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Introduction

Sarles et al. in 1961, first described a disease characterized 
by chronic inflammatory sclerosis of the pancreas (1). 
Subsequently in 1995, Yoshida et al. proposed the concept of 
autoimmune pancreatitis (AIP)—a distinct form of pancreatic 
disease which had a good response to steroid therapy (2). 
Further contributions to the understanding of AIP were made 
in 2001, with the identification of high serum concentration of 
immunoglobulins G4 (IgG4), which could serve as a biomarker 
of the disease (3). In recent years, the concept of AIP as a 
unique clinical entity has gained widespread recognition.

AIP has been described by various terms. These 
include chronic inflammatory sclerosis of the pancreas (1), 
chronic sclerosing pancreatitis (4), non-alcoholic duct-
destructive chronic pancreatitis (5), lymphoplasmacytic 
sclerosing pancreatitis (LPSP) (6), idiopathic tumefactive 
chronic pancreatitis (7) and idiopathic duct-centric chronic 
pancreatitis (8). AIP can be defined as a distinct form of 

pancreatitis which is characterized by elevated levels of 
serum immunoglobulins (notably IgG4), prominent multi-
organ infiltration by IgG-positive plasma cells, enlargement 
of the pancreas, intense fibrotic changes and dramatic 
response to steroid therapy (9,10).

This review is an update on the current concept of AIP, its 
clinical presentation, findings on imaging, histopathological 
features, diagnosis and management.

Classification of AIP

The international consensus diagnostic criteria (ICDC) for 
AIP recently described two subtypes: type 1 LPSP and type 
2 [idiopathic duct-centric pancreatitis (IDCP) or AIP with 
granulocytic epithelial lesion (GEL)] (9).

Type 1 AIP (LPSP)

Type 1 AIP is the more common form of the disease 
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worldwide, typically prevalent in Japan and Korea (11). 
References to AIP in the Japanese literature usually refer 
to type 1 AIP (12). LPSP is the typical histopathological 
descr ipt ion of  type 1 AIP.  I t  i s  character ized by 
massive infiltration of lymphoplasmacytic cells without 
granulocytes; abundant (>10 cells/HPF) IgG4-positive 
plasma cells; storiform or swirling fibrosis and peri-venular 
infiltration with lymphoplasmacytic cells which often leads 
to obliterative phlebitis (8,12,13).

Current understanding of type 1 AIP suggests that it is 
a pancreatic manifestation of immunoglobulin G4-related 
disease (IgG4-RD) which is a systemic inflammatory 
disorder of unknown cause (14-16). Extra-pancreatic organ 
involvement is common in type 1 AIP. It is important to 
note that serum levels of IgG4 are known to fluctuate (17); 
a subset of type 1 AIP patients do not have the typically 
elevated serum levels of IgG4 and that seronegativity in 
itself should not be used to reclassify such patients as type 2 
AIP (14).

Type 2 AIP (IDCP, GEL)

The histopathological pattern observed in type 2 AIP 
has been described as IDCP or AIP with GEL. It is 
characterized by prominent infiltration of the epithelium 
and or lumen of the interlobular pancreatic ducts by 
neutrophils which may lead to the destruction and 
obliteration of the pancreatic duct.

Notably, type 2 AIP in contrast to type 1 AIP, is a 
pancreas-specific disease mostly without extra-pancreatic 
organ involvement, lacks elevated serum levels of IgG4 and 
auto antibodies. Type 2 AIP is associated with inflammatory 
bowel disease (approximately 30%) and demonstrates little 
or no IgG4-positive inflammatory infiltrates on histology 
(12,18). Histopathological review is required to confirm the 
diagnosis of type 2 AIP because of the lack of serological 
markers and specific imaging patterns.

Epidemiology

AIP is a rare disease with an overall prevalence rate of 2.2 
per 100,000 populations and a reported annual incidence 
rate of 0.9 per 100,000 populations in Japan (19). Type 1  
AIP as earlier alluded to, is the most prevalent subtype 
worldwide. In the US, it accounts for more than 80% of 
the cases. Type 2 AIP however, is relatively more common 
in Europe although type 1 AIP still remains the more 
prevalent subtype (20). Type 1 AIP often presents at an 

older age. An international multicenter survey observed that 
type 1 AIP patients were approximately 16 years older than 
patients with type 2 AIP (11). A Japanese national survey 
reported a mean age of 63 years for patients with AIP (19). 

