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Purpose: Autoimmune pancreatitis is a unique form of chronic pancreatitis characterized by a variety of
extra-pancreatic involvements which are frequently misdiagnosed as lesions of corresponding organs, The
purpose of this study was to clarify the diagnostic imaging features of extra-pancreatic lesions associated
with autoimmune pancreatitis. )

Materials and methods: We retrospectively analyzed diagnostic images of 90 patients with autoim-
mune pancreatitis who underwent computer-assisted tomography, magnetic resonance imaging, and/or
gallium-67 scintigraphy before steroid therapy was initiated.

Results: AIP was frequently (92.2%) accompanied by a variety of extra-pancreatic lesions, including
swelling of lachrymal and salivary gland lesions (47.5%), lung hilar lymphadenopathy (78.3%), a variety of
lung lesions (51.2%), wall thickening of bile ducts (77.8%), peri-pancreatic or para-aortic lymphadenopa-
thy (56.0%), retroperitoneal fibrosis (19.8%), a variety of renal lesions (14.4%), and mass lesions of the

" ligamentum teres (2.2%). Characteristic findings in CT and MRI included lymphadenopathies of the hilar,

peri-pancreatic, and para-aortic regions; wall thickening of the bile duct; and soft tissue masses in the
kidney, ureters, aorta, paravertebral region, ligamentum teres, and orbit.

Conclusions: Recognition of the diagnostic features in the images of various involved organs will
assist in the diagnosis of autoimmune pancreatitis and in differential diagnoses between autoimmune

pancreatitis-associated extra-pancreatic lesions and lesions due to,other pathologies.

© 2009 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Autoimmune pancreatitis (AIP) is a unique form of chronic pan-
creatitis characterized by a preponderance of elderly male sufferers,
minimal abdominal pain, irregular narrowing of the main pan-
creatic duct, and swelling of the pancreatic parenchyma [1-12].
The pathogenesis is thought to involve an autoimmune mech-
anism based on the presence of various serum autoantibodies,
hypergammaglobulinemia, histological evidence of lymphoplas-
macytic inflammation and fibrosis, and a favorable response to
glucocorticoid treatment [13~21]. This disease has been occasion-

Abbreviations: AIP, autoimmune pancreatitis; CT, computer-assisted tomogra-
phy; Ga-67, gallium-67; LIP, lymphocytic interstitial pneumonia; MRI, magnetic
resonance imaging; MRCP, magnetic resonance cholangiopancreatography; NSIP,
nonspecific interstitial pneumonia; PSC, primary sclerosing cholangitis.

* This work was supported in part by Grants-in-aid for Scientific Research from
the Ministry of Education, Science, Sports and Culture of Japan (20590805).
* Corresponding author. Tel.: +81 263 37 2650; fax: +81 263 37 3087.
E-mail address: fujinaga@shinshu-u.ac.jp (Y. Fujinaga).

0720-048X/$ - see front matter © 2009 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.ejrad.2009.06.010

ally misdiagnosed as pancreatic cancer, leading to unnecessary
surgery [22,23]. It is therefore imperative to improve the diagnostic
accuracy for AIP. ) ‘

The characteristic features of AIP include a high serum IgG4 con-
centration and complications involving various extra-pancreatic
lesions. Over 90% of patients exhibit high serum IgG4 concentra-
tions, reflecting infiltration of abundant IgG4-bearing plasma cells
and disease activity [11] in the pancreatic lesion [12,18]. Thus,
a'serum assay for 1gG4 provides a useful tool for the diagnosis
and monitoring of this disease. In addition, abundant IgG4-bearing
plasma cells are a histological hallmark that can be used in differ-
entiating between AIP and malignant conditions.

Other prominent features of AIP involve a variety of
extra-pancreatic complications, including sclerosing cholangitis
[2,7.17,19,20], lachrymal and salivary gland abnormalities [18,24],
hypothyroidism [25], hilar lymphadenopathy [26], retroperitoneal
fibrosis [12,17,27-29], interstitial pneumonia [30,31], and tubu-
lointerstitial nephritis [32,33]. Some of these extra-pancreatic
lesions exhibit pathologies similar to those found in pancreatic
lesions, including infiltration of abundant IgG4-bearing plasