thickness exceeding 0.8 mm in regions 
of non-stricture on the cholangiogram was highly 
suggestive of IgG4-SC. In addition, Hyodo et al. 
[ 65 ] demonstrated that CE-EUS and IDUS 
showed an infl ammatory pattern of the bile duct 
wall, with a long-lasting enhancement starting in 
the early phase instead of the poor enhancement 
found in bile duct cancer.  

    EUS/IDUS and Response to Treatment 

 A change in the bile duct wall thickening after ste-
roid therapy is regarded as an important feature 
for evaluating the therapeutic response. After 
 initiation of steroid therapy, repeat EUS/IDUS 
shows attenuation of the bile duct thickening, 
whereas follow-up by CE-EUS reveals reduced 
enhancement of the bile duct wall, which refl ects 
resolution of the infl ammatory process with treat-
ment [ 65 ]. However, Hoki et al. [ 64 ] reported that 
wall thickening persisted to some degree in almost 
all patients for an average of 5 months, even after 
steroid therapy. It remains unclear whether these 
changes are controllable using long-term therapy. 
Nevertheless, if the wall thickness does not 
improve at all after steroid therapy, then further 
assessment for malignancies is required.      
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     Abbreviations 

   AIH    Autoimmune hepatitis   
  AIP    Autoimmune pancreatitis   
  ALP    Alkaline phosphatase   
  CCA    Cholangiocarcinoma   
  IBD    Infl ammatory bowel disease   
  IgG 4 -SC    IgG 4 -related sclerosing cholangitis   
  ISD    IgG4 systemic disease   
  PSC    Primary sclerosing cholangitis   
  UC    Ulcerative colitis   

          Introduction 

 IgG 4 -related disease (IgG 4 -RD) is a relatively 
newly described entity. Although autoimmune 
   pancreatitis (AIP) is its best characterized and 
most widely recognized manifestation, extrapan-
creatic lesions are common, such as cholangitis 

(sometimes sclerosing),    sialadenitis, and retro-
peritoneal fi brosis. Thus, AIP has been consid-
ered to be the pancreatic manifestation of 
IgG 4 -RD. Patients with biliary strictures similar 
to those that occur in primary sclerosing cholan-
gitis (PSC), with concomitant pancreatic involve-
ment, were reported in the early 1960s [ 1 ,  2 ]. 
Since the original reports, a wide variety 
of descriptive names appeared in the literature 
[ 3 ,  4 ]. “PSC mimicking chronic pancreatitis,” 
“lymphoplasmacytic sclerosing pancreatitis 
with cholangitis” [ 5 ], “sclerosing pancreato- 
cholangitis” [ 7 – 11 ], “lymphoplasmacytic scle-
rosing cholangitis without pancreatitis” [ 12 ], 
“immunoglobulin G4-related lymphoplasma-
cytic sclerosing cholangitis,” and “autoimmune 
pancreatitis-associated sclerosing cholangitis,” to 
name only a few. Patients with biliary strictures 
without pancreatic involvement, both intrahe-
patic and hilar, have been well documented 
[ 12 – 16 ]. In the fi rst comprehensive review of 
the biliary manifestations of IgG4-associated 
systemic disease, we coined the term “IgG 4 - 
associated cholangitis (IAC)” [ 3 ]. Subsequently 
the term “IgG4-related sclerosing cholangitis 
(IgG4-SC)” has been proposed for this entity 
even though biliary strictures diagnosed and 
treated with steroids early in the course can 
resolve and disappear after successful therapy. 
Since our original report [ 3 ], other reviews have 
been published that focus both on the clinical, 
pathological, and immunological and on the 
 systemic nature of this condition [ 4 ,  17 – 23 ]. 
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 There is currently no published consensus that 
defi nes IgG 4 -SC. Clinically it can best be 
described as “biliary strictures that respond to or 
improve with steroid therapy,” and IgG4-SC is 
histologically characterized by infi ltration of 
IgG4-bearing plasma cells [ 3 ,  4 ]. Most patients 
with IgG 4 -SC have elevated serum levels of IgG4 
[ 3 ,  4 ,  17 – 23 ]. However, strict criteria for IgG 4 -SC 
are lacking. Although biliary strictures in 
IgG 4 -SC typically respond to steroids, some 
strictures are refractory to steroid therapy. It is 
conceivable that long-standing IgG 4 -SC may be 
dominated by fi brosis, which is one of the histo-
logical distinguishing features of IgG 4 -SC but 
which may no longer resolve with steroids. The 
long-term effect of immunosuppressive therapy 
in these patients has not been reported, and the 
natural history after treatment that has been initi-
ated is not well known. Because biliary strictures 
in IgG 4 -SC and those in classic PSC seem to be 
indistinguishable by cholangiography alone, it is 
somewhat unclear and controversial if IgG 4 -SC 
and PSC represent variations of the same disease 
spectrum or are separate entities [ 3 ,  4 ,  17 – 23 ]. 
Recent guidelines for PSC from the American 
Association for the Study of the Liver (AASLD) 
suggest measurement of serum IgG4 levels for all 
patients with possible PSC, to rule out IgG4- 
associated cholangiopathy [ 24 ]. Thus, the exis-
tence and the recognition of IgG 4 -SC are not only 
of great academic interest but also of great thera-
peutic importance because these patients whether 
or not called PSC typically show steroid respon-
siveness which classic PSC does not.  

    Epidemiology 

 Epidemiological data on IgG4-associated sys-
temic disease, both AIP and IgG 4 -SC, are largely 
lacking. No prospective studies on all patients in 
a population-based sample, including patients 
with both primary and secondary sclerosing chol-
angitides, exist in whom serum IgG4 measure-
ments have been undertaken. Previous 
epidemiological studies, reporting prevalence 
fi gures among patients with biliary strictures, 

have mostly been on patients diagnosed with 
PSC. PSC is a rare disorder and the highest point 
prevalence reported to date was 16 cases per 
100,000 in the total adult population [ 25 ]. 
A single- center study from Canada demonstrated 
that among PSC patients diagnosed and identi-
fi ed from 1972 to 2003, 5/72 (7 %) had associ-
ated pancreatic problems [ 26 ].    These pancreatic 
disorders included pancreatic insuffi ciency and 
acute pancreatitis, and three patients had a pan-
creatic mass. The patients presenting with a pan-
creatic mass were initially suspected on 
radiological and clinical grounds to have a pan-
creatic malignancy but were found to have a pan-
creatic pseudotumor associated with PSC [ 27 ] 
and therefore fulfi lling at least some of the crite-
ria for IgG 4 -SC. From the same center, a recent 
analysis of 168 patients with radiological or 
biopsy-proven sclerosing cholangitis showed that 
classic large-duct PSC was present in 63 %, 
small-duct PSC in 8 %, overlap with autoimmune 
hepatitis (AIH) in 11 %, and secondary scleros-
ing cholangitis in 18 % [ 27 ]. Interestingly among 
the heterogeneous group of secondary etiologies, 
14/30 (47 %) were diagnosed with IgG 4 -SC [ 27 ]. 
Thus, 8 % of the total study population of scle-
rosing cholangitis had IgG 4 -SC according to 
these results [ 27 ]. In a multicenter study of 
Japanese PSC patients diagnosed between 1975 
and 2004, altogether 28/388 (7 %) patients were 
found to have PSC associated with AIP [ 28 ]. 

 Serum IgG4 levels were measured in a large 
cohort of PSC attending the Mayo Clinic in 
Rochester, MN ( n  = 128), from stored samples 
[ 29 ]. Elevated levels were found in 9 % of the 
PSC patients whereas this was only found in one 
of 87 (1.1 %) PBC patients [ 29 ].  

    Clinical Presentation 

 Since 1999, a prospective database on patients 
investigated for AIP has been maintained at the 
Mayo Clinic [ 16 ]. From this database, the largest 
cohort of IgG 4 -SC patients was recently reported 
[ 16 ]. The mean age was 62 years, with 83 % 
older than 50 years of age and 85 % were of 
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male gender. The most common clinical features 
on presentation were obstructive jaundice in 
approximately 80 % of patients, weight loss in 
50 %, as well as steatorrhea in 15 % and less 
commonly diabetes mellitus and abdominal pain 
[ 16 ]. Similar results have been observed in other 
 studies which have demonstrated that obstructive 
jaundice is the most common presentation [ 6 ,  7 , 
 10 ,  11 ,  13 ,  28 ]. Many patients presenting with 
distal biliary strictures and a pancreatic mass 
and/or hilar strictures have been suspected to 
have a pancreatic malignancy or cholangiocarci-
noma and have been operated on in the past. It 
was therefore only after major surgery such as 
pancreatoduodenectomy that their IgG 4 -SC was 
detected [ 12 ,  13 ,  30 ]. 

 In a more recent study, in which PSC patients 
were systematically screened with IgG4 mea-
surements, approximately 50 % of patients with 
classic PSC who had elevated IgG4 levels pre-
sented with jaundice and 17 % had concomitant 
pancreatic disorders [ 15 ].  

    IgG 4 -SC and PSC 

 As previously stated, it is controversial and some-
what unclear if IgG 4 -SC and PSC represent varia-
tion of the same disease spectrum or are separate 
conditions [ 3 ,  4 ,  17 – 23 ]. Demographics, clinical 
features, and associated conditions of IgG 4 -SC 
seem to vary depending on whether patients are 
referred to a pancreatic clinic and investigated for 
AIP [ 16 ] or whether they found to have biliary 
strictures and considered to have PSC [ 15 ]. 
Intrahepatic strictures were observed in only 
19/53 (36 %) in those investigated for AIP [ 16 ], 
but both intrahepatic and extrahepatic strictures 
were found in all PSC patients with elevated IgG4 
serum levels [ 15 ], and only 4/24 (17 %) had an 
associated pancreatic disorder [ 15 ]. Only 6 % of 
the patients reported in the study by Ghazale et al. 
[ 16 ] had infl ammatory bowel disease (IBD), 
whereas 75 % of PSC patients with elevated IgG4 
levels had IBD [ 15 ], similar to other series of clas-
sic PSC patients [ 25 ]. This is in sharp contrast 
with IgG 4 -SC patients in Japan who do not seem 

to have associated IBD [ 11 ,  19 ,  23 ,  31 ]. Recently, 
two HLA identical siblings exhibiting features of 
IgG 4 -SC together with ulcerative colitis were 
reported from Belgium [ 32 ]. Thus, IBD- associated 
IgG 4 -SC may in some cases be a part of IgG 4 -RD 
highly responsive to steroid therapy [ 32 ]. 

 Only a few studies have systematically 
assessed and reported the prevalence of elevated 
IgG4 serum levels in patients with PSC. In the 
fi rst study of this kind, IgG4 levels were mea-
sured in stored sera from a large cohort of PSC 
patients ( n  = 128) and elevated levels were found 
in 9 % of these patients [ 29 ]. A total of 33/285 
(11.6 %) consecutive PSC patients seen and 
tested for IgG4 at the Mayo Clinic had elevated 
IgG4 levels (>140 mg/dL) during the period 
2006–2008 [ 15 ]. In a recent population-based 
study of PSC patients from Sweden (published in 
abstract) [ 33 ], 7/111 (6.3 %) presented with IgG4 
levels above the upper normal limit. Three out of 
these had signs of other organ involvement 
including autoimmune pancreatitis ( n  = 2) and 
sialadenitis ( n  = 1) suggesting IgG4-associated 
systemic disease. Patients with elevated serum 
IgG4 levels had a signifi cantly greater frequency 
of combined involvement of both intra- and 
extrahepatic bile ducts on cholangiography (86 
vs. 38 %;  p  = 0.02) and jaundice at diagnosis (57 
vs. 13 %,  p  = 0.01). There was no signifi cant dif-
ference in gender distribution, age at diagnosis 
(42 vs. 38 years), prevalence of IBD (57 vs. 
73 %), or prevalence of other symptoms at diag-
nosis (i.e., cholangitis, pruritus, and abdominal 
pain) in IgG4-positive versus negative patients. 
The clinical picture at presentation of IgG4- 
positive and IgG4-negative patients was very 
similar in this and other series [ 15 ,  29 ], and anal-
ysis of IgG4 is therefore recommended in patients 
presenting with a suspicion of PSC. However, 
overall features of IgG 4 -SC distinct from PSC 
suggest that IgG 4 -SC affects older subjects more 
than PSC, obstructive jaundice is more common 
in IgG 4 -SC, IgG 4 -SC is more commonly associ-
ated with AIP but less with IBD, and last, but 
most importantly, IgG 4 -SC is in most cases ste-
roid responsive. Comparison between IgG 4 -SC 
and PSC is shown in Table  16.1 .
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   IgG4-positive plasma cell infi ltrates in liver 
explants from patients with PSC who had under-
gone liver transplantation for severe liver disease 
were recently analyzed [ 34 ]. Twenty-three 
(23 %) of liver explants showed periductal infi l-
tration with IgG4-positive plasma cells and 18 
cases (22 %) had elevated serum IgG4 levels, 
including eight false positives [ 34 ]. IgG4 positiv-
ity in the liver correlated strongly with moderate- 
marked periductal lymphoplasmacytic 
infl ammation. None of the explants, however, 
showed histological features of IgG 4 -SC. It is 
conceivable that end-stage IgG 4 -SC could lose 
the characteristic features. Similarly, it can be 
very diffi cult to histologically distinguish end- 
stage PSC from other chronic biliary disorders 
[ 34 ]. It is possible that steroids might be helpful 
in early phases of PSC. Patients with PSC/AIH 
overlap can respond to steroids [ 35 ,  36 ], and PSC 
in children has unique features in children show-
ing good response to immunosuppression [ 37 ].  

    Diagnosis 

 No consensus exists for diagnostic criteria for 
IgG 4 -SC. In clinical practice, the diagnosis of 
IgG 4 -SC should be suspected in patient with 
obstructive jaundice due to a single or multiple 
biliary strictures in whom there is pancreatic dis-
ease or possible other organ involvement such as 
retroperitoneal fi brosis. The most important dif-
ferential diagnoses are cholangiocarcinoma in a 

patient without a pancreatic manifestation and 
pancreatic malignancy when imaging shows pan-
creatic enlargement, pancreatic duct irregulari-
ties, or pancreatic tumor. Laboratory evaluation 
at baseline should include serum IgG4 and Ca 
19-9. However, IgG4 levels may be elevated in 
other conditions including pancreatic cancer [ 38 , 
 39 ]. Very high levels of CA 19-9 (>400 U/mL) 
suggest cholangiocarcinoma (CCA) but high CA 
19-9 levels have also been reported in IgG 4 -SC 
[ 10 ]. Once malignancy has been ruled out with 
appropriate diagnostic tests, PSC and IgG 4 -SC 
are the most important differential diagnoses. 

 Clinicopathological features of patients with 
IgG 4 -SC and PSC have been compared [ 11 ,  31 ]. 
Strictures of the lower common bile duct are 
more common in IgG 4 -SC than in PSC [ 11 ]. 
Apart from the fact that patients with IgG 4 -SC 
tend to be older and have higher IgG4 levels than 
those with PSC, the cholangiographic appear-
ance may differ as well [ 31 ]. Segmental strictures 
and strictures in the distal third of the extrahe-
patic bile duct were common in the IgG 4 -SC 
group, whereas band-like strictures with beaded 
and pruned-tree appearance of intrahepatic ducts 
were observed more commonly among PSC 
patients [ 31 ]. The sensitivity and specifi city of 
the cholangiographic features of IgG 4 -SC in 
comparison with PSC and CCA were recently 
assessed in a multicenter study [ 40 ]. 
Cholangiograms obtained during endoscopic ret-
rograde cholangiography (ERC) of patients with 
a defi nitive diagnosis of IgG 4 -SC, PSC, and CCA 
from centers in the USA, Japan, and the UK were 
compared by experienced endoscopists unaware 
of clinical diagnoses [ 40 ]. The specifi city of ERC 
for detecting IgG 4 -SC was high and did not differ 
signifi cantly between centers. However, sensitiv-
ity was uniformly low in all centers. Neither 
reviewer specialty (endoscopist vs. radiologist) 
nor years of experience had any statistically sig-
nifi cant effect on accuracy. Although intraob-
server agreement was generally very good, the 
interobserver agreement was poor. It was con-
cluded that the high specifi city for diagnosing 
IgG 4 -SC using ERC suggests that particular 
 cholangiographic features support the diagnosis. 

   Table 16.1    Comparison between clinical characteristics 
and biochemical fi ndings in IAC and classic PSC   

  IgG   4   -SC   Classic PSC 

 Older age  +++  + 
 Jaundice at presentation  +++  + 
 Pancreatic disorder  +++  + 
 Other organ involvement  +++  ++ 
 Association with IBD  +  +++ 
 Association with AIP  +++  – 
 Association with CCA  –  +++ 
 Elevated IgG4  +++  + 
 Response to steroids  +++  + 
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Poor sensitivity suggests that many patients with 
IgG 4 -SC, who might benefi t from steroid therapy, 
may be misdiagnosed with CCA or PSC. From 
these results, it seems that additional diagnostic 
strategies, including histology, are likely to be 
important in distinguishing these diseases. 
Diagnostic criteria have been proposed for AIP 
which require histology [ 38 ,  39 ]. Histology may 
be obtained via EUS TCB of the pancreas or 
from intraductal biopsy of the bile ducts. In a 
recent study of PSC patients with elevated serum 
IgG4 serum levels, 6/8 (75 %) of bile duct biop-
sies stained for IgG4 were positive [ 15 ]. These 
biopsies were mostly obtained in order to exclude 
CCA in a patient with a known PSC. If there is a 
clear indication for histology from the bile duct 
to exclude CCA, a positive staining for IgG4 in a 
patient without CCA supports the diagnosis of 
IgG 4 -SC. However, moderate IgG4-positive bile 
duct plasma cell infi ltrates were observed in 7 of 
38 (18 %) of non-PSC-related cholangiocarci-
noma specimens [ 34 ]. Liver histology has been 
proposed to be of value of distinguishing IgG 4 -SC 
and PSC [ 31 ]. IgG4-positive cell infi ltration was 
as expected more severe in IgG 4 -SC than in PSC, 
and none of the IgG 4 -SC patients had advanced 
liver fi brosis, corresponding to Ludwig’s stages 3 
and 4. Fibrous obliterative cholangitis was 
observed only in PSC [ 31 ]. Positive IgG4 immu-
nostaining in liver biopsies from PSC was only 
found in a minority of patients with elevated 
serum IgG4 levels in previous studies [ 15 ,  29 ]. 
However, liver biopsies were not necessarily 
obtained at the same time as the serologic evalu-
ation of IgG4 levels, which makes a fi rm conclu-
sion regarding the value of liver histology in 
these patients unclear. Recently, liver histology 
was compared between IgG 4 -SC and PSC 
patients in a Japanese study [ 41 ]. Small bile duct 
involvement of IgG 4 -SC was defi ned histologi-
cally as damage small bile ducts associated with 
infi ltration of ≥10 IgG4-positive plasma cells per 
high-power fi eld (HPF). Clinicopathological 
characteristics were compared between IgG 4 -SC 
patients with and without small bile duct involve-
ment. Small bile duct involvement was observed 
in 5 (26 %) of the patients with IgG 4 -SC. Patients 

with small bile duct involvement showed a higher 
incidence of intrahepatic biliary strictures on 
cholangiography (80 vs. 21 %,  p  = 0.038). 
Conversely, 4 of 7 (57 %) patients with intrahe-
patic biliary strictures on cholangiography had 
histologically evident small duct involvement. 
The number of IgG4-positive plasma cells was 
signifi cantly correlated with the site of the most 
proximal stricture on cholangiograms. The num-
ber of IgG4-positive plasma cells per HPF was 
signifi cantly higher in IgG 4 -SC patients with 
intrahepatic biliary strictures than in those with 
PSC (13.4 vs. 0.4 cells/HPF,  p  < 0.001). 
According to these results, involvement of small 
bile ducts is more frequent in patients with intra-
hepatic biliary strictures on cholangiography, and 
liver biopsy could be of value in these patients. 

 In general the diagnosis of IgG 4 -SC should be 
suspected with intrahepatic or proximal extrahe-
patic bile duct strictures or multifocal biliary 
strictures with a concomitant pancreatic disease. 
However, although pancreatic manifestations 
seem to be common in IgG 4 -SC, these patients 
can have very similar biliary strictures as patients 
with CCA and PSC. In the study of patients with 
elevated IgG4 levels, the clinical and cholangio-
graphic features were not different from other 
PSC patients with normal IgG4 levels [ 15 ]. 
Important aspects for the diagnosis and manage-
ment of suspected IgG 4 -SC are shown in Fig.  16.1 .

       Treatment 

 Resolution of jaundice and improvement in liver 
tests associated with steroid treatment have been 
well documented in patients with IgG 4 -SC [ 7 ,  11 , 
 13 – 16 ,  31 ]. Improvement or resolution in biliary 
strictures has also been reported in these series. 
In the largest reported IgG 4 -SC cohort, cortico-
steroid therapy was associated with normaliza-
tion of liver tests in 61 % of patients and biliary 
stents could be removed in 17 of 18 patients [ 16 ]. 
Corticosteroid therapy was initiated in 30 patients 
as the fi rst-line therapy, but surgical resection had 
been undertaken in 18 patients [ 16 ]. Relapses 
occurred in 53 % after corticosteroid withdrawal 
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and 44 % relapsed after surgery [ 16 ]. 
Subsequently, 15 patients required another course 
of steroids with each responding, whereas seven 
patients required further immunomodulatory 
treatment to achieve steroid-free remission [ 16 ]. 
Patients with intrahepatic or proximal extrahe-
patic strictures were more likely to relapse com-
pared to those with isolated distal extrahepatic 
strictures (65 % vs. 23 %;  p  = 0.02) [ 16 ]. It seems 
that some patients are in need of further immuno-
suppression. A recent report highlighted this, 
illustrating a patient refractory to conventional 
immunosuppressive therapy with steroids and 
6-mercaptopurine who responded successfully 
with rituximab [ 42 ]. Treatment with immunosup-
pression of patients with PSC and elevated serum 
IgG4 levels was recently reported [ 15 ]. Overall 
18 of 24 patients were treated with corticoste-
roids and 6 patients were managed conserva-
tively. Ten of 11 (91 %) patients with jaundice 
had improvement and biliary stents could be 

removed in each [ 15 ]. It is conceivable that bili-
ary stenting could be a contributor to the initial 
biochemical improvement, but medical therapy 
was required in all stented patients at follow-up 
and is unlikely that stenting is an important con-
tributing factor for the long-term response [ 15 ]. 
In the treated group, 11/18 (61 %) decreased their 
alkaline phosphatase (ALP) values to less than 
two times the upper limit of normal (ULN) [ 15 ] 
compared to 19 % with budesonide treatment in 
PSC patients [ 43 ]. All existing studies reporting 
immunosuppressive therapy for IgG 4 -SC have 
been retrospective and it remains to be deter-
mined if all IgG4-related strictures respond to 
steroids. It is conceivable that long-standing or 
“burnt-out” strictures may not respond, or incom-
pletely respond, to steroid therapy. Although 
most patients with PSC and elevated IgG4 levels 
showed good biochemical response to steroids, 
relapse occurred in 50 % of patients [ 15 ]. In most 
cases, however, another course of steroids was 

  Fig. 16.1    Algorithm for the diagnosis and management of IgG 4 -SC (Adapted from [ 16 ])       
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helpful. However, adverse effects were common, 
particularly in patients with cirrhosis [ 15 ]. 
Steroid-associated side effects were observed in 
5/7 (71 %) of patients with cirrhosis, which might 
be due to increased systemic exposure to steroids 
due to decreased metabolism of steroids in the 
liver and shunting of steroids to the systemic cir-
culation. The clinical signifi cance of reduction of 
ALP and bilirubin in a short-term study of immu-
nosuppression in PSC (and elevated IgG4 levels) 
is unclear. However, these patients seem to have 
a better response to steroids than has been 
observed in PSC before, and there seems to be a 
subset of PSC patients that not only have bio-
chemical but also clinical and cholangiographic 
response to steroids [ 15 ]. A treatment approach 
for an IgG 4 -SC patient is demonstrated in 
Table  16.2 .

       Prognosis 

 The long-term prognosis and the natural history 
of patients with IgG 4 -SC are not clear. Most case 
series have reported rather short follow-up, but as 
mentioned earlier, resolution of biliary strictures 
and jaundice has been well documented during 
short-term follow-up. In a Japanese study, the 
prognosis of IgG 4 -SC patients was found to be 
better than of patients with classic PSC [ 28 ]. No 
patient with IgG 4 -SC underwent liver transplan-
tation, whereas transplantation was performed in 
a substantial proportion of patients with classic 
PSC [ 28 ]. 

 In the fi rst study measuring IgG4 levels in 
PSC, those patients with elevated IgG4 levels had 
higher bilirubin and ALP levels, higher Mayo 
risk score, and a shorter time to liver transplanta-
tion than the PSC patients with normal levels 
[ 29 ]. Thus, disease severity was more pronounced 
in this subset of PSC patients. These results seem 
to be confi rmed by other studies [ 15 ,  16 ,  27 ,  34 ]. 
In a more recent study of PSC patients with ele-
vated IgG4 serum levels, liver cirrhosis was 
observed in 50 % (12/24) of patients despite a 
median duration of PSC of only 4 years [ 15 ]. 
A subset of IgG 4 -SC patients ( n  = 4) in the study by 
Ghazale et al. [ 16 ] developed portal hypertension 
and liver cirrhosis presumably related to IgG 4 -SC. 
Three out of four of these patients were untreated 
at the diagnosis of cirrhosis, whereas one was a 
nonresponder to immunosuppressive treatment 
[ 16 ]. The study of IgG4 positivity in explants 
from patients transplanted for PSC showed simi-
lar results [ 34 ]. PSC patients with positive IgG4 
immunostaining had a more aggressive clinical 
course suggested by shorter time to liver trans-
plantation and higher risk for recurrence post 
transplantation, although such fi ndings were not 
based on the serum IgG4 data [ 16 ]. Recently, a 
study of unselected patients with secondary scle-
rosing cholangitis revealed that those with ele-
vated IgG4 levels, apart from mainly being male 
and having a history of pancreatitis, also had 
higher ALP values and higher PSC Mayo risk 
score [ 27 ]. It is not yet completely clear whether 
treatment will halt or prevent progression of the 
hepatobiliary disease.  