In contrast to the observed male predilection in type 1 
AIP; there is no gender predilection in type 2 AIP (18). This 
is consistent with the findings of a Japanese national survey 
which reported a male to female ratio of 3.7:1 (19), type 1 
AIP being the most prevalent form in Japan. A systematic 
review of AIP in China reported a male to female ratio of 
4.5:1 and type 2 AIP accounted for 4.7% of the patients in 
the review (21).

Pathogenesis

The pathogenesis of AIP is unknown; however it appears 
that autoimmune processes play a significant role. Evidence 
suggestive of the role of immunologic mechanisms 
include the presence of elevated levels of autoantibodies, 
characteristic lymphoplasmacytic infiltration on histology, 
hypergammaglobulinemia and a predictable response to 
steroids (22,23).

Human leucocyte antigen (HLA) investigation studies 
in the Japanese population suggests a possible association 
between DRB1*0405-DQB1*0401 haplotype and AIP (24). 
This association was however not confirmed by a similar 
study carried out in the South Korean population. The 
South Korean study affirms that the substitution of aspartic 
acid to non-aspartic acid at DQB1 57 appears to represent a 
key genetic factor for the relapse of AIP (25).

Cytotoxic T lymphocyte-associated antigen-4 (CTLA-4)  
which is expressed on CD4+ and CD8+ T cells is an 
important regulator of T cell stimulation. It suppresses T 
cell proliferation and inflammatory cytokine production, 
sets the threshold for T cell activation and induces apoptosis 
in activated T cells. Investigations into the underlying 
pathogenesis of AIP in Japanese and Chinese patients 
suggest an association between genetic single nucleotide 
polymorphism in CTLA-4 and AIP (26,27). Further studies 
of the role of genetics in the aetiopathogenesis of AIP are 
still being awaited.

Multiple disease-related antibodies have been associated 
with AIP. These include anti-heat shock protein (HSP)  
10 (28), anti-amylase alpha (29), anti-carbonic anhydrase II, 
anti-lactoferrin (30), anti-carbonic anhydrase IV (31), anti-
plasminogen binding protein (anti-PBP) and anti-pancreatic 
secretory trypsin inhibitor (32). Evidence in support of the 
associations and the possible role of these antibodies in 
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AIP, is the observed induction of systemic lesions similar 
to human AIP such as pancreatitis, interstitial nephritis 
and sialadenitis, following intradermal immunization with 
carbonic anhydrase II and lactoferrin in animal models. 
The human AIP-like systemic lesions were characterized 
by significant increase in the number and the size of foci of 
lymphocytic infiltration (33).

A plausible theory in the pathogenesis of AIP includes 
the potential role of molecular mimicry. There is a 
significant homology between human carbonic anhydrase 
II and alpha-carbonic anhydrase of Helicobacter pylori. 
The homologous segments contain the binding motif of the 
HLA molecule DRB1*0405 which in theory suggests that 
H. pylori infection could possibly trigger AIP via molecular 
mimicry in genetically predisposed individuals (34). Other 
plausible hypotheses that could benefit from further 
investigations include the role of the complement activation 
system via the classic pathway (35), Th2 cells and regulatory 
T cells in AIP (Treg) (36).

Clinical presentation

The clinical findings in AIP are non-specific and the most 
common presentation is obstructive jaundice. A recent 
systematic review of AIP in China showed that obstructive 
jaundice accounted for 63.4% of the 706 patients in the 
study (21). This is fairly consistent with earlier findings of 
a multicenter survey of 731 patients, in which obstructive 
jaundice accounted for 75% and 47% of the patients with 
type 1 and type 2 AIP respectively (11).

