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Abstract

Background The efficacy of oral steroid therapy for
autoimmune pancreatitis (AIP) is well known, and oral
prednisolone treatment is most usually commenced at
30-40 mg/day, but there have been few reports about
comparative studies of oral steroid therapy and steroid
pulse therapy as the initial treatment for AIP. We studied
the clinical course and image findings to estimate the utility
of steroid pulse therapy for AIP, comparing it with oral
steroid therapy.

Methods Laboratory and image findings were assessed
retrospectively in 11 patients who received steroid pulse
therapy, and the findings were compared to those in 10
patients who received conventional oral steroid therapy.
Results Change in pancreatic size showed no significant
difference between the therapies after 2 weeks of treat-
ment. Significant improvement of lower bile duct strictures
after 2 weeks of treatment and that of immunoglobulin
values within 6 months were shown with both therapies.
However, steroid pulse therapy showed significant
improvement of y-guanosine triphosphate (GTP) in
2 weeks and of alanine aminotransferase (ALT) in 2 and
8 weeks, compared with oral steroid therapy. Moreover,
there was one patient in whom the lower bile duct stricture
was not improved by oral steroid therapy, but it did show
improvement with steroid pulse therapy.
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Conclusions Initial steroid pulse therapy is a beneficial
alternative to oral steroid therapy for the improvement of
bile duct lesions. In future, the accumulation of a larger
number of patients receiving steroid pulse therapy is nee-
ded, and prospective studies will be required.

Keywords Autoimmune pancreatitis (AIP) -
Steroid pulse therapy - Bile duct stricture -
Diabetes mellitus - Pancreatic cancer

Introduction

Sarles et al. [1] reported a case of chronic pancreatitis with
hypergammaglobulinemia, but the clinical entity was not
confirmed thereafter. Autoimmune pancreatitis (AIP),
which was first proposed as a clinical entity by Yoshida
et al. [2] from Japan, is now generally accepted as a dis-
tinctive type of pancreatitis [1]. AIP is characterized by
diffuse irregular narrowing of the main pancreatic duct,
sausage-like diffuse swelling of the pancreas, high serum
levels of IgG or 1gG4, and steroid responsiveness [3-6].
Since the fibroinflammatory process of AIP responds well
to steroids, autoimmune mechanisms are thought to be
involved in the development of AIP. A recent large Japa-
nese study of AIP and guidelines for treatment recommend
standard oral steroid therapy with an initial dose of
0.5-0.6 mg/kg/day [7, 8].

While steroid responsiveness as a diagnostic component
is not included in the revised Japanese criteria, it is
included in the Korean criteria, Mayo Clinic HISORt
(Histology, Imaging, Serology, Other organ involvement,
and Response to steroids) criteria, and recently proposed
Asian criteria [8-11]. The most important issue in AIP
management is making the diagnosis of AIP, especially the
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mass-forming type, differentiating it from pancreatic or
biliary cancers [12—-15], although some cases of pancreatic
cancer are accompanied by AIP [16-19]. In some tumor-
forming AIP cases, the efficacy of a steroid trial has been
reported as useful in diagnosing AIP by criteria other than
the Japanese diagnostic criteria [20]. Moreover, Korean
investigators have reported the usefulness of a 2 weeks’
trial of oral steroids in differentiating AIP from malig-
nancy, with continuing administration if AIP is diagnosed
[20]. However, it has not yet been established whether or
not withdrawal of steroids in reconsidering malignancy
presents a risk of postoperative adrenal insufficiency [21-
23]. Therefore, it is desirable to have an alternative to the
discontinuation of steroid administration immediately after
surgery.

Steroid pulse therapy is widely used to initiate treatment
in patients with rapidly progressive and immunologically
mediated disorders such as acute graft rejection, Graves
ophthalmopathy, pemphigus, and severe systemic lupus
erythematosus [24-27]. Moreover, high doses of systemic
steroid can be given with comparative safety within a
period of 1 week [28]. We therefore evaluated the efficacy
of short-term steroid pulse therapy, in comparison with oral
steroid therapy, in patients with AIP.

Methods
Patients and treatment

For this study, we retrospectively examined the records of
all 21 AIP patients treated in our hospitals from November
2004 to May 2009. All patients were diagnosed with AIP
according to the clinical diagnostic criteria for AIP pro-
posed by the Research Committee of Intractable Diseases
of the Pancreas supported by the Japanese Ministry of
Health, Labor, and Welfare, and the Japan Pancreas Soci-
ety. Following diagnosis, 20 patients with AIP were ran-
domly distributed to two treatment groups by their
attending physicians. One patient (case 10) was referred to
our hospital after the withdrawal of oral steroid for AIP
because his bile duct lesion had not responded to the
treatment. Eleven patients (cases 1-11; 5 male and 6
female; aged 47-80 years, with a mean age of 66 years,
named the “pulse group”) (Table 1) received steroid pulse
therapy, and ten patients (cases 12-21; 8 male and 2
female, aged 49-72 years, with a mean age of 69 years,
named the “oral group”) (Table 2) received oral steroid
therapy. For the pulse group, the initial dose of methyl-
prednisolone was 500 mg/day for 3 days each week as 1
course, and we treated them with 2 weekly courses. Then
oral prednisolone at 20 mg/day was prescribed as mainte-
nance therapy and the dose was tapered off. For the oral

@_ Springer

group, ten patients commenced oral prednisolone at
3040 mg/day. Two weeks after the start of the treatment,
oral prednisolone at 20 mg/day was prescribed, and the
dose was tapered off. This study was approved by the
Kansai Medical University ethics committee.

