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           Introduction 

    Autoimmune pancreatitis (AIP) is a fi broinfl ammatory 
disease of the pancreas which has been recognized and 
characterized predominantly in the last decade. Previous 
chapters in this book have introduced and extensively pre-
sented the features, associations, diagnosis, treatment, and 
prognosis of AIP. In this chapter, we aim to provide the 
readers with a historical account of recognition of AIP and 
developments regarding this disease in the USA. Further, 
we will summarize the profi le of AIP patients in the USA 
and discuss clinical practice in the USA regarding their 
diagnosis and management highlighting the salient dif-
ferences with respect to the Japanese and Korean practice 
guidelines.  

    Progress in AIP: A Historical Perspective 

 Earliest account of the fi brosclerosing disease of the pan-
creas with marked infl ammatory infi ltrate that retrospec-
tively appears to be AIP can be traced back to 1960s 
by the French group of Sarles et al. [ 1 ,  2 ] which were 
grouped under chronic infl ammatory pancreatitis in the 
1988 Marseilles-Rome Pancreatitis Classifi cation [ 3 ]. The 
term autoimmune pancreatitis was introduced in 1995 by 
Yoshida et al. based on autoimmune etiology-suggestive 

associations identifi ed in their Japanese cohort [ 4 ]. In 
1997, the term nonalcoholic duct destructive pancreatitis 
(NADDP) was used by Ectors et al. [ 5 ] in their European 
cohort. The Japanese formalized their experience with AIP 
with the development of JPS minimum diagnostic criteria 
by 2002 [ 6 ] after publication of several Japanese cohorts 
[ 7 – 11 ] including the recognition of serum immunoglobulin 
subtype 4 (IgG4) elevations [ 11 ]. 

 In this section, we will continue the discussion on the his-
torical developments in the USA. While we aim to highlight 
key contributions from the USA, this is by no means intended 
to undermine contributions from across the globe which 
have been extensively reviewed in the preceding chapters 
and the following chapter on AIP in Europe. 

    Early Reports of Multifocal Fibrosis 
from the USA 

 In 1963, Bartholomew et al. [ 12 ] described two cases from 
Mayo Clinic of sclerosing cholangitis with fi brosis affecting 
multiple organs. This report had fi rst descriptions of steroid 
responsiveness and of the recognition that multiple affected 
organs were manifestations of a single systemic disease. 
Hache et al. [ 13 ] described a cohort of 20 patients from Mayo 
Clinic in 1962 with fi brosing mediastinitis noting lympho-
cytic and plasma cell infi ltration in the fi brotic tissue. In 1965, 
another report of sclerosing cholangitis with involvement of 
other organs appeared which was novel in observing eleva-
tion of gamma globulin associated with this disease [ 14 ]. The 
term multifocal fi brosclerosis was introduced in 1967 by 
Comings et al. [ 15 ] emphasizing the association of scleros-
ing fi brotic disease of multiple organs. Reports of multifocal 
fi brosclerosis continued to appear in the subsequent years 
[ 16 – 18 ] including descriptions of pancreatitis in patients with 
Sjogren’s syndrome (reports from the UK) [ 19 ,  20 ], pancreatic 
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pseudotumor [ 21 ], and pancreatic fi brosis in multifocal fi bro-
sclerosis and of duct destructive pancreatitis [ 22 ]. Notably, 
these early reports from pre-AIP recognition era were keen on 
observing many of the key features of what is now recognized 
as IgG4-related disease (discussed below) including steroid 
responsiveness.  

    Surgical Resection of Pancreatic Mass 
Mimicking Pancreatic Cancer 

 Although the existence of AIP as a disease entity was not 
yet fully established among the US pancreatologists, the 
possibility of an autoimmune chronic pancreatitis was being 
increasingly appreciated by 2001. This is refl ected in the 
inclusion of an autoimmune category in the TIGAR-O etio-
logical classifi cation of chronic pancreatitis proposed by 
Whitcomb et al. in 2001 [ 23 ]. It was in the year 2003 that the 
fi rst sizeable cohorts of AIP were published in the USA from 
Mayo Clinic [ 24 ], Memorial Sloan Kettering Cancer Center 
[ 25 ], and Johns Hopkins Medical School [ 26 ]. 