Patients with type 2 AIP may present with severe 
abdominal pain (68% vs. 41%) in contrast to type 1 AIP 
patients. The abdominal pain in type 1 AIP is described 
as mild, not as severe as the abdominal pain observed 
in acute pancreatitis or acute exacerbation of chronic 
pancreatitis (9,11,12). Patients can also present with 
symptoms of diabetes mellitus or symptoms consistent with 
extra pancreatic associations seen in AIP. Other symptoms 
include back pain, weight loss and fatigue (12,16).

Serology

IgG4 comprises 4-6% of the total IgG in healthy individuals 
and raised serum levels occurs rarely in certain conditions 
such as allergic diseases, parasitic infestations and pemphigus 
vulgaris (37). Rare serum elevations of IgG4 occur in 5% of 
the normal population and 10% of patients with pancreatic 
cancer (17). Although not disease-specific as highlighted 

above, IgG4 has the highest diagnostic value as a single 
serological test in AIP. AIP is associated with elevated serum 
levels of IgG4. A cut-off value for serum IgG4 concentrations 
of 135 mg/dL with 97% accuracy, 95% sensitivity and 97% 
specificity for differentiating AIP from pancreatic cancer 
has been reported (3). A subsequent study reported 76% 
sensitivity, 93% specificity and 36% positive predictive value 
for elevated serum IgG4 (>140 mg/dL) in AIP (38).

O t h e r  s e r o l o g i c a l  f i n d i n g s  i n  A I P  i n c l u d e 
hypergammaglobulinemia, elevated levels of IgG, 
antinuclear antibodies, anti-smooth muscle antibodies, 
carbonic anhydrase II antibodies, lactoferrin antibodies and 
rheumatoid factor (12,30).

Extrapancreatic associations

AIP is associated with extrapancreatic lesions and the biliary 
tree is the most common extrapancreatic site involved in 
AIP (39). Type 1 AIP is currently viewed as a pancreatic 
manifestation of IgG4-RD because of its association 
with a variety of extrapancreatic lesions. A study of 100 
patients with AIP in China reported the occurrence of 
extrapancreatic lesions in 77% of the patients (16).

Evidence in support of the association between 
o t h e r  o r g a n  i n v o l v e m e n t  a n d  A I P  i n c l u d e s  ( I ) 
shared characteristic histopathological findings of 
lymphoplasmacytic infiltration, IgG4-positive plasma cell 
infiltration, obliterative phlebitis and storiform fibrosis; 
(II) frequent co-existence or occurrence; (III) predictably 
favorable response to steroids and (IV) differentiation 
from the lesions of the corresponding organs such as 
distinction between AIP-associated salivary gland lesions 
and lesions due to Sjogren’s syndrome (37). These lesions 
include sialadenitis (40), sclerosing cholangitis (41), 
retroperitoneal fibrosis (42), interstitial lung disease (43) 
and tubulointerstitial nephritis (44). 

Imaging

Imaging plays an important role in the diagnostic work 
up for AIP as reflected in the different existing diagnostic 
criteria. AIP demonstrates a wide spectrum of imaging 
findings on CT. Although diffuse morphological pancreatic 
parenchymal enlargement is seen in 40–60% of patients 
with AIP (45-48), three other morphological patterns have 
been described. These include focal enlargement of the 
pancreas; no enlargement or normal pancreas in a minority 
of the patients; and mixed patterns (21,47-49). Typically, 
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AIP demonstrates a diminished pattern of enhancement 
in the early or arterial phase and a relatively increased or 
prolonged enhancement in the delayed or venous phase (46). 
A capsule-like low density rim is a distinctive finding on CT 
in AIP. The cord or band-like structure that surrounds the 
lesion demonstrates lower absorption than the pancreatic 
parenchymal during the parenchymal phase and delayed 
enhancement pattern on dynamic imaging studies. This 
gives rise to the capsule or the rim sign of AIP (12,46,48,50). 
It must be emphasized that the absence of the typical 
findings of AIP on CT is not enough reason to rule out AIP 
as a differential diagnosis.

Typical MRI findings in AIP include hypo-intense 
signal on T1 weighted images, lower signal intensity in the 
presence of intense fibrosis or relatively T2 hyper intensity 
with minimal fibrosis (46,51). MRI also demonstrates the 
typical capsule-like rim as a hypo-intense rim on both T1 
and T2 weighted images and shows a delayed enhancement 
on dynamic MR study (46).