Serological study

We analyzed immunological findings for the following:
IgG, IgG4, antinuclear antibodies (ANA), rheumatoid
factor (RF), antimitochondrial antibodies (AMA), myelo-
peroxidase-antineutrophil cytoplasmic antibodies (MPO-
ANCA), anti-Sjogren’s syndrome A antibodies (SS-A),
anti-Sjogren’s syndrome B antibodies (SS-B), anti-thyroid
peroxidase antibodies (TPOADb), and anti-thyroglobulin
antibodies (TgAb). To compare liver and endocrine func-
tion in both groups, we evaluated the serum levels of
y-guanosine triphosphate (GTP) and alanine aminotrans-
ferase (ALT) on day 0 (data just before the treatment), and
at weeks 2 and 8 after therapy, and checked glycosylated
hemoglobin values (HbAlc) at months 1, 3, and 7 after
therapy, which closely reflected glucose tolerance at
months 0, 2, and 6, respectively. In each evaluation,
patients who did not show abnormal values during the
clinical course were excluded in order to evaluate the
therapeutic effect strictly.

Radiological study

All the patients were examined by contrast-enhanced
helical computed tomography (CT), magnetic resonance
imaging (MRI), and endoscopic retrograde cholangiopan-
creatography (ERCP) and underwent liver function tests,
combined with bile duct drainage and pathological tests as
necessary.

For morphological changes, CT, MRI, and ERCP were
studied. The width of the pancreas along its longest axis
was measured on CT or MRI images and compared with
the transverse diameter of the vertebral body according to
the method of Heuck et al. [29]. The pancreas size on the
first image was defined as 100%.

Cases showing lower bile duct stricture were classified
as follows: 0 = absent, 1 = <0-25%, 2 = <25-50%, 3 =
<50-75%, and 4 = <75-100%, according to the method of
Craig et al. [30]. Using the method described above, pan-
creas size was evaluated after 2 weeks on steroids, and
stricture of the distal third of the common bile duct was
measured after 2 weeks and after 8 weeks.

Statistical analysis

Statistical analysis was performed using the Mann—Whitney
U-test, Wilcoxon signed-ranks test, paired ¢-test, and
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Student’s z-test. In all tests, corrected P values of < 0.05
were considered statistically significant.

Results
Clinical manifestations

After 6 months’ treatment, oral prednisolone had been
administered to 19 patients in both groups [pulse group: 9
of 11 vs. oral group: 10 of 10; difference not significant
(N.S.)], and the median dosage of prednisolone in each
group was 10 mg/day (pulse group: 2.5-12.5 vs. oral
group: 5-12.5; N.S.). Two patients in the pulse group
dropped out of the maintenance therapy. Neither group
showed severe or lethal complications.

In both groups, extrapancreatic lesions other than the
bile duct lesions were observed in 10 patients (pulse group:
5 of 11 vs. oral group: 5 of 10; N.S.) (Tables 1, 2). No
exacerbation of the extrapancreatic lesions was found fol-
lowing either of the treatments (data not shown). Labora-
tory findings including immunoglobulin, autoantibody, and
exocrine function at the treatment start are listed in
Tables 1 and 2.

Immunoglobulin

At the beginning of treatment, in both groups, abnormal
serum immunoglobulin-G4 (IgG4) values were observed in
all patients (Tables 1, 2), and abnormal serum immuno-
globulin-G (IgG) values were observed in 13 patients
(pulse group: 6 of 11 vs. oral group: 7 of 10; N.S.)
(Tables 1, 2). Normalization of the IgG value was shown in
all these patients within 6 months (data not shown).

Liver function

At the beginning of treatment, abnormal y-GTP values
were revealed in both groups, in a total of 18 patients
(pulse group: 11 of 11 vs. oral group: 7 of 10; N.S.). In the
pulse group, the median y-GTP levels fell, from 222 [U/L
(range 65-1,352) at the beginning of treatment to 92 TU/L
(22-679) (P < 0.01) after 2 weeks of pulse therapy
(Fig. 1a), and to 36 IU/L (19-556) (P <0.01) after
8 weeks of pulse therapy (Fig. 1a). In the oral group,
however, the median y-GTP fell insignificantly after
2 weeks of prednisolone treatment, from 149 IU/L (range
67-380) at the beginning of treatment to 125 IU/L
(63-274) (P = 0.083) (Fig. 1b), although the level fell
significantly to 72 IU/L (29-114) (P = 0.027) after
8 weeks of prednisolone treatment (Fig. 1b). When limit-
ing results to the patients who showed diffuse pancreatic
swelling, y-GTP was significantly improved in the pulse
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Fig. 1 y-Guanosine triphosphate (y-GTP) and alanine aminotransfer-
ase (ALT) changes after steroids. The serum levels of y-GTP after
steroid pulse therapy (a), after oral steroid therapy (b), those of ALT
after steroid pulse therapy (e) and those after oral steroid therapy
(f) were monitored on day 0 (Pre), and 2 weeks (W) and 8 weeks after
therapy. To evaluate the therapeutic effect strictly, the patients (dotted
lines) who did not show an abnormal value during the clinical course
were excluded from this analysis. The serum levels of y-GTP after
2 weeks on steroids and those of ALT after 2 and 8 weeks on steroids
were significantly improved in the pulse group, compared with the
oral group. When limiting the patients to those who showed diffuse
pancreatic swelling, the serum level of y-GTP was significantly
improved in the pulse group after 2 and 8 weeks of pulse therapy (c),
compared with the oral group (d). M Months