 It is now well recognized that the presentation of AIP 
mimics that of pancreatic cancer. Not surprisingly, most of 
the early work on AIP globally was based on retrospective 
analysis of pancreas resected for presumed pancreatic cancer 
which turned out noncancerous. The MSKCC cohort 
described 31 patients with LPSP identifi ed from 1,287 pan-
creatic resections performed for presumed pancreatic cancer 
from 1985 to 2001 [ 25 ]. The Johns Hopkins cohort described 
37 patients with LPSP identifi ed from 1,648 pancreatic 
resections performed for presumed pancreatic cancer from 
1992 to 2002 [ 26 ]. In the Mayo Clinic cohort, 35 patients 
with AIP were identifi ed based on review of pancreatic 
resections between 1985 and 2002 [ 24 ].  

    Recognition of a New Disease 

 These fi rst US cohorts of AIP published in 2003 [ 24 – 26 ] 
served to capture useful data on the clinical presentation, 
imaging features, histological features, and postsurgical 
prognosis. The relatively large cohort data [ 24 – 26 ] helped 
consolidate experiences of experts from multiple centers 
around the world regarding the existence of this new disease 
entity and its features. Although AIP was well accepted in 
Japan by 2003, the defi ning features of AIP were not fully 
established. With data from only small case series, there 
remained a signifi cant risk of enthusiastic overdiagnosis 
including the dreaded mistake of misdiagnosing pancreatic 
cancer as AIP. This was well appreciated by the experts 
who debated the existence of this novel disease entity and 
its defi ning features at the American Pancreatic Association 
Meeting held in the same year (2003) [ 27 ]. A global consen-

sus of recognition of AIP as a distinct disease entity emerged 
as a result [ 27 ]. Further, a preliminary set of the defi ning 
features of AIP was also agreed upon, with recognition of the 
need for caution in its diagnosis due to the dreaded conse-
quences of misdiagnoses, and the need for further data [ 27 ].  

    Formulation of Criteria for Diagnosis 

 The minimum diagnostic criteria of Japanese Pancreatic 
Society (JPS) (2002) were based on parenchymal and duc-
tal imaging and histology features [ 6 ]. Emerging data over 
the next few years showed multiple extrapancreatic organ 
involvement in AIP patients (termed other organ involve-
ment), in association with elevated serum IgG4 levels and 
responsiveness to steroids [ 28 ]. Further, in the cohort of 
AIP defi ned by histological criteria at Mayo Clinic, wide 
spectrum of clinical and imaging features were seen which 
would otherwise not be captured by the minimum diagnostic 
criteria of JPS [ 28 ]. Based on this cohort of histologically 
confi rmed cases at Mayo Clinic, the HISORt criteria were 
formulated in 2006 [ 28 ]. This included  H istology,  I maging 
(parenchymal),  S erology (IgG4 elevation),  O ther organ 
involvement and  R esponse to  t reatment with steroids. These 
criteria were validated in the Mayo Clinic cohort and demon-
strated to identify the full spectrum of clinical presentation 
of AIP [ 28 ]. The HISORt criteria continue to form the back-
bone of AIP diagnosis in the USA which has also been uti-
lized in multiple subsequent published AIP cohorts [ 29 ,  30 ]. 