   Table 16.2    Treatment approach of an  IgG   4   -SC  patient   

 Initial treatment of  IgG   4   -SC   Treatment of relapse of  IgG   4   -SC  

 Prednisolone 40 mg daily for 4 weeks  No radiological or clinical but only biochemical relapse (AST, ALT, 
ALP, or IgG4), repeat imaging in 3 months. No medications 

 After 4 weeks: tapering of steroids 
5 mg/week 

 Radiological, biochemical, and clinical relapse: initiate steroids 
(for 2–3 months) and azathioprine (2–2.5 mg/kg) for at least 2–3 years 

 No relapse: good clinical and biochemical 
response, discontinue steroids 

 Intolerance to azathioprine, mycophenolate mofetil can be tried 

 Suboptimal response: biliary stenting with 
ERCP, follow-up at 2 months 

 No or very limited response, rituximab can be tried 

 Improvement in strictures: stents removed  Diffi cult to treat patient: referral to a tertiary referral center 
 No improvement in strictures: consider 
surgical consultation 
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    Summary and Conclusions 

 IgG 4 -SC is a fi broinfl ammatory hepatobiliary 
disorder which should be included in the differ-
ential diagnosis of all unexplained biliary stric-
tures, particularly after the exclusion of 
malignancy. The biliary strictures have been 
found to resolve with a trial of steroids but relapse 
is common and the long-term outcome is unclear. 
Serum IgG4 levels should be measured as a part 
of the diagnostic work-up of all PSC patients. 
PSC patients with elevated IgG4 levels seem to 
have a worse prognosis than PSC patients with 
normal IgG4 levels.     
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        Establishment of autoimmune pancreatitis (AIP) 
as a distinct clinical entity and its increasing 
awareness have brought into recognition involve-
ment of several extrapancreatic organs [ 1 – 6 ]. The 
affected organs demonstrate similar characteris-
tic histopathologic pattern, IgG4-rich lympho-
plasmacytic infi ltrate, and a fi bro-infl ammatory 
process that is strikingly steroid responsive [ 7 –
 11 ]. These observations led to the concept IgG4- 
related disease [ 12 ]. AIP (type 1) has been the 
most studied manifestation of IgG4-related dis-
ease [ 13 ]. Involvements of the biliary tract, lungs, 
kidneys, salivary glands, thyroid, retroperito-
neum, and lymphoid system have been well char-
acterized so far. Numerous other affected organs 
continue to be identifi ed [ 12 ,  14 ]. Most of the 
affected organs were fi rst recognized in patients 
with AIP. However, IgG4-related organ pathol-
ogy is increasingly being recognized even in the 
absence of AIP. Thus, AIP seems to be only a part 
of the spectrum of IgG4-related disease. The 
population prevalence of a specifi c organ involve-
ment or of IgG4-related disease itself is not 
known currently, though the recognition is 
increasing with awareness and experience [ 14 ]. 

    Nomenclature 

 With several reports coming out from multiple 
 centers around the world, there is a wide variety of 
published nomenclature related to IgG4- related 
disease. A unifi ed nomenclature has recently been 
proposed by a panel of worldwide experts [ 15 ]. 
This panel recommended use of generic IgG4-
related “organ” disease instead of the previously 
used specifi c terms, for example, IgG4-related sial-
adenitis instead of Mikulicz’s disease for salivary 
gland involvement, IgG4- related pulmonary  disease 
for lung involvement, and IgG4-related kidney 
 disease for renal involvement. These have been 
described in the text.  

    Signifi cance of Recognizing Other 
Affected Organs in IgG4-Related 
Disease 

 A dramatic response to steroids is characteristic 
of IgG4-related disease [ 12 ]. A correct diagnosis 
leads to signifi cant clinical improvement once 
steroids are started. For example, pulmonary 
involvement can progress to respiratory failure if 
unrecognized, while treatment rapidly resolves 
the pathology [ 16 ]. 

 Manifestations of IgG4-related disease often 
mimic other commonly recognized autoimmune 
conditions. For example, involvement of salivary 
glands may be confused with Sjögren syndrome 
[ 17 ]. Involvement of biliary tract may be  confused 
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with primary sclerosing cholangitis [ 18 ]. IgG4-
related disease consistently shows striking 
response to steroids compared to the mimicked 
counterpart due to which it is essential to diag-
nose IgG4-related pathology correctly. The dis-
tinction may be often diffi cult in the absence of 
pathological analysis. For example, it is often dif-
fi cult to separate IgG4-related sclerosing cholan-
gitis which responds much more dramatically to 
steroids from primary sclerosing cholangitis, and 
biopsy may be often required [ 19 ]. It also turns 
out that some cases previously diagnosed as 
another well-known condition may actually be 
manifestations of IgG4-related disease. For 
example, several cases so far diagnosed as pri-
mary sclerosing cholangitis turn out to be IgG4- 
related sclerosing cholangitis [ 20 ]. Similarly, a 
condition of multifocal fi brosis that had been 
reported in literature several decades before rec-
ognition of AIP appears to be IgG4-related dis-
ease [ 21 – 23 ]. 

 Some of the affected organs in IgG4-related 
disease may be clinically silent. For example, ret-
roperitoneal fi brosis may be an incidental imag-
ing fi nding. However, recognizing these silent 
manifestations is crucial in diagnosing AIP and 
differentiating it from pancreatic cancer. The 
commonly used diagnostic criteria for AIP 
including the ICDC [ 24 ] and the revised HISORt 
criteria [ 25 ] advocate for clinical and radiologi-
cal review for evidence of other organ involve-
ment before considering invasive alternatives for 
diagnosis. 

    Biliary System 

 IgG4-related sclerosing cholangitis is the second 
most common extrapancreatic lesion in AIP [ 3 , 
 4 ]. Intrapancreatic as well as extrapancreatic seg-
ments of the biliary tract may be affected. Most 
experts consider intrapancreatic bile duct involve-
ment as a continuum of pancreatic involvement. 
The extrapancreatic bile duct involvement is 
accepted as IgG4-related sclerosing cholangitis. 
However, depending on the defi nition, the preva-
lence in AIP varies between reports. In one report 
[ 3 ], IgG4-related sclerosing cholangitis was 

noted in 84 % of AIP patients but only 39 % of 
these had extrapancreatic sclerosing cholangitis. 
Ghazale et al. reported biliary strictures confi ned 
to intrapancreatic bile duct in 51 % and involve-
ment of proximal extrahepatic/intrahepatic ducts 
in 49 % of AIP patients [ 26 ]. While frequently 
seen in association with AIP, isolated IgG4- 
related sclerosing cholangitis without AIP is 
increasing being recognized [ 19 ,  26 ]. These cases 
have to be distinguished from primary sclerosing 
cholangitis [ 18 ,  19 ]. IgG4-related sclerosing 
cholangitis has been discussed in the next chapter 
in detail.  

    Lymphoid System 

 Mediastinal or hilar lymphadenopathy is the 
most common extrapancreatic lesion observed in 
AIP seen in about 80 % [ 3 ,  4 ] of patients. 
Lymphadenopathy is usually found on imaging at 
the time of diagnosis of AIP [ 3 ]. Some authors 
have suggested that presence of lymphadenopa-
thy in AIP may help differentiate it from pancre-
atic cancer though its utility is unclear [ 3 ]. 
Though mostly asymptomatic, the lymphoid pro-
liferation may be associated with increased risk 
of non-Hodgkin lymphomas [ 27 ]. There is also 
increasing recognition of IgG4-related multior-
gan lymphoproliferative syndrome which mimics 
multicentric Castleman’s syndrome [ 28 ]. In fact, 
salivary and lacrimal gland involvement seen in 
IgG4-related disease appears to be organ-specifi c 
lymphoproliferative disease [ 28 ]. Some cases of 
IgG4-related myelodysplastic syndrome and 
cutaneous plasmacytomas have also been 
reported [ 29 ,  30 ].  

    Salivary and Lacrimal Glands 

 IgG4-related sialadenitis is common, seen in 
23–39 % of AIP patients [ 3 ,  4 ]. The salivary 
gland involvement may precede AIP in many 
patients [ 3 ,  31 ]. At least one study suggested that 
AIP patients with IgG4-related sialadenitis may 
have increased disease activity compared to AIP 
patients without IgG4-related sialadenitis [ 31 ]. 
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 In one series of IgG4-related sialadenitis, 
83 % of cases did not have concomitant AIP 
[ 28 ]. Involvement of lacrimal gland known as 
IgG4- related dacryoadenitis has also been well 
described. The involvement of salivary and lacri-
mal glands had been previously known as 
Mikulicz’s disease which was considered a spec-
trum of Sjögren syndrome [ 17 ]. However, 
despite clinical similarities, these patients lack 
anti-SSA and anti-SSB antibodies typically seen 
in primary Sjögren syndrome [ 17 ]. Characteristic 
histopathology with IgG4-rich infi ltration, ele-
vated serum IgG4 levels, and dramatic steroid 
response distinguish these from primary Sjögren 
syndrome [ 17 ].  

    Kidneys 

 Kidney involvement is referred to as IgG4-related 
kidney disease which primarily constitutes tubu-
lointerstitial nephritis with or without membra-
nous nephropathy [ 32 ]. Tubulointerstitial 
nephritis was seen in 35 % of patients with AIP in 
one report [ 33 ]. These renal lesions deteriorated 
without therapy and regressed after steroid ther-
apy [ 33 ]. Other forms of IgG4-associated kidney 
lesions have been described, including nodular 
lesions mimicking metastatic tumors [ 34 ] and 
infl ammatory pseudotumors [ 35 ]. The associa-
tion between membranous nephropathy in the 
absence of tubulointerstitial nephritis and IgG4- 
related kidney disease remains controversial with 
description of both isolated IgG4-related as well 
as the classical idiopathic form of membranous 
nephropathy [ 15 ,  36 ]. Kidney involvement has 
been discussed in detail in another chapter in this 
book.  

    Lungs 

 IgG4-related pulmonary disease was recognized 
after initial observations of IgG4-rich infi ltrates 
in a subgroup of patients with interstitial pneu-
monia [ 37 ,  38 ]. Further, interstitial pneumonia 
with IgG4-rich infi ltrate was described in a few 
AIP patients with prevalence ranging from 3 % to 

13 % [ 16 ,  39 ]. In one report, 2/4 patients with 
pulmonary involvement [ 16 ] developed respira-
tory failure. This report also noted that though 
pulmonary involvement shows good response to 
steroids, a higher dose was necessary to maintain 
remission than required in biliary involvement 
[ 16 ]. A detailed discussion of lung involvement 
is presented in a separate chapter.  

    Retroperitoneum and Aorta 

 Retroperitoneal fi brosis (RPF) has been reported 
in 8–16 % of AIP patients [ 3 ,  4 ,  6 ]. A thick retro-
peritoneal fi brotic mass covers abdominal aorta 
and compresses ureters [ 40 ,  41 ]. Ureteral obstruc-
tion can lead to development of hydronephrosis 
and renal failure [ 42 ], while some patients may 
develop lower extremity edema [ 3 ]. In most 
cases, however, RPF is asymptomatic and may be 
discovered incidentally on imaging studies [ 41 ]. 
RPF was observed before AIP in only 20 % of 
patients while in 80 %, RPF developed during the 
course of AIP [ 3 ]. Steroid therapy leads to con-
sistent histologic and radiologic improvement of 
RPF [ 6 ]. Meditational fi brosis is seen in some 
AIP patients though less commonly than RPF. 
Idiopathic RPF without evidence of IgG4-related 
mechanism has been described [ 43 ]. Additionally, 
a true aortitis with involvement of the media has 
been recognized [ 44 ]. The existence of true 
IgG4-related vasculitis remains to be explored.  

    Thyroid 

 Fibrosis of thyroid gland (previously recog-
nized as Riedel’s thyroiditis) has been recently 
recognized as a manifestation of IgG4-related 
disease after demonstration of IgG4-rich lym-
phoplasmacytic infi ltration and characteristic 
histological features [ 23 ]. Clinical hypothy-
roidism is more common in AIP patients than 
established Riedel’s thyroiditis [ 45 ]. It is 
unclear if there is another mechanism of hypo-
thyroidism in AIP in addition to Riedel’s thy-
roiditis. There have been case reports of 
pituitary fi brosis related to IgG4 [ 46 ].  
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    Eyes 

 Lacrimal glands, extraocular muscles, and other 
parts of the orbit may be affected in IgG4-related 
disease. Lacrimal gland involvement has been 
discussed above. Orbital infl ammation and pseu-
dolymphoma have been discussed in detail later 
in a separate chapter.  

    Liver 

 Pathological changes suggestive of an IgG4- 
associated process including IgG4-rich infi ltrate 
were seen in liver biopsies from AIP patients and 
these were shown to be steroid responsive [ 47 ]. 
This led to recognition of IgG4-related hepatopa-
thy. Another group [ 48 ] reported positive IgG4 
staining in 9 of 24 liver biopsies of autoimmune 
hepatitis (AIH) patients and observed that IgG4- 
positive AIH responded markedly to prednisone 
compared to IgG4-negative AIH, thus suggesting 
that some of the previously recognized autoim-
mune hepatitis patients may have IgG4-related 
pathology.  

    Other Extrapancreatic Lesions 

 Numerous other associations continue to be rec-
ognized: various infl ammatory pseudotumors 
which may be IgG4-related organ-specifi c lym-
phoproliferation, prostatitis [ 49 ], pericarditis 
[ 50 ], gastric ulcer [ 51 ], gastric and colon polyps 
associated with IgG4 [ 52 ,  53 ], as well as chole-
cystitis [ 54 ]. These frequent case reports suggest 
that IgG4-related disease is a truly systemic dis-
ease and its spectrum of affected organs will con-
tinue to grow with our experience.      
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        It has been recognized only recently that pancre-
atitis due to autoimmune etiology, recognized 
fi rst by Sarles et al. in 1961 [ 1 ], is part of a multi-
organ disease called IgG4-related disease [ 2 ]. 
Now, manifestations of IgG4-related disease 
(IgG4-RD) have been described in nearly every 
organ  system, including the liver, gallbladder, 
other gastrointestinal sites, kidney, salivary and 
lacrimal glands, orbit, breast, lung, retroperito-
neum, aorta, lymph nodes, skin, pituitary gland, 
and prostate [ 3 – 9 ]. Involvement often consists of 
infl ammatory masses in these organs. 

 IgG4-RD in the kidney may also present as an 
infl ammatory mass, biopsy of which shows tubu-
lointerstitial nephritis [ 10 ]. Takahashi et al. found 
radiographic evidence of renal parenchymal 
involvement in 30 % of patients with established 
autoimmune pancreatitis (AIP) [ 11 ], the renal 
radiographic lesions likely representing infl am-
matory masses due to the distinctive appearance 
of the lesions. Renal involvement by IgG4-RD 
more commonly presents as acute or progressive 

chronic renal failure; many of these cases also 
show radiographic abnormalities. Other present-
ing features are proteinuria due to associated 
glomerular disease or obstruction related to retro-
peritoneal fi brosis. The term used to refer to any 
form of renal involvement by IgG4-RD is “IgG4-
related kidney disease” (IgG4-RKD) [ 12 ]. 

    Tubulointerstitial Nephritis 

 The most common pattern of renal IgG4-RKD is 
tubulointerstitial nephritis (TIN). This histologic 
pattern refers to interstitial infl ammation accom-
panied by tubulitis, or infl ammatory cells within 
the tubules intermingling with tubular epithelial 
cells. TIN is classifi ed according to its cause. In 
general, TIN/nephropathy can be divided into 
broad categories of drug related, autoimmune, 
hereditary/toxic/metabolic, infection (direct or 
reactive to a distant infection), and idiopathic/
other. Some overlap exists between the different 
categories; for example, some cases of BK poly-
omavirus tubulointerstitial nephritis (a direct 
infection) show tubular basement membrane 
immune complex deposits, which may indicate 
an additional autoimmune reaction. 

 The cause of TIN in a particular case can be 
determined by biopsy features by light micros-
copy, immunofl uorescence (IF), and electron 
microscopy (EM) in conjunction with clinical 
history and clinical laboratory results and corre-
lation with radiographic studies in some entities. 
By light microscopy, the renal pathologist 
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 recognizes the pattern of infl ammation and types 
of cells in infi ltrate; by IF, the presence or absence 
of immune deposits and anatomic and immuno-
phenotypic pattern of deposition; and by EM, the 
absence or presence of immune deposits, pattern 
of deposition, and presence of any substructure to 
the deposits. 

 TIN that occurs as part of IgG4-RD (IgG4- 
related TIN) is a specifi c type of immune- 
mediated TIN [ 13 ]. IgG4-RD can be recognized 
as the etiology by clinicopathologic features. 
Saeki et al. and Raissian et al. have collected data 
on the two largest biopsy series of IgG4-related 
TIN, at 23 and 35 cases, respectively [ 14 ,  15 ]. 
Both of these series showed many clinical and 
histologic features in the kidney that have also 
been encountered in the pancreas: presence of 
radiographic abnormalities, plasma cell-rich 
infl ammatory infi ltrates with increased IgG4+ 
plasma cells, elevated total IgG or IgG4 levels in 
the serum, presence of other organ involvement, 
and rapid response to steroid therapy. Features 
specifi c to the kidney are detailed below. 

    Clinical Features of IgG4-Related TIN 

 Similar to AIP, most patients with IgG4-related 
TIN are men (~85 %), with a mean age of 
65 years. Most patients (57 % and 76 %, respec-
tively, in the Saeki and Raissian series) have 
acute or progressive chronic renal failure at the 
time of renal biopsy, while the primary indication 
for biopsy or nephrectomy in other patients usu-
ally is a renal radiographic lesion. In a radio-
graphic series, in which renal lesions were 
incidentally found during evaluation for AIP, 
patients did not have renal-specifi c symptoms 
[ 11 ]. Renal function was normal or mildly dimin-
ished, with a serum creatinine range of 0.9–1.6, 
which was not different from those with AIP 
without radiographic evidence of renal 
involvement. 

 Eighty-fi ve to ninety-six percentage of 
patients have other organ involvement, either 
prior to or concurrent with the renal involvement. 
The most common extrarenal sites affected are 
the pancreas and liver; other involved organs 

described include the salivary or lacrimal glands, 
lung, gallbladder, aorta (infl ammatory abdominal 
aortic aneurysm), heart (pericarditis), skin 
 (leukocytoclastic vasculitis or pseudolymphoma-
tous infi ltrate) [ 16 ,  17 ], retroperitoneum and/or 
ureter (retroperitoneal fi brosis), sinuses, lymph 
nodes, joints (infl ammatory arthritis), prostate 
(prostatitis), pituitary, thyroid, and colon 
 (infl ammatory bowel disease) and pseudotumors 
in the orbit, paraspinal soft tissue, and testis. 
Most patients with extrarenal involvement have 
multiorgan involvement.  

    Laboratory Features of IgG4-TIN 

 Elevated serum total IgG and IgG4 subclass lev-
els have been observed in ~70–80 % of AIP 
patients [ 18 ] and can be a useful indicator of 
IgG4-RD in patients who have a positive sero-
logic fi nding in the appropriate clinical setting. 
Similarly, in IgG4-related TIN, Raissian et al. 
found that almost 80 % of patients with measure-
ments available in a series of IgG4-TIN had ele-
vated serum total IgG or IgG4 levels, and 92 % 
had an elevated serum IgG4 level; some addi-
tional patients without IgG or IgG4 levels avail-
able had hypergammaglobulinemia [ 15 ]. (The 
patients with IgG4-TIN included in the Saeki 
series were in part defi ned by elevated serum IgG 
and IgG4 levels, and so this series may have 
excluded some cases of IgG4-TIN without this 
serologic feature.) 

 Other common laboratory features are hypo-
complementemia (decreased serum C3 and/or C4 
levels), seen in 56–78 % of IgG4-TIN patients, 
and peripheral blood eosinophilia, seen in 
33–48 % of IgG4-TIN patients [ 14 ,  15 ]. 
Approximately 30 % of patients have a positive 
ANA, mostly low titer [ 15 ].  

    Radiographic Features 
of IgG4- Related TIN 

 Renal involvement in patients with AIP is not 
uncommon and has been reported in 14–39 % of 
patients based on CT or MR fi ndings [ 11 ,  19 – 21 ]. 
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Renal lesions are commonly bilateral and multiple, 
predominantly involving renal cortex. Renal 
parenchymal lesions can be classifi ed as small 
peripheral cortical nodules, round or 
 wedge- shaped lesions, or diffuse patchy involve-
ment [ 11 ]. Renal lesions may manifest as a large 
solitary mass that mimics a neoplasm. Another 
manifestation is bilateral diffuse marked enlarge-
ment of the kidneys [ 15 ]. On CT, the lesions are 
iso- attenuating on unenhanced CT images, 
 hypo- attenuating on nephrographic phase 
images, and become iso-attenuating on delayed 
phase images. On MR, the lesions are often 
 iso-intense on T1-weighted images and low 
intensity on T2-weighted images. After adminis-
tration of gadolinium contrast material, the 
lesions are low intensity on parenchymal phase 
images. On ultrasound, the renal lesions usually 
appear as ill- defi ned, non-mass-like areas of 
decreased echogenicity or round mass-like area 
of decreased echogenicity [ 22 ], or kidneys are 
diffusely enlarged. The differential diagnosis of 
renal parenchymal lesions, when they are multi-
ple, includes lymphoma, metastases, pyelone-
phritis, and vasculitis. A solitary round renal 
lesion of IgG4-related disease may be indistin-
guishable from a primary renal neoplasm. Diffuse 
involvement may mimic pyelonephritis or diffuse 
infi ltrating neoplasms such as lymphoma or tran-
sitional cell carcinoma. Renal radiographic fea-
tures are illustrated in Fig.  18.1 .

   In a histopathologic study of patients with 
IgG4-related TIN on a tissue specimen, 78 % 
with available radiographic data showed radio-
graphic lesions. Overall, 77 % of these patients 
had renal insufficiency, which was usually the 
reason for renal biopsy. As would be expected, 
the mean serum creatinine was lower in 
patients with renal tissue specimens obtained 
primarily for mass lesions compared to those 
biopsied for renal failure (1.4 vs. 4.2 mg/dl, 
respectively) [ 15 ]. 

 Extraparenchymal renal involvement is rare 
and includes a diffuse rim of soft tissue around 
the kidney, an irregular nodule in the renal sinus, 
and diffuse wall thickening of the renal pelvis on 
CT or MR [ 11 ]. The differential diagnosis of 
extraparenchymal renal involvement includes 

lymphoma and other hematologic malignancy, 
Erdheim-Chester disease, Rosai-Dorfman disease, 
extramedullary hematopoiesis, and retroperitoneal 
fi brosis. Retroperitoneal fi brosis, of course, may 
also be part of IgG4-related systemic disease.  

    Histologic, Immunofl uorescent, 
and Ultrastructural Features 
of IgG4- Related TIN 

 By light microscopy, IgG4-related TIN shows a 
plasma cell-rich interstitial infl ammatory infi l-
trate. There is a range of histologic appearances, 
from an acute tubulointerstitial nephritis with 
minimal fi brosis (pattern “A”), to an intermediate 
pattern with some interstitial fi brosis but still a 
brisk infl ammatory infi ltrate (pattern “B”), to a 
densely fi brotic, pauci-cellular pattern (pattern 
“C”) with extensive tubular destruction and atro-
phy (see Figs.  18.2 ,  18.3 , and  18.4 ). Cases with 
fi brosis show an expansile fi brosis that pushes 
apart the tubules. All cases by defi nition show a 
diffuse or multifocal TIN with increased plasma 
cells, as well as mononuclear cells. Some cases 
show numerous eosinophils. Focal mild mono-
nuclear cell tubulitis is seen in most cases, and 
plasma cell tubulitis is seen rarely. In cases with 
patterns “B” or “C,” focal tubular basement 
membranes (TBMs) may be markedly thickened, 
and a trichrome stain can reveal reddish granular 
deposits within the TBMs and interstitium occa-
sional cases with extensive immune complex 
deposits. In some cases, tubules are destroyed 
and only fragments of TBMs can be seen on PAS 
or silver-stained sections.

     Glomeruli generally appear normal or show 
mild mesangial matrix expansion or hypercellu-
larity. If there is a concurrent membranous glo-
merulonephritis (MGN), then glomeruli may 
show thickened glomerular capillary loops, glo-
merular basement membrane “spikes” on silver 
or PAS stains, or subepithelial immune deposits 
on a trichrome stain. Arteries show no specifi c 
features in IgG4-TIN. 