Varying findings in AIP on EUS have been reported. 
These include diffuse enlargement, hypoechoic pancreas 
or a focal hypoechoic mass (52). Other findings include 
hyperechoic foci in the pancreatic parenchymal, hyperechoic 
strands, lobularity and lobular outer margins (53). Although 
EUS has a high local resolution, its use in the diagnosis of 
AIP has been largely restricted to EUS-guided fine needle 
aspiration (EUS-FNA) or EUS-guided trucut biopsy aimed 
at obtaining histological evidence for AIP (54). The reason 
for this may be the varying EUS findings reported by 
authors and the non-specific nature of these findings.

Consistent with the diagnostic criteria for AIP, narrowing 
of the main pancreatic duct (MPD) on endoscopic 
retrograde pancreatography (ERCP) is characteristic. The 
sensitivity and specificity of ERCP in the diagnosis of 
AIP is 71% and 83% respectively (55). An international 
study highlighted four important features that were highly 
suggestive of AIP on ERCP; long (>1/3 the length of the 
pancreatic duct) stricture; lack of upstream dilatation from 
the stricture (<5 mm); multiple strictures; and side branches 
arising from a segment with stricture (55). Abnormal 
findings in the biliary system (both intra-hepatic and 
extrahepatic bile duct) are common in AIP. About 80–90% 
of patients with AIP demonstrate narrowing of the lower 
common bile duct with varying degree of stenosis (56).

Diagnostic criteria

Given the protean clinical features of AIP and the need for 

accurate diagnosis, various diagnostic criteria have evolved 
over the years from different research and clinical groups. 
The Japan Pancreas Society (JPS) in 2002 proposed a 
diagnostic criteria for AIP and subsequently revised it in 
2006 and 2011 (12,57). The Korean criteria for AIP was 
proposed by Asan Medical Centre of Korea in 2006. A 
consensus between the Korean Society of Pancreatobiliary 
Diseases and the Japanese Research Committee of 
Intractable Pancreatic Diseases subsequently led to the 
Asian criteria (57).

The Mayo clinic HISORt criteria for AIP is based on 
five cardinal features which include typical findings on 
histology, imaging, serology, other organ involvement and 
response to steroid therapy (58). 

The JPS 2011 diagnostic criteria include; appearance of 
diffuse and segmental/focal type in pancreatic parenchymal 
CT/MRI images or ERCP duct images; a single category 
without level 1 and 2 classifications in the ICDC; IgG4 
alone as a serum marker; histopathological criteria for 
LPSP; sclerosing cholangitis, sclerosing sialadenitis and 
retroperitoneal fibrosis as typical other organ involvement; 
and response to an optional steroid trial after using EUS-
FNA to rule out malignancy (12). Following a review of the 
existing diagnostic criteria, the ICDC for AIP (ICDC-2011) 
differentiated the two subtypes of AIP with level 1 and 2 
classifications (Tables 1-4). 

Differential diagnosis

Given the clinical and imaging features of AIP, the most 
concerning differential diagnosis of AIP is cancer of the 
pancreas. A study of 100 patients with AIP reported that 
28% of the patients had initial surgical procedures such 
as pancreatoduodenectomy, distal pancreatectomy with 
or without splenectomy etc. for suspected pancreatic 
malignancy (16). Consistent with this report is the findings 
of a systematic review of 26 articles with a total of 706 
patients with AIP which reported that 29.7% of the patients 
were misdiagnosed as pancreatic cancer and the patients had 
surgical intervention (21).