 Multiple other diagnostic criteria have subsequently 
emerged from Korea [ 31 ], Europe [ 32 ], revisions of JPS cri-
teria [ 33 ], and combined Asian criteria [ 34 ]. These criteria 
refl ect regional variations in practice patterns as well as pos-
sible differences in clinical profi le and epidemiology. 
Existence of multiple diagnostic criteria increases the risk of 
misdiagnosis due to potential diagnostic loopholes as some 
criteria seem more relaxed and fl exible [ 35 ]. Further, these 
criteria, including the HISORt criteria, were not aimed at dif-
ferentiating the AIP subtypes which were subsequently rec-
ognized as described below. In 2009, the revised HISORt 
criteria were published to differentiate AIP from pancreatic 
cancer [ 36 ]. These criteria were validated in a cohort of AIP 
and pancreatic cancer patients. 

 With new developments in the fi eld of AIP as described 
below which included consensus on the histological and 
clinical features of AIP subtypes (2009–2011) [ 37 – 39 ], a 
consensus on the diagnostic criteria for AIP was reached in 
2011 [ 40 ]. The International Consensus Diagnostic Criteria 
(ICDC) [ 40 ] incorporates most of the features of the revised 
HISORt criteria [ 36 ] and combines the salient features of 
Asian/Japanese criteria [ 6 ,  34 ] that include ductal imaging 
(ERP/MRP) as well as ampullary biopsies with IgG4 
 staining. The ICDC provides a unifi ed framework that allows 
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for regional fl exibility in establishing an institutional 
approach for diagnosing AIP based on available expertise 
and local practice pattern [ 40 ], as discussed in the clinical 
practice section.  

    Other Organ Involvement and Recognition 
of IgG4-Related Disease (IgG4-RD) 

 Multiple extrapancreatic organ involvement was consistently 
observed in AIP patients across all cohorts globally [ 41 – 45 ] 
including the fi rst US cohorts of 2003 [ 24 – 26 ] and other 
studies published subsequently [ 28 – 30 ,  46 – 48 ]. While the 
syndrome of multifocal fi brosclerosis had been recognized 
as described earlier, the association between extrapancreatic 
organ involvement of AIP and multifocal fi brosclerosis was 
not clear. 

 The study of Notohara et al. in 2003 suggested that LPSP, 
but not ICDP (recognition of the two subtypes discussed 
below), was associated with multiple extrapancreatic mani-
festations which were likely related to the entity of multifo-
cal fi brosclerosis recognized previously [ 24 ]. In the same 
year, Kamisawa et al. showed that the multiple extrapancre-
atic organs demonstrated infi ltration with IgG4-positive 
plasma cells similar to that in the pancreas suggesting that 
AIP and multifocal fi brosclerosis were related [ 49 ,  50 ]. 
Subsequently, it became clear that distinct histological 
changes identical to LPSP are seen in the extrapancreatic 
organs affected in multifocal fi brosclerosis [ 51 ]. As the 
affected organs consistently demonstrate IgG4-rich lympho-
plasmacytic infi ltrate, the concept of IgG4-related systemic 
disease was proposed in 2004 by Kamisawa et al. [ 51 ,  52 ]. 
Multiple organ associations perhaps encompassing all major 
organs have now been reported with a variety of names [ 53 ]. 
A consensus on nomenclature and defi nitions has been 
reached in 2012 [ 54 ], which terms this newly characterized 
systemic disease as IgG4-related disease (IgG4-RD) of 
which type 1 AIP (histological counterpart, LPSP) is the 
pancreatic manifestation.  

    Differentiating AIP from Pancreatic Cancer 

 Unnecessary surgical treatment can be avoided with a cor-
rect and timely diagnosis of AIP. On the other hand, since 
pancreatic cancer is relatively more common, there is a risk 
of misdiagnosing pancreatic cancer as AIP which is of grave 
clinical consequence as discussed in the diagnostic criteria 
section. Recognition of serum IgG4 elevation in AIP led to 
this test being proposed for distinguishing AIP from pancre-
atic cancer [ 11 ]. The diagnostic utility of serum IgG4 levels 
in differentiating AIP from pancreatic cancer was examined 
by Ghazale et al. in the Mayo Clinic cohort in 2007 [ 55 ]. 