 By immunofl uorescence, >80 % of cases 
show TBM immune complex deposits, which 
stain for IgG and kappa and lambda light chains 
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  Fig. 18.1    Renal radiographic features of IgG4-related 
systemic disease. ( Upper left ) Transverse contrast-
enhanced CT image obtained during corticomedullary 
phase shows multiple well-defi ned round and wedge-
shaped low-attenuation lesions in both kidneys. Open renal 
biopsy revealed tubulointerstitial nephritis with increased 
IgG4+ plasma cells. Images are from a 59-year-old woman 
with AIP. ( Upper right ) Transverse contrast-enhanced CT 
image obtained during corticomedullary phase shows two 
well-defi ned wedge-shaped low-attenuation lesions in the 
left kidney. Multiple scars are noted in the right kidney, 
which are fi brotic stage of renal involvement. The pancreas 
was atrophic likely due to fi brotic phase of the disease. The 
patient is a 76-year-old man with IgG4-related cholangitis. 
( Middle left ) Transverse contrast-enhanced CT image 
shows diffuse heterogeneous enhancement of both kid-
neys. There were multiple low- attenuation masses in the 
pancreas (not shown). These images are from a  68-year-old 

man with AIP. The serum IgG4 level was markedly 
 elevated. ( Middle right ) Transverse contrast-enhanced CT 
image obtained during corticomedullary phase shows a 
well-defi ned low-attenuation exophytic mass in left kid-
ney. The pancreas appeared normal radiographically (not 
shown). The patient is a 62-year-old man who underwent 
partial nephrectomy. ( Lower left ) Transverse contrast- 
enhanced CT image shows multiple small low-attenuation 
nodules in both kidneys. The pancreas was diffusely 
enlarged (not shown). These images are from a 77-year-old 
man with AIP and normal serum IgG4 levels. ( Lower 
right ) Coronal reformat image of contrast-enhanced CT 
from a 71-year-old man shows diffuse soft tissue surround-
ing both kidneys. The pancreas was normal radiographi-
cally (not shown). This patient underwent biopsy of the 
perirenal soft tissue, which showed fi brosis and infl amma-
tion with increased IgG4+ plasma cells. The serum IgG4 
level was normal       
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and usually stain for C3 and occasionally for 
C1q [ 15 ]. Most cases show diffuse TBM granu-
lar staining, but some cases can show focal stain-
ing. Several cases stained by immunofl uorescence 
for IgG subclasses show IgG4-dominant stain-
ing of TBMs, although other IgG subclasses are 
also variably present (LD Cornell, unpublished 
data). TBM deposits are found more frequently 
in cases with patterns B or C (patterns with 
fi brosis) than in cases with pattern A (acute 
interstitial nephritis pattern) [ 15 ]. Glomeruli are 
usually negative by immunofl uorescence unless 

there is a concurrent membranous glomerulone-
phritis, in which case glomeruli show granular 
subepithelial glomerular basement membrane 
staining for IgG, C3, and kappa and lambda light 
chains. Rare cases show mesangial immune 
deposits without a more specifi c glomerular dis-
ease assigned [ 10 ,  14 ]. 

 Cases with deposits seen by immunofl uores-
cence also show deposits by electron microscopy. 
TBM deposits are present in areas with infl am-
mation and/or fi brosis and are not present in the 
unaffected areas of the kidney. The deposits may 
be small and scattered within thickened TBMs, 
or they may be massive and surround the TBMs 
and extend into the interstitium. The deposits 
appear fi nely granular and do not show substruc-
ture. Occasional interstitial deposits may also be 
seen within areas of fi brosis. Glomeruli typically 
are free of deposits, unless there is a concurrent 
membranous glomerulonephritis, in which case 
there are numerous subepithelial electron-dense 
deposits. Formalin-fi xed, paraffi n-embedded tis-
sue from biopsy or nephrectomy samples done 
for a mass lesion may be deparaffi nized for elec-
tron microscopy in order to visualize immune 
complex deposits.  

    Value of IgG4 Staining 

 Zhang et al. and others have found that IgG4 
staining in pancreas for increased IgG4+ plasma 
cells is useful to distinguish AIP from other 
forms of pancreatic infl ammation, including 
chronic alcoholic pancreatitis and infl ammatory 
infi ltrates surrounding pancreatic cancers [ 23 ]. 
In the kidney, more types and causes of infl am-
matory infi ltrates are recognized that give a pat-
tern of TIN. Raissian et al. examined the 
concentration of IgG4+ plasma cells in IgG4-
related TIN and in a variety of other forms of 
TIN that could mimic IgG4-TIN clinically and 
histologically [ 15 ]. We found a sensitivity of 
100 % (95 % confi dence interval (CI), 0.9–1) 
and specifi city of 92 % (CI 0.86–0.95) using a 
cutoff of focal moderate (11–30 IgG4+ cells/40x 
fi eld) to marked (>30 IgG4+ cells/40x fi eld) 
increase in IgG4+ plasma cells for distinguishing 

  Fig. 18.2    Acute interstitial nephritis (pattern “A”) in 
IgG4-related TIN shows dense interstitial infl ammation 
with minimal interstitial fi brosis ( upper panel ). An immu-
nohistochemical stain for IgG4 shows markedly increased 
IgG4+ plasma cells ( insert ). ( Lower panel ) The infi ltrate 
is composed of numerous plasma cells and mononuclear 
cells; eosinophils were also present. Mononuclear cell and 
plasma cell tubulitis are also seen (hematoxylin and eosin; 
 insert , IgG4 immunoperoxidase). This case did not show 
tubular basement membrane immune complex deposits by 
immunofl uorescence; tubular basement membrane depos-
its are often absent in pattern “A” cases       
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  Fig. 18.3    IgG4-related tubulointerstitial nephritis (pattern 
“B”) shows an expansile interstitial fi brosis with marked 
interstitial infl ammation and markedly increased IgG4+ 
plasma cells ( upper left , Masson trichrome;  insert  IgG4 
immunoperoxidase). ( Upper right ) On higher magnifi ca-
tion, the infi ltrate is composed of plasma cells, mononuclear 

cells, and eosinophils (hematoxylin and eosin). ( Lower 
left ) Immunofl uorescence for IgG shows granular tubular 
 basement membrane staining. ( Lower right ) Electron 
microscopy shows amorphous tubular basement membrane 
immune complex deposits ( arrow )       

  Fig. 18.4    IgG4-related advanced sclerosing tubulointersti-
tial nephritis (pattern “C”) shows a marked expansile inter-
stitial fi brosis with lesser interstitial infl ammation. Residua 
of destroyed tubular basement membranes can be seen on 
this silver stain ( arrows ) (Jones methenamine silver). 
Immunoperoxidase staining for IgG4 ( inset ) shows focally 
increased IgG4+ plasma cells ( arrow ), although fewer cells 
are present in this less infl ammatory lesion than in cases 
with a denser infl ammatory infi ltrate. This case also showed 
tubular basement membrane immune complex deposits       

IgG4-related TIN from other forms of TIN, with 
the exception of infl ammatory infi ltrates in 
pauci-immune necrotizing and crescentic glo-
merulonephritis. In pauci-immune glomerulone-
phritis, >30 % of cases showed a moderate to 
marked increase in IgG4+ plasma cells. Increased 
IgG4+ plasma cells have also been observed in 
granulomatosis with polyangiitis (Wegener’s) 
affecting other organs [ 24 ]. The absence of a 
serum ANCA (or myeloperoxidase or proteinase 
3 antibodies) and a necrotizing or crescentic glo-
merulonephritis on the tissue specimen helps to 
exclude pauci- immune glomerulonephritis as a 
cause of the interstitial infl ammation in these 
cases. A few other causes of interstitial 
 infl ammation could also give focally increased 
IgG4+ plasma cells, including chronic pyelone-
phritis; these other causes usually can be distin-
guished by other clinical and histopathologic 
features. Notably, nearly all cases of Sjögren 
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 syndrome-related TIN did not show increased 
IgG4+ plasma cells (Table  18.1 ).

       Response to Therapy 

 Similar to AIP, IgG4-related TIN also usually 
shows a rapid response to steroid therapy. In both 
the Saeki and Raissian series, 90 % of patients 
with elevated serum creatinine at presentation 
who were treated with steroids showed decreased 
creatinine at follow-up, from 1 to 36 months, 
including 90 % at 1-month follow-up in the Saeki 
series. While TIN of different causes may respond 
to steroid therapy, IgG4-related TIN tends to 
show a more brisk response, even in cases with 
severe interstitial fi brosis on the biopsy sample. 

 On imaging, renal lesions improve or resolve 
after steroid treatment. Focal cortical parenchymal 
loss (scars) may be present after treatment. 
Relapse of renal lesions may occur after  cessation 

of steroid treatment. Without steroid treatment, 
renal lesions may progress to a diffuse pattern of 
involvement.   

    Other Renal Involvement 

    Glomerular Disease 

 Glomerular diseases have also been seen in 
patients with IgG4-RD. Membranous glomerulo-
nephritis (MGN) is most commonly observed, 
present in approximately 7 % (4/58) of IgG4-RD 
patients in two biopsy series of renal parenchy-
mal involvement by TIN, and has been noted in 
case reports [ 14 ,  15 ,  25 ,  26 ]. Of interest, MGN is 
also an IgG4-dominant disease in its primary 
(idiopathic) form [ 27 ]. This glomerular disease 
may also occur in patients without TIN but with 
other features of IgG4-RD. Currently, there is 
one published series of IgG4-related MGN, with 
or without concurrent IgG4-TIN, that included 
nine patients [ 28 ]. These patients all presented 
with proteinuria, typically nephrotic-range pro-
teinuria. IgG4-MGN thus should be suspected in 
IgG4-RD patients with proteinuria, and con-
versely, patients with MGN on renal biopsy and 
an appropriate clinical history should be evalu-
ated for IgG4-RD. 

 Other glomerular diseases have been variably 
reported in IgG4-RD, including IgA nephropathy 
and membranoproliferative glomerulonephritis 
[ 14 ,  29 ]. Although common in patients without 
AIP, diabetes mellitus may be a manifestation of 
AIP due to pancreatic endocrine insuffi ciency, and 
this may also affect the glomeruli as diabetic glo-
merulosclerosis. No specifi c radiographic features 
are present in patients with glomerular disease 
unless they have concurrent IgG4-related TIN.  

    Obstruction Related to 
Retroperitoneal Fibrosis 

 The extrarenal manifestation of retroperitoneal 
fi brosis or ureteral infl ammatory mass(es) may 
give rise to hydronephrosis, with or without 
accompanying renal parenchymal involvement. 
Histologic sections reveal storiform fi brosis 

   Table 18.1    Proposed diagnostic criteria for IgG4-related 
TIN [ 15 ]   

  Histology   Plasma cell-rich tubulointerstitial 
nephritis with >10 IgG4+ plasma 
cells/hpf fi eld in the most 
concentrated fi eld a  
 Tubular basement membrane immune 
complex deposits by 
immunofl uorescence, 
immunohistochemistry, and/or 
electron microscopy b  

  Imaging   Small peripheral low-attenuation 
cortical nodules, round or wedge- 
shaped lesions, or diffuse patchy 
involvement 
 Diffuse marked enlargement of 
kidneys 

  Serology   Elevated serum IgG4 or total IgG 
level 

  Other organ 
involvement  

 Includes autoimmune pancreatitis, 
sclerosing cholangitis, infl ammatory 
masses in any organ, sialadenitis, 
infl ammatory aortic aneurysm, lung 
involvement, retroperitoneal fi brosis 

  Diagnosis of IgG4-TIN requires the histologic feature of 
plasma cell-rich TIN with increased IgG4+ plasma cells 
and at least one other feature from the imaging, serology, 
or other organ involvement categories 
  a Mandatory criterion 
  b Supportive criterion, present in >80 % of cases  
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with scattered areas of plasma cell-rich infl am-
mation, similar to what is described in other 
organ systems. Radiographically, during the 
acute phase of urinary tract obstruction, nephro-
gram and excretion of contrast material from the 
kidney are delayed. The affected kidney is 
enlarged, and perinephric space strandings are 
present. The renal collecting system may or may 
not be dilated during the acute phase. During the 
subacute phase, the renal collecting system 
becomes dilated, while kidney enlargement and 
perinephric space strandings become less prom-
inent. Renal parenchymal atrophy occurs in the 
chronic phase.   

    Pathogenesis of IgG4-RD 

 IgG4 is an unusual immunoglobulin molecule, 
with some unusual physical characteristics. 
Compared to IgG1, IgG4 has weaker interchain 
bonds, resulting in a high rate of dissociation of 
immunoglobulin half-molecules. In this way, the 
IgG4 molecule cannot fi x complement and can-
not form large immune complexes. IgG4 may 
thus block antigen from the more pathogenic 
IgG1 or IgE. 

 Despite being thought of as an “anti- 
infl ammatory” immunoglobulin, IgG4 neverthe-
less is often found in high levels in IgG4-related 
autoimmune disease, in both the serum and in the 
tissue as infi ltrating plasma cells. This disease 
shows evidence of a T-helper 2-dominant immune 
response, both in examination of peripheral blood 
mononuclear cells and in affected tissue in this 
disease [ 30 – 34 ]. IgG4 class switching depends 
on IL-4 and/or IL-13, mainly secreted by T-helper 
2 cells. IL-10 has an effect on IgG4 versus IgE 
class switching and may be required for IgG4 
class-switched B cells to differentiate into IgG4- 
secreting plasma cells [ 34 ]. In IgG4-related sys-
temic disease, one may speculate that an initial 
insult and process involving production of anti- 
infl ammatory cytokines, including IL-10 and 
tumor necrosis factor-alpha, along with fi bro-
genic IL-13, drives increased fi brosis, induction 
of IgG4 class-switched B cells, and production 

and massive expansion of IgG4-secreting plasma 
cells. Details of a specifi c mechanism of this dis-
ease and its relationship to IgG4 and unusual his-
topathologic and radiographic features, however, 
remain to be elucidated.     
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           Introduction 

 Over the past decade, it has become clear that the 
intrathoracic manifestations of IgG4-related dis-
ease (IgG4-RD) are varied and can result from 
involvement of not only the lung parenchyma but 
also the intrathoracic lymph nodes, mediastinum, 
and pleura. In a cross-sectional study, 16 of 114 
patients (14 %) with IgG4-RD were found to have 
lung or pleural involvement [ 1 ]. However, intra-
thoracic lymphadenopathy may be detected in the 
majority of patients with IgG4-RD [ 2 ]. This intra-
thoracic involvement can occur in the presence or 
absence of extrapulmonary manifestations such as 
autoimmune pancreatitis (AIP) [ 1 ,  3 – 6 ].  

    Epidemiology 

 The mean age of those with intrathoracic mani-
festations of IgG4-RD is 60–65 years and they 
are more commonly men (70–80 %) [ 1 ,  3 ,  4 ,  6 ]. 

With the possible exception of those patients 
with predominantly head and neck involvement 
in whom the male to female ratio is nearly equal 
[ 1 ], the epidemiologic features appear to be 
similar regardless of the organ involved. The 
role of tobacco smoking or other inhalational 
exposures in the development of pulmonary 
disease in patients with IgG4-RD has not been 
investigated.  

    Clinical Features 

 Approximately one-half of patients with pulmo-
nary IgG4-related disease have respiratory symp-
toms, while the remaining patients are noted to 
have intrathoracic fi ndings by imaging studies in 
the absence of respiratory symptoms [ 4 ,  6 ]. Most 
common respiratory symptom is cough followed 
by dyspnea on exertion and chest pain [ 4 ,  6 ]. 
Constitutional symptoms such as fever and 
weight loss are uncommon [ 4 ,  6 ,  7 ]. Thus, the 
clinical presentation associated with IgG4-related 
lung disease is rather nonspecifi c.  

    Intrathoracic Manifestations 

 Studies published over the past several years 
 suggest that intrathoracic involvement in 
IgG4-RD can be seen in the lung parenchyma, 
airways, pleura, or mediastinum. Based on cur-
rently  available data, intrathoracic manifestations 
can be categorized as shown in Table  19.1 . 
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Multiple intrathoracic manifestations are com-
monly identifi ed in an individual patient. For 
example, a lung nodule may be seen in combina-
tion with interstitial infi ltrates and mediastinal 
lymphadenopathy.

      Parenchymal Disease 

 Lung parenchymal involvement in IgG4-RD 
 consists mainly of rounded opacities (nodules 
[≤3 cm in diameter] and masses [>3 cm in diam-
eter]) and interstitial lung disease. Rounded 
opacities (Fig.  19.1 ) may appear solid or of 

ground-glass attenuation (hazy increase in 
 attenuation that does not obscure the underlying 
vascular structures) and range in size from less 
than 1 cm to greater than 5 cm in diameter [ 2 ,  4 , 
 6 ,  8 ,  9 ]. Single or multiple rounded opacities may 
be revealed on chest radiography or CT and dis-
play no particular distribution characteristics [ 2 , 
 4 ,  6 ,  8 ]. These rounded opacities commonly 
raise suspicion of malignancy, particularly when 
associated with spiculated margins [ 2 ,  6 ,  8 ]. 
Nodules of ground-glass attenuation may resemble 
   bronchoalveolar carcinoma [ 6 ]. Thus, patients 
with these types of lung lesions have undergone 
wedge resection or lobectomy for suspected 
lung cancer.

   Lung parenchymal involvement in IgG4-RD 
may also present as interstitial lung disease. 
Radiologic manifestations associated with this 
type of presentation are varied and are best defi ned 
on high-resolution CT of the chest rather than 
plain chest radiography (Fig.  19.2 ). Earlier reports 
described bilateral interstitial lung infi ltrates con-
sisting of ground-glass attenuation in the mid and 
lower lung zones associated with honeycombing 
[ 10 ]. Subsequent reports have described a wide 
array of parenchymal presentations including 
patchy ground-glass opacities or consolidation, 
reticular opacities (irregular lines), honeycomb-
ing, and thickening of the bronchovascular 

   Table 19.1    Intrathoracic involvement in IgG4-related 
sclerosing disease   

 Parenchymal 
  Nodules/masses 
  Interstitial lung disease 
 Airways 
  Tracheobronchial stenosis 
 Pleural 
  Pleural nodules 
  Pleural effusion 
 Mediastinal 
  Lymphadenopathy 
  Fibrosing mediastinitis 

  Fig. 19.1    CT scan of the chest on a 60-year-old man 
revealing a 5 cm lung mass. Surgical lung biopsy showed 
an infl ammatory pseudotumor with an increased number 
of IgG4-positive cells. He had transient submandibular 
lymphadenopathy several months before but no other 
manifestations       

  Fig. 19.2    CT scan of the chest on a 74-year-old man 
demonstrating patchy consolidative infi ltrate in the right 
lung. Surgical lung biopsy showed lymphoplasmacytic 
infi ltrate with an increased number of IgG4-positive cells. 
He had undergone a radical pancreaticoduodenectomy the 
year before for a pancreatic mass which proved to be auto-
immune pancreatitis       
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 bundles and interlobular septa [ 2 ,  4 ,  6 ,  8 ,  11 – 15 ]. 
These CT fi ndings resemble those found in other 
interstitial lung diseases such as idiopathic pul-
monary fi brosis (usual interstitial pneumonia), 
nonspecifi c interstitial pneumonia, organizing 
pneumonia, and sarcoidosis.

       Airway Disease 

 Airway disease appears to be an uncommon man-
ifestation of IgG4-RD. Ito and colleagues [ 16 ] 
described a 63-year-old woman with AIP who 
presented with cough and was noted to have 
irregular tracheobronchial stenosis on broncho-
scopic examination. Bronchoscopy revealed 
edematous and hypervascular bronchial mucosa 
resembling fi ndings seen in sarcoidosis. CT scan-
ning showed intrathoracic lymphadenopathy 
along with thickening of the bronchovascular 
bundle. 

 Other airway manifestations seen in IgG4- 
related lung disease are extrinsic compression of 
the central airways due to fi brosing mediastinitis 
(see below) and bronchiectasis [ 4 ,  6 ,  17 ]. 
Bronchiectasis seen in this context appears to be 
that associated with parenchymal fi brosis in the 
peripheral zones of the lung, i.e., traction bron-
chiectasis, rather than of the proximal large air-
ways [ 4 ,  6 ].  

    Pleural Disease 

 Pleural involvement can be seen in patients with 
IgG4-related lung disease. For example, Zen 
and colleagues [ 4 ] reported 21 patients with 
intrathoracic manifestations of IgG4-RD of 
whom fi ve had predominantly pleural disease. 
Pleural disease in this study consisted of nodu-
lar lesions involving the visceral or parietal 
pleura. Pleural effusion is an uncommon feature 
in patients with IgG4-related lung disease but 
has been described as the mode of presentation 
in one patient [ 8 ]. Histologically, pleuritis with 
fi brinous exudates and reactive changes are 
commonly seen in patients who undergo a surgi-
cal lung biopsy [ 3 ].  

    Mediastinal Disease 

 The most common mediastinal manifestation is 
mediastinal and/or hilar lymphadenopathy seen 
in 40–90 % of patients with IgG4-RD (Fig.  19.3 ) 
[ 2 ,  4 ,  18 – 20 ]. For example, Hamano and col-
leagues [ 20 ] reported hilar lymphadenopathy 
detected by CT scanning and gallium-67 scintig-
raphy to be the most frequent extrapancreatic 
lesion (seen in 80 % of patients) in a survey of 65 
patients with AIP. Other studies have identifi ed 
intrathoracic lymphadenopathy by 18-fl uoro-
deoxyglucose positron emission tomography 
(FDG-PET) [ 21 ,  22 ].

   An unusual mediastinal manifestation of 
IgG4-RD is fi brosing mediastinitis. One case of 
fi brosing mediastinitis has been reported [ 17 ]. 
This patient improved with corticosteroid ther-
apy which is noteworthy since fi brosing medias-
tinitis is generally considered to be a condition 
refractory to pharmacologic therapy.   

    Histopathology 

 Histopathologic features associated with intra-
thoracic involvement in IgG4-RD are similar to 
those seen in extrapancreatic lesions with some 
exceptions. Features shared with extrapulmonary 

  Fig. 19.3    CT scan of the chest on a 59-year-old man 
showing mediastinal and bilateral hilar lymphadenopathy 
associated with mediastinal soft tissue thickening and a 
small right pleural effusion. Lymph node biopsy obtained 
by mediastinoscopy revealed fi ndings consistent with 
IgG4-related lymphadenopathy       
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  Fig. 19.4    Pulmonary pathology in IgG4-related scleros-
ing disease. ( a ) Lower-power view of the lung biopsy 
showing a lymphangitic distribution of fi broinfl ammatory 
changes with focal consolidation shown in the lower fi eld 

(HE, 40× original magnifi cation). ( b ) Dilated lymphatic 
spaces fi lled with histiocytes seen in the visceral pleura, 
which shows mild fi brinous pleuritis (HE, 100×). ( c  and 
 d ) Emperipolesis in S100-positive histiocytes (HE and 
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IgG4-related lesions include lymphoplasmacytic 
infl ammation, fi brosis, phlebitis, and increased 
numbers of IgG4-positive plasma cells 
(Fig.  19.4a–j ) [ 1 ,  3 ,  6 ,  8 ,  23 ]. Plasma cells com-
prise the main cell type in the infl ammatory infi l-
trate (usually greater than 50 %), followed by 
lymphocytes and histiocytes. Eosinophilic infi l-
tration can be prominent, but granulomas are 
rarely present and are usually small and vague [ 1 , 
 3 ]. These changes are better appreciated on surgi-
cal lung biopsies but can also be identifi ed on 
bronchoscopic and needle biopsies [ 2 ,  3 ]. On sur-
gical lung biopsies, prominent lymphangitic dis-
tribution involving the interlobular septa and 
visceral pleura is seen [ 3 ]. Dilated lymphatic 
spaces contain histiocytes showing emperipolesis 
of lymphocytes [ 3 ].

   In contrast to histopathologic fi ndings seen in 
the pancreas of AIP, characteristic storiform 
fi brosis seen in the pancreas is not as apparent in 
the lung biopsies [ 3 ]. In the lung, collagenized 
fi brosis and active fi broblastic proliferation are 
more prominent. In addition, both pulmonary 
arteries and veins are involved by intimal and 
mural infl ammation in contrast to the fi ndings in 
the involved pancreas which show obliterative 
phlebitis with sparing of the arteries [ 3 ]. 
Necrotizing vasculitis is not seen. Both the abso-
lute number of IgG4-positive cells and the ratio 
of IgG4-/IgG-positive cells are increased, typi-
cally greater than 30 per high-power fi eld and 
30 %, respectively. 

 Increased number of IgG4-positive plasma 
cells is also seen in regional and non-regional 
lymph nodes in patients with IgG4-RD. However, 
other histopathologic features may be relatively 
nonspecifi c and have been broadly divided into 
three patterns: (1) Castleman disease-like, (2) 
follicular hyperplasia, and (3) interfollicular 
expansion [ 19 ]. 

 As already discussed, intrathoracic manifestations 
of IgG4-RD may take several forms. IgG4-RD 
likely accounts for a subset of various idiopathic 
fi broinfl ammatory conditions involving the intra-
thoracic structures. For example, IgG4-RD 
involving the lung accounts for a portion of pre-
viously reported cases of pulmonary infl amma-
tory pseudotumor (plasma cell granuloma) [ 9 ]. 
This is also true for cases of fi brosing mediastini-
tis [ 17 ]. IgG4-RD may also account for some 
cases of idiopathic interstitial pneumonias. For 
example, histopathologic features of organizing 
pneumonia and nonspecifi c interstitial pneumo-
nia have been described in patients with IgG4-
related lung disease [ 3 ,  12 ,  15 ,  24 ].  

    Imaging 

 Chest imaging may reveal various patterns of 
abnormalities in patients with IgG4-related lung 
disease depending on the location, type, and 
extent of involvement. These fi ndings are best 
characterized by CT (including high-resolution 
images of the lung parenchyma) rather than plain 
chest radiography. In the lung, main patterns of 
abnormalities include single or multiple rounded 
opacities or interstitial lung disease [ 2 ,  4 ,  6 ,  8 , 
 11 – 15 ]. The rounded opacities may range in size 
from sub-centimeter to several centimeters in 
diameter. The density of these opacities may 
appear solid or of ground glass in attenuation, 
and the margin of the opacity may be smooth or 
irregular and spiculated. 

