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Abstract 

Autoimmune pancreatitis (AIP) is part of a systemic fibrosclerotic process characterized by lymphoplasmacytic infiltrate with immunoglobulin G subtype-4 (IgG4) positive cells. It characteristically presents with biliary obstruction due to mass-like swelling of the pancreas. Frequently AIP is accompanied by extra-pancreatic manifestations including retroperitoneal fibrosis, thyroid disease, and salivary gland involvement. Auto-antibodies, hypergammaglobulemia, and prompt resolution of pancreatic and extrapancreatic findings with steroids signify its autoimmune nature. Refractory cases are responsive to immunomodulators and rituximab. Involvement of the biliary tree, termed IgG4 associated cholangiopathy, mimics primary sclerosing cholangitis and is challenging to manage. High IgG4 levels and swelling of the pancreas with a diminutive pancreatic duct are suggestive of autoimmune pancreatitis. Given similarities in presentation but radical differences in management and outcome, differentiation from pancreatic malignancy is of paramount importance. There is controversy regarding the optimal diagnostic criterion and steroid trials to make the diagnosis. Additionally, the retroperitoneal location of the pancreas and requirement for histologic sampling, makes tissue acquisition challenging. Recently, a second type of autoimmune pancreatitis has been recognized with similar clinical presentation and steroid response though different histology, serologic, and extrapancreatic findings. 

Key words: Immunoglobulin G; Pancreatitis, chronic; Pancreatitis; Pancreatitis, sclerosing cholangitis, and sicca complex; Sclerosing cholangitis; Retroperitoneal fibrosis

© The Author(s) 2015. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Autoimmune pancreatitis is a component of a systemic immunoglobulin G subtype-4 mediated disease which also impacts the bile duct, salivary glands, kidney, and numerous other sites. It presents with jaundice and pancreas mass but it responds promptly to steroids and immunomodulators. A careful diagnostic approach is mandatory as autoimmune pancreatitis and its biliary manifestations closely resemble pancreas cancer and primary sclerosing cholangitis, diseases which have a more ominous course. 
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Background and Clinical Presentation 
While autoimmune pancreatitis (AIP) has been the subject of intense recent interest, its description has actually been unfolding over the past half century. In 1961, Henri and Jean-Claude Sarles reported a series of patients with chronic inflammatory pancreas sclerosis1[]
. In the 1970’s and 1980’s astute clinicians correlated its association with salivary gland and bile duct dysfunction and it was theorized to represent a systemic immunologic dry gland syndrome
 ADDIN EN.CITE 
[2-5]
. It came to be known by a number of different monikers including sclerosing pancreatitis, primary sclerosing cholangitis with pancreatitis, and duct narrowing chronic pancreatis. Kawaguchi et al used gross resection specimens to report the characteristic histology of autoimmune pancreatitis. They described a dense lymphocytic infiltrate rich in antibody producing plasma cells (lymphoplasmacytic infiltrate) which surrounded and compressed the pancreatic ducts. Additionally, they observed storiform fibrosis and obliterative phlebitis (but sparring of arterioles) due to the lymphocytic infiltrate
 ADDIN EN.CITE 
[6,7]
. 
Yoshida coined the term autoimmune pancreatitis in 1995 when he noticed its clinicopathologic similarities to autoimmune hepatitis8[]
. He treated a patient who had undergone exploratory laparotomy and diagnosed (though not confirmed with tissue) with unresectable pancreatic cancer. The patient had waxing and waning jaundice and pancreatic swelling on computed tomography (CT) imaging. Yoshida observed markedly elevated immunoglobulin G, antinuclear, anti-thyroglobulin, and anti-microsomal antibodies. He treated the patient with corticosteroids and the swelling, biochemical, and serologic abnormalities all remitted. 
Multiple series have further characterized the clinical presentation. Typically, it mimics chronic pancreatitis or pancreatic cancer though acute pancreatitis occurs in 7%-25% of cases
 ADDIN EN.CITE 
[9-11]
. Hypergammaglobulinemia and positive serum autoantibodies are seen in three quarter of patients with antinuclear antibody (ANA) being most frequently elevated. Extra-pancreatic manifestations occur in 50% of cases. Radiographic, serologic, and extrapancreatic manifestations help to further confirm the diagnosis.