group after 2 weeks (P = 0.043) and 8 weeks (P = 0.043)
of pulse therapy (Fig. 1c), whereas the improvement in the
y-GTP level was insignificant in the oral group after
2 weeks (P = 0.27) and 8 weeks (P = 0.27) of predniso-
lone treatment (Fig. 1d).

At the beginning of treatment, abnormal ALT values
were revealed in both groups, in a total of 16 patients
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Fig. 2 Glycosylated a
hemoglobin (HbA1C) changes HbAlc P=0.027

HbAlc P=0.17

after steroid therapy. The levels %

of HbAlc after steroid pulse 10 I'——W‘
therapy (a) and oral steroid '
therapy (b) were monitored at
months 1, 3, and 7 after therapy, 9 2
which closely reflect glucose S
tolerance at months 0, 2, and 6,
respectively. To evaluate the

therapeutic effect strictly, 8
patients who did not show
abnormal values during the
clinical course were excluded
from this analysis. Dotted lines
represent the patients who
developed glucose intolerance
after 2 months of steroid 6
therapy. The level of HbAlc at

month 7 on steroids tended to be
improved in the pulse group,

] 1 |
P=031

compared with the oral group 5 e o

{pulse group: 10 of 11 vs. oral group: 6 of 10; N.S.). In the
pulse group, the median ALT level fell from 100 [U/L
(range 33-721) at the beginning of treatment to 41 IU/L
(24-117) (P = 0.017) after 2 weeks of pulse therapy
(Fig. 1e), and to 25 IU/L (10-57) (P < 0.01) after 8 weeks
of pulse therapy (Fig. le). In the oral group, however, the
median ALT rose transiently from 46.5 IU/L (range
30-178) at the beginning of treatment to 62 IU/L (29-96)
(P = 0.60) after 2 weeks of prednisolone (Fig. 1f), but
improved to 28 TU/L (14—44) (P = 0.075) after 8 weeks of
prednisolone treatment (Fig. 1f).

Endocrine function

Before steroid treatment, diabetes mellitus was seen in 7
patients (pulse group: 4 of 11 vs. oral group: 3 of 10; N.S.)
(Tables 1, 2). One patient in each group developed glucose
intolerance after 2 months of steroid therapy. Including
these patients, all the patients with impaired glucose tol-
erance were treated with dietary measures and received
medical therapy while the steroid therapy was maintained.
Neither group showed significant improvement in glucose
tolerance after 2 months, but at 6 months, the pulse group
had improved significantly (P = 0.027), whereas the oral
group had not (P = 0.17) (Fig. 2).

Pancreas size

Both groups evidenced pancreatic swelling: diffuse pan-
creatic swelling was observed in 10 patients (pulse group: 5
of 11 vs. oral group: 5 of 10; N.S.) and focal swelling was
observed in 11 patients (pulse group: 6 of 11 vs. oral group:
5 of 10; N.S.) (Tables 1, 2). The change in pancreas size
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Fig. 3 Pancreas morphology changes after 2 weeks on steroids.
Morphological changes of the pancreas after 2 weeks of steroid pulse
therapy (left) and oral steroid therapy (right) were scored. The width
of the pancreas along its longest axis was measured on computed
tomography (CT) or magnetic resonance imaging (MRI) and com-
pared with the transverse diameter of the vertebral body, referred to in
the method of Heuck et al. [29]. The pancreas size on the first image
was defined as 100%, and the ratio after 2 weeks with each treatment
was measured in the same manner. The black bars represent the mean
in each group. The two groups showed no significant difference in
morphological change of the pancreas after 2 weeks

after 2 weeks showed no significant difference between the
groups after treatment (pulse group: 67% vs. oral group:
73.4%, P = 0.23) (Fig. 3).
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Fig. 4 Lower bile duct stricture a

changes after steroids. The Grade P<0.01

Grade s

changes in lower bile duct
stricture in the pulse group 4r
(a) and the oral group (b) on day
0 and 2 weeks after therapy
were scored as follows:

0 = absent, 1 = <0-25%,

2 = <25-50%, 3 = <50-75%,
4 = <75-100%, referred to in
the method of Craig et al. [30].
Bile duct stenosis in the distal
third part was significantly 2r
improved after 2 weeks in each
group

n=3 n=1

n=1 n=4

n=

Pre

Fig. 5 Endoscopic retrograde
cholangiopancreatography
(ERCP) images of the impact of
steroid pulse therapy on
refractory autoimmune
pancreatitis (AIP). Although
oral prednisolone was
commenced, it had had no effect
on the biliary stenosis (left).
Two courses of steroid pulse
therapy ameliorated the stenosis
dramatically (right) (Case 10;
reference [31])

Bile duct lesion

After 2 weeks on steroids, significant improvement of
lower bile duct stricture was shown in both groups (pulse
group: P < 0.01, and oral group: P < 0.05) (Fig.4).
However, there was one patient (case 10) whose lower bile
duct stricture did not improve following oral prednisone
treatment, but showed definite improvement with steroid
pulse therapy [31] (Fig. 5).

Discussion

Several cases have been reported of pancreatic cancer or
bile duct cancer concurrent with AIP [16—19]; because the

2W Pre 2W

image findings of AIP often mimic pancreatobiliary
malignancies, it is extremely crucial to distinguish AIP
from cancers, although this can be difficult [12-15].

In the Asian diagnostic criteria proposed by the Japan-
Korea symposium on autoimmune pancreatitis [11], the use
of steroids as diagnostic treatment was allowed only when
the imaging findings were compatible with AIP and only
after there was a negative result for malignancy work-up.
Cases of diagnostic treatment using steroids will doubtless
increase in future. The usefulness of a 2-week conventional
oral steroid diagnostic treatment was also proposed by
Moon et al. [20]. However, oral steroid therapy requires a
long period for drug tapering, because any patient who has
received a glucocorticoid in doses equivalent to at least
20 mg a day of prednisone for >5 days is at risk of
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secondary adrenal insufficiency due to hypothalamic—
pituitary—adrenal suppression [21-23]. Diagnostic treat-
ment with an oral steroid may cause an undesirable effect
when surgical resection is required. Although one article
reported that azathioprine was used for refractory AIP [32],
it is causative of acute pancreatitis [33]. Therefore, a safe
and simple alternative to oral steroid treatment is needed
for refractory AIP [34].

Steroid pulse therapy is a well known alternative to oral
steroid treatment for autoimmune disorders; it requires no
drug tapering [28], and we have already reported cases
where steroid pulse therapy was effective for AIP [35],
although comparative studies of conventional oral steroid
therapy and steroid pulse therapy have not been reported.
Here we report that steroid pulse therapy is an effective
alternative to oral steroid for the initial treatment of AIP.

The efficacy of oral steroid therapy for AIP is well
known, and the improvement of AIP in patients treated
with steroids for 2 weeks can be shown in radiographic
findings [5, 20, 36]. Our data on pancreas size after
2 weeks did not show a significant difference between oral
steroid and pulse therapy. Both therapies were effective for
alleviating lower bile duct stricture in the short term and
for resolving abnormal IgG values. However, the short-
term change in y-GTP showed significant improvement in
the steroid pulse therapy group, but not in the oral steroid
group. In one patient, lower bile duct stricture was
improved by steroid pulse therapy, although it had not been
improved by oral steroids. These findings suggest that
steroid pulse therapy may prevent patients from having
unnecessary major operations for benign bile duct lesions
which do not respond to oral steroid treatment.

Steroid therapy is reported to be effective in approxi-
mately half of AIP patients with accompanying diabetes
mellitus [37, 38]. The mechanism of steroid action in the
recovery of endocrine function in patients with AIP is
unclear, but Tanaka et al. [39] have suggested that steroids
can suppress the release of cytokines produced by inflam-
matory cells, and enable islet regeneration and eventual
restoration of insulin secretion. However, we have reported
that conventional oral steroids did not improve diabetes
mellitus in the long term [40]. Although the accumulation
of a larger numbers of cases is needed, our study of gly-
cosylated hemoglobin values showed that steroid pulse
therapy tended to be more effective than oral steroids for
improving glucose tolerance after 6 months of treatment.
In our protocol, there was a decisive difference between the
two therapies just for the initial 2 weeks, because 20 mg/day
of oral prednisolone was prescribed as maintenance ther-
apy after the 2 weeks of steroid pulse therapy. We presume
that the steroid pulse therapy was better than the oral ste-
roid therapy for improving glucose tolerance because of its
stronger cytokine suppression.