 The pattern of IgG4-related interstitial lung 
disease can take several forms. In some patients, 
patchy consolidation and ground-glass opacities 
may be seen suggestive of organizing pneumonia 
[ 3 ,  6 ,  11 – 13 ]. In others, reticular opacities and 
honeycombing may predominate similar to the 

Fig. 19.4 (continued)  S100, 400×). ( e ) Endothelialitis 
characterized by  subendothelial mixed infl ammatory 
infi ltrates with reactive endothelial cell changes 
(HE, 400×). ( f ) Intimal and mural infl ammatory infi ltrates 
accompanied by luminal occlusion owing to cellular myo-
intimal proliferation (HE, 400×). ( g ) Fibroblastic prolif-
eration in the center surrounded by mononuclear infi ltrates 

at the periphery of fi eld (HE, 100×). ( h ) Peribronchial 
infl ammation without structural alteration of the involved 
airways (HE, 40×). ( i  and  j ) A marked increase in IgG and 
IgG4+ plasma cells among the infl ammatory infi ltrates 
showing a high IgG4/IgG ratio (IgG and IgG4, 400×).  HE  
indicates hematoxylin and eosin (This fi gure is repro-
duced with permission from Shrestha et al. [ 3 ])       

19 IgG4-Related Lung Disease



204

fi ndings seen in nonspecifi c interstitial  pneumonia 
or idiopathic pulmonary fi brosis [ 3 ,  6 ,  24 ]. 
Infi ltrates along bronchovascular bundles and 
interlobular septa may be the predominant fea-
ture in some patients, raising the suspicion of sar-
coidosis particularly when accompanied by 
intrathoracic lymphadenopathy [ 6 ]. 

 Pleural involvement in IgG4-RD may mani-
fest as pleural effusion or nodular lesions involv-
ing the pleura [ 4 ,  8 ]. Although pleural involvement 
is commonly seen histopathologically on lung 
biopsies, radiologically identifi able pleural 
involvement appears to be relatively uncommon. 

 Mediastinal involvement in IgG4-RD is most 
commonly seen in the form of mediastinal and/or 
hilar lymphadenopathy [ 1 ,  2 ,  18 – 20 ,  25 ]. 
Intrathoracic lymphadenopathy may be seen with 
or without parenchymal lung involvement. IgG4- 
related fi brosing mediastinitis radiologically 
manifests as a mediastinal mass or infi ltrative 
process [ 17 ]. 

 Aside from chest radiography and CT scan-
ning, other imaging modalities may be helpful in 
the evaluation of patients suspected of intratho-
racic involvement in IgG4-RD. On FDG-PET 
scanning, abnormal FDG uptake is observed in 
pancreatic and extrapancreatic lesions including 
the intrathoracic structures. This uptake in the 
thorax has been most commonly associated with 
intrathoracic lymphadenopathy [ 21 ,  22 ]. FDG 
uptake can also be seen in IgG4-related lung dis-
ease and fi brosing mediastinitis. Thus, FDG-PET 
will not distinguish lung cancer from an infl am-
matory lesion when evaluating a patient with a 
lung nodule or mass. Gallium-67 scintigraphy is 
rarely used in the evaluation of patients with pul-
monary diseases but can also demonstrate uptake 
in involved intrathoracic structures including 
lung and lymph nodes [ 2 ,  25 ].  

    Laboratory Tests 

 The serum IgG4 level is elevated in the majority 
of patients with IgG4-related lung disease [ 1 – 3 , 
 6 ,  20 ]. The sensitivity and specifi city of serum 
IgG4 level with respect to IgG4-related lung 

disease are not precisely known but are likely 
similar to those associated with IgG4-RD in 
general. 

 There are no blood tests that are specifi cally 
applicable to pulmonary involvement in 
IgG4-RD with the exception of serum Krebs 
von den Lungen-6 (KL-6) level. KL-6 is a circu-
lating high molecular weight glycoprotein 
(MUC1 mucin) expressed by type II pneumo-
cytes in the lung. Serum KL-6 level has been 
reported to be elevated in patients with various 
parenchymal lung diseases such as idiopathic 
pulmonary fi brosis. Circulating KL-6 level has 
been suggested to correlate with the extent of 
lung injury and has prognostic value but is not 
widely available outside of Japan [ 26 – 28 ]. 
Hirano and colleagues [ 12 ] identifi ed pulmo-
nary involvement in 4 of 30 patients with AIP, 
and the circulating level of KL-6 was noted to 
be elevated in all four patients. 

 Analysis of bronchoalveolar lavage (BAL) 
fl uid obtained by bronchoscopy has been 
reported to show increased levels of IgG4 when 
compared to the specimens obtained from 
patients with sarcoidosis [ 2 ]. The BAL IgG4 
level was observed to correlate with the serum 
IgG4 level. BAL cellular analysis typically 
reveals lymphocytosis as expected based on his-
topathologic fi ndings [ 2 ,  16 ]. 

 There are very few data regarding pulmonary 
function in patients with IgG4-related lung dis-
ease.    Whether the pulmonary function results are 
normal or not, the pattern of abnormalities 
encountered is likely to be determined by the 
type of intrathoracic involvement and its severity. 
Patients with solitary lung nodule presentation 
will exhibit no impairment of their pulmonary 
function in the absence of preexisting cardiopul-
monary disease such as emphysema. Those with 
interstitial lung disease associated with IgG4-RD 
are likely to manifest a reduced diffusing capac-
ity and restrictive impairment (reduced lung vol-
umes without airfl ow obstruction), particularly in 
the presence of extensive parenchymal infi ltrates 
[ 12 ,  24 ]. On the other hand, an obstructive pat-
tern will be encountered in rare patients with pre-
dominantly airway involvement [ 16 ].  
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    Diagnosis of IgG4-Related Lung 
Disease 

 IgG4-related lung disease can be encountered in 
the presence or absence of extrapulmonary dis-
ease including AIP. In patients who already have 
an established diagnosis of IgG4-RD, concern 
regarding IgG4-related lung disease will obvi-
ously arise when intrathoracic abnormalities are 
detected in such patients. Because intrathoracic 
manifestations of IgG4-RD are so varied, virtu-
ally any type of intrathoracic fi nding should raise 
suspicion including nodular or interstitial lung 
infi ltrates, mediastinal or hilar lymphadenopathy, 
and pleural processes. In most cases, histopatho-
logic examination of tissue biopsy from the intra-
thoracic lesion will be needed to distinguish 
intrathoracic manifestation related to IgG4-RD 
from a separate process such as lung cancer, lym-
phoma, sarcoidosis, or other distinct disease 
processes. 

 In patients without a known diagnosis of 
IgG4-RD, possibility of IgG4-related lung disease 
could easily be overlooked since various intratho-
racic fi ndings associated with this disorder are 
rather nonspecifi c and could be mistaken for pneu-
monia or some other more common disease 
 processes. Here again, histopathologic examina-
tion of tissue biopsy of the intrathoracic lesion will 
be crucial in making the correct diagnosis. 
Bronchoscopic lung biopsy, whether transbron-
chial lung biopsy or transbronchial needle biopsy 
of mediastinal lymph nodes, may provide adequate 
amount of tissue to achieve the diagnosis of IgG4-
related lung disease in the presence of appropriate 
clinical and radiologic context. If bronchoscopic 
biopsy does not yield suffi cient amount of tissue 
for the diagnosis, surgical lung biopsy or mediasti-
noscopy will need to be considered depending on 
the predominant site of involvement. 

 It appears likely that the use of serum IgG4 
level and immunostaining of lung biopsy speci-
mens with anti-IgG4 antibody will increase in the 
evaluation of patients with various forms of pul-
monary abnormalities. Although the presence of 
IgG4-positive lymphoplasmacytic infi ltrate is 
characteristic of IgG4-RD, it is not specifi c for 
the diagnosis of IgG4-RD in the thorax or 

 elsewhere [ 3 ,  23 ]. In addition, there is no single 
histopathologic parameter that distinguishes 
IgG4-related lung disease from other similar- 
appearing fi broinfl ammatory processes. Thus, it 
is crucial that histopathologic fi ndings be corre-
lated with the clinical and imaging fi ndings to 
reach a correct diagnosis. 

 As in patients with AIP and other extrapulmo-
nary lesions associated with IgG4-RD, the serum 
IgG4 level is elevated in the majority of patients 
with IgG4-related lung disease. However, an ele-
vated serum IgG4 level is not seen in some of 
these patients, and the absence of such fi nding 
does not exclude the diagnosis of IgG4-related 
lung disease. Although BAL fl uid analysis has 
been reported to show elevated IgG4 levels and 
lymphocytosis, the diagnostic utility of these mea-
sures has not been defi ned in the evaluation of 
patients with suspected IgG4-related lung 
disease. 

 Pulmonary involvement in IgG4-RD can be 
seen before, simultaneously, or after the diagno-
sis of AIP or other extrapulmonary IgG4-related 
lesion. The diagnosis of IgG4-related lung dis-
ease should be considered in the evaluation of 
any patient with fi broinfl ammatory disease of 
obscure etiology encountered in the thorax.  

    Treatment 

 As with AIP and other extrapancreatic lesions of 
IgG4-RD, IgG4-related lung disease generally 
responds well to corticosteroid therapy [ 3 ,  4 ,  6 ,  8 –
 10 ,  12 ,  13 ,  15 ,  16 ,  19 – 22 ]. This positive response 
to corticosteroid therapy is observed whether the 
predominant disease is in the lung parenchyma, 
airway, pleura, or mediastinum. The exact regimen 
of corticosteroids is not specifi ed in many of the 
studies to date but generally consists of oral predni-
sone typically begun at a dose between 30 and 
1 mg/kg/day for a duration of 1–2 weeks. Favorable 
response is usually observed by 2 weeks on treat-
ment. The prednisone dose is then gradually 
tapered downward over the following several 
months with continued monitoring for possible 
recurrence or complete resolution. 

 The optimal dose and duration of corticoste-
roid therapy in the treatment of IgG4-related lung 
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disease remain to be defi ned. A retrospective 
study on patients with AIP demonstrated the 
patients on low-dose maintenance dose of pred-
nisone (10 mg/day or lower) to have a signifi -
cantly lower relapse rate of AIP compared to 
those who had tapered off prednisone treatment 
[ 29 ]. These results have been extrapolated by 
some authors to patients with extrapancreatic 
IgG4-related disease manifestations. Thus, 
 low- dose maintenance dose of prednisone has 
been used for some patient beyond several 
months of treatment to reduce the risk of recur-
rence. Spontaneous improvement in IgG4-related 
lung disease has not been described. Although 
corticosteroid is used widely in patients with 
IgG4-RD, it is probably not needed in the man-
agement of patients with IgG4-related lung dis-
ease who present with only a solitary pulmonary 
nodule or mass and undergo complete surgical 
resection of the lesion [ 4 ,  9 ]. 

 There are few data on the treatment of IgG4- 
related lung disease with pharmacologic agents 
other than corticosteroids. The use of bortezo-
mib, a proteasome inhibitor, and the addition of 
cyclosporine to corticosteroid therapy have been 
reported in two separate case reports describing 
patients with recurrent IgG4-related lung disease 
and appeared to provide benefi t [ 11 ,  30 ]. In extra-
pulmonary IgG4-RD, azathioprine, mycopheno-
late, methotrexate, and cyclophosphamide have 
been used to prevent long-term relapse [ 31 ,  32 ]. 
Recently, rituximab therapy was reported to 
result in a rapid decline of serum IgG4 levels and 
prompt clinical improvement in four IgG4-RD 
patients with manifestations of AIP, sclerosing 
cholangitis, lymphoplasmacytic aortitis, salivary 
gland involvement, orbital pseudotumor, and lac-
rimal gland enlargement [ 32 ]. In this study, ritux-
imab was used as a corticosteroid-sparing agent. 
Whether these nonsteroidal agents also have a 
role in IgG4-related lung disease remains to be 
determined.  

    Prognosis 

 Although the response to corticosteroid therapy 
is favorable in most patients with IgG4-related 
lung disease, long-term follow-up data are 

 currently not available. These patients may 
develop extrapulmonary lesions associated with 
IgG4-RD in the months and years following 
their initial diagnosis [ 1 ]. Some patients with 
IgG4-related lung disease may not experience 
complete resolution of their lung manifestations 
and have residual radiologic abnormalities. Zen 
and colleagues [ 4 ] described residual radiologic 
abnormalities in 3 of their 21 patients with 
IgG4-related lung disease and pleural disease 
after treatment. 

 Association with malignancies has been 
described in patients with IgG4-RD. These 
malignancies have included lymphoma, pancre-
atic cancer, as well as lung cancer [ 1 ,  4 ,  19 ,  33 , 
 34 ]. It remains to be clarifi ed whether there truly 
is an increased risk of malignancy in patients 
with IgG4-RD.  

    Conclusions 

 Intrathoracic manifestations of IgG4-RD are var-
ied and can involve any compartment of the 
respiratory system including the lung paren-
chyma, airway, pleura, as well as mediastinum. It 
appears likely that the spectrum of pulmonary 
involvement in IgG4-RD will continue to broaden 
with continuing investigations. In addition, the 
role of IgG4-related pathogenesis needs to be 
examined in various fi broinfl ammatory pulmo-
nary diseases of unknown cause including vari-
ous idiopathic interstitial pneumonias and 
fi brosing mediastinitis.  

    Key Points 

•     Lung and pleural lesions are seen in approxi-
mately 10–20 % of patients with IgG4-RD, 
but intrathoracic lymphadenopathy can be 
detected in the majority of patients.  

•   Intrathoracic manifestations are varied and 
can involve the lung parenchyma, pleura, air-
ways, and mediastinum.  

•   About one-half of patients with IgG4-related 
lung disease have no respiratory symptoms.  

•   Corticosteroid therapy is generally effective in 
the treatment of IgG4-related lung disease, but 
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some patients may be left with residual 
 radiologic abnormalities.  

•   The role of IgG4-related pathogenesis needs 
to be evaluated in various fi broinfl ammatory 
pulmonary diseases of unknown cause includ-
ing various idiopathic interstitial pneumonias 
and fi brosing mediastinitis.        
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           Introduction 

 Autoimmune pancreatitis (AIP) is an infl ammatory 
disease of the pancreas which is clinically and 
pathologically different from all other types of pan-
creatitis [ 1 ]. Many papers have been published after 
the introduction of the term “autoimmune pancreati-
tis” by Yoshida et al. in 1995 [ 2 ], based mainly on 
the dramatic and quick response to steroid therapy. 

 The knowledge of the disease was initially 
based on the Japanese experience that defi ned the 
AIP as a diffuse disease involving the entire pan-
creas and responsive to steroid therapy [ 3 – 5 ]. 
Later, the focal involvement (mass forming) of 
the pancreas by infl ammation has been reported 
[ 6 ]. Consequently, the clinical approach changed, 
since in the presence of a hypodense mass, a 
diagnosis of pancreatic cancer should be excluded 
before the introduction of steroid therapy. 

 Recently, the disease has been classifi ed in 
type 1 and type 2 AIPs [ 7 ]. These two forms are 
characterized by different clinical profi les; 
whereas type 1 AIP is associated with other organ 
involvement (biliary tract, salivary glands, gas-

trointestinal tract, kidney, retroperitoneum) and 
frequent relapses, type 2 AIP is associated with 
ulcerative colitis and does not relapse. 

 The diagnostic criteria for AIP vary largely 
around the world, though they all are based on 
four cardinal criteria: histology, imaging, associ-
ation with other autoimmune diseases or other 
organ involvement, and response to steroids [ 8 ]. 
Serological profi le, in particular the presence of 
high serum level of IgG4, has been also proposed 
as a diagnostic criteria, but sensitivity and speci-
fi city of all tests are not yet satisfactory [ 9 ,  10 ]. 

 Based on the high prevalence of focal AIP 
form (60 %) in Italy, the most important clinical 
goal is to differentiate AIP from pancreatic can-
cer to safely use steroid therapy [ 11 ].  

    Pathology 

    Surgical Specimens 

 We report the pathological experience on 19 
cases of AIP, resected with suspicion of pancre-
atic cancer (16 pancreaticoduodenectomies and 3 
distal pancreatectomies). 

 Macroscopically, an ill-defi ned mass in the 
head of the pancreas was found in 16 cases. 

 A narrowed or mild dilated pancreatic duct was 
present in all cases, differently to that observed in 
pancreatic cancer. Pseudocysts and pancreatic cal-
culi were not observed. The bile duct stenosis was 
present in 12 cases. Type 1 and type 2 AIPs were 
macroscopically indistinguishable. 
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 Microscopically, 9 cases (47 %) were classifi ed 
as type 1 AIP and 10 cases (53 %) as type 2 AIP 
(Tables  20.1  and  20.2 ).

    Type 1 AIP was characterized by a dense 
 lymphoplasmacytic infi ltration centered on the 
 pancreatic ducts, prominent storiform fi brosis, 
infl ammatory cellular stroma, obliterative phlebitis, 
and acinar atrophy (Fig.  20.1a–c ). Prominent lym-
phoid aggregates were also frequently present.

   The density and distribution of the infl amma-
tory infi ltration changed from case to case and 
within the same case from mild, focal, and peri-
ductal infi ltration with mild fi brosis to heavy 
periductal and acinar infi ltration with severe peri-
ductal fi brosis, duct obstruction and duct destruc-
tion, and acinar atrophy. The venulitis was always 
prominent. 

 In most cases, the distribution of the lesions 
was patchy. In a few cases, the storiform fi brosis 
mimicked a fi broinfl ammatory pseudotumor 
[ 13 – 20 ]. The infl ammatory process was usually 
well demarcated from the surrounding peripan-
creatic fatty tissue and only occasionally showed 
some small tonguelike extensions. The peripan-
creatic lymph nodes were enlarged and showed 
follicular hyperplasia. The distal common bile 
duct presented with marked fi broinfl ammatory 
thickening in six cases (67 %), whereas the gall-
bladder was involved in two cases (22 %). 

 Tissue IgG4-positive plasma cells were abun-
dant (>50 per HPF) in all cases (Fig.  20.1d ). 

 The pathognomic lesion in type 2 AIP was the 
“granulocytic epithelial” lesions (GELs) (Tab1) 
[ 12 ], characterized by the granulocytic invasion 
of the ductal structures, with detachment, disrup-
tion, and destruction of the duct epithelium 
(Fig.  20.2a, b ). In almost all cases, the granulo-
cytes extended from large-medium ducts to small 
ductules within the acinar parenchyma 
(Fig.  20.2c ). Immunohistochemically, the IgG4- 
positive plasma cells were absent or very few in 
number (Fig.  20.2d ).

   The common feature of both AIP types was 
the presence of periductal lymphoplasmacytic 
infi ltrate, whereas storiform fi brosis, infl amma-
tory cellular stroma, obliterative phlebitis, and 
lymphoid aggregates were less prominent or 
inconspicuous in type 2 AIP.   

    Fine-Needle Aspiration Cytology 
and Biopsy 

 A useful diagnostic tool in clinically and radio-
logically suspected AIP could be fi ne-needle 
aspiration cytology (FNAC) or fi ne-needle core 
biopsy (FNCB) [ 13 – 20 ]. 

 The role of FNAC is to rule out a carcinoma 
and in some cases to suggest or to be in accor-
dance with the diagnosis of AIP. The cytological 
features of AIP, more pleomorphic than cancers, 
are characterized by an underrepresentation of 
ductal cells, lack of signifi cant nuclear atypia, 
and the presence of lymphocytes, plasma cells, 
and cellular stromal fragments (Fig.  20.3 ). The 
presence of stromal fragments infi ltrated by gran-
ulocytes may only suggest a possible diagnosis of 
type 2 AIP (Fig.  20.4 ).

    The (EUS)    Tru-Cut biopsy, providing a core 
of tissue, enables the histologic evaluation as 
well as the immunohistochemical detection of 
IgG4 [ 17 ]. The diagnosis of AIP on biopsy relies 
on the recognition of the combination of lympho-
plasmacellular infi ltration, especially around 
ducts, cellular stroma, venulitis, and the presence 
of abundant IgG4-positive cells (Fig.  20.5 ) and 
the presence of GELs (Fig.  20.6 ). The presence 
of IgG4-positive plasma cells on the one hand 
and GELs on the other can be considered the 
hallmarks of the two subtypes of AIPs [ 17 ].

    In our experience, the diagnosis of AIP in core 
biopsy is possible in half of cases, whereas in the 
presence of few morphological criteria, the diag-
nosis may be only suggestive or negative.  

    Imaging of AIP 

 In our series of AIP patients, the imaging techniques 
of the pancreas showed a higher frequency of focal 
type (60 %). In clinical practice, computed tomog-
raphy (CT) and magnetic resonance imaging (MRI) 
are the imaging techniques more frequently used. 

 In a recent paper, we reported the CT fi ndings 
on 21 AIP patients showing pancreatic paren-
chyma enlargement, focal in 14 (67 %) cases and 
diffuse enlargement in the remaining 7 (33 %) 

L. Frulloni and G. Zamboni



213

   Ta
b

le
 2

0
.1

  
  C

lin
ic

al
, p

at
ho

lo
gi

ca
l, 

an
d 

tis
su

e 
Ig

G
4 

fi n
di

ng
s 

in
 1

9 
re

se
ct

ed
 A

IP
s   

 G
E

L
 

 Se
x 

 A
ge

 
 Si

te
 

 Ja
un

di
ce

 

 Pe
ri

du
ct

al
 

L
PL

 
in

fi l
tr

at
e 

 A
ci

na
r 

PM
N

 
in

fi l
tr

at
e 

 In
fl a

m
m

at
or

y 
ce

llu
la

r 
st

ro
m

a 
 St

or
if

or
m

 
fi b

ro
si

s 
 O

bl
ite

ra
tiv

e 
ph

le
bi

tis
 

 Ly
m

ph
oi

d 
ag

gr
eg

at
es

 
 B

ile
 d

uc
t 

in
vo

lv
em

en
t 

 Pa
pi

lla
 

in
vo

lv
em

en
t 

 Ig
G

4 
tis

su
e 

 M
 

 66
 

 H
ea

d 
 1 

 2 
 0 

 2 
 1 

 1 
 1 

 1 
 1 

 2 
 F 

 54
 

 Ta
il 

 0 
 2 

 0 
 2 

 2 
 2 

 1 
 0 

 0 
 2 

 M
 

 49
 

 H
ea

d 
 1 

 2 
 0 

 2 
 2 

 2 
 2 

 1 
 1 

 2 
 F 

 48
 

 Ta
il 

 0 
 2 

 0 
 2 

 2 
 2 

 2 
 0 

 0 
 2 

 M
 

 78
 

 H
ea

d 
 0 

 2 
 0 

 2 
 1 

 2 
 1 

 0 
 1 

 2 
 M

 
 49

 
 H

ea
d 

 1 
 2 

 0 
 2 

 2 
 2 

 1 
 2 

 1 
 2 

 F 
 68

 
 H

ea
d 

 1 
 2 

 0 
 2 

 2 
 2 

 1 
 1 

 1 
 2 

 M
 

 48
 

 H
ea

d 
 1 

 2 
 0 

 2 
 2 

 2 
 1 

 1 
 1 

 2 
 M

 
 73

 
 H

ea
d 

 1 
 2 

 0 
 2 

 2 
 2 

 1 
 2 

 1 
 2 

 G
E

L
- p

os
  

 M
 

 36
 

 H
ea

d 
 0 

 1 
 0 

 1 
 0 

 0 
 0 

 0 
 0 

 0 
 G

E
L

- p
os

  
 M

 
 56

 
 H

ea
d 

 1 
 1 

 1 
 1 

 0 
 1 

 1 
 1 

 1 
 0 

 G
E

L
- p

os
  

 M
 

 52
 

 Ta
il 

 0 
 1 

 1 
 1 

 0 
 1 

 1 
 0 

 0 
 0 

 G
E

L
- p

os
  

 F 
 62

 
 H

ea
d 

 1 
 1 

 2 
 2 

 1 
 1 

 1 
 1 

 1 
 1 

 G
E

L
- p

os
  

 M
 

 32
 

 H
ea

d 
 1 

 1 
 2 

 1 
 1 

 1 
 1 

 1 
 1 

 0 
 G

E
L

- p
os

  
 M

 
 41

 
 H

ea
d 

 0 
 1 

 2 
 1 

 1 
 1 

 1 
 0 

 0 
 0 

 G
E

L
- p

os
  

 F 
 46

 
 H

ea
d 

 1 
 1 

 1 
 1 

 0 
 1 

 0 
 1 

 1 
 0 

 G
E

L
- p

os
  

 M
 

 26
 

 H
ea

d 
 1 

 1 
 2 

 1 
 0 

 1 
 0 

 1 
 1 

 0 
 G

E
L

- p
os

  
 M

 
 48

 
 H

ea
d 

 0 
 1 

 2 
 1 

 2 
 1 

 2 
 0 

 0 
 0 

 G
E

L
- p

os
  

 F 
 57

 
 H

ea
d 

 1 
 2 

 2 
 2 

 1 
 1 

 2 
 2 

 1 
 0 

  Ig
G

4 
(c

ou
nt

in
g 

th
re

e 
ho

t s
po

ts
: 0

, n
eg

at
iv

e 
or

 <
5H

PF
; 1

 >
 2

0 
<

 5
0H

PF
;2

 >
 5

0H
PF

 
  LP

L
  ly

m
ph

op
la

sm
ac

yt
ic

,  G
E

L
  g

ra
nu

lo
cy

tic
 e

pi
th

el
ia

l l
es

io
n,

  P
M

N
  p

ol
ym

or
ph

on
uc

le
ar

 c
el

ls
, G

ra
di

ng
:  0

  a
bs

en
t, 

 1  
pr

es
en

t, 
 2  

pr
om

in
en

t  

20 Italian Experience



214

[ 21 ]. In both types, parenchyma affected by AIP 
appeared hypoattenuating in 19 (90 %) patients 
and isoattenuating in 2 (10 %). During the portal 
venous phase, pancreatic parenchyma showed 
delayed enhancement in 18 (86 %) patients and 
washout in 3 (14 %). The main pancreatic duct 
was never visible within the enlarged pancreatic 
parenchyma. In focal AIP, the upstream main 
pancreatic duct was dilated in 8 out of 14 patients. 
After steroid treatment, there was a reduction in 
the size of enlarged pancreatic parenchyma, with 
normal enhancement pattern in 15 (71 %) of the 
21 patients, as well as a normal main pancreatic 
duct within the lesion was observed in all patients. 