Imaging Findings
In AIP the pancreas exhibits diffuse gland enlargement with loss of clefts and a peripheral rim of altered enhancement (the halo sign) on cross sectional imaging
 ADDIN EN.CITE 
[12,13]
. In 20%-30% of patients, there is mass-like enlargement of the head with tail atrophy. Peripancreatic lymphadenopathy is seen in 25%. Endoscopic and magnetic resonance cholangiopancreatography reveals an irregular, diminutive pancreatic duct
 ADDIN EN.CITE 
[14,15]
. Endoscopic ultrasound demonstrates a diffuse altered (hypoechoic echotexture) gland enlargement (Figure 1). It typically lacks the hyperechoic foci and strands seen in chronic pancreatitis. Cross sectional imaging is also useful in detecting extrapancreatic manifestations (see below) and assess response to therapy14[]
.  
Immunoglobulin G subtype-4 
Immunoglobulin G subtype-4 (IgG4) is elevated in number of autoimmune diseases including pemphigus vulgaris and membranous nephropathy. In a breakthrough paper in 2001 Hamano et al16[]
 demonstrated that it was markedly elevated in 20 patients with classic findings of autoimmune pancreatitis but not in normal patients. While it was modestly elevated in a number of pancreatico-biliary processes such as chronic pancreatitis and primary sclerosing cholangitis (PSC), IG4 was much more specific for AIP. 
However, subsequent series have revealed that when > 140 mg/dL is defined as abnormal, the specificity of IgG4 is only 93%
 ADDIN EN.CITE 
[9]
. As AIP has a low prevalence, even in referral centers, most abnormal levels in patients with nonspecific gastrointestinal symptoms are false positives. Additionally, approximately 10% of pancreas cancer patients and 9% of patients with PSC have elevated levels of IgG4
 ADDIN EN.CITE 
[9,17]
. Increasing the cutoff to 280mg/dL decreases sensitivity but improves specificity to 99%. Similarly, IgG4+ plasma cells may be seen in the periductal and stromal tissue. A small number of IgG4+ cells may be seen in chronic pancreatitis and pancreas cancer whereas dense infiltration with IgG4+ cells is specific for AIP
 ADDIN EN.CITE 
[18]
. Additionally, IgG4 staining in cancer does not exhibit the periductal pattern seen in autoimmune pancreatitis.
Extrapancreatic Manifestations
Concomitant salivary gland and biliary involvement were reported even in the initial reports of autoimmune pancreatitis. Shortly after the acceptance of AIP as a true autoimmune entity a number of authors demonstrated that it was associated with a form of retroperitoneal fibrosis which promptly resolved with steroid therapy
 ADDIN EN.CITE 
[19,20]
. AIP patients also may present with concomitant thyroiditis, fibrotic pseudotumor of the orbit, and nodules of the renal cortex and collecting system, all of which demonstrate an IgG4 positive lymphoplasmacytic infiltrate on histology and respond to steroids
 ADDIN EN.CITE 
[21-24]
. Lung fibrosis, cervical and mediastinal lymphadenopathy are also associated with AIP
 ADDIN EN.CITE 
[25]
. 
Asymptomatic lymphoplasmacytic infiltration of the gallbladder, duodenum, and stomach with IG4 positive cells has been demonstrated on surgical specimen (cases misinterpreted as pancreas cancer) further suggesting the systemic nature of this disease21[]
. Hypothyroidism is seen in 26.8% of patient with autoimmune pancreatis and antithyroglobulin Ab in 7.3%. compared to 0% and 7.3% of those with chronic pancreatitis
 ADDIN EN.CITE 
[26]
. In Western populations, there is a correlation of AIP with inflammatory bowel disease
 ADDIN EN.CITE 
[25]
. Thus, it is increasingly recognized that IgG4 mediated disease is a systemic, multifocal fibrosclerotic process
 ADDIN EN.CITE 
[22,27]
.
IgG4 Associated Cholangiopathy

Biliary involvement may be present at the time of AIP diagnosis but more frequently follows diagnosis
 ADDIN EN.CITE 
[28]
. Histologically, it is characterized by a peri-bile duct lymphoplasmacytic infiltrate similar to AIP and imaging reveals bile duct thickening and enhancement (Figure 2)
 ADDIN EN.CITE 
[28]
. Intraductal ultrasound may demonstrate inflammation before it is clinically significant. IgG4 Associated Cholangiopathy (IAC) often simultaneously involve both the intrahepatic and extrahepatic biliary tree. 