Strategies have been published with the aim of 
differentiating AIP from pancreatic cancer. A Japanese 
strategy evolved from a comparative study of the clinical, 
serological and imaging features of 17 patients who 
presented with a focal enlargement (mass-like lesion) of the 
head of the pancreas and 70 patients with cancer of the head 
of the pancreas. The study emphasized that clinical features 
were not enough to distinguish AIP and cancer of the head 
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Table 1 International consensus diagnostic criteria for definitive and probable type 1 autoimmune pancreatitis (AIP)

Diagnosis Diagnostic feature Imaging evidence Collateral evidence

Definitive type 1 Histology Typical/indeterminate Histologically confirmed LPSP 

Imaging Typical/indeterminate Any level 1/level 2

Two or more from level 1

Probable type 1 Response to steroid Indeterminate Level 1 S/OOI + Rt or level 1 D + level 2 S/OOI/H + Rt

– Indeterminate Level 2 S/OOI/H + Rt

AIP, autoimmune pancreatitis; LPSP, lymphoplasmacytic sclerosing pancreatitis; S, serology; OOI, other organ involvement; Rt, response 
to steroid therapy; H, histology. 

Table 2 International consensus diagnostic criteria for type 2 autoimmune pancreatitis (AIP)

Diagnosis Imaging evidence Collateral evidence

Definitive type 2 AIP Typical/indeterminate Histologically confirmed IDCP or clinical inflammatory bowel disease + level 2 H+ Rt

Probable type 2 AIP Typical/indeterminate Level 2 H/clinical inflammatory bowel disease + Rt

AIP, autoimmune pancreatitis; IDCP, idiopathic duct-centric pancreatitis; Rt, response to steroid therapy; H, histology.

Table 3 International consensus diagnostic criteria level 1 and level 2 criteria for type 1 autoimmune pancreatitis (AIP)

Criterion Level 1 Level 2

Parenchymal 
imaging

Typical: diffuse enlargement with delayed  
enhancement

Indeterminate: segmental enlargement with delayed enhancement

Ductal imaging 
(ERP)

Long (>1/3 length of the MPD) or multiple  
strictures without marked upstream dilatation

Segmental/focal narrowing without marked upstream dilatation (<5 mm)

Serology IgG4 >2× upper limit of normal IgG4 1−2× upper limit of normal

Other organ 
involvement

A. Histology of extrapancreatic organs 
Any 3 of the following: 
(I) Marked lymphoplasmacytic infiltration with  
fibrosis and without granulocytic infiltration 
(II) Storiform fibrosis 
(III) Obliterative phlebitis 
(IV) Abundant (>10 cells/HPF) IgG4-positive cells

A. Histology of extrapancreatic organs including endoscopic biopsies 
of bile duct: 
Both of the following: 
(I) Marked lymphoplasmacytic infiltration without granulocytic  
infiltration 
(II) Abundant (>10 cells/HPF) IgG4-positive cells

B. Typical radiological evidence of at least one of 
the following: 
(I) Segmental/multiple proximal (hilar/intrahepatic) 
or proximal and distal bile duct stricture 
(II) Retroperitoneal fibrosis

B. Physical or radiological evidence of at least one of the following: 
(I) Symmetrically enlarged salivary/lachrymal glands 
(II) Renal involvement

Histology of the 
pancreas

LPSP and at least 3 of the following: 
(I) Periductal lymphoplasmacytic infiltrate without  
granulocytic infiltration 
(II) Obliterative phlebitis 
(III) Storiform fibrosis 
(IV) Abundant (>10 cells/HPF) IgG4-positive cells

LPSP and any 2 of the following: 
(I) Periductal lymphoplasmacytic infiltrate without granulocytic  
infiltration
(II) Obliterative phlebitis 
(III) Storiform fibrosis 
(IV) Abundant (>10 cells/HPF) IgG4-positive cells

Response to 
steroid 

Rapid (≤2 weeks) radiological demonstration of 
resolution or marked improvement in pancreatic 
or extrapancreatic manifestations

Rapid (≤2 weeks) radiological demonstration of resolution or marked 
improvement in pancreatic or extrapancreatic manifestations 

AIP, autoimmune pancreatitis; MPD, main pancreatic duct; LPSP, lymphoplasmacytic sclerosing pancreatitis; HPF, high power field.
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of the pancreas. The study highlighted six imaging (CT and 
ERCP) characteristics that were highly suggestive of AIP. 
These features include: delayed enhancement of an enlarged 
pancreas (CT); a capsule-like rim around the pancreas (CT); 
extrapancreatic lesions such as salivary gland involvement, 
retroperitoneal mass, or stenosis of the intrahepatic bile 
duct (CT/ERCP); MPD narrowing ≥3 cm long (ERCP); 
skipped lesions (multiple areas of narrowing) of the MPD 
(ERCP); and maximal diameter of the upstream MPD 
dilation ≤5 mm above the stricture (ERCP) (59). 