This study found that serum IgG4 elevations (>140 mg/dl) 
are seen in 70–80 % of AIP patients and also in 5 % of nor-
mal population and 10 % of pancreatic cancer making it an 
unsuitable single marker for diagnosis [ 55 ]. Meanwhile, a 
strategy of 2-week steroid trial was proposed by the Korean 
group to differentiate AIP from pancreatic cancer [ 56 ]. 
However, unrestricted use of steroid trial posed a serious risk 
of misdiagnosis [ 35 ]. 

 The revised HISORt criteria were formed in 2009 [ 36 ], 
combining the diagnostic potential of serum IgG4 with other 
features of AIP, and incorporated strict criteria for diagnostic 
use of steroid trial. These criteria were validated in a cohort 
of AIP and pancreatic cancer patients with 100 % sensitivity 
and specifi city for AIP [ 36 ]. Based on the criteria, a diagnos-
tic strategy to differentiate AIP from pancreatic cancer was 
proposed in 2009 [ 36 ,  57 ]. As described earlier, the revised 
HISORt criteria were incorporated into ICDC and a revised 
diagnostic strategy based on ICDC for distinguishing AIP 
from pancreatic cancer has subsequently been published 
[ 58 ].  

    Recognition of AIP Subtypes 

 The cohort of Notohara et al. (2003) recognized two dis-
tinct histological patterns – 23 with LPSP and 13 with 
IDCP among the 35 patients [ 24 ]. Two histologically dis-
tinct groups based on presence of GELs (GEL-positive cases 
being identical to IDCP) were also reported in the European 
cohort of 53 patients published in the same year [ 43 ]. 

 While multiple extrapancreatic manifestations had been 
recognized in AIP patients in Asian, European, and American 
cohorts, Notohara et al. noted that LPSP, but not IDCP, is asso-
ciated with extrapancreatic organ involvement similar to mul-
tifocal fi brosis [ 24 ]. Further, IBD was noted to be associated 
with GEL-positive AIP (IDCP) in the European cohort [ 43 ]. 

 As long-term follow-up data became available in the 
Mayo Clinic cohort published in 2010 [ 47 ], it was clear that 
LPSP but not IDCP is associated with frequent relapses. In 
addition, in this cohort, clinical features of these two sub-
types were directly compared noting salient differences [ 47 ]. 
This study established that IgG4 elevations in the serum are 
seen in LPSP but not in IDCP, IgG4-related other organ 
involvement is seen in LPSP but not IDCP, and patients with 
IDCP are younger and are more likely to present with acute 
pancreatitis compared to LPSP and more likely to have focal 
fi ndings on parenchymal imaging [ 47 ]. Thus, it was clear 
that distinct histological subtypes LPSP and IDCP had dis-
tinctive clinical correlates [ 47 ]. This was debated in the joint 
meeting of APA and JPS in 2009, leading to the consensus of 
recognizing two subtypes of AIP with the abovementioned 
clinical phenotypes termed type 1 and type 2 AIP, respec-
tively [ 37 ]. 
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 The histological diagnostic criteria for LPSP and IDCP 
were reviewed and consensus reached in 2010–2011 [ 37 –
 39 ]. These paved way for the consensus diagnostic criteria of 
2011 described previously [ 40 ].  

    Strategies for Treatment 

 The incidence of surgical resections has declined signifi -
cantly after 2003 with increasing recognition of this disease 
[ 48 ]. However, strategies of steroid treatment have been 
highly variable across centers and regions. Our strategy of 
steroid treatment with short course followed by taper after 
disease remission (details discussed below) was optimized 
and validated in the Mayo Clinic cohort published in 2007 
[ 59 ]. The use of immunomodulators for maintenance treat-
ment for relapsing and use of rituximab for refractory dis-
ease or as steroid-sparing agent have been described in Hart 
et al. [ 60 ] recently and discussed elsewhere in this book.  