@ Springer

In summary, steroid pulse therapy is an effective alter-
native initial treatment for AIP, and surpasses conventional
oral steroid therapy in the improvement of bile duct
lesions. When a differential diagnosis between AIP and
pancreatic cancer is difficult clinically or when bile duct
lesions do not respond to oral steroid treatment, we rec-
ommend steroid pulse therapy as an alternative to oral
steroid therapy. In future, the accumulation of a larger
number of patients receiving steroid pulse therapy is nee-
ded, and prospective studies will be required.
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Abstract Recent studies suggested the existence of two
subtypes of autoimmune pancreatitis (AIP): type 1 related
with IgG4 (lymphoplasmacytic sclerosing pancreatitis;
LPSP) and type 2 related with a granulocytic epithelial
lesion (idiopathic duct-centric chronic pancreatitis; IDCP).
Apart from type 2 AIP, the pathological features of type 1
AIP with increased serum IgG4/IgE levels, abundant
infiltration of IgG4+ plasmacytes and lymphocytes, fibro-
sis, and steroid responsiveness are suggestive of abnormal
immunity such as allergy or autoimmunity. Moreover, the
patients with type 1 AIP often have extrapancreatic lesions
such as sclerosing cholangitis, sclerosing sialadenitis, or
retroperitoneal fibrosis showing similar pathological fea-
tures. Based on these findings, many synonyms have been
proposed for these conditions, such as “multifocal idio-
pathic fibrosclerosis”, “IgG4-related autoimmune disease”,
“IgG4-related sclerosing disease”, “IgG4-related plasma-
cytic disease”, and “IgG4-related multiorgan lymphoproli-
ferative syndrome”, all of which may refer to the same
conditions. Therefore, the Japanese Research Committee
for “Systemic IgG4-related Sclerosing Disease” proposed a
disease concept and clinical diagnostic criteria based on the
concept of multifocal fibrosclerosis in 2009, in which the
term “IgG4-related disease” was appointed as a minimal
consensus on these conditions. Although the significance of
IgG4 in the development of “IgG4-related disease” remains
unclear, we have proposed a hypothesis for the develop-
ment of type 1 AIP, one of the IgG4-related disease. The
concept and diagnostic criteria of “IgG4-related disease”
will be changed in accordance with future studies.
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Abbreviations
AIP Autoimmune pancreatitis
ANA Anti-nuclear antibody

CA-II Carbonic anhydrase-II

CTLA-4 Cytotoxic T lymphocyte antigen-4

ERCP Endoscopic retrograde cholangiopancreatography

FCRL Fc-receptor-like

IFN-y Interferon-y

IL-4 Interleukin-4

LF Lactoferrin

LPSP Lymphoplasmacytic sclerosing pancreatitis

MD Mikulicz disease

MHC Major histocompatibility complex

MOLPS Multiorgan lymphoproliferative disease

PBP Plasminogen-binding protein

SiS Sjogren’s syndrome

PSC Primary sclerosing cholangitis

RF Rheumatoid factor

SIPS IgG4-systemic plasmacytic syndrome

SLE Systemic lupus erythematosus

Treg Regulatory T cell

UBR2 Ubiquitin-protein ligase E3 component
n-recognin 2

Introduction

In 1961, Sarles et al. first observed a case of particular
pancreatitis with hypergammaglobulinemia [1]. Yoshida et
al. first proposed the concept of autoimmune pancreatitis
(AIP) [2]. Hamano et al. reported the increased serum
levels of IgG4 in Japanese patients with AIP [3]. Thereafter,
many studies of AIP have been reported, mainly by
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Japanese investigators. The histopathological findings of
AIP are characterized by the periductal localization of
predominantly CD4-positive T cells, IgG4-positive plasma
cells, storiform fibrosis with acinar cell atrophy frequently
resulting in stenosis of the main pancreatic duct, and
obliterative fibrosis [4-6], which is also called lympho-
plasmacytic sclerosing pancreatitis (LPSP) [7]. In 2003,
Kamisawa et al. [8] suggested that AIP is a systemic
sclerosing disease based on the findings that the pancreas
and other involved organs have fibrosis with abundant
infiltration of IgG4-positive plasma cells, which is similar
to the concept of multifocal fibrosclerosis proposed by
Comings et al. [9]. Further, histological and clinical profiling
of patients with “AIP” reveals two distinct subtypes, type 1
and type 2 AIP [10]. Type 1 AIP is classified as a pancreatic
manifestation of IgG4-related disease, probably a systemic
disease with an autoimmune process, whereas type 2 AIP is
supposed to be a specific pancreatic disease with occasional
coexistence with ulcerative colitis.

On the other hand, patients with Mikulicz’s disease
(MD), classified as an atypical type of Sjogren’s syndrome,
who usually have bilateral, painless, and symmetrical
swelling of the lachrymal, parotid, and submandibular
glands [11], show elevated serum levels of IgG4, infiltra-
tion of IgG4-positive plasma cells into the glands, and
recovery of secretion with steroid treatment. Similar to AIP,
these patients often show other systemic organ involvement
such as AIP, sclerosing cholangitis, retroperitoneal fibrosis,
enlarged celiac and hilar lymph nodes, chronic thyroiditis,
interstitial nephritis, and so on [4-6, 12]. Recently, MD has

Table 1 Subtypes of autoimmune pancreatitis

been considered to be completely different from Sjogren’s
syndrome because of lacking anti-SS-A/Ro or anti-SS-B/La
antibodies and showing steroid responsiveness [2—6]. The
steroid responses and the prognoses of AIP patients with
sclerosing cholangitis differ from patients with primary
sclerosing cholangitis (PSC), which suggests different
pathological conditions. These findings led us to the
concept of “IgG4-related disease” such as IgG4-related
systemic sclerosing disease [8, 13], systemic IgG4-related
plasmacytic syndrome (SIPS) [14], or IgG4-positive multi-
organ lymphoproliferative syndrome (IgG4-MOLPS) [15].
Although pathogenesis or pathophysiology remains unclear,
we will discuss the most recent advances in the concept of
AIP and a novel concept of “IgG4-related disease.”