 The fi ndings of MR of 27 AIP patients showed 
a focal enlargement of the pancreatic parenchyma 
in 13 (48 %) and diffuse in 14 (53 %) [ 22 ]. The 
pancreatic parenchyma appeared hypointense on 
T1-weighted images in all 27 (100 %) patients, 
hyperintense on T2-weighted images in 25 
(93 %), and isointense in 2 (7 %). After contrast- 
medium injection, enlarged pancreatic paren-
chyma appeared hypointense during arterial 

phases in 25 (93 %) patients and isointense in 2 
(7 %). During the portal venous and delayed 
phases, the images of 19 (70 %) patients showed 
delayed enhancement. The main pancreatic duct 
was not visible within the enlarged pancreatic 
parenchyma in all 27 AIP patients (100 %), sug-
gesting compression. In focal type, there is a 
stricture of the main pancreatic duct with mild 
dilation upstream.    After steroid treatment, there 
was a normalization of the signal intensity on the 
T1-weighted images, whereas on the T2-weighted 
images, the involved pancreatic parenchyma 
appeared normally hypointense in 14 (52 %), 
isointense in 7 (26 %), and remained hyperin-
tense in 6 (22 %) patients. After steroids, the 
dynamic study after contrast-medium injection in 
arterial, parenchymal, and venous phase is simi-
lar to that observed at CT scan, and the main pan-
creatic duct became normal in 23 (85 %) and 
remained narrowed in 4 (15 %) patients. 

 CT imaging can be used in the differential 
diagnosis between the diffuse form of AIP and 
nonnecrotizing acute pancreatitis (NNAP) [ 23 ]. 
The main parameters used for this purpose are 
the “relative enhancement rate” (RER) and the 
presence of peripancreatic stranding and retro-
peritoneal fl uid fi lm. The RER is the rate of rela-
tive variation in enhancement from the previous 
phase, and it is calculated from dynamic pancre-
atic density data of the quadriphasic MDCT 
study by qualitative changes of pancreatic den-
sity. Compared to the spleen, the pancreas 
appears hypodense in diffuse AIP, with progres-
sive retention of contrast media in the involved 
pancreas, whereas in edematous acute pancreati-
tis, the pancreas appears isodense in nearly all 
patients, with progressive washout of the contrast 
medium. The RER in the delayed phase (RER3) 
has 100 % sensitivity and 100 % specifi city for 
differentiating between AIP and NNAP. 
Peripancreatic stranding and retroperitoneal fl uid 
is observed in NNAP. 

 In our experience, contrast-enhanced ultraso-
nography (CEUS) proved useful to differentiate 
focal AIP from pancreatic cancer. CEUS may 
differentiate infl ammation from cancer on the 
basis of enhancement of the mass in an early 
phase after contrast-medium injection with high 

   Table 20.2    Clinicopathological features: type 1-GEL- neg 
AIP versus type 2-GEL-pos AIP   

 Type 1-GEL-neg 
( n  = 9) 

 Type 
2-GEL-pos 
( n  = 10) 

  Age   59.2 (range 
48–78) 

 45.6 (range 
26–60) 

  Gender  
 Male  6 (67 %)  7 (70 %) 
 Female  3 (33 %)  3 (30 %) 
  Site  
 Head  7 (78 %)  9 (90 %) 
 Tail  2 (22 %)  1 (10 %) 
  Jaundice   6 (67 %)  6 (60 %) 
  Autoimmune diseases   1 Sjogren, 1 

asthma, 1 
psoriasis 

 3 ulcerative 
colitis, 1 
Crohn 

  Prominent tissue IgG4   9 (100 %)  1 (10 %) 
  Acinar PMN   0 (0 %)  10 (100 %) 
  Prominent storiform 
fi brosis  

 6 (67 %)  1 (10 %) 

  Prominent obliterative 
phlebitis  

 8 (89 %)  0 (0 %) 

  Prominent lymphoid 
follicles  

 6 (67 %)  2 (20 %) 

  Bile duct involvement   6 (67 %)  6 (60 %) 
  Papilla involvement   7 (78 %)  6 (60 %) 
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  Fig. 20.1    ( a – d ) Type 1 AIP features: periductal fi brosis 
and infl ammatory cell infi ltration, characterized by lym-
phocytes, plasma cells, and macrophages ( a ); infl amma-

tory cellular stroma with prominent storiform fi brosis ( b ); 
phlebitis ( c ); heavy periductal infi ltration of IgG4-positive 
plasma cells ( d )       

  Fig. 20.2    ( a – d ) Granulocytic epithelial lesion ( GEL ), char-
acterized by the invasion of the ductal structures by neutro-
philic granulocytes, with detachment, disruption, and 

destruction of the duct epithelium ( a ,  b ); acinar-type GELs 
with granulocytes extension into the intra-acinar small ducts 
( c ); GEL with very few IgG4-positive plasma cells ( d )       
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sensitivity (88.6 %), specifi city (97.8 %), and 
overall accuracy of 96 % [ 24 ]. 

 In Italy, the endoscopic retrograde pancrea-
tography (ERP) fi ndings are no longer included 
as criteria for the diagnosis of AIP [ 25 ,  26 ], 

since ERP was replaced by secretin-enhanced 
MR cholangiopancreatography (MRCP). ERP 
has a higher spatial resolution than MRCP, but 
it is an invasive and  operator-dependent 
procedure. 

  Fig. 20.3    ( a – c ) The cytological smear is character-
ized by an underrepresentation of ductal cells, lack of 
significant nuclear atypia, and the presence of lympho-

cytes, plasma cells, and cellular stromal fragments 
( a ,  b ); few IgG4-positive plasma cells ( c )       

  Fig. 20.4    ( a – b ) The presence of stromal fragments infi ltrated by granulocytes suggesting a possible diagnosis of type 
2 AIP ( a ,  b )       
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  Fig. 20.5    ( a – c ) Tru-Cut biopsy: extensive fi broinfl ammatory infi ltration with focally spared parenchyma ( a ); venulitis 
( b ); IgG4-positive plasma cells ( c )       

  Fig. 20.6    ( a – c ) Tru-Cut biopsy: a granulocytic-rich infl ammation with GELs formation ( a ,  b ); myxoid stroma with 
plump myofi broblasts ( c )       
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 EUS is used to provide cytological material 
and core biopsies for a morphological evaluation, 
mainly to rule out a diagnosis of cancer, and in a 
minority of cases to make a diagnosis of AIP.  

    Italian Diagnostic Criteria and 
Clinical Approach to the Diagnosis 
of AIP 

 Italian criteria for diagnosing AIP require the 
presence of 3 out of 4 main criteria: (1) histology, 
(2) imaging, (3) association with autoimmune 
diseases or other organ involvement, and (4) 
response to steroid therapy [ 6 ]. Serum IgG4 may 
be useful for the diagnosis but, in the Italian 
experience, provides high specifi city but low sen-
sitivity [ 27 ]. Carrying this evidence in clinical 
practice, high serum levels of IgG4 are strongly 
indicative of AIP, but normal levels do not 
exclude AIP. Furthermore, IgG4 may be mildly 
elevated in patients with pancreatic cancer [ 9 ]. 

 Since response to steroids is by defi nition an 
“a posteriori” diagnostic criterion, the main clini-
cal problem is when and how to safely administer 
a steroid trial. The approach to a patient with a 
suspicion of AIP is different in diffuse and focal 
forms of the disease [ 11 ]. 

 In the diffuse form, a suspicion of AIP is based 
on the clinical profi le and imaging. The clinical 
profi le of AIP patients is peculiar and different 
from “classic” acute pancreatitis. A history of 
autoimmune diseases may be present, etiologic 
factors of acute pancreatitis (biliary lithiasis, 
alcohol abuse) are absent, pain is generally mild, 
not infrequently jaundice is present secondary to 
bile duct stenosis, and a persistent increase of 
serum amylase and lipase may be observed. 
Given the nonspecifi c nature of these signs, pan-
creatic imaging is key for diagnosing AIP. 
Abdominal imaging also investigates the pres-
ence of other organ involvement (biliary tree, 
kidney) that strongly supports the diagnosis of 
AIP. In diffuse-type AIP, cytology and core 
biopsy are not mandatory for diagnosing AIP and 
not employed in our practice due to the potential 
risk of fi stula in the presence of acute pancreati-
tis. We also discourage ERCP, since similar 

information may be obtained with MRCP with 
secretin stimulation. 

 If clinical profi le and imaging are strongly 
suggestive of AIP, a steroid trial is strongly sug-
gested. The normalization of pancreatic paren-
chymal and ductal changes at imaging after 
3–4 weeks of steroid therapy is necessary to 
make a defi nitive diagnosis of AIP. 

 In focal AIP, particularly in the presence of a 
low-density mass, a more careful evaluation of 
the patients is necessary to exclude the presence 
of a pancreatic or periampullary neoplasm. Fine- 
needle aspiration cytology (FNAC) or core 
biopsy is therefore mandatory. In the presence of 
diagnostic or suggestive AIP histology, a careful 
evaluation of the other criteria is necessary when 
considering a steroid trial. The complete or sig-
nifi cant response to steroids largely excludes the 
diagnosis of pancreatic cancer. If the steroid 
response is absent or not signifi cant, surgery 
should be performed as soon as possible.  

    Clinical Profi le of the Italian 
Patients Suffering from AIP 

 In September 2010, 114 patients (75 males, 39 
females, mean age at clinical onset 
46.8 ± 15.9 years) with a defi nitive diagnosis of 
AIP based on Italian criteria were included in our 
database from 1995. The main characteristics of 
AIP patients, divided in focal and diffuse forms, 
are reported in Table  20.3 .

   Histology to classify AIP as type 1 or 2 was 
available only in patients who underwent sur-
gery. We estimated that more or less 60 % of 
Italian patients had type 1 AIP and 40 % had type 
2 AIP. However, the clinical profi le of these sub-
types of AIP is not yet available. We are reclas-
sifying AIP patients according to the International 
Consensus Diagnostic Criteria (ICDC) of 
Fukuoka 2011 [ 28 ]. 

 The clinical profi le of AIP in Italy differs from 
other forms of pancreatitis. AIP patients are usu-
ally of male gender, have a negative history of 
smoking and drinking, more often manifest jaun-
dice or atypical pancreatitis, frequently have 
other autoimmune diseases or other organ 
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involvement, and have signifi cant weight loss at 
clinical onset secondary to a combination of pan-
creatic exocrine and endocrine insuffi ciency [ 29 ]. 
The main sign of focal AIP is jaundice, whereas 
acute pancreatitis is more commonly observed in 
the diffuse form. Acute pancreatitis is generally 
“atypical,” since it is characterized by mild pain 
not requiring analgesics and it may be diagnosed 
only by imaging. 

 All of our patients respond quickly to steroid 
therapy [ 6 ]. One third of these patients experi-
enced disease relapses with 30 patients receiving 
immunosuppressant treatment, 21 for the pancre-
atic disease and 9 for associated autoimmune dis-
eases. Predictors of disease relapse in our series 
were elevated serum IgG4 at clinical onset and/or 
after steroid treatment and cigarette smoking [ 6 ].  

    Conclusions 

 The differentiation between focal and diffuse 
forms of AIP is important for guiding patient 
evaluation and management. In focal forms, it is 
primarily necessary to exclude pancreatic cancer. 
Since the use of steroids is a diagnostic criterion, 
the diagnosis of AIP may be achieved after exclu-
sion of a pancreatic cancer. Fine-needle aspira-
tion cytology seems to be the best tools to exclude 

cancer. In diffuse forms, AIP should be differen-
tiated from NNAP that may be best achieved with 
CT. The distinction of type 1 and 2 AIPs provides 
prognostic information that may impact patient 
follow-up and care. However, we do not have yet 
Italian data to confi rm this hypothesis that can be 
obtained only after the reclassifi cation in type 1 
and 2 AIPs of Italian patients suffering from AIP.     
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     Abbreviations 

   AIP    Autoimmune pancreatitis   
  IgG4-SC    IgG4-related sclerosing cholangitis   
  NHS    National Health Service   
  UCH    University College Hospital   

          Nomenclature 

 Autoimmune pancreatitis (AIP) and IgG4-related 
sclerosing cholangitis (IgG4-SC) are fi broinfl am-
matory diseases of the pancreaticobiliary system, 
which may be seen as part of a multiorgan disor-
der involving a range of organs (IgG4-related dis-
eases) [ 1 – 6 ]. Both conditions were initially 
described more than 40 years ago [ 7 ,  8 ] but have 
been better defi ned by Japanese groups since 
1995 [ 9 ]. However, our understanding of this 

condition has been constrained for many years by 
a lack of consensus over nomenclature. AIP and 
IgG4-SC have had many descriptive names in the 
literature [ 6 ], such as “sclerosing pancreato- 
cholangitis,” “sclerosing pancreatitis-associated 
sclerosing cholangitis,” and “primary sclerosing 
pancreatitis and cholangitis.” 

 In view of the marked increase in reports of 
AIP/IgG4-SC worldwide over the last few years, it 
is perhaps surprising that as recent as 2003 there 
was an ongoing debate as to whether AIP was of 
relevance in the West [ 10 ]. However, case series 
from the USA and Europe in the last 5 years have 
led to an acceptance that AIP is a global disease 
[ 11 – 14 ]. “AIP” is now the term commonly used to 
describe the pancreatic manifestations of IgG4-
related diseases, whereas the term “IgG4-associated 
cholangitis” was introduced in 2007 [ 6 ].  

    Diagnostic Criteria 

 Until the recent publication of international con-
sensus criteria for AIP, there are no uniformly 
accepted diagnostic criteria for the disease, but 
several sets of criteria have been published, 
including the Asian diagnostic criteria (proposed 
jointly by researchers in Japan and Korea) [ 15 ], 
the Italian criteria [ 13 ], and the diagnostic criteria 
developed at the Mayo Clinic [ 11 ]. All systems 
utilize imaging and histopathological data as well 
as a response to steroids to diagnose AIP [ 11 ,  13 , 
 15 ]. The HISORt criteria of the Mayo Clinic, in 
which fi ve cardinal features of AIP and IgG4-SC 
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are taken into consideration ( h istology,  i maging, 
 s erology, other  o rgan involvement, and  r esponse 
to steroid  t herapy), are most commonly utilized 
in the UK for the diagnosis of this condition [ 11 , 
 16 ]. Of 52 patients with AIP/IgG4-SC diagnosed 
at University College Hospital in London, from 
2004 to 2010, 89 % fulfi lled HISORt criteria, 
whether applied retrospectively (in those diag-
nosed prior to publication of HISORt criteria in 
2006) or prospectively [ 17 ]. 

 Both the Asian and the HISORt diagnostic cri-
teria take account of pancreatic histological fi nd-
ings of lymphoplasmacytic infi ltrate with 
IgG4-positive plasma cells [ 11 ,  15 ], but the 
HISORt criteria also take into consideration 
extrapancreatic disease showing histologically 
abundant IgG4-positive plasma cells [ 11 ]. The 
diagnostic use of IgG4 immunostaining of pan-
creatic and extrapancreatic tissues in AIP has 
been recently assessed in a study from the UK 
[ 18 ]. Seventeen biopsy specimens and three gall-
bladder resections were assessed from 11 con-
secutive patients with clinical and radiologic 
features of AIP. In both pancreatic and extrapan-
creatic tissues, high levels of IgG4 immunostain-
ing (>10 IgG4-positive plasma cells/high power 
fi eld) were found in 17/20 (85 %) specimens 
from AIP patients, compared with 1/175 (0.6 %) 
specimens from controls ( p  < 0.05) (Fig.  21.1 ). 
Positive extrapancreatic IgG4 immunostaining 
was found in 8/11 (73 %) patients. Positive IgG4 
immunostaining enabled a defi nitive diagnosis in 
10/11 (91 %) AIP patients (Fig.  21.2 ) [ 18 ]. 
However, IgG4 immunopositivity is not manda-
tory for the diagnosis [ 16 ].

        Historical Perspective: Published 
UK Experience of AIP and IgG4-SC 

 The fi rst two probable cases of AIP/IgG4-SC 
from the UK were published in the literature in 
1975, consisting of two siblings with “chronic 
pancreatitis, sclerosing cholangitis, and sicca 
complex” [ 19 ]. It is uncertain whether a case 
series of three patients with apparently steroid- 
responsive primary sclerosing cholangitis in 
1991 in fact represented an early UK report of 

therapy in IgG4-SC [ 20 ]. The fi rst series of 
patients with well-defi ned AIP from the UK was 
published in 2007 [ 12 ]. A total of 11 consecu-
tive patients with AIP presenting to University 
College Hospital (UCH) in London with jaun-
dice were included. All showed pancreatic duct 
strictures and 8 had diffuse pancreatic enlarge-
ment. Following diagnosis, prednisolone 30 mg 
was commenced in all patients and gradually 
reduced over 2–3 months, tailored to the disease 
response. All patients showed a rapid symptom-
atic response within 4 weeks of commencing 
steroids, with the resolution of jaundice, 
improvement of pancreatic imaging (Fig.  21.3 ), 
and reduction in abdominal discomfort. 
Improvement in liver function tests mirrored the 
clinical response (Figs.  21.4  and  21.5 ). Steroid 
therapy allowed biliary stent removal without 
recurrence of jaundice [ 12 ].

     In a subsequent study of 28 consecutive 
patients with AIP treated at UCH, the frequency 
and clinical management of relapse after steroid 
treatment were reported [ 21 ]. In addition to pan-
creatic changes, 23/28 (82 %) of patients had 
proximal, hilar, or intrahepatic biliary stricturing 
(i.e., IgG4-SC). Failure to wean steroids occurred 
in 5/28 (18 %) of patients treated with predniso-
lone and disease relapse in 8/28 (29 %) of patients 
achieving remission (Fig.  21.6 ) [ 21 ]. Interestingly, 
all patients who relapsed or failed weaning of ste-
roids had IgG4-SC, and relapse occurred in the 
biliary tree or other extrapancreatic sites, but not 
in the pancreas. Steroids were restarted or 
increased in all 13 patients with a relapse or fail-
ure to wean steroids, while 10/13 also received 
azathioprine at a dose of 2 mg/kg with remission 
being achieved in 7/13 [ 21 ]. The fi nding that 
IgG4-SC predicts relapse is similar to the data 
from the Mayo Clinic, which demonstrated 
relapse in 53 % of IgG4-SC patients after an initial 
course of steroids and that proximal biliary stric-
turing more strongly predicted relapse than 
distal bile duct stricturing (64 % vs. 32 %) [ 16 ]. 
Furthermore, according to our experience surgery 
(pylorus-preserving pancreatoduodenectomy) 
itself may elicit IgG4-SC in a predisposed indi-
vidual, with need for long-term prednisolone to 
control disease manifestations.
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       Formalization of Pancreatic Cancer 
Care in the UK 

 The differentiation of AIP from pancreatic cancer 
and IgG4-SC from cholangiocarcinoma is central 
to the diagnostic workup of these conditions, as 
the clinical presentation and imaging may mimic 
pancreatic or biliary malignancy [ 22 – 25 ]. Of 
note, > 70 % of patients in the fi rst UK series of 
AIP were referred with suspected pancreatico-
biliary malignancy [ 12 ]. Prior to 2008, most 
patients had been told at their referring hospital/
clinic that they had cancer and were being 
referred on for further management of 
malignancy. 

 The ability to diagnose AIP and IgG4-SC on 
cholangiopancreatographic criteria alone has 
been shown to be limited [ 26 ,  27 ]. Differentiating 
AIP/IgG4-SC from pancreaticobiliary malig-
nancy can be very challenging, and it should be 

performed in the context of a structured strategy 
[ 24 ,  25 ], in which a multidisciplinary team of 
physicians, surgeons, radiologists, and patholo-
gists familiar with the two diseases is involved 
[ 28 ]. In a series of 1287 patients from the USA 
who had undergone pancreaticoduodenectomies 
for presumed pancreatic malignancy, 3 % were 
subsequently found to have AIP [ 23 ]. In the same 
study, 8/29 patients (28 %) diagnosed with AIP 
following surgery developed relapse after a 
median of 11 months postoperatively [ 23 ]. 
Similarly, in a recent study from the Netherlands, 
15/185 (8 %) of patients undergoing resection for 
suspected hilar cholangiocarcinoma were found 
to have histological features consistent with 
IgG4-SC [ 22 ]. These reports emphasize that a 
misdiagnosis of pancreatic cancer or cholangio-
carcinoma in patients with AIP/IgG4-SC may 
lead to high-risk, unnecessary surgery and that 
this surgery may frequently not “cure” the dis-
ease while potentially delaying benefi cial 

  Fig. 21.1    Mean numbers of IgG4-positive plasma cells in AIP patients versus normal and infl amed controls.  SG  sali-
vary gland (From Clin Gastroenterol Hepatol 2007;5:1229–1234 with permission)       
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  Fig. 21.2    ( a ) H&E-stained section (magnifi cation, 100) 
of a pancreatic biopsy specimen from a patient with AIP 
showing fi brosis, a lymphoplasmacytic infi ltrate within 
pancreatic lobules, with nuclear streaming artifact sur-
rounding a venule showing obliterative phlebitis ( V ). 
There is a relative preservation of arterioles ( A ). ( b ) 
H&E-stained section of the same pancreatic biopsy 
(magnifi cation, 200) with a lymphoplasmacytic infi ltrate 
surrounding pancreatic ducts ( D ). There is atrophy of 
exocrine pancreatic tissue with preservation of islets ( I ). 
( c ) IgG4 immunostaining of plasma cells within the same 
pancreatic biopsy (magnifi cation, 400). ( d ) H&E-stained 
section (magnifi cation, 100) of a liver biopsy from a 
patient with AIP showing the lymphoplasmacytic infi l-
trate within portal tracts. ( e ) H&E-stained section of a 

portal tract from the same liver biopsy showing the fea-
tures of large duct obstruction with a mild increase in 
eosinophils and nuclear streaming artifact ( N ) (magnifi -
cation, 200). ( f ) IgG4 immunostaining of plasma cells 
within portal tracts from the same liver biopsy (magnifi -
cation, 400). ( g ) H&E-stained section (magnifi cation, 
100) of salivary gland from another patient with AIP 
showing a lymphoplasmacytic infi ltrate with lymphoid 
follicle formation. ( h ) H&E-stained section (magnifi ca-
tion, 200) of salivary gland (from the same as in G) show-
ing a lymphoplasmacytic infi ltrate and nuclear streaming 
artifact ( N ) within lobules (magnifi cation, 200). ( i ) IgG4 
immunostaining of plasma cells within salivary gland 
from the same patient (magnifi cation, 400). ( j ) H&E-
stained section (magnifi cation, 100) of duodenum from 
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  Fig. 21.3    Abdominal computed tomography scan of the 
pancreas in a patient with AIP showing a diffusely 
enlarged “sausage” pancreas ( a ), with subsequent radio-

logical remission after 2 months of steroid therapy ( b ) 
(From Am J Gastroenterol 2007; 102: 2417–2425 with 
permission)       

  Fig. 21.4    Response of serum bilirubin to steroid therapy in 11 patients with AIP (From Am J Gastroenterol 2007; 102: 
2417–2425 with permission)       

Fig. 21.2 (continued) patient 3. ( k ) H&E-stained section 
of duodenal biopsy from the same patient (magnifi cation, 
200) of duodenum showing fi brosis with nuclear stream-
ing artifact ( N ) and a lymphoplasmacytic infi ltrate with a 
prominence of eosinophils ( E ). ( l ) IgG4 immunostaining 
of the same duodenal biopsy (magnifi cation, 400). 

Plasma cells expressing IgG4 were identifi ed on the basis 
of CD138 staining of adjacent tissue sections and charac-
teristic plasma cell morphology (an eccentrically placed 
nucleus that has a clock face appearance and abundant 
cytoplasm) (From Clin Gastroenterol Hepatol 2007;5 : 
1229–1234 with permission)       
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  Fig. 21.5    Response of serum ALT to steroid therapy in 11 patients with AIP (From Am J Gastroenterol 2007; 102: 
2417–2425 with permission)       
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  Fig. 21.6    Response and outcome to treatment in 28 patients with AIP (From Clin Gastroenterol Hepatol 2009; 7: 
1089–1096 with permission)       
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 treatment (i.e., steroids). However, approxi-
mately 30 % of undiagnosed patients with AIP 
will not fi t imaging, serologic, or other involve-
ment  criteria of the HISORt scheme, and thus, a 
core biopsy or surgery may be needed for diagno-
sis [ 25 ]. 

 In the UK, publication of the National Cancer 
Plan within the National Health Service (NHS) 
led to the establishment since 2004 of approxi-
mately 30 regional cancer networks, in order to 
improve speed, quality, and equality of cancer 
services [ 29 ]. Each regional cancer network has 
developed a strategic service delivery plan in the 
region encompassing all levels of cancer-related 
care from prevention and screening to diagnosis 
and treatment and serves a resident population of 
2–4 million [ 29 ]. Each network is served by a 
specialized pancreaticobiliary cancer center to 
which all cases of potential pancreaticobiliary 
cancer are referred for diagnosis and treatment. 
In this way, multidisciplinary teams familiar with 
pancreaticobiliary cancers and their differential 
diagnoses are linked to the diagnostic process 
earlier on with outcomes improved through cen-
tralized and higher-volume specialist services. 
Although to date the awareness, incidence, and 
diagnostic workup of potential AIP and IgG4-SC 
cases within each pancreaticobiliary center have 
not been audited, the focus of care within special-
ist teams is likely to lead to improved case identi-
fi cation and management. Anecdotally, our 
experience in the UK is that since 2008 a greater 
proportion of patients who are eventually diag-
nosed as having AIP have had the diagnosis con-
sidered prior to tertiary referral than was the case 
in the past.  

    Clinical Profi le of AIP in the UK 

    Prevalence/Incidence 

 It is widely accepted that AIP/IgG4-SC is a 
global disease. Although the prevalence of AIP in 
Japan has been estimated to be 0.82/100,000 
[ 30 ], the prevalence or incidence of AIP/IgG4-SC 
in the general UK population is unknown. In the 
pancreaticobiliary unit of UCH, London, 55 

patients were diagnosed with AIP/IgG4-SC 
between 2004 and 2010, with a diagnostic rate of 
approximately 10 cases per year for the last 3 
years [ 12 ,  21 ,  31 ]. With a referral catchment pop-
ulation of approximately three million, this sug-
gests an estimated incidence of 0.3/100,000. It is 
not certain whether this incidence is refl ected 
nationwide, but it seems very likely that the dis-
ease remains underdiagnosed. The incidence of 
pancreatic cancer in the UK is approximately 
10/100,000. It is of interest that this relative inci-
dence of AIP and pancreatic cancer exactly mir-
rors surgical data from the USA, in whom 3 % of 
patients undergoing pancreatoduodenectomy for 
presumed pancreatic cancer were found to have 
AIP (at a time when there was little diagnostic 
awareness of AIP) [ 23 ].  

    Demographics 

 Although the majority (64 %) of patients who 
have been diagnosed with AIP in the UK are 
Caucasians, a range of racial groups is repre-
sented in the UK cohort including South Asian, 
Far Eastern, and Afro-Caribbean patients [ 12 ]. 
This is in line with published evidence that AIP is 
a global disease, and it also refl ects the variety in 
the background composition of the general popu-
lation in the country. 

 Both AIP and IgG4-SC have occurred pre-
dominantly in males (86 %) with a mean age at 
diagnosis of 61 years (range 27–81 years) [ 21 ], 
which is in keeping with data from Asia and the 
USA [ 11 ,  32 ,  33 ].  

    Clinical Presentation 

 The initial presentation of UK patients with AIP 
is usually obstructive jaundice (82 %), whereas a 
minority (14 %) present with abdominal/back 
pain alone or with abnormal imaging fi ndings, 
e.g., incidental pancreatic mass (4 %) [ 21 ]. 
Although acute pancreatitis [ 34 ] and isolated 
pancreatic exocrine insuffi ciency [ 11 ] have been 
previously described as initial presentations in 
AIP, these appear to be unusual presentations in 

21 British Experience



228

UK experience [ 12 ,  21 ,  31 ], although it has to be 
noted that AIP is not usually searched for in such 
patients. Overall, 18 % of patients diagnosed 
with AIP have undergone surgery after initial 
presentation (before AIP diagnosis) in view of 
the suspicion of pancreatic cancer [ 31 ].  

    Extrapancreatic Disease 

 Extrapancreatic disease is recognized to occur in 
40–90 % of patients with AIP [ 11 ,  12 ,  35 ,  36 ]. 
Involvement of extrapancreatic organs is consid-
ered part of the spectrum of IgG4-related dis-
eases as a similar lymphoplasmacytic infi ltrate, 
containing IgG4 positive plasma cells, is seen 
within both pancreatic and extrapancreatic 
lesions (Fig.  21.1 ) [ 11 ,  18 ]. As outlined above, 
extrapancreatic disease and in particular positive 
extrapancreatic IgG4 immunostaining may aid in 
the diagnosis of AIP [ 11 ,  18 ]. 

 Although IgG4-SC can occur in patients 
without AIP, the biliary tree proximal to the 
intrapancreatic portion of the common bile duct 
is the most common extrapancreatic site involved 
in AIP, and thus, the two conditions are fre-
quently diagnosed in the same patient [ 11 ,  16 , 
 21 ,  37 ]. In 52 patients with AIP at UCH in 
London, IgG4-SC has been found in 71 % of 
patients, renal abnormalities in 10 % (including 

infi ltrates and scarring), sialadenitis in 13 %, 
retroperitoneal fi brosis in 10 %, extensive 
 lymphadenopathy in 6 %, and neurological 
involvement in 4 % [ 17 ]. See Fig.  21.7 . Twenty 
percent of AIP patients did not show any extra-
pancreatic involvement.

   Other autoimmune conditions (non-IgG4 
related) occur frequently in patients with AIP/
IgG4-SC and include several diseases, such as 
Sjögren’s syndrome, vitiligo, and psoriasis [ 12 ]. 
Infl ammatory bowel disease, either ulcerative coli-
tis or Crohn’s disease, is described in up to 30 % of 
patients in Western series [ 37 ] but is rare in Japan 
[ 38 ]. In our experience, 8 % of patients with AIP 
also have infl ammatory bowel disease. 
Interestingly, although in the initial description of 
IgG4-SC infl ammatory bowel disease was consid-
ered to argue against the diagnosis of IgG4-SC [ 6 ], 
75 % of patients with AIP and infl ammatory bowel 
disease in our series also had IgG4-SC [ 31 ].  

    Serum IgG4 Levels 

 Raised serum IgG4 is considered to be an impor-
tant diagnostic landmark of AIP/IgG4-SC and is 
thus included in both the Mayo Clinic [ 11 ] and 
Asian [ 15 ] diagnostic criteria. Interestingly, 
although both raised serum IgG4 and raised num-
ber of tissue IgG4-positive plasma cells are 

  Fig. 21.7    Extrapancreatic manifestations in patients with AIP diagnosed at University College Hospital, London, 
2004–2010       
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important fi ndings in AIP/IgG4-SC, increased 
tissue IgG4 may be found irrespective of serum 
IgG4 level [ 18 ]. 

 Early data from Japan reported that raised 
IgG4 levels are highly specifi c and sensitive for 
differentiating AIP from pancreatic cancer [ 39 ]. 
However, in UK cohorts, a raised serum IgG4 
has been found only in 68 % of AIP patients at 
presentation [ 21 ]. This is similar to 71 % of 
patients with raised IgG4 in a US series [ 11 ], 
while lower proportions have been reported in 
other Western series [ 13 ,  32 ]. As raised levels of 
serum IgG4 have also been found in patients 
with pancreatic cancer, they cannot be used for 
the exclusion of pancreaticobiliary malignancy. 
This distinction, as mentioned above, should be 
made in the context of a structured strategy [ 24 , 
 25 ] that includes data from pancreatic imaging, 
serum IgG4 levels, determination of other organ 
involvement, and pancreatic histopathology 
[ 25 ]. In a recent paper from the UK, researchers 
from Oxford analyzed serum IgG in 196 patients, 
suffering from AIP and other diseases, to address 
the specifi c question as to whether the level 
could help differentiate AIP from cancer [ 40 ]. 
Patients with AIP possessed a mean serum IgG 
level that was signifi cantly higher compared 
with all other groups (mean serum IgG 
level = 19.0 g/l+/−2.5,  p  < 0.001) and specifi cally 
compared with cancer patients (mean IgG4 
level = 3.7 g/l+/−0.5,  p  < 0.001). They concluded 
that while serum IgG4 could help in the differen-
tiation of AIP from cancer in the UK patient 

group, it should only be used to do so in 
 conjunction with other imaging, histological, 
and clinical criteria [ 40 ]. 

 Although a marked elevation in IgG4 levels 
has been used to defi ne or predict relapse in 
Japanese series of AIP [ 33 ], it is currently unclear 
whether early disease relapse can be predicted 
solely based on a rise in serum IgG4, as also 
highlighted in the Japanese guidelines for AIP 
[ 39 ]. In a recent study from the UK, no statisti-
cally signifi cant correlation was found between 
serum IgG4 levels and relapse [ 21 ]. Thus, in our 
practice, we do not defi ne AIP relapse according 
to changes in serum IgG4 levels.  

    Clinical Parameters: Comparison 
of UK with Worldwide Data 

 The Autoimmune Pancreatitis International 
Cooperative Study Group (APICS) met in 
Honolulu in 2010. Experience was pooled from 
groups from Asia, North America, and Europe, 
which included data on patients diagnosed with 
AIP but without histological confi rmation 
(Table  21.1 ). Demographic and clinical features 
were similar between USA, Japanese, and UK 
groups, but different to patient groups from 
Germany and Italy. The explanation for this is 
unclear, but seems more likely to be due to differ-
ences in diagnostic criteria and nomenclature, 
rather than marked differences in disease pheno-
type across Europe.

   Table 21.1    Disease profi le of non-histologically proven AIP worldwide   

 Country 
 Japan 
( n  = 127) 

 Korea 
( n  = 86) 

 Taiwan 
( n  = 33) 

 India 
( n  = 36) 

 USA 
( n  = 28) 

 Germany 
( n  = 36) 

 Italy 
( n  = 87) 

 UK 
( n  = 28) 

 Mean age, years  65  59  66  N/A  64  43  43  58 
 % male  83  71  90  69  79  42  62  82 
 Presentation 
 Jaundice (%)  61  50  70  56  79  14  44  64 
 Abdominal pain (%)  13  23  18  86  50  13  20  18 
 Acute pancreatitis (%)  2  13  18  22  25  64  32  0 
 Other organ involvement 
(%) 

 63  41  33  31  75  44  15  82 

 IBD (%)  3  3  0  6  11  8  30  14 
 Elevated serum IgG4 (%)  91  52  100  100  85  59  50  54 
 Relapse poststeroids (%)  15  26  18  25  64  15  37  54 
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        Treatment 

 Despite the fact that a response to steroids is a 
characteristic (and diagnostic) feature of AIP/
IgG4-SC, there are no prospective randomized 
placebo-controlled data related to steroid use. 
This is true for all aspects of AIP/IgG4-SC man-
agement, which is based on nonrandomized data 
and expert opinion. In our practice, we treat 
patients with AIP and symptomatic disease, e.g., 
obstructive jaundice, abdominal pain, and/or the 
presence of symptomatic extrapancreatic disease, 
which is also in accordance with the Japanese 
guidelines for AIP [ 39 ]. 

    Initial Management 

 The majority of patients with AIP present with 
obstructive jaundice and, thus, should be consid-
ered for biliary drainage prior to steroid therapy. 
Also, ERCP may demonstrate the biliary features 
of IgG4-SC or characteristic pancreatic duct 
changes [ 26 ], and it allows biliary cytology to be 
taken (to help to exclude malignancy) and ampul-
lary biopsies to identify an IgG4 positive lympho-
plasmacytic infi ltrate [ 41 ], thus contributing to 
the diagnostic workup of these patients. In the 
event of diagnostic uncertainty, we also perform 

endoscopic ultrasound-guided fi ne-needle aspira-
tion in the context of a structured strategy to 
exclude pancreaticobiliary malignancy [ 25 ]. 
In published series, 14–64 % of AIP patients 
underwent transhepatic or endoscopic biliary 
drainage prior to steroid therapy [ 12 ,  32 ,  42 – 45 ]. 
Nevertheless, in our initial experience of AIP we 
found that bilirubin and liver enzymes fell most 
reliably in response to steroid therapy, not biliary 
stenting, even in the presence of a dominant 
extrahepatic biliary stricture (Figs.  21.4  and 
 21.5 ). In the minority of patients in whom there is 
no biliary obstruction and no diagnostic doubt 
about AIP, we do not perform an ERCP. In 
IgG4-SC, obstructive jaundice due to dominant 
hilar or extrahepatic biliary stricturing is usually 
managed initially with endoscopic polyethylene 
stent insertion. The presence of IgG4-SC within 
the differential diagnosis of complex hilar 
 stricturing with an associated mass [ 22 ] empha-
sizes the importance of avoiding self-expanding 
uncovered mesh metal stent insertion for pre-
sumed malignancy without a cytological/histo-
logical diagnosis [ 46 ]. Although stenting at the 
diagnosis of IgG4-SC may be indicated, long- 
term stenting rarely appears necessary, since 
improvements with steroid therapy often allow 
subsequent management without stents 
(Fig.  21.8 ). Of 30 patients with IgG4-SC who 
received steroids in the Mayo Clinic series, nor-

  Fig. 21.8    Cholangiography in a UK patient with IgG4-SC, before ( a ) and 3 months after steroid therapy ( b )       
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malization of liver function tests occurred in 
61 %, and biliary stents could be removed in 17 
of 18 patients [ 16 ], and this experience mirrors 
our own.

   Diabetes mellitus is common in AIP and often 
requires treatment prior to steroids. In our 
 experience, diabetes mellitus is present in 37 % of 
AIP patients [ 31 ], which is similar to the preva-
lence of diabetes of 31 % in a recent large retro-
spective study from Japan [ 33 ]. Although 
improvement in diabetic control following the 
introduction of steroids for AIP has been reported 
[ 43 – 45 ,  47 – 49 ], we have seen this infrequently in 
our practice. Furthermore, exocrine pancreatic 
dysfunction occurs in 56 % of British patients 
with AIP [ 31 ], but a prevalence of up to 88 % has 
been reported in some series [ 43 ,  44 ,  48 ]. Thus, 
we routinely measure pancreatic fecal elastase 
levels in these patients and prescribe pancreatic 
enzyme supplements generously, since fecal elas-
tase levels are but a rough guide, and the conse-
quences of long- term digestive insuffi ciency are 
signifi cant. Pancreatic exocrine function may 
improve after steroid therapy in up to 2/3 of 
patients [ 43 ,  44 ,  48 ], although worsening has also 
been reported poststeroids [ 44 ]. In our AIP cohort, 
pre-steroid pancreatic insuffi ciency persisted in 
most patients despite steroids, overall clinical 
improvement [ 31 ], and even dramatic improve-
ment in pancreatic duct stricturing (Fig.  21.9 ).

       Initial Steroid Treatment 

 Various starting prednisolone doses have been 
used for the treatment of AIP ranging from 5 to 
60 mg od [ 33 ,  45 ,  47 ,  50 ], but most clinicians use 
30–40 mg daily [ 11 ,  12 ,  21 ,  32 ,  33 ,  42 ,  43 ,  45 , 
 47 ,  50 ]. Retrospective studies indicate that there 
is no correlation between the degree of morpho-
logical improvement on imaging or the time 
required to induce remission and the initial pred-
nisolone dose (30 mg/day vs. 40 mg/day) [ 33 , 
 45 ]. Thus, in UK clinical practice 30 mg of pred-
nisolone is commonly used as a starting dose for 
induction of remission in AIP [ 12 ,  21 ]. 

 Different patterns of tapering steroids have 
been proposed. In Japan, the dose of prednisolone 
is reduced after 2 weeks in 75 % of cases and after 
3–4 weeks in the rest, followed by an extended 
tapering period [ 33 ]. Tapering by 5 mg/week after 
an initial period of 2–4 weeks has been generally 
reported from the USA and the UK [ 11 ,  12 ,  21 ,  32 ]. 
An attempt to withdraw steroids is usually made 
early on, although an extended tapering period or 
a few months’ treatment with low-dose steroids 
may be necessary. In our practice, patients are fol-
lowed closely, especially in the fi rst months of 
treatment, undergoing radiological, serological, 
and biochemical evaluation as well as assessment 
of symptomatic relief, in line with published 
reports [ 11 ,  12 ,  21 ,  32 ,  33 ,  45 ]. 

  Fig. 21.9    Pancreaticography in a patient with AIP, before ( a ) and after ( b ) steroid therapy       
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 There are no generally accepted defi nitions of 
response to treatment and remission, in terms of 
radiological, biochemical, or serological vari-
ables. Differences in the defi nition of remission 
and steroid regimens probably account for the 
differences in reported frequency of remission 
among different series, ranging from 22 % to 
100 % [ 51 ]. We defi ne disease response as symp-
tomatic, biochemical, and radiological improve-
ment following commencement of steroid 
therapy. In a recent study, we found that disease 
remission, defi ned as the maintenance of symp-
tomatic, biochemical, and radiologic disease con-
trol after cessation of prednisolone and the 
removal of previously sited biliary stents, 
occurred in 82 % of patients after a median of 5 
months of treatment (range 1.5–17 months) [ 21 ].  

    Treatment of Relapse 

 Over recent years, disease relapse following 
steroid therapy has become increasingly recog-
nized, with series reporting frequencies ranging 
from 0 % to 68 % [ 51 ]. This variability may 
refl ect differences between clinical groups with 
respect to the defi nition of relapse, the length of 
clinical follow-up, and perhaps the use or not of 
very slow tapering regimens or maintenance 
therapy. In a recent study from the UK, relapse 
was defi ned as recurrence of disease activity 
after achievement of remission and cessation of 
steroids, and it was discriminated from failed 
weaning of steroids, the latter being defi ned by 
a fl are of disease activity while tapering initial 
steroid course or an inability to wean steroids 
completely due to biochemical and/or radio-
logical deterioration [ 21 ]. Failure to wean ste-
roids occurred in 18 % and disease relapse in 
35 % of patients (Fig.  21.6 ) [ 21 ]. We restart/
increase oral prednisolone to 30 mg in all 
patients with a relapse or failure to wean ste-
roids and also start azathioprine treatment, with 
a target dose of 2 mg/kg per day. Steroid ther-
apy is tailored to clinical, biochemical, and 
radiological response. In our experience, the 
majority of patients are able to cease their ste-
roid course within 3–9 months. 

 The Japanese guidelines for AIP suggest that 
maintenance therapy be instituted from the outset 
[ 39 ], as it has been reported to be related to lower 
relapse rates [ 33 ]. It is possible that AIP/IgG4-SC 
may be analogous to autoimmune hepatitis in this 
respect, as both conditions are steroid responsive 
and show high relapse rates necessitating long- 
term immunosuppressive treatment. Azathioprine 
monotherapy is effective as long-term mainte-
nance treatment in autoimmune hepatitis [ 52 ]. 
However, disease relapse is almost universal in 
patients with autoimmune hepatitis who stop 
immunosuppression early [ 53 ], whereas relapse 
of AIP following steroid therapy is frequent [ 21 , 
 51 ] but not universal. Further studies may help to 
defi ne subgroups with a high risk of relapse, 
where long-term immunosuppression should be 
considered from diagnosis.   

    Key Points 

•     First two UK cases of probable AIP and 
IgG4-SC in two siblings with “chronic pan-
creatitis, sclerosing cholangitis, and sicca 
complex” published in 1975.  

•   Widening recognition in UK literature of con-
dition in the West in 2005.  

•   Following international adoption of nomen-
clature (AIP/IgG4-SC), a UK series of patients 
with AIP was published in 2007, providing 
further evidence of global disease.  

•   An estimated UK incidence of AIP/IgG4-SC 
of 0.3/100,000 is likely to be inaccurate, but 
increased disease awareness and the central-
ization of specialist pancreaticobiliary ser-
vices seem to have been associated with an 
increase in overall diagnoses since 2004.  

•   Extrapancreatic disease, in particular 
IgG4-SC, appears to be frequently associated 
with AIP in UK patients.  

•   An initial course of oral prednisolone has been 
the usual treatment approach for AIP in the 
UK, but relapse is common, particularly in 
those patients with associated IgG4-SC. 
Azathioprine appears to have an effective role 
in maintaining remission in patients who 
relapse after a course of steroids.  
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•   International multicenter randomized trials for 
the management of AIP/IgG4-SC are warranted.        
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           Introduction 

 Autoimmune pancreatitis (AIP) is accepted 
worldwide as a distinctive type of pancreatitis 
[ 1 – 4 ]. Recent studies suggested two subtypes of 
AIP, type 1 related with IgG4 (lymphoplasma-
cytic sclerosing pancreatitis; LPSP) [ 5 ] and type 2 
related with a granulocytic epithelial lesion (idio-
pathic duct-centric pancreatitis; IDCP) [ 6 ,  7 ]. In 
Japan, most cases of AIP are type 1, whereas type 
2 AIP has been rarely reported. Features of type 1 
AIP include increased serum IgG4 levels, abun-
dant infi ltration of IgG4 + plasmacytes and lym-
phocytes, fi brosis, and steroid responsiveness, 
which suggest an autoimmune process. In addi-
tion to pancreatic manifestations, patients with 
type 1 AIP often have accompanying extrapancre-
atic lesions such as biliary lesions, sialadenitis, 
retroperitoneal fi brosis, enlarged celiac and hilar 
lymph nodes, chronic thyroiditis, and interstitial 
nephritis, suggesting that type 1 AIP may be a 
component of a multiorgan disorder [ 8 – 10 ], and 
the novel concept of IgG4-related disease has 
been proposed. On the other hand, patients with 
type 2 AIP rarely have organ involvement (OOI) 

except for ulcerative colitis. Although the patho-
genesis of AIP still remains unknown, it is sus-
pected that an autoimmune mechanism may be 
involved, although some debate whether type 2 
AIP should be classifi ed as an autoimmune dis-
ease [ 11 ]. The most important issue in the man-
agement of both types of AIP is to differentiate 
them from pancreatic and biliary tract malig-
nancy. At the international consensus meeting for 
AIP sponsored by the International Association 
of Pancreatology (IAP) 2010 held in Fukuoka, 
international consensus criteria for both AIP sub-
types were proposed [ 12 ]. Here, we present the 
Japanese experience of AIP in Japan.  

    Clinical Findings of Autoimmune 
Pancreatitis in Japan 

     1.    Subtypes of AIP and Demographic Findings 
in Japan     

 In Japan, most patients with AIP have type 
1 (LPSP), whereas type 2 AIP (IDCP) is rarely 
observed. The Japanese Research Committee 
for Intractable Disease, supported by the 
Japanese Ministry of Labor, Health and 
Welfare, surveyed 546 cases of AIP from Japan 
in a nationwide study in 2007 [ 13 ] (Table  22.1 ) 
and predicted the incidence of 2.87 cases in 
100,000 population (about 2,800 patients in 
Japan) with type 1 AIP, but only 7 cases of type 
2 AIP have been histologically confi rmed. The 
mean age at diagnosis was 62.6 years and the 
ratio of male to female was 4–1.
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     2.    Clinical Symptoms of AIP in Japan (Table  22.2 )
       Although most patients show mild or no 

abdominal pain, a few cases of acute or severe 
pancreatitis have been reported. In Japan, one 
third to one half of the patients show obstruc-
tive jaundice or mild abdominal pain, and 
15 % have shown back pain or weight loss 
[ 14 – 16 ]. More than half of the cases are asso-
ciated with sclerosing cholangitis, diabetes 
mellitus, sclerosing sialadenitis/dacryoadeni-
tis, or retroperitoneal fi brosis, showing, in 
some cases, obstructive jaundice, polydipsia/
polyuria or malaise, xerostomia/xerophthal-
mia, or hydronephrosis, respectively.

    3.    Pancreas Imaging of AIP in Japan with 
Special Reference to Diffuse and Segmental/
Focal Mass Type    

  Since most cases in Japan show a diffusely 
enlarged pancreas and narrowing of the main 
pancreatic duct (MPD), it is believed that typi-
cal AIP lesions involve more than one third of 
the pancreas; however, there are also cases of 
focal, segmental, or mass-forming types [ 11 , 
 14 ]. In the Japanese nationwide study [ 13 ] 
(Table  22.1 ),  diffuse enlargement involving 
more than one third of the entire pancreas on 
CT/MRI was observed in 67 % and focal 
enlargement with less than one third in 30 %. 
Irregular narrowing of the MPD on ERCP 
images was observed in 86 % of patients, in 
which 66 % had diffuse narrowing involving 
more than one third of the gland.

    4.    Serological Findings of AIP in Japan    
  Immunological examinations show high 

incidences of hypergammaglobulinemia 
(43 %), increased levels of serum total IgG 
(62–80 %), increased levels of serum 

     Table 22.1    Autoimmune pancreatitis in Japan (Ref. 
[ 13 ])

 Pancreas 
imaging 

 % in 
total 

 Diffuse 
(1/3<) 

 Focal 
(<1/3) 

 Unknown 

 Parenchyma on CT/MRI 
 Swelling  88  68 %  29 %  3 % 
 Not swelling  12  ND  ND  ND 

 Pancreatic main duct on ERCP 
  Narrowing  86  66 %  32 %  2 % 
   Without 

narrowing 
 14 

 Serology 
 High 
(%) 

 Normal 
(%) 

 Unknown 
(%) 

 Serum IgG 
(<1,800 mg/dl) 

 54  40  6 

 Serum IgG4 
(<134 mg/dl) 

 71  10  19 

 Eosinophilia (< %)  3  58  39 
 ANA (<x40)  28  56  16 
 RF  16  42  42 
 AMA  2  34  64 
 Anti-SSa/SSb  2  50  48 

 Histology  % in the total cases 

 Confi rmed LPSP  43 
  With EUS-FNA  16.8 
  With EUS-TCB  0.7 
  With percutaneous biopsy  7.9 
  Resected pancreas  9.3 
 Other organs 
  Duodenal papilla  1.1 
  Salivary gland  3.3 
  Bile duct  6.4 

 OOI 
 Defi nite 
(%) 

 Probable 
(%) 

 None 
(%) 

 Sclerosing cholangitis  52.9  3.8  43.2 
 Sclerosing sialadenitis  13.9  2.6  83.5 
 Swelling of lachrymal 
glands 

 6.6  1.3 

 Retroperitoneal fi brosis  8.1  1.6  92.1 
 Chronic thyroiditis  2.6  0.5  90.2 
 Interstitial pneumonia  3.7  1.1  96.8 
 Interstitial nephritis  2.6  1.8  95.2 
 Swelling of lymph 
node 

 12.6  0.5  86.8 

 Pseudotumor  1.5  0.7  97.8 

 Steroid and 
treatment 

 With 
(%) 

 Without 
(%) 

 Unknown 
(%) 

 Steroid 
  Diagnostic trial  6.6  89.9  3.4 
  For treatment  83  16.7  0.4 
 Other treatment 
 Biliary drainage 
for jaundice 

 41.4  52.9  5.7 

 Surgical resection  9.2  86.8  4 

   Table 22.2    Clinical symptoms in autoimmune pancreatitis   

 Obstructive jaundice  33–59 % 
 Abdominal pain  32 % 
 Back pain  15 % 
 Body weight loss  15 % 
 Anorexia  9 % 
 General fatigue  9 % 
 Abnormal stool  7 % 
 Fever  6 % 
 No symptoms  15 % 

  Ref. [ 14 ]  
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IgG4(68–92 %) [ 14 – 16 ], antinuclear antibodies 
(28–64 %), and rheumatoid factor (25 %) [ 15 , 
 18 ], although these are not disease specifi c. 
Some reports have shown the presence of auto-
antibodies, such as anti- carbonic anhydrase II 
antibodies (55 %) or anti- lactoferrin antibodies 
(75 %), in patients with AIP in high frequency, 
and these tests are not readily obtainable and 
their utility has not been validated [ 11 – 18 ]. 
Anti-SSa/SSb antibodies or antimitochondrial 
antibodies, on the other hand, are rarely seen 
[ 11 – 13 ]. Among all serological diagnostic tests, 
the serum IgG4 level offers the highest diagnos-
tic utility, providing a sensitivity and specifi city 
of 80 % and 98 %, respectively [ 19 ]. The test is 
limited by the lack of disease specifi city. The 
sensitivity and specifi city of serum total IgG are 
70 % and 75 %, respectively, and antinuclear 
antibodies (ANA) and rheumatoid factor (RF) 
are detected in 60 % and 20–30 % of patients, 
respectively [ 19 ]. Even when the result of serum 
total IgG is combined with ANA or RF, the sen-
sitivity is 91 %, but the specifi city is 61 %. 
While the specifi city of serum total IgG is lower 
than that of serum IgG4, the sensitivity of both 
tests is comparable (Table  22.3 ) [ 19 ].