    Long-Term Follow-Up Results 

 Long-term follow-up data from the Mayo Clinic cohort 
were fi rst published for the IgG4-associated cholangitis 
(IAC) cohort in 2008 [ 46 ] and for AIP cohort in 2010 [ 47 ] 
and 2012 [ 48 ]. These studies showed that relapses are com-
mon in type 1 AIP but not in type 2 AIP, and patients with 
IAC (or proximal bile duct involvement) have a much higher 
risk of relapse. An updated data on relapse rates in AIP in 
our cohort is shown in Fig.  28.1 . Importantly, when long-
term survival of AIP patients was compared to matched 
general population, no differences were found which for the 

fi rst time showed the benign long-term prognosis of both 
subtypes of AIP [ 47 ]. Cumulative incidence of malignan-
cies was observed in the recent international multicenter 
cohort of AIP [ 48 ] but no matched controls were available 
to compare the cumulative risk of cancer. Another recent 
study from the Mayo Clinic cohort showed no increase in 
immediate pre- or post-diagnosis risk of cancers compared 
to matched controls [ 61 ].

        Profi le of AIP in the USA 

 The profi le of AIP patients in the Mayo Clinic cohort is 
presented in Table  28.1 . A comparison to the profi le of AIP 
cohorts from across the world, performed in an international 
survey [ 62 ], is presented in detail in the previous chapter.

       Clinical Practices Regarding AIP in the USA 

 In this section, we summarize the salient differences in clini-
cal practices regarding diagnosis and management of AIP in 
the USA as compared to Asian/Japanese strategy described 
in separate chapters in this book. 

    Diagnosis of AIP 

 One important difference in the diagnosis strategy lies in the 
utility of pancreatic core biopsies. EUS-guided pancreatic 
core biopsies are routinely performed at our center [ 63 ] and 
have also been routinely done at many other centers in the 
USA [ 64 ]. These are included in the HISORt criteria [ 28 , 
 36 ]. In contrary, core biopsies are not performed frequently 
in Japan and thereby not required in the Asian and Japanese 
criteria [ 6 ,  34 ]. 

 Another major contention is in the use of ductal imaging 
(ERP/MRP). The HISORt criteria [ 28 ,  36 ] does not require for 
ERP/MRP, while the Asian and Japanese criteria require pan-
creatic duct imaging by ERP/MRP [ 6 ,  34 ]. In the USA, routine 
ERP/MRP is not performed of obstructive jaundice. The diag-
nostic utility of ERP from the diagnosis of AIP and differentiat-
ing it from pancreatic cancer in the USA was not satisfactory in 
contrary to that observed in the Japanese centers [ 65 ]. 

 The ICDC [ 40 ] includes ERP as an additional option 
which could supplement evidence in favor of AIP to qualify 
patients for a steroid trial who would otherwise need to be 
subjected to core biopsy. This is applicable to patients who 
do not have highly supportive parenchymal imaging and 
have some collateral evidence (other organ involvement or 
serum IgG4 elevations) but not suffi cient for meeting criteria 
[ 40 ]. In our experience, only 10 % of patients would fall in 
this category who could be subjected to ductal imaging or 
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  Fig. 28.1    Rates of relapse in type 1 and type 2 AIP. Kaplan-Meier 
survival curves for relapse-free survival following diagnosis for type 1 
AIP ( red line ) compared to type 2 AIP ( blue line ) are shown. Relapse- 
free survival is signifi cantly longer in those with type 2 AIP ( p  < 0.001, 
using Wilcoxon test)       
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core biopsy for diagnosis by ICDC thereby allowing for 
regional fl exibility. About 20 % of patients do not have any 
collateral evidence and histological diagnosis is mandated in 
these patients regardless of parenchymal or ductal imaging.  

    Treatment and Follow-Up of AIP 

 Our protocol for initial steroid treatment is as follows: pred-
nisone 40 mg/day for 4 weeks and tapering off by 5 mg/week 
to complete a course of 11 weeks. Treatment response is 
objectively monitored by clinical follow-up, follow-up imag-
ing, and biochemical tests (LFT). Steroid taper is started 
once response to treatment is confi rmed objectively [ 59 ,  60 ]. 