It is challenging to differentiate IAC from PSC. Cholangiographic features of segmental narrowing with pre-stenotic bile duct dilation suggests IgG4 associated cholangitis (IAC) compared to beading, pruning, and diverticuli which are more consistent with PSC29[]
. Additionally IAC is more likely to involve the distal bile duct than PSC
 ADDIN EN.CITE 
[17,30]
. Clinically, IAC manifests with the sudden onset of jaundice while a slow rise in cholestatic enzymes is seen in PSC. At comparable bilirubin levels, IAC tends to demonstrate much less advanced histology than PSC and there is a predominance of lymphocytes30[]
. 
Cholangiocarcinoma complicates PSC but typically not IAC though an inflammatory pseudotumor due to a dense IG4-lymphoplasmytic infiltrate may mimic an intrahepatic bile duct tumor
 ADDIN EN.CITE 
[31]
. High levels of IgG4 (4 times upper limit of normal) positive cells in brushings helps to distinguish IAC from cholangiocarcinoma
 ADDIN EN.CITE 
[32]
. Retrospective assessment of IgG4 in patients who underwent transplant for PSC revealed that those who were positive had much higher bilirubin levels, Mayo risk scores, and progression to transplant. It is plausible that they might have actually had IAC. These findings emphasize the importance of making this diagnosis as IAC is responsive to steroids
 ADDIN EN.CITE 
[17]
.
Treatment of AIP

Steroid response was one of the initial features which suggested that AIP was an autoimmune process and corticosteroids remain the primary treatment modality. A large multicenter trial demonstrated that corticosteroid treatment induces remission in 98%
 ADDIN EN.CITE 
[33]
. The recommended starting dose of prednisone is 0.6 mg/kg per day (30-40 mg) followed by a slow taper over 3-6 mo
 ADDIN EN.CITE 
[33-35]
. Maintenance treatment with prednisone 2.5-10 mg for an additional 3-6 mo decreased relapse rates to 24%, which is significantly lower than those who stop taking steroids early, 34%, or are not treated 42%
 ADDIN EN.CITE 
[33]
. 
IgG4 levels may help determine disease activity especially following treatment with steroids and absence of improvement in the first 2-4 wk may suggest underlying malignancy
 ADDIN EN.CITE 
[36,37]
. As long term steroid therapy in this patient population has been associated with major complications including avascular necrosis, steroid cessation or transition to an immunomodulator is recommended within 1 year
 ADDIN EN.CITE 
[33]
.
There are several predictors of relapse including extrapancreatic manifestations, diffuse pancreas swelling, and concomitant IAC
 ADDIN EN.CITE 
[38,39]
. While steroids are effective in 95% of cases of relapse, immunomodulators including azathioprine, 6-mercaptopurine, and mycophenolate mofetil should be considered for patients with multiple relapses or steroid refractory disease. Failure or inability to tolerate immunomodulators occurs in a significant percentage of those with AIP
 ADDIN EN.CITE 
[40]
. In these refractory cases the monoclonal antibody rituximab (anti-CD20), which depletes B cells, is successful in most (> 80%) of cases
 ADDIN EN.CITE 
[40,41]
. Rituximab’s efficacy may lie in its ability to modulate the Th2 process implicated in AIP
 ADDIN EN.CITE 
[42]
.
Special treatment considerations for IAC
The clinical and pathologic manifestations of AIP with IAC are also responsive to corticosteroid therapy
 ADDIN EN.CITE 
[28]
. However, these patients have a 30% higher rate of relapse than those without biliary involvement
 ADDIN EN.CITE 
[40]
. Relapse is particularly common in proximal (65%) versus distal (23%) biliary disease
 ADDIN EN.CITE 
[33,39]
. Immunomodulators are required in relapsing and refractory IAC
 ADDIN EN.CITE 
[39]
. Rituximab is an important option for refractory IAC and its use in biliary IgG4 mediated disease preceded its use in AIP without IAC
 ADDIN EN.CITE 
[41]
. In addition, a biliary stent is temporarily required in > 70% of cases to alleviate jaundice but typically may be removed following medical therapy
 ADDIN EN.CITE 
[40]
.