Recent Concepts of AIP: Subtypes

Recent studies have revealed that “AIP” manifests two
distinct subtypes, type 1 and type 2 AIP [10] (Table 1). In
type 1 AIP, whose histologic description is called LPSP, the
pancreatic histopathology shows the following characteris-
tic features: (a) abundant infiltration of plasma cells (IgG4+
cells; >10/hpf, 40% > 1gG4/1gG cells) and lymphocytes, (b)
peculiar storiform or swirling fibrosis, and (c) perivenular
infiltration with lymphocytes and plasma cells often leading
to obliterative phlebitis. Clinically, type 1 AIP seems to be
the pancreatic manifestation of the recently proposed
IgG4-related disease, characterized by swelling of the
pancreas, elevated serum IgG4 levels, and extrapancreatic

Subtype of AIP Type 1 Type 2
Other nomenclatures AIP without GEL AIP with GEL
1gG4-related IgG4-unrelated
LPSP IDCP
Prevalence Asia>USA, EU EU>USA>Asia
Age High aged Younger
Gender Male » female Male=female (NS)
Symptoms Obstructive jaundice, rare abdominal pain Often obstructive jaundice abdominal pain like acute pancreatitis

Pancreas images

Serology High serum IgG, 1gG4, autoAbs (+)
001 Sclerosing cholangitis
Sclerosing sialadenitis
Reteroperitoneal fibrosis
Others
Ulcerative colitis Rare
Steroid Responsive
Relapse High rate

Swelling (diffuse/segmental/focal)/mass forming

Swelling (diffuse/segmental/focal)/mass forming
Normal IgG, normal IgG4, autoAbs (—)
Unrelated with OOI

Often
Responsive

Rare

OO other organ involvement
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lesions (e.g., sclerosing cholangitis, sclerosing sialadeni-
tis, and retroperitoneal fibrosis) associated with infiltra-
tion of abundant IgG4+ plasma cells (Figs. | and 2).
Patients with type 1 AIP often have obstructive jaundice in
elderly males, and the pancreatic and extrapancreatic
manifestations respond to steroid therapy.

On the other hand, type 2 AIP was proposed from
histological examination of the resected pancreata of patients
with chronic non-alcoholic pancreatitis by American and
European pathologists, who reported another histopathologi-
cal pattern named as idiopathic duct-centric pancreatitis
(IDCP) or AIP with granulocytic epithelial lesion (GEL)
[16, 17]. The most characteristic feature of type 2 AIP is the
GEL often with destruction and obliteration of the pancreatic
duct (Fig. 3). Type 2 AIP has swelling of the pancreas, but
none or very few IgG4-positive plasma cells, and clinical
features show a distinctly different profile associated with no
serum IgG4, IgG elevation, presence of autoantibodies, or
other organ involvement except for inflammatory bowel
disease (approximately 30%). Although it is still in debate as
to whether type 2 AIP should be classified as an autoimmune
disease or not, the nomenclature of the two subtypes is
generally accepted in the meeting of the International
Association of Pancreatology held at Fukuoka in 2010.

Extrapancreatic Lesions

A variety of extrapancreatic lesions in patients with AIP
have been noted, including lachrymal and salivary gland
lesions [18], pulmonary lesions including hilar lymphade-

Fig. 1 Pancreas images of
type 1 AIP. a Swelling of the
pancreas with hepatic phase
enhancement and low-density
capsule like rim. b Pancreato-
gram shows diffusely

irregular narrowing of the main
pancreatic duct. ¢ Cholangio-
gram shows stenosis of the
biliary duct

nopathy [19], sclerosing cholangitis [20, 21], retroperitone-
al fibrosis [22], and tubulointerstitial nephritis [23, 24].
Associations were also reported with hypophysitis [25],
chronic thyroiditis [26], and prostatitis [27]. Other extrap-
ancreatic involvements have been reported in a few cases
[28-30]. Though it is not certain that all of them have a
relation with AIP, extrapancreatic lesions are prevalent in
the systemic organs (Table 2) [24-36], suggesting that type
1 AIP, but not type 2 AIP, may be a pancreatic
manifestation of IgG4-related disease. The extrapancreatic
lesions appear synchronously or metachronously with the
pancreatic lesion(s), share the same pathological conditions,
and show favorable response to steroid therapy; these
characteristics suggest a common pathophysiological back-
ground. The lesions are usually detected by imaging and
blood tests (CT, MRI, gallium scintigraphy, FDG-PET, and
IgG4); however, these should be confirmed by histological
findings. Extrapancreatic lesions sometimes mimic, or are
misdiagnosed as, primary lesions of the corresponding
organs: lachrymal and salivary gland lesions for Sjogren’s
syndrome, respiratory lesions for sarcoidosis, and scleros-
ing cholangitis for PSC. Therefore, it is necessary to
differentiate between IgG4-related diseases and inherent
diseases of the corresponding organs. The patients with
IgG4-related sialodacryoadenitis, synonymous with IgG4-
related Mikulicz’s disease [11, 36], have usually symmet-
rical enlargement of salivary and lacrimal glands. The
IgG4-related central nervous system lesions include infun-
dibulohypophysitis, hypertrophic pachymeningitis, intracra-
nial inflammatory pseudotumor, and orbital pseudotumor
[18-36].
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Fig. 2 Histopathology of type 1 AIP. a Lymphoplasmacytic scleros-
ing pancreatitis (LPSP). Histopathological findings show abundant
infiltration of plasmacytes and lymphocytes mainly around the
pancreatic duct and fibrosis (a) and obliterative phlebitis (b).
Immunohistological findings show abundant infiltration of IgG4-