 In our experience, about half of type 1 AIP patients do not 
relapse after short course of steroid treatment [ 60 ]. No main-
tenance therapy is necessary in these patients [ 60 ]. The major 
difference from Asian strategy is the need for maintenance 
steroid therapy [ 66 ]. Centers in Japan routinely use a pro-
longed maintenance therapy for up to 3 years with the logic 
that most patients relapse within 3 years [ 66 ]. In a multi-

center study from Japan, it was shown that maintenance 
therapy reduced the relapse rate to 23 % from 34 % in those 
who weaned off steroids [ 66 ]. In our experience, the risks of 
universal use of maintenance steroid therapy outweigh the 
benefi ts in AIP. 

 Our strategy for follow-up for relapses involves close mon-
itoring of symptoms with radiological and biochemical confi r-
mation of relapse if symptomatic [ 60 ]. Early detection of 
relapses and prompt institution of treatment are recommended. 
Steroid retreatment with or without immunomodulators, ritux-
imab treatment, and maintenance therapy with these agents 
may be necessary in 30–40 % of AIP patients with frequent 
relapses or refractory disease or steroid  intolerance [ 60 ]. 
Details of treatment of relapses and maintenance therapy 
options are discussed extensively in an earlier chapter.   

    Conclusion 

 AIP is a fi broinfl ammatory disease affecting the pancreas 
which has recently been characterized. We have described 
the historical aspects, clinical profi le, and practice pat-
terns regarding AIP in the USA.     

   Table 28.1    Clinical profi le of type 1 and type 2 AIP   

 Variable  Type 1 AIP ( n  = 116)  Type 2 AIP ( n  = 44)   p  value 

 Age at diagnosis, mean (SD)  63.4 (13.3)  37.0 (19.2)  <0.01 a  
 Male gender,  n  (%)  93 (80.2)  26 (59.1)  <0.01 
 Presenting symptoms: 
  Jaundice  75 (64.7)  18 (40.9)  <0.01 
  Pancreatic mass  48 (41.4)  14 (31.8)  0.27 
  Pancreatitis  13 (11.2)  24 (54.5)  <0.01 
  Others  8 (6.9)  2 (4.5)  0.72 b  
 Serum IgG4 status: 
  >ULN,  n  (%)  71/99 (71.7)  2/33 (6.1)  <0.01 
  >2xULN,  n  (%)  41/99 (41.4)  0/33  <0.01 
 Parenchymal imaging at presentation: 
  Diffuse enlargement  49 (30.6)  11 (25.0)  0.04 
  Focal enlargement  20 (17.2)  6 (13.6)  0.64 b  
  Indeterminate (includes atypical)  27 (23.3)  23 (52.3)  <0.01 
  N/A  20 (17.2)  4 (9.1) 
 Biliary involvement at presentation: 
  Distal only  54 (46.7)  20 (45.4)  0.90 
  Proximal ± distal  30 (25.9)  –  <0.01 b  
  None  32  24  <0.01 
 Other organ involvement (excluding IBD)  58 (50.4)  0  <0.01 
 # of relapses per patient:  – 
  0  63  40 
  1  35  4 
  ≥2  18  0 
 Duration of initial prednisone course, median (IQR)  2.8, 2.3–4.6  2.8, 2.1–3.1  0.94 
 Duration of f/u, months (SD)  57.3 (48.8)  75.9 (11.3)  0.13 
 Duration of f/u, years (SD)  4.8 (4.1)  6.3 (6.2)  0.13 

  Data of patients in the Mayo Clinic Rochester cohort of AIP patients (1986–2013) are presented here. All data are displayed as  n  (%), unless oth-
erwise indicated. Comparisons are performed using chi-squared test, unless otherwise indicated 
  a Comparison using the paired  t -test 
  b Comparisons using Fisher’s exact  t -test  
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