Diagnostic Criterion
The diagnosis of autoimmune pancreatitis must be made with caution as pancreatic cancer has a similar presentation but is much more prevalent. In an early series, Kamisawa et al21[]
 reported that > 50% of patients with AIP may have findings which are highly suggestive of pancreas cancer including elevated CEA, CA 19-9, portal vein narrowing, and bile duct stenosis. Additionally 10% of pancreas cancer patients will have significantly elevated levels of IgG4
 ADDIN EN.CITE 
[9]
. The Japanese Pancreas Society proposed the first diagnostic criterion for AIP which required diffuse enlargement of the pancreas with irregular pancreatic duct narrowing and histologic anomalies or elevated IgG4 levels
 ADDIN EN.CITE 
[43,44]
. 
Chari et al found that the Japanese criterion would diagnose < 30% of patients in a Western population with histologic confirmed autoimmune pancreatitis
 ADDIN EN.CITE 
[45]
. Additionally, routine diagnostic endoscopic pancreatography is not feasible in the litigious culture of the United States. Chari et al proposed 3 potential methods to diagnose AIP: (1) classic histology; (2) typical imaging and elevated serum IgG4; and (3) pancreatic disease or extrapancreatic disease which responds to steroids
 ADDIN EN.CITE 
[46]
. These HISORt (histology imaging serology, other organ involvement, response to treatment) were adopted in most Western centers to diagnose autoimmune pancreatitis
 ADDIN EN.CITE 
[45]
. 
 However, following application of these criteria, core biopsy, surgery, or

steroid trials are required in 30% to differentiate AIP from cancer
 ADDIN EN.CITE 
[46]
. Experts from Asia and Western Countries recently proposed the International Consensus Diagnostic Criteria, which include 3 out of 4 characteristic histologic criterion: (1) lymphoplasmacytic infiltrate; (2) obliterative phlebitis; (3) storiform fibrosis; and (4) > 10 IgG4 positive cells/high power field or a combination of characteristic imaging and either 2/4 pathologic criterion, elevated IgG4, or extrapancreatic manifestations
 ADDIN EN.CITE 
[47]
. The consensus guidelines discourage the use of diagnostic steroid trials to diagnose AIP as pancreatitis and IgG4 elevations related to pancreas cancer may improve and give a false diagnosis of autoimmune pancreatitis.
In difficult cases, surgical evaluation is a reasonable approach given the difficulty of differentiating AIP from malignancy. A combined series from Johns Hopkins Medical Center and the Mayo Clinic included 37 patients with autoimmune pancreatitis among 1648 who had undergone pancreaticoduodenectomy
 ADDIN EN.CITE 
[48]
. While blood loss in AIP was higher than for other indications for Whipple resection, the quality of life in 68% was improved and none had recurrent jaundice at a median follow up of 33 months.
Tissue Acquisition
Histology, which enables architectural assessment is needed to confirm the diagnosis in challenging cases. While endoscopic ultrasound guided aspiration methods offer the most direct access to the pancreas, this technique is more amenable to providing cytology specimens, which are less useful in AIP. A core endoscopic ultrasound (EUS) needle equipped with a spring loaded cutting sheath was used in a small series of patients with autoimmune pancreatitis49[]
. However, the torque on the device required to access the pancreas head and uncinate from the duodenum prevented it from firing
 ADDIN EN.CITE 
[50]
. A new reverse bevel core needle has shown promise in the acquisition of tissue for histology and is the topic of an ongoing randomized trial for AIP tissue acquisition. Larger 19 gauge standard EUS needles have been used with meticulous specimen preparation techniques to yield histologic samples in lymphoma
 ADDIN EN.CITE 
[51]
. However, the results of this approach were disappointing in autoimmune pancreatitis as histologic confirmation was only achieved in 43% of patients
 ADDIN EN.CITE 
[52]
. Even with acquisition of histology, the patchy involvement of autoimmune pancreatitis limits EUS sampling and tissue acquisition remains a challenge. Surgery may be required for definite diagnosis.