The second strategy with its algorithm was proposed 
by the Mayo clinic in the US. The differences between 
both strategies are the inclusion of all imaging subtypes of 
AIP in the Mayo clinic strategy in contrast to the Japanese 
strategy which focused on AIP with mass like lesions on 
imaging (60). The Japanese strategy also relied on ERCP 
and this probably reflects the differences in the clinical 
practice in both countries.

Treatment

The mainstay of therapy for AIP is steroids. A large 
multicenter (23 institutions) study involving 1,064 patients 
with AIP based on the ICDC classification (type 1 n=978; 
type 2 n=86) from 10 different countries reported that most 
of the patients with type 1 (99%) and type 2 (92%) AIP who 
were treated with steroids went into clinical remission (61). 
This is consistent with an earlier retrospective survey of 563 
patients in 17 centers in Japan which reported a remission 
rate of 98% for patients with AIP who were treated with 
steroids (62).

There is evidence to suggest that some patients may have 
spontaneous resolution of AIP which includes reduction in 
the swelling of the pancreas (27%) (63) and spontaneous 
improvement (9%) in non-jaundiced patients (64). The 
indications for steroid therapy in AIP patients include 
jaundice, abdominal pain, abnormal imaging and other 
organ involvement (retroperitoneal fibrosis, salivary gland 
enlargement, IgG4-related renal disease, lymphadenopathy, 
inflammatory bowel disease etc.) (61,65).

The majority of patients with jaundice required biliary 
stent placement (71% of type 1 and 77% of type 2 AIP). 
Relapses were more common in patients with type 1 (31%) 
vs. type 2 AIP (9%), especially those with IgG4-related 
sclerosing cholangitis (56% vs. 26%) and the relapses 
commonly occurred in the pancreas and/or biliary system. 
Restarting treatment with steroids effectively induced 
remission with or without alternative treatment, such as 
azathioprine (61).

In conclusion, AIP is a rare and distinct form of 
pancreatitis which has been classified into two subtypes; 
type 1 and type 2. The diagnostic criteria requires a variable 
combination of histopathological, imaging and serological 
features in the presence of typical extrapancreatic lesions 
and a predictable response to steroid therapy. AIP is a 
steroid-responsive disease which should be considered 
as a differential diagnosis in the evaluation of pancreatic 
diseases.
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Table 4 International consensus diagnostic criteria level 1 and level 2 criteria for type 2 autoimmune pancreatitis (AIP)

Criterion Level 1 Level 2

Parenchymal 
imaging

Typical: diffuse enlargement with delayed enhancement Indeterminate: segmental/focal enlargement with delayed 
enhancement

Ductal imaging 
(ERP)

Long (>1/3 length of the  MPD) or multiple strictures without 
marked upstream dilatation

Segmental/focal narrowing without marked upstream  
dilatation (<5 mm)

Other organ 
involvement

– Clinically diagnosed inflammatory bowel disease

Histology of the 
pancreas

IDCP: includes both of the following: 
(I) Granulocytic infiltration of duct wall (GEL) with or without 
granulocytic acinar inflammation; 
(II) Absent or scant (0–10 cells/HPF) IgG4-positive cells

Both of the following:  
(I) Granulocytic and lymphoplasmacytic acinar infiltrate; 
(II) Absent or scant (0–10 cells/HPF) IgG4-positive cells

Response to 
steroids

Rapid (≤2 weeks) radiologically demonstrable resolution or 
marked improvement in manifestations

Rapid (≤2 weeks) radiologically demonstrable resolution or 
marked improvement in manifestations 

IDCP, idiopathic duct-centric pancreatitis; MPD, main pancreatic duct; GEL, granulocytic epithelial lesion; HPF, high power field.
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