The Concept of IgG4-Related Disease and Proposal
of the Clinical Diagnostic Criteria

The patients with IgG4-related disease show diffuse/focal
organ enlargement, mass forming, or nodular/thickened
lesions in various organs, synchronously or metachronously,
due to the prominent infiltration of lymphocytes and
plasmacytes with fibrosis [18-36]; however, the causes of
the disease are still not clear. The organs known to be
affected include the central nervous system, lacrimal/salivary
glands, thyroid gland, lungs, pancreas, biliary duct, liver,
gastrointestinal tracts, kidneys, prostate gland, retroperito-
neum, lymph nodes, and so on [18-36]. Clinical symptoms
vary depending on the organ in which the lesions are located,
but many cases are treated effectively by steroid therapy [18—
36]. The prognosis is not clear; however, some patients
develop serious complications such as obstructive jaundice
due to hepatic, gallbladder, or pancreatic lesions, hydro-
nephrosis due to retroperitoneal fibrosis, or respiratory
symptoms due to pulmonary lesions [13-16, 21-24].
Although the infiltration of IgG4-positive cells and increased
serum levels of IgG4 are characteristic in IgG4-related
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B. Lymphoplasmacytic sclerosing cholangitis (LPSC)

positive plasma cells (¢). b Lymphoplasmacytic sclerosing cholangitis
(LPSC). Histopathological findings show abundant infiltration of
infiltration of plasmacytes and lymphocytes and fibrosis (a, b).
Immunohistological findings show abundant infiltration of IgG4-
positive plasma cells (c)

disease, the severity of fibrosis seems to be different among
the individual involved organs. These conditions are quite
similar to multifocal idiopathic fibrosclerosis (MIF) [9].

In addition to MIF, there are many synonyms, such as IgG4-
related autoimmune disease [8], “IgG4-related sclerosing
disease” [13], SIPS [14], and “IgG4+MOLPS” [15], all of
which may refer to the same conditions. It has been debated
which term is the most appropriate or not. Storiform fibrosis
and obliterative phlebitis are characteristic in the pancreatic
and biliary tract lesions, but the degree varies depending on
the individual organs, e.g. very seldom in lacrimal/salivary
gland lesions or lymph node lesions. Then, the nomenclature
of “IgG4-related sclerosing disease” is mainly based on the
fibrous swollen organs, whereas those of “IgG4-SIPS” and
“IgG4+MOLPS” are based on lymphoplasmacytic prolifera-
tion and swollen lymph nodes without fibrosis.

Although most patients have multiorgan lesions syn-
chronously or metachronously, about 10-20% of the
patients show a solitary organ involved without confirming
other organ involvement. Therefore, it is unclear whether
the pathogenetic mechanism is same among individual
organs or not. Based on these findings, the members of the
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Fig. 3 Pancreas images and histopathology of type 2 AIP CT shows swelling of the pancreas (a). MRCP (b) and ERCP (¢) show obstruction of
the main pancreatic duct. Histopathological findings show fibrosis, abundant infiltration with granulocytes (d—f) cited from ref. [88]

Japanese Research Committees for “systemic IgG4-related
sclerosing disease” (chaired by Prof. Okazaki K) [35] and
“IgG4-MOLPS” (chaired by Prof. Umehara H) [36], both
of which were supported by the “Research for Intractable
Disease Program from the Ministry of Health, Labor and
Welfare of Japan”, have agreed that the term “IgG4-related
disease” is appointed as minimally accepting these con-
ditions at this moment. To study these conditions, the
Japanese Research Committee for “systemic IgG4-related
sclerosing disease” (chaired by Prof. Okazaki K) proposed
a disease concept and clinical diagnostic criteria of
“systemic IgG4-related sclerosing disease” in 2009 (Table 3)
[35]. However, the concept and diagnostic criteria should be
changed in accordance with the findings of the future studies.

Pathogenesis and Pathophysiology of AIP
and “IgG4-Related Disease”

The pathogenesis and pathophysiology of AIP have been
studied mainly from immunological approaches and focused
mainly on IgG4-related type 1 AIP because few evidences of
abnormal immunity have been reported in type 2 AIP.