   In the Japanese nationwide study 
(Table  22.1 ), increased serum levels of IgG 
(2,066 mg/dl on average) and IgG4 (522 mg/dl 
on average) were observed in 54 % and 71 % of 
patients, respectively [ 13 ]. ANA and RF were 
positive in 28 % and 16 % of the cases, respec-
tively. On the other hand, antimitochondrial 
antibody (AMA) or anti- SSa/SSb antibody was 
identifi ed only 1.6 % and 1.3 %, respectively. 
Peripheral blood shows eosinophilia in 13 % of 
patients. Histological fi ndings were confi rmed 
as LPSP in 43 % of the cases.

    5.    Other Organ Involvement (OOI) in Japan    
  A variety of extrapancreatic lesions are 

associated with AIP including lachrymal and 
salivary gland lesions [ 20 ], hilar lymphade-
nopathy [ 21 ], sclerosing cholangitis [ 22 ,  23 ], 
retroperitoneal fi brosis [ 24 ], and tubulointer-
stitial nephritis [ 25 ]. These extrapancreatic 
lesions share the same pathological conditions 
and showed favorable response to corticoste-
roid therapy, indicating the presence of a com-
mon pathophysiological background. The 
prevalence of extrapancreatic lesions 

(Table  22.4 ) [ 26 – 29 ] suggests that AIP may 
represent one component of a multiorgan dis-
order referred to as IgG4-related diseases 
(IgG4-RD). Manifestations of extrapancreatic 
lesions may precede or occur after the clinical 
onset of AIP and may lead to diagnostic 
uncertainty. However, recognition of these 
extrapancreatic lesions may also aid in the 
diagnosis of AIP.

   In the Japanese nationwide study [ 13 ], the 
rates for specifi c sites of OOI were 52.9 % in 
sclerosing cholangitis, 13.9 % in sclerosing 
sialadenitis, 6.6 % for lachrymal gland 
involvement, 8.1 % in retroperitoneal fi brosis, 
2.6 % in chronic thyroiditis, 3.7 % in intersti-
tial pneumonia, 2.6 % in  interstitial nephritis, 
12.6 % for benign lymphadenopathy, and 
1.5 % for pseudotumor formation.

    6.    Diagnostic Procedure in Japan by Using JPS- 
2006 and Asian Criteria    

  Various diagnostic criteria for AIP have 
been proposed, including those from Japan 
[ 30 ], Korea [ 31 ,  32 ], Mayo [ 33 ], and Asia [ 34 ]. 
As corticosteroid therapy is usually effective, a 
steroid response is included in the diagnostic 

   Table 22.3    Comparison of various markers in the 
 differentiation between autoimmune pancreatitis and pan-
creatic cancer using identical sera   

 Sensitivity 
(AIP  n  = 100) 
(%) 

 Specifi city 
(vs. PC 
 n  = 80) (%) 

 Accuracy 
(vs. PC) 
(%) 

 IgG4  86  96  91 
 IgG  69  75  72 
 ANA(antinuclear 
antibody) 

 58  79  67 

 RF(rheumatoid 
factor) 

 23  94  54 

 IgG4 + ANA  95  76  87 
 IgG + ANA  85  63  75 
 IgG4 + IgG + ANA  95  94  81 
 IgG4 + RF  90  90  90 
 IgG + RF  78  73  76 
 IgG4 + IgG + RF  91  71  82 
 ANA + RF  69  60  78 
 IgG4 + ANA + RF  97  73  86 
 IgG + ANA + RF  91  61  78 
 IgG4 + IgG + 
ANA + RF 

 97  61  81 

  Ref. [ 15 ] 
  AIP  autoimmune pancreatitis,  PC  pancreatic cancer  
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criteria proposed by Korea and Mayo but is 
excluded from the Japanese criteria [ 14 – 16 ].

   (i)    JPS-2006 Criteria    
  The Japan Pancreas Society proposed 

the world’s fi rst clinical diagnostic crite-
ria for AIP in 2002, which was later 
revised in 2006 by the joint efforts of the 
Research Committee of the Intractable 
Pancreatic Diseases, supported by the 
Ministry of Health, Labor and Welfare 
of Japan and the Japan Pancreas Society 
[ 30 ] (Table  22.5 , Fig.  22.1 ). The basic 
concepts were established based on the 
following minimal consensus criteria: 
(1) the criteria may be applied not only 
by a pancreatologist or gastroenterolo-
gist but also by the primary care physi-
cian; (2) the criteria are used to 
distinguish and exclude malignant dis-
orders such as pancreatic cancer or bile 
duct cancer as much as possible; (3) in 
terms of pathology, the criteria are 
applied to clinical cases showing evi-

dence of LPSP; (4) the criteria are used 
to diagnose pancreatic lesions, although 
the disease may be systemic; and (5) a 
diagnostic trial of steroid therapy is not 
recommended. The decision tree for the 
diagnosis is based on (1) specifi c image 
fi ndings (a mandatory requirement), 
along with (2) hematological and/or (3) 
histopathological evidence [ 2 – 4 ,  14 ].

    According to the clinical diagnostic 
criteria 2006, the pancreatic images used 
to evaluate AIP may include those previ-
ously obtained [ 14 ,  30 ]. Although some 
patients with pancreatic cancer show 
high levels of serum IgG4, patients with 
AIP tend to demonstrate higher levels of 
serum IgG4, although overlap may exist 
[ 14 ,  15 ,  30 – 34 ]. Diagnostic criteria for 
AIP have also been proposed by Korea 
[ 32 ] and the Mayo Clinic in the United 
States [ 33 ]. The Asian diagnostic crite-
ria were proposed jointly by researchers 
in Japan and Korea [ 34 ] (Table  22.6 , 

   Table 22.4    Extrapancreatic lesions complicated with 
autoimmune pancreatitis   

 Close association 
  Lachrymal gland infl ammation 
  Sialadenitis 
  Hilar lymphadenopathy 
  Interstitial pneumonitis 
  Sclerosing cholangitis 
  Retroperitoneal fi brosis 
  Tubulointerstitial nephritis 
 Possible association 
  Hypophysitis 
  Autoimmune neurosensory hearing loss 
  Uveitis 
  Chronic thyroiditis 
  Pseudotumor (breast, lung, liver) 
  Gastric ulcer 
  Swelling of papilla of vater 
  IgG4 hepatopathy 
  Aortitis 
  Prostatitis 
  Schonlein-Henoch purpura 
  Autoimmune thrombocytopenia 

  Ref. [ 15 ]  

   Table 22.5    Clinical diagnostic criteria of autoimmune 
pancreatitis 2006 (JPS-2006) (Proposed by the Research 
Committee of Intractable Diseases of the Pancreas sup-
ported by the Japanese Ministry of Health, Labor and 
Welfare and Japan Pancreas Society)   

 I. Clinical diagnostic criteria 
 1.  Diffuse or segmental narrowing of the main pancreatic 

duct with irregular wall and diffuse or localized 
enlargement of the pancreas by imaging studies, such 
as abdominal ultrasonography (US), computed 
tomography (CT), and magnetic resonance imaging 
(MRI) 

 2.  High serum γ-globulin, IgG or IgG4, or the presence 
of autoantibodies, such as antinuclear antibodies and 
rheumatoid factor 

 3.  Marked interlobular fi brosis and prominent infi ltration 
of lymphocytes and plasma cells in the periductal area, 
occasionally with lymphoid follicles in the pancreas 

 For diagnosis, criterion 1 must be present, together with 
criterion 2 and/or 3 
 Diagnosis of autoimmune pancreatitis is established 
when criterion 1 together with criterion 2 and/or 3 is 
fulfi lled 
 However, it is necessary to exclude malignant diseases 
such as pancreatic or biliary cancers 

  Ref. [ 30 ]  
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  Fig. 22.1    Algorithm of diagnosis and management of AIP by the Japanese diagnostic criteria 2006 (Ref. [ 14 ])       
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Fig.  22.2 ). Use of the response to steroid 
treatment as a diagnostic option is per-
mitted for specialists only in Japan. Key 
differences between Japan and Western 
approaches to AIP are the role of ERCP 
images, response to steroid treatment, 
and extrapancreatic lesions in establish-
ing the diagnosis. Although the presence 
of extrapancreatic lesions is not formally 
listed as a diagnostic tool in the Japanese 
diagnostic criteria 2006 or the Asian 
diagnostic criteria, a complete examina-
tion is important because the presence of 
extrapancreatic lesions may be indica-
tive of AIP.

    In Japanese criteria, steroid effects 
on pancreatic and extrapancreatic 
lesions are excluded from AIP diagnosis 
for the following reasons: (i) the effect 
of steroid treatment as a diagnostic cri-
terion for autoimmune diseases is not 
used except for autoimmune hepatitis; 
(ii) the disease that needs to be differen-
tiated from autoimmune hepatitis is 
chronic hepatitis of other pathogenesis; 

the clinical importance differs from AIP, 
which needs to be differentiated from 
pancreatic cancer or bile duct cancer; 
(iii) there is no evidence to show that 
steroid administration does not nega-
tively impact the outcome of surgery or 
the long- term prognosis; (iv) there is a 
danger that a diagnostic steroid trial 
may be too easily performed foregoing 
more intense efforts to exclude a pan-
creatic cancer; (v) the standards were 
established for pancreatologists, gastro-
enterologists, and primary care physi-
cians; (vi) in Japan, the prime objective 
of the diagnostic criteria is not so much 
to fi nd AIP but rather to eliminate the 
misdiagnosis of malignant tumors; and 
(vii) there have been reports of AIP 
associated with pancreatic cancer [ 2 ].

   (ii)    Asian Criteria    
  The Asian diagnostic criteria pro-

posed by Japanese and Korean special-
ists in 2008 [ 34 ] state that if pancreatic 
cancer has been rigorously sought and 
excluded by efforts such as endoscopic 
ultrasonography (EUS)-guided fi ne- 
needle aspiration (EUS-guided FNA), 
the steroid trial may be used as optional 
diagnostic criteria. However, one must 
be mindful of the false negative rate of 
EUS-FNA that may be as high as 
10–40 %. In addition, there are reports 
of pancreatic cancers occurring in the 
setting of AIP. It is unclear if there is 
any causal role of AIP in pancreatic 
cancer, or if patients developed both 
entities separately, or if these patients 
had a false diagnosis of AIP. Therefore, 
if a patient responds to steroid treat-
ment, it may suggest that he/she has 
AIP; however, it does not exclude the 
coexistence of malignant tumors such 
as pancreatic cancer or biliary cancer 
[ 15 ,  16 ].

   (iii)    JPS-2011 Criteria [ 35 ,  36 ]    
  In response to the proposal of 

International Consensus of Diagnostic 
Criteria (ICDC) for AIP, the JPS has 

   Table 22.6    Asian criteria   

 Criterion I. Imaging (both required) 
 Imaging of pancreatic parenchyma 
   Diffusely/segmentally/focally enlarged gland, 

occasionally with mass and/or hypoattenuation rim 
 Imaging of pancreaticobiliary ducts 
   Diffuse/segmental/focal pancreatic ductal narrowing, 

often with the stenosis of bile duct 
 Criterion II. Serology (one required) 
  Elevated level of serum IgG or IgG4 
  Detected autoantibodies 
 Criterion III. Histopathology of pancreatic biopsy lesion 
 Lymphoplasmacytic infi ltration in fi brosis, common with 
abundant IgG4-positive cell infi ltration 
  * Option: response to steroids 
 Diagnostic trial of steroid therapy could be done 
carefully in patients fulfi lling criterion 1 alone with 
negative workup for pancreatobiliary cancer by experts 
 Diagnosis of AIP is made when any two criteria 
including criterion I are satisfi ed or histology of 
lymphoplasmacytic sclerosing pancreatitis is present in 
the  resected pancreas  

  Ref. [ 34 ]  
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  Fig. 22.2    Algorithm of diagnosis and management of AIP by Asian diagnostic criteria (Ref. [ 14 ])       
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most recently proposed the JPS- 2011 
for type 1 AIP (Table  22.7 ).

    (iv)    Comparison of Diagnostic Criteria    
  In Japan, patients have been diagnosed 

with AIP using revised JPS criteria from 
2006 or Asian criteria proposed in 2008. 
In a prospective study for the compari-
son of diagnostic criteria, the Korean or 
Asian criteria were most sensitive. In 
Kansai Medical University, 30 of 275 
patients with pancreatic diseases were 
prospectively screened by at least 2 of 
the following including the elevation of 
pancreatic enzymes; swelling of the 
pancreas by US, CT, or MRI; and abnor-
mal immunological fi ndings. Twenty-
one of 30 patients (M/F 13/8, mean 
62 year) were diagnosed as having “def-
inite AIP” at the time of initial evalua-
tion with    9 patients diagnosed with 
“suspected AIP” that was confi rmed 
based on their subsequent course. The 
sensitivity of Japanese-2006, Korean, 
and the original Mayo criteria were 
71.4 %, 76.2 %, and 52.3 %, respec-
tively, with 100 % of specifi city for all 
sets of criteria. The Korean criteria are 
believed to provide the greatest diagnos-
tic sensitivity. These fi ndings suggest 
that if steroid response and autoanti-
body are included in the criteria, then 
diagnostic sensitivity should be 
increased. 

 Most recently, the ICDC for both 
types of AIP and JPS-2011 for type 1 
AIP have been proposed. Although a 
prospective study is needed to validate 
these criteria, our previous cases showed 
that the sensitivity of ICDC (95.1 % for 
both types) and JPS-2011 (93.4 % for 
type1) is superior to other criteria [ 36 ].

    7.    Pancreatic Exocrine and Endocrine Function 
in AIP     

 While pancreatic exocrine and endocrine 
dysfunctions have been reported to improve 
with steroid therapy when clinically evident 
pancreatic dysfunction occurred, we believe 
that steroid therapy provided minimal 
improvement in function. Pancreatic exocrine 

dysfunction is seen in 83 to 88 % of the cases 
and diabetes mellitus in 42–78 % [ 37 ,  38 ]. By 
the national survey of the Japanese Research 
Committee, 66.5 % of AIP cases were associ-
ated with diabetes mellitus; of those, 33.3 % 
had diabetes mellitus diagnosed prior to the 
onset of AIP and 51.6 % thereafter. Among 
those patients having diabetes mellitus, 14 % 
developed diabetes after steroid treatment 
[ 37 – 40 ], suggesting that such diabetes may be 
caused by long-term steroid treatment. 
However, it is also possible that diabetes i   s a 
part of the natural disease course. 

 In AIP, the mechanisms of exocrine and 
endocrine dysfunction have not been clearly 
elucidated. However, pancreatic exocrine dys-
function is assumed to develop secondary to 
decreased pancreatic enzyme secretion associ-
ated with collapsed acinar cells caused by pro-
nounced cellular infi ltration mainly of 
plasmacytes and fi brosis and by obstructed 
fl ow of pancreatic juice due to infl ammatory 
cell infi ltration and the resulting narrowing 
around the pancreatic ducts [ 37 – 40 ]. In con-
trast, diabetes mellitus is assumed to develop 
secondary to impaired blood fl ow    in the islets 
glands and damaged function of the islets of 
Langerhans due to fi brosis and infl ammation.

    8.    Steroid Trial and Treatment    
     Facile steroid trial is not recommended in 

the Japanese criteria but is acceptable only by 
experts after a workup of malignancy in Asian, 
ICDC, and JPS-2011 criteria. In the nation-
wide study, a steroid trial was performed in 
6.6 % of all cases. On the other hand, steroids 
were administered in 83 % of the patients after 
diagnosing AIP. The indications for steroid 
therapy in AIP patients are symptoms such as 
obstructive jaundice, abdominal and back 
pain, and the presence of symptomatic extra-
pancreatic lesions. In cases with obstructive 
jaundice due to bile duct stenosis, endoscopic 
or transhepatic biliary drainage should be per-
formed. Cytological examination of the bile 
duct is necessary to help exclude malignancy. 
Steroid therapy can be started without biliary 
drainage in cases with mild jaundice, but such 
patients should be followed closely. Blood 
glucose levels should be controlled in patients 
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with diabetes mellitus before steroid therapy 
[ 41 ]. Since there was no correlation between 
the degree of morphological improvement of 
the pancreatic and bile ducts and the initial 
prednisolone dose (30 or 40 mg/day), it is rec-
ommended that the initial oral prednisolone 
dose is 0.6 mg/kg/day, with a gradual taper 

after 2–4 weeks [ 42 ]. After 2–4 weeks at the 
initial dose, the dose is tapered by 5 mg every 
1–2 weeks, based on changes in the clinical 
manifestations, biochemical blood tests (such 
as liver enzymes and IgG or IgG4 levels), and 
repeated imaging fi ndings (US, CT, MRCP, 
ERCP, etc.). The dose is tapered to a maintenance 

   Table 22.7    Clinical diagnostic criteria for autoimmune pancreatitis 2011 [ 35 ]   

  A. Diagnostic criterion  
 I. Enlargement of the pancreas 

 (a) Diffuse enlargement 
 (b) Segmental/focal enlargement 

 II. ERP (endoscopic retrograde pancreatography) shows irregular narrowing of the main pancreatic duct 
 III. Serological fi ndings 

 Elevated levels of serum IgG4 (≥135 mg/dl) 
 IV. Pathological fi ndings among i) ~ iv) listed below 

 (a) Three or more are observed 
 (b) Two are observed 

 (i) Prominent infi ltration and fi brosis of lymphocytes and plasmacytes 
 (ii) Ten or more diffuse IgG4-positive plasmacytes per high-power microscope fi eld 

 (iii) Storiform fi brosis 
 (iv) Obliterative phlebitis 

 V.  Other organ involvement (OOI): sclerosing cholangitis, sclerosing dacryoadenitis/sialadenitis, retroperitoneal 
fi brosis 
 (a) Clinical lesions 

 Extrapancreatic sclerosing cholangitis, sclerosing dacryoadenitis/sialadenitis (Mikulicz disease), or 
retroperitoneal fi brosis can be diagnosed with clinical and image fi ndings 

 (b) Pathological lesions 
 Pathological examination shows characteristic features of sclerosing cholangitis, sclerosing 
dacryoadenitis/sialadenitis, or retroperitoneal fi brosis 

 <Option > Effectiveness of steroid therapy 
  A specialized facility may include in its diagnosis the effectiveness of steroid therapy, once pancreatic or bile duct 
cancers have been ruled out. When it is diffi cult to differentiate from malignant conditions, it is desirable to perform 
cytological examination using an endoscopic ultrasound-guided fi ne-needle aspiration (EUS-FNA). Facile therapeutic 
diagnosis by steroids should be avoided unless the possibility of malignant tumor has been ruled out by pathological 
diagnosis 
  B. Diagnosis  

 I. Defi nite diagnosis 
 1. Diffuse type:   I a + <III/IVb/V(a/b)> 
 2. Segmental/focal type: 

             I b + II + two or more of < III/IV b/V (a/b)> 
             I b + II + <III/IV b/V (a/b) > + option 

 3. Defi nite diagnosis by histopathological study: IV a 
 II. Probable diagnosis 

 Segmental/focal type: I b + II + <III/IVb/V (a/b)> 
 III. Possible diagnosis a  

 Diffuse type:      I a + II + option 
 Segmental/focal type: I b + II + option 

  When a patient with a focal/segmental image of AIP on CT/MRI without ERCP fi ndings fulfi lls more than one of III, 
IVb, and V(a/b) criteria, he/she can be diagnosed as possible AIP only after the negative workup for malignancy by 
EUS-FNA and confi rmed as probable one by an optional steroid response 
  a A case may be possibly type 2, although it is extremely rare in Japan 
 “+” refers to “and”, and “/” refers to “or”  
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dose over a period of 2–3 months. Maintenance 
therapy is effective to prevent relapse 
(Fig.  22.3 ). However, since AIP patients are 
typically elderly and are at high risk of devel-
oping steroid-related complications such as 
osteoporosis and diabetes mellitus, an effort to 
discontinue the medication should be made. 
Stopping of maintenance therapy should be 
planned within at least 3 years in cases with 
radiological and serological improvement. 
After stopping medication, patients should be 
followed for evidence of disease relapse. 
Biliary drainage for jaundice and surgical 
resection is preformed in 41.4 % and 9.2 %, 
respectively.

    9.      Prognosis of AIP in Japan    
  Swelling of the pancreas or irregular nar-

rowing of the main pancreatic duct improves 
spontaneously without steroid therapy in some 
AIP patients. It has been reported that most 
AIP cases that improved spontaneously did 
not have bile duct stenosis [ 43 ,  44 ]. According 
to Kamisawa et al [ 43 ], spontaneous improve-
ment was detected in 2 of 21 non-jaundiced 
AIP patients. Kubota et al. compared the clini-
copathological parameters in 8 AIP patients 
with remission in the absence of steroid ther-
apy and 12 patients with remission after ste-
roid therapy. They found an association 
between remission in the absence of steroid 
therapy and seronegativity for IgG4, absence 

of obstructive jaundice, absence of diabetes 
mellitus, and the presence of focal pancreatic 
swelling [ 44 ]. The prognosis of AIP appears to 
be good over the short term with steroid ther-
apy. Japanese patients with AIP frequently 
(<6 M,32 %; <1 year,56 %; <3 year,92 %) 
show relapse of the disease after or during the 
steroid therapy [ 42 ]. It is unclear whether the 
long-term outcome is good, because there are 
many unknown factors such as relapse, pan-
creatic exocrine or endocrine dysfunction, and 
associated malignancy [ 45 – 47 ].     
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           Introduction 

 The fi rst case of autoimmune pancreatitis (AIP) 
was diagnosed in Korea in 2002 [ 1 ]. Since then, 
increasing numbers of cases have been described 
nationwide [ 2 – 4 ]. The prevalence of AIP in 
Korea was reported to be 5.4 % among 315 
patients with chronic pancreatitis [ 5 ]. Till date, 
more than 200 cases with AIP have been diag-
nosed in Korea. The sudden increase in reported 
cases may refl ect the growing awareness of AIP, 
rather than a true rise in the incidence of AIP [ 2 ]. 
To improve the diagnosis of AIP in Korea, “Kim 
criteria” were proposed in 2006 [ 6 ,  7 ]. The fol-
lowing year, Korean diagnostic criteria were pro-
posed by the Korean Pancreato Biliary 
Association based on Kim criteria [ 3 ]. As a fi rst 
step to establish an international consensus diag-
nostic criteria for AIP, Korean and Japanese pan-
creatologists published consensus Asian criteria 
in 2008 [ 8 ].  

    Cardinal Features of Autoimmune 
Pancreatitis in Korean Patients 

 Among the reported cases of AIP in Korea, 125 
are registered in the prospectively collected data-
base of the Asan Medical Center, Seoul, South 
Korea (Table  23.1 ).

      Demographics and Clinical Features 

 AIP was diagnosed in 125 patients (101 men and 
24 women) during the 8-year period (from 2003 
to 2010) at the Asan Medical Center. The average 
age at diagnosis was 56 years (range 18–81). 
Most of the patients (70 %) were older than 50 
years of age, and a male predominance (81 %) 
was noted. The frequency of symptoms included 
jaundice (49 %), abdominal pain (39 %), and 
weight loss (42 %). Some patients had severe 
abdominal pain (15 %) or a presentation as acute 
pancreatitis (7 %). Diabetes was found in 41 % of 
the patients.  

    Imaging Features 

 On CT, 71 % of the patients had diffuse pancre-
atic enlargement, while 29 % of the patients had 
segmental/focal pancreatic enlargement. A pan-
creatic mass, defi ned as a lesion that had a differ-
ent density compared with the surrounding 
pancreatic tissue by CT scan, was suspected in 
17 % of the patients. A capsule-like low-density 
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rim was found in 31 % of patients. On endoscopic 
retrograde cholangiopancreatography (ERCP) or 
magnetic resonance cholangiopancreatography 
(MRCP), 65 % of the patients showed diffuse 
irregular narrowing of the main pancreatic duct, 
while 35 % showed segmental/focal main pan-
creatic ductal narrowing.  