Surgical specimens from AIP resection (cases thought to be cancer) reveal IgG4 infiltration of the stomach, duodenum, and other surrounding structures which provides another avenue for diagnosis. Endoscopically, AIP demonstrate papillary swelling in 41% of those with AIP and biopsies in cases of papillary swelling may reveal dense IgG4 cell (> 10/high power field) infiltration
 ADDIN EN.CITE 
[53,54]
. Pale thickened regions of mucosa of the stomach, duodenum and colon on biopsy also reveals focal infiltrates of IG4 (> 10/high powerfield) positive plasma cells
 ADDIN EN.CITE 
[53,55]
. Mucosal biopsies represent a minimally invasive adjunct to other sampling methods
 ADDIN EN.CITE 
[53,56]
. 
Long Term Outcomes
In some cases, AIP disease is progressive. Relapse is associated with chronic pancreatic injury. Between 33-55% of those with recurrence develop pancreatic duct stones, though 4% without recurrence also develop evidence of chronic disease
 ADDIN EN.CITE 
[35,40,57]
. While steroids improve both the exocrine and endocrine abnormalities seen in autoimmune pancreatitis, abnormalities are only partially reversible with some patients developing chronic diabetes mellitus and steatorrhea
 ADDIN EN.CITE 
[58]
. In addition to the pancreatic dysfunction, chronic salivary gland dysfunction has also been shown to occur
 ADDIN EN.CITE 
[58]
. In some cases IAC results in progression to cirrhosis and portal hypertension
 ADDIN EN.CITE 
[39]
. AIP is also associated with increased risk of malignancy; the most common cancers were gastric, lung and prostate
 ADDIN EN.CITE 
[59]
.
Type II AIP

Recently a distinct variant of autoimmune pancreatitis, type II, has been described.

Similar to Type I AIP it presents with jaundice and mass-like changes in the gland (Figure 3). However, Type II AIP presents with a completely different histological pattern, an idiopathic duct-centric chronic pancreatitis (IDCP) with increased intraluminal and epithelial neutrophils
 ADDIN EN.CITE 
[60,61]
. It has primarily been described in western nations and is not associated with extrapancreatic manifestations with the exception of inflammatory bowel disease
 ADDIN EN.CITE 
[60]
. In addition serologies and IgG4 are typically negative
 ADDIN EN.CITE 
[40,61]
. Given the absence of potential corroborative markers, definitive diagnosis requires histology62[]
. Type II is found predominantly in much younger patients than those with type 1 AIP
 ADDIN EN.CITE 
[61]
. The pediatric entity of Idiopathic Fibrosing Pancreatitis in which children (often with concomitant IBD) present with jaundice and pancreas mass is likely the same disease as type II AIP
 ADDIN EN.CITE 
[63]
. Type II AIP responds to steroids in 92% and is much less likely to relapse than Type I AIP
 ADDIN EN.CITE 
[40,61]
. However, given that it is a recently described entity, studies of long-term sequelae and clinical course are lacking.
Conclusion
In summary, autoimmune pancreatitis presents with jaundice and pancreas mass mimicking pancreatic cancer. However, prompt resolution with steroids, autoantibodies, and hypergammaglobulinemia led to its recognition as an autoimmune process. It is frequently accompanied by diverse steroid responsive, IgG4 mediated abnormalities including cholangiopathy, retroperitoneal fibrosis, and sialadenitis. Challenges include the appropriate use of IgG4 and various criterion for its diagnosis, better methods to obtain tissue, and treatment of steroid refractory cases.  Type II AIP has a similar clinical presentation and treatment, but distinct histology, serology, and extrapancreatic manifestations.
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Figure 1 Endoscopic ultrasound features of autoimmune pancreatitis include diffuse hypoechoic changes in the head (A) and body (B) of the pancreas (note the metallic stent placed when the mass was assumed to represent carcinoma), and hypoechoic peripancreatic lymph nodes (C) of a similar echogenicity are frequently seen.
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Figure 2 Endoscopic ultrasound reveals marked bile duct thickening (A) in a patient with longstanding autoimmune pancreatitis as evidenced by diffuse hypoechoic changes in the pancreas (B), and endoscopic retrograde cholangiopancreatography demonstrated segmental narrowing with prestenotic dilation (C). 
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Figure 3 Endoscopic ultrasound reveals a hypoechoic pancreas mass in a jaundiced sixteen year old patient with crohn’s disease confirmed by histologic sampling to have type ii autoimmune pancreatitis.
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