Immunogenetic Factors

Immunogenetic factors have been present in a few series of
AIP, but not conclusive. Susceptibility to AIP may be

Table 2 Extrapancreatic lesions complicated with autoimmune
pancreatitis (from [31])

Close association
Lachrymal gland inflammation
Sialoadenitis
Hilar lymphadenopathy
Interstitial pneumonitis
Sclerosing cholangitis
Retroperitoneal fibrosis
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
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Table 3 Clinical diagnostic criteria 2009 for “IgG4-Related Disease” (proposed by the Japanese Research Committee for “Systemic 1gG4-related

Sclerosing Disease™; [35])

1. Clinically, diffuse/focal enlargement, or mass forming, nodular/thickened lesions in one or more organs

2. Elevated levels of serum IgG4 (>135 mg/dl)
3. Histopathological findings

(D Prominent infiltration and fibrosis of lymphocytes and plasmacytes, but no neutrophilic infiltration
(2 Abundant infiltration of [gG4-positive plasmacytes (>10/hpf) and/or the ratio of IgG4/IgG-positive cells (>40%)

@ Storiform/swirling fibrosis
@ Obliterative phlebitis

Diagnosis of IgG4-related disease: 1+2, 1+3 D®), 2+3 D@, or 3 DQB@

The following cases must be excluded from the diagnosis: malignant tumors developed in organs (e.g., cancers, malignant lymphomas) or similar
diseases (e.g., Sjogren’s syndrome, primary sclerosing cholangitis), bronchial asthma, and Castleman’s disease

associated with immunogenetic factors such as the class II
antigen of the major histocompatibility complex (MHC),
polymorphism of nuclear factor-kB and Fc-receptor-like
(FCRL) 3 genes expressed on B cells [37, 38]. Two studies
of HLA association with AIP have been reported from the
Japanese [37] and Korean groups [38]. In the Japanese
patients with AIP, HLA haplotype DRB1*0405-
DQB1*0401 (class II), and ABCF1 proximal to C3-2-11,
telomeric of HLA-E (class I), are susceptible to AIP [37],
but not so with the Korean patients [38]. However,
substitution of aspartic acid to nonaspartic acid at DQf31
may be a predictive factor for the relapse of AIP in Korean
patients [38]. FCRL3 polymorphisms are linked to various
autoimmune diseases, such as rheumatoid arthritis, autoim-
mune thyroid disease, and systemic lupus erythematosus
(SLE) in the Japanese population [39, 40]. However,
Fc-receptor-like 3 gene polymorphisms are not correlated
with the DRB1*0405-DQB1*0401 haplotype, suggesting
that while both are related to AIP susceptibility in the
Japanese population, they are part of the distinct underlying
mechanisms of disease development [39, 40].

A few immunogenetic studies for innate or acquired
immunity have been reported. Innate immunity is important
in the development of acquired immunity or autoimmune
diseases. Although polymorphisms in the toll-like receptor-
4 gene have been linked with several autoimmune and
allergic diseases, this gene seems not to play an important
role in the development of AIP [41]. On the other hand, an
inhibitory molecule, cytotoxic T lymphocyte antigen-4
(CTLA-4; CD152), expressed on the activated memory T
cells and CD4'CD25" regulatory T cells (Tregs), was
independently reported as a susceptibility factor for AIP
in the Taiwanese [42] and Japanese population [43]. CTLA-
4 acts as a negative regulator of T cell responses by
competing with the CD28 molecule for engagement with
the B7 molecules CD80 and CD86 on antigen-presenting
cells [43]. Umemura et al. [43] reported that the 3’
untranslated region of CTLA-4+6230 SNP plays a pivotal
role in both susceptibility (+6230G/G genotype) to and
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protection (haplotype of the +6230A allele) from AIP,
while exon 1+49 SNP is not associated with AIP in the
Japanese patients. They also found that +49A/A
or +6230A/A genotypes may be associated with recurrence
of the disease, which is observed in Graves’ disease, type 1
diabetes, and clearance of hepatitis B virus [44]. On the
other hand, Chan et al. [43] have reported that CTLA-4
SNPs have shown significantly higher frequencies of
the +49G allele in patients with AIP than in controls, but
not with other subtypes of chronic pancreatitis. Chan et al.
also reported that tumor necrosis factor (TNF)-alpha
promoter 863A was associated with a significantly higher
risk of AIP. Racial and geographical differences may be
associated with SNPs of the different locus of CTLA-4
[42]. The soluble isoform of CTLA4 (sCTLA4) is reported
to be elevated in patients with autoimmune diseases, such
as autoimmune thyroid disease, SLE, and myasthenia
gravis [43]. Therefore, the SCLTA4 molecule may have a
dual role of maintaining self-tolerance and enhancing
immune responses by blocking the interaction of CD80 on
antigen-presenting cells and CTLA4 on T cells.

Immunoglobulin Subclasses and IgG4

In healthy subjects, IgG1 usually accounts for most of the
total IgG [45]. Generally, the amount of 1gG4 does not vary
with sex or age, and the quantity of IgG4 as well as the
IgG4/total IgG ratio tends to remain constant [45]. The
ratios for each IgG subclass are 65% of IgG1, 25% of IgG2,
6% of 1gG3, and 4% of IgG4 [45]. In IgG4-related diseases,
total IgG, IgG1, 1gG2, IgG4, and IgE are usually increased
compared with healthy subjects, while IgM, IgA, and the
ratios of IgG to IgM or IgA are decreased compared with
normal or other control diseases [3, 14, 15, 46] (Table 4).
Ratios of IgG subclasses other than IgG4 are somewhat
different among individual diseases; in AIP, all subclasses
(IgG1-G4) of IgG increased compared with other types of
pancreatitis. In contrast, 1gG; and IgG; in MD are
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