    Serologic Features 

 An increase in serum IgG level (≥1,800 mg/dL) 
and serum IgG4 level (≥135 mg/dL) was observed 
in 47 % and 53 % of the patients, respectively. 
Either elevated serum IgG or IgG4 level was 
observed in 68 % of our patients. The serum CA 
19–9 level was elevated (>37 U/mL) in 24 % of 
the patients, in whom it was measured.  

    Other Organ Involvement 

 AIP is a pancreatic lesion refl ecting a multiorgan 
disorder referred to as IgG4-related disease 
(IgG4-RD). The most commonly involved extra-

pancreatic organs include the proximal bile duct, 
kidney, retroperitoneum, and salivary gland. 
Evidence of other organ involvement was seen in 
39 % of patients, including hilar/intrahepatic bili-
ary stricture (15 %), retroperitoneal fi brosis with 
or without ureteral obstruction (10 %), sclerosing 
sialadenitis (8 %), and a renal mass (15 %). 
Although biliary stents were temporarily placed 
in 61 % of the patients for a distal common bile 
duct (CBD) stricture, involvement of the distal 
CBD alone was not included as evidence of other 
organ involvement. This feature was excluded 
because narrowing of the intrapancreatic CBD 
may represent a secondary phenomenon due to 
extrinsic compression resulting from AIP-related 
pancreatic enlargement [ 9 ].  

    Clinicopathologic Subtype: Idiopathic 
Duct-Centric Pancreatitis (IDCP) 

 Until recently, IDCP or AIP with granulocytic epi-
thelial lesions (GEL) has been reported mostly in 
the USA and Europe, and it thought to be very rare 
in Asia. However, the prevalence of IDCP in AIP in 

   Table 23.1    Autoimmune pancreatitis in Korea   

  Pancreas imaging   Diffuse (>2/3)  Segmental/focal 
 Parenchyma (enlargement a )  71 %  29 %  Mass a  17 % 
 Pancreatic main duct  65 %  35 % 

  Serology   % in the total cases 
 Serum IgG (≥1,800 mg/dL)  47 % 
 Serum IgG4 (≥135 mg/dL)  53 % 

  Pancreas histology  
 LPSP  30 % 
 IDCP  12 % 
 Unavailable or indeterminate  58 % 

  OOI  
 Hilar/intrahepatic biliary stricture  15 % 
 Renal involvement  15 % 
 Retroperitoneal fi brosis  10 % 
 Sclerosing sialadenitis  8 % 

  Treatment  
 Surgery  10 % 
 Steroids  90 % 
 Endoscopic biliary drainage  61 % 

   LPSP  lymphoplasmacytic sclerosing pancreatitis,  IDCP  idiopathic duct-centric pancreatitis,  OOI  other organ involvement 
  a Mass was defi ned as a lesion that had a different density compared with the surrounding pancreatic tissue by CT scan. 
Pancreatic enlargement was defi ned as an increase in the size of the gland.  
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Korea may not be as rare as previously thought. 
After histologic review of pancreatic resection spec-
imens and of materials obtained by core biopsy 
(percutaneous ultrasound-guided or endoscopic 
ultrasound (EUS)-guided), 15 of 125 AIP patients 
(12 %) were diagnosed with IDCP. Patients with 
IDCP were younger (median 34 years) and had 
more frequent severe abdominal pain (60 %), nor-
mal serum IgG4 levels, and an association with 
ulcerative colitis (33 %). No other extrapancreatic 
involvement was found in patients with IDCP. 

 Only 7 cases (1 %) of IDCP had been confi rmed 
in 546 Japanese cases of AIP by the Japanese 
nationwide study in 2007. Core biopsy from the 
pancreas (percutaneous ultrasound- guided or EUS-
guided) has likely been more often performed in 
Korea than in Japan, which may contribute to the 
relatively higher incidence of IDCP in Korea.  

    Treatment and Relapse 

 As an initial treatment, surgical resection was 
performed in 12 of 125 (10 %) patients. All 
remaining patients were diagnosed as having AIP 
without laparotomy and treated with steroids. 
They showed complete clinical and radiological 
remission. Our treatment protocol is predniso-
lone 0.5 mg/kg per day for 1–2 months followed 
by a gradual taper of 5–10 mg per month to the 
maintenance dose of 2.5–7.5 mg/day, which is 
continued for an average of 6 months [ 10 ]. In our 
patients who had a follow-up period of more than 
2 years after initial diagnosis, 30 % of the patients 
experienced a disease relapse. In order to decrease 
the relapse rate of AIP, it would seem reasonable 
to confi rm remission before steroid tapering or 
determining the end point of treatment [ 11 ].   

    Evaluation and Management 
Algorithm for Autoimmune 
Pancreatitis in Korea 

 The Korean algorithm of evaluation and manage-
ment for patients with obstructive jaundice and/
or pancreatic mass/enlargement is shown in 
Fig.  23.1 . This algorithm is a revised form of our 
original management algorithm [ 12 ] that takes 

new fi ndings into account [ 13 – 15 ]. The main 
characteristics of our algorithm are as follows. 
Patients are stratifi ed on the basis of CT features 
(typical versus atypical imaging). ERCP is not 
essential for the diagnosis of AIP, but tailored to 
CT fi ndings. In patients with atypical imaging, 
exclusion of malignancy is an essential step in 
the diagnosis of AIP and EUS plays a pivotal role 
for this purpose.

      Substantial Evidence for Suspicion 
of AIP Based on Imaging Findings 

 The diagnosis of AIP requires a high index of sus-
picion based on imaging fi ndings. The cardinal 
imaging features of AIP (versus pancreatic adeno-
carcinoma) are defi ned as follows [ 12 ]: (1) diffuse 
pancreatic enlargement with or without a capsule-
like rim and non-dilated pancreatic duct on CT 
(versus upstream parenchymal atrophy and pan-
creatic duct dilatation); (2) homogenous enhance-
ment of the pancreatic mass (versus poorly 
enhanced low-density mass); (3) a diffusely atten-
uated main pancreatic duct with an irregular wall 
or multifocal strictures of main pancreatic duct 
with normal-looking intervening duct (versus a 
single localized stricture); (4) no to mild upstream 
duct dilatation despite a long stricture (versus 
marked upstream duct dilatation); (5) double duct 
sign without a discrete pancreatic mass on CT in a 
patient with obstructive jaundice (versus a visible 
mass); (6) association of hilar or intrahepatic duct 
strictures (versus common bile duct stricture 
alone); (7) other organ involvement unusual for 
pancreatic cancer such as salivary gland, kidney, 
or retroperitoneal fi brosis (versus no involvement 
of these organs); or (8) diffuse or multifocal FDG 
uptake in the pancreas on PET with or without 
concomitant extrapancreatic uptake by the salivary 
glands (versus localized uptake) [ 16 ].  

    Typical Versus Atypical Imaging 
Features 

 The typical pancreatic imaging fi ndings of AIP 
are diffuse enlargement of the pancreas (CT) and 
diffuse/segmental irregular narrowing of the 
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main pancreatic duct without upstream duct dila-
tation (ERCP). The concurrence of these two 
imaging features is exceedingly rare in other pan-
creatic disorders and is highly specifi c for AIP. 
With the increasing number of AIP cases 
reported, however, various atypical imaging fi nd-
ings in AIP—such as a discrete pancreatic mass, 
focal pancreatic enlargement, and focal narrow-
ing of the main pancreatic duct with or without 
upstream duct dilatation—are being encountered. 
For clinical purpose, imaging should be classifi ed 
into typical and atypical features: with atypical 
imaging features, a higher level of collateral evi-
dence is required for diagnosis [ 13 ,  15 ]. 

 Our management algorithm divides the imag-
ing fi ndings into (1) typical of AIP, (2) indetermi-
nate (or atypical), and (3) highly suggestive of 
pancreatic cancer.  

    Management of Patients with Typical 
AIP Imaging Findings 

 In patients with typical fi ndings of AIP (diffuse 
enlargement, delayed enhancement, and a lack of 
CT features highly suggestive of pancreatic 
 cancer), the diagnosis of AIP can be made by the 
presence of any collateral evidence including 
serology (elevated IgG4) or other organ 

  Fig. 23.1    An evaluation and management algorithm for 
autoimmune pancreatitis in Korea.  AIP  autoimmune pan-
creatitis,  PaC  pancreatic cancer,  OOI  other organ involve-
ment,  LPSP  lymphoplasmacytic sclerosing pancreatitis, 
 IDCP  idiopathic duct-centric pancreatitis,  PD  pancreatic 
duct. † CT fi ndings for suspicion of AIP: (1) diffuse pancre-
atic enlargement (without peripancreatic stranding), (2) 
presence of a capsule-like rim, (3) homogenous enhance-

ment of the low-density pancreatic mass, (4) double duct 
sign without a discrete pancreatic mass on CT in a patient 
with obstructive jaundice, (5) presence of multifocal lesion, 
and (6) characteristic OOI such as proximal bile duct stric-
ture, kidney, or retroperitoneal fi brosis. ‡ Steroid trial: 
Steroid trial should be performed carefully only by special-
ists in pancreatology. Steroid responsiveness should be 
assessed 2 weeks after steroids administration       
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 involvement (typical radiological features 
described in association with AIP or compatible 
histology). According to Japanese guidelines, 
serologic criteria include elevated serum total 
IgG, or IgG4, or the presence of autoantibodies 
such as antinuclear antibodies or rheumatoid fac-
tor [ 17 ,  18 ]. However, there has been controversy 
over the use of serum total IgG or autoantibodies 
because of their low specifi city. 

 In patients without serologic evidence or other 
organ involvement, ERCP should be performed 
in order to obtain a pancreatogram, and biopsy 
specimens should be taken from the major duo-
denal papilla or bile ducts for the purpose of 
IgG4 immunostaining. According to recent stud-
ies [ 19 – 21 ], IgG4 immunostaining of duodenal 
papillary and bile duct biopsy specimens may be 
useful for supporting a diagnosis of AIP.  

    Management of Patients with 
Imaging Findings Highly Suggestive 
of Pancreatic Cancer 

 Patients with imaging fi ndings that are highly 
suggestive of pancreatic cancer (low-density 
mass, marked upstream duct dilatation, and 
upstream parenchymal atrophy) or evidence of 
metastasis should be managed as cancer. Clinical 
features that are highly suggestive of pancreatic 
cancer are (1) weight loss and severe pain neces-
sitating narcotics or (2) markedly elevated serum 
CA 19–9 or CEA levels which do not decrease 
even after biliary decompression.  

    Management of Patients with 
Indeterminate Imaging Findings 

 Investigation of patients with indeterminate 
imaging fi ndings might be diffi cult and requires a 
substantial amount of experience. Such patients 
should be referred to a tertiary center with clini-
cians and radiologists who are familiar with both 
AIP and pancreatic cancer. Unless substantial 
evidence for suspicion of AIP exists, patients 
with indeterminate CT fi ndings should be consid-
ered as cancer: this is because AIP is a rare dis-

ease (much less common than pancreatic 
adenocarcinoma or cholangiocarcinoma) [ 22 ]. 

    The Role of EUS and ERCP 
 In patients suspected of having AIP with the 
 continued need for differentiation from pancre-
atic cancer due to indeterminate CT fi ndings, 
EUS should be considered as a fi rst step. EUS is 
superior to other radiologic modalities including 
CT scans in the detection of a pancreatic mass, 
having the negative predictive value for pancre-
atic tumor detection of nearly 100 % [ 23 ]. EUS- 
guided fi ne-needle aspiration (FNA) or Tru-Cut 
biopsy (TCB) should generally be performed for 
patients with indeterminate imaging. The role of 
pathologic examination is twofold in the diagno-
sis of AIP, especially with indeterminate imag-
ing. The fi rst is the pathologic confi rmation of 
AIP and the second is the exclusion of malig-
nancy [ 12 ,  24 ,  25 ]. 

 Histopathological characteristics of lympho-
plasmacytic sclerosing pancreatitis (LPSP) are 
the combination of periductal lymphoplasma-
cytic infi ltrate, storiform fi brosis, and obliterative 
phlebitis. While tissue samples collected via 
FNA do not have a preserved tissue architecture, 
EUS-TCB may provide suffi cient tissue samples 
to allow adequate histologic examination and 
diagnosis of AIP [ 26 ,  27 ]. However, EUS-TCB is 
only available at specialized centers and techni-
cally diffi cult when the lesion is located on the 
pancreatic head [ 26 ]. The technical diffi culty of 
EUS-TCB in accessing a pancreatic head lesion 
represents its largest drawback because tumor- 
forming AIP most often involves the pancreatic 
head [ 28 ]. EUS-FNA is an established and widely 
used technique to evaluate pancreatic mass and is 
both safe and provides high diagnostic specifi city 
for malignancy [ 27 ,  29 ]. Therefore, the role of a 
preoperative histopathological examination of 
the pancreas in patients with suspected AIP may 
be to exclude malignancy rather than provide 
defi nite evidence for a diagnosis of AIP [ 5 ,  24 ]. 
However, the diagnostic sensitivity of EUS-FNA 
remains a problem, and a negative FNA result 
should not be considered defi nitive evidence to 
exclude a malignancy. If the diagnosis is incon-
clusive, even after EUS-FNA/TCB, ERCP should 
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be performed to exclude malignancy in order to 
obtain biopsy specimen from bile duct, pancre-
atic duct, and papilla. Endoscopic retrograde 
pancreatographic fi ndings (multifocal narrowing 
or a long attenuated segment of the pancreatic 
duct without upstream duct dilatation) may also 
aid in the diagnosis of AIP. 

 Because serum IgG4 levels are elevated in 
5–10 % of patients with pancreatic cancer, eleva-
tions in serum IgG4 alone cannot be used to dis-
tinguish AIP from pancreatic cancer [ 30 ,  31 ]. 
Because AIP is much less common than pancre-
atic cancer, serum IgG4 elevations in patients 
with low pretest probability of having AIP are 
likely to represent false positive [ 31 ]. 

 Even after such a thorough work-up including 
CT, EUS, ERCP, serology, and pathology, in 
patients suspected of having AIP with the contin-
ued need of differentiation from pancreatic can-
cer, a “steroid trial” can be used as a diagnostic 
tool to differentiate AIP from pancreatic cancer.   

    Steroid Trial 

 Steroid therapy is more than a treatment modality 
for AIP. The dramatic response to steroids is 
reassuring and typically confi rms the diagnosis 
of AIP [ 32 ]. In our algorithm, “steroid therapy” 
and “steroid trial” are used separately. In patients 
with “typical” imaging of AIP, the diagnosis of 
AIP is made before steroid administration; as 
such, they are “treated” with steroids. In such 
patients, follow-up imaging is usually performed 
4–6 weeks after the initiation of “steroid therapy.” 
In patients with “indeterminate” imaging of AIP, 
regardless of the fulfi llment of diagnostic criteria 
and/or negative work-up for malignancy, there 
still exists a possibility of pancreaticobiliary 
malignancy. In such cases, a complete steroid 
response is a reliable test to confi rm the diagno-
sis; this diagnostic use of steroids is termed “ste-
roid trial” in our algorithm. 

 Predictors of steroid responsiveness must be 
objectively monitored and must be interpreted 
with caution [ 22 ]. In a broad sense, response to 
steroids may include improvement in clinical 
symptoms, normalization of elevated levels of 

serum IgG4, and reversion of abnormal  pancreatic 
imaging. Due to anti-infl ammatory effect of ste-
roids, pancreatic enlargement developed by 
obstructive pancreatitis associated with ductal 
adenocarcinoma may be relieved with steroid 
therapy. Steroid responsiveness should be defi ned 
not simply as an improvement in pancreatic 
swelling but, more stringently, as a relief of the 
main pancreatic duct/common bile duct narrow-
ing and resolution of a pancreatic mass. 

 Given the error inherent in fi ne-needle aspira-
tion of the pancreas or intraductal biopsy, partic-
ularly in patients with atypical CT fi nding, the 
assessment of steroid responsiveness should be 
done 2 weeks after the initiation of steroids. The 
reasons for assessing steroid responsive after a 
short duration (2 weeks) are as follows [ 12 ]: (1) 
radiological improvement of AIP can occur as 
early as 1–2 weeks after steroid therapy, and (2) 
given the aggressiveness of pancreatic cancer 
biology, possible cancer progression in resect-
able patients is a concern during a more pro-
longed steroid trial. Moreover, if the tumor 
becomes unresectable during this delay (2 
weeks), it is highly unlikely that earlier surgery 
would have changed the prognosis of such an 
aggressive tumor dramatically [ 25 ]. 

 Due to clinical and radiological mimicry 
between AIP and pancreaticobiliary malignancy, 
there exists a risk of misdiagnosis of AIP as 
malignancy or vice versa. Inappropriate pancre-
atic resection may be performed for AIP, and ste-
roids may be given to patients with resectable 
pancreatic cancer. Multidisciplinary investiga-
tions and steroid trial according to our algorithm 
may minimize the risk of misdiagnosis.      
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        This book, dedicated to autoimmune pancreatitis 
(AIP) and IgG4-related sclerosing cholangitis, 
(IgG4-SC) has covered all presently known 
aspects regarding the pathogenesis, diagnosis, 
imaging procedures, and therapy of these largely 
overlapping disorders. AIP with IgG4-SC is a 
puzzling disease. Although the cardinal features 
were fi rst reported in Europe [ 1 ], it seemed for a 
long time an Asian phenomenon, which many 
Western clinicians felt they could safely ignore 
[ 2 ,  3 ]. With time, more case series were reported 
from Europe and the USA, and it became increas-
ingly clear that AIP affects patients throughout 
the world from various ethnic backgrounds. AIP 
shares features with two other disorders of the 
pancreas from which a distinction is critical and 
determines appropriate treatment and clinical 
outcome. The fi rst is chronic pancreatitis of either 
the environmentally induced (alcohol or tobacco) 
or the hereditary variety [ 4 – 7 ]. The most impor-
tant difference in terms of treatment, prognosis, 
and, to a lesser degree, diagnosis is that AIP rap-
idly responds to the administration of steroids [ 8 ] 
and other types of pancreatitis do not. The same 
is true for IgG4-SC, which often mimics primary 
sclerosing cholangitis (PSC) on imaging studies 

such as ERCP and MRCP but is highly respon-
sive to steroids whereas PSC is not. Our current 
knowledge regarding the optimal dose and dura-
tion of steroid treatment as well as the probability 
of recurrence following therapy are outlined in 
Chap.   20    . What will have to be solved in future 
studies is the effectiveness of alternatives to ste-
roids. While a case report suggests that rituximab 
may provide an alternative treatment option [ 9 ], 
little experience is presently available on more 
common types of immunosuppressive agents 
such as azathioprine, tacrolimus, sirolimus, 
mycophenolate mofetil, and cyclosporine, for 
how long they would have to be administered, 
and to what extent they can replace steroids. 

 When it comes to making the diagnosis, 
reports from Japan suggested that AIP can be dis-
tinguished from chronic pancreatitis by serologi-
cal markers alone, most prominently serum IgG4 
levels [ 10 ]. Unfortunately, this serologic marker 
was quickly found to be much less reliable in 
Caucasian patients [ 11 ]. The reason behind this 
difference lies in two subtypes of AIP with differ-
ent prevalence in Europe and Asia (see also Chap.   3    ). 
The fi rst subtype, and by far the most common in 
Asia, has recently been termed lymphoplasma-
cytic sclerosing pancreatitis (LPSP or type 1 
AIP) according to its histological features [ 12 ]. It 
is commonly associated with immunological 
changes such as elevated IgG4 serum levels or 
various autoantibodies of lesser diagnostic value. 
A second disease variety, termed idiopathic duct-
centric pancreatitis (IDCP or type 2 AIP), 
accounts for a signifi cant percentage of Western 
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patients with AIP but is rarely found in Japan. 
Type 2 AIP displays often none of the immuno-
logical changes of AIP type 1 and is character-
ized histologically by granulocytic epithelial 
lesions [ 13 ]. These clinical characteristics limit 
the diagnostic options for type 2 AIP to either 
histology from resection specimens, core biop-
sies obtained by endoscopic ultrasound, or cross-
sectional diagnostic imaging. The features of 
diagnostic imaging, however, are not nearly as 
well defi ned or universally established as one 
would wish. Nevertheless, it appears that both 
types of AIP are remarkably sensitive to relative 
short courses of systemic corticosteroids. 

 This brings us to the second disease that AIP 
needs to be distinguished from, namely, pancre-
atic cancer. The characteristic imaging appear-
ance of AIP has been reported to include diffuse 
swelling of the entire organ (the “sausage- 
shaped” pancreas) and a diffuse narrowing of the 
pancreatic duct, often combined with similar 
changes in the bile ducts when occurring as part 
of the multiorgan disorder termed IgG4-related 
disease (IgG4-RD) [ 14 ]. The latter appearance 
can easily mimic the “double duct” sign of pan-
creatic cancer [ 15 ]. When infl ammatory infi l-
trates manifest themselves as focal pancreatic 
enlargement, a distinction between cancer and 
AIP becomes even more diffi cult. A focal 
enlargement or mass lesion was found in up to 
40 % of AIP patients in a recent trial [ 16 ]. This 
diffi culty in distinguishing between pancreatic 
cancer and AIP, particularly of the IDCP, type 2 
variety, remains the principal reason why many 
patients with AIP still undergo pancreatic resec-
tion, only to learn after histological examination 
that surgery was neither required nor will it cure 
their disease (see also Chap.   9    ). Until specifi c 
immunological tests become available for the 
diagnosis of type 2 AIP, antigens such as UBR2 
[ 17 ] or trypsin [ 18 ,  19 ], or until better imaging 
modalities permit more accurate diagnosis, the 
need for surgical resection or intervention in AIP 
patients will not be completely eliminated. The 
question about the best diagnostic imaging 
modality to distinguish AIP from either more 
common pancreatitis varieties or from pancreatic 
cancer remains unresolved. One issue that 

remains particularly controversial is the use of 
diagnostic ERCP. In a recent study [ 16 ], it was 
suggested that four distinct ductal features can be 
used to differentiate cancer from AIP. Long stric-
tures involving more than one third of the duct 
length, strictures that do not result in an upstream 
dilatation of the duct, or strictures from which 
side branches arise are more likely to be caused 
by AIP than by cancer. The fourth characteristic 
is the presence of multiple strictures in the duct. 
Two questions remained unanswered in this 
study. The fi rst is to what extent simultaneously 
occurring changes in the bile duct, particularly 
when AIP and IgG4-SC coexist, require ERCP as 
a diagnostic test or help to distinguish between 
AIP and cancer. The other question regards the 
relative diagnostic utility of ERCP for the two 
types of AIP. The current paradox is the follow-
ing: the Japanese consensus guidelines have 
made ERCP a mandatory diagnostic criterion 
although an alternative test (serum IgG4) would 
aid diagnosis in the majority of Japanese patients 
[ 20 ]. Conversely, the HISORt criteria from the 
Mayo Clinic [ 21 ], derived from experience with 
mostly Caucasian patients, do not include ERCP 
as a mandatory diagnostic test although Caucasian 
patients with AIP often present without diagnos-
tic lab tests. The diagnosis may be facilitated in 
these patients by performing ERCP because core 
biopsy is the only alternative test for confi rming 
the diagnosis (short of obtaining resection speci-
mens) in the prevalent type 2 AIP. Not surpris-
ingly, a study including mostly Japanese patients 
attempted to differentiate cancer and AIP based 
on a protocol that included ERCP [ 22 ], whereas a 
Western study addressing the same issue made do 
without [ 23 ]. What remains to be addressed in 
future studies is how well the ERP criteria of 
Sugumar et al. work specifi cally in type 2 AIP 
(IDCP). Type 2 is the subgroup which potentially 
benefi ts the most from diagnostic ERCP and in 
which ERCP may prevent most of the unneces-
sary pancreatic resections. Future studies also 
need to clarify whether concerns about post- 
ERCP pancreatitis in patients with suspected AIP 
are unfounded. The most recent study [ 16 ] sup-
ports the Japanese consensus which strongly rec-
ommends ERCP for the diagnosis of AIP [ 20 ] 
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and argues against the Mayo view [ 21 ] which 
does not make it a requirement. If the ductal 
changes reported recently [ 16 ] can be confi rmed 
in their specifi city for type 2 AIP, as well as the 
superiority of ERCP over MRCP in detecting 
them, then as for PSC, AIP may be a condition in 
which diagnostic ERCP cannot yet be replaced 
by less invasive diagnostic test. Whether ERCP 
can serve in a similar role for monitoring treat-
ment response in AIP will also have to be 
addressed in future trials. While the use of EUS 
TCB may obviate the need for ERP, the relative 
safety and specifi city of TCB fi ndings needs to be 
further clarifi ed. Regardless of the diagnostic 
accuracy of EUS TCB, the diffi culty in obtaining 
tissue will continue to limit use in most centers. 

 The last issue that needs mentioning in the 
context of future perspectives is the option of 
alternative imaging techniques. The most sensi-
tive imaging modality for any pancreatic disorder 
at this point in time is probably endoscopic ultra-
sound. Much progress has recently been made in 
differentiating AIP from other, more common 
varieties of chronic pancreatitis by endoscopic 
ultrasound [ 24 ,  25 ]. Whether the sensitivity and 
specifi city of EUS in distinguishing AIP is equally 
good for type 1 and type 2 AIP needs to be con-
fi rmed in additional studies. The promising fi nd-
ing that a simple endoscopic biopsy of the papilla 
of Vater (more simple than obtaining an EUS-
guided core biopsy of the pancreas itself) can be 
diagnostic for AIP when IgG- or IgG4- positive 
plasma cells are identifi ed [ 26 ] in the papilla will 
also need confi rmation from additional studies 
that carefully distinguish between type 1 and type 
2 AIP (IDCP). There are few emerging diseases in 
gastroenterology that have captured the imagina-
tion of clinicians and stimulated a large number of 
high-quality studies on pathogenesis and treat-
ment. We remain optimistic that the remaining 
open issues outlined above shall be addressed in 
the near future, and many of the questions will be 
solved for the benefi t of affected patients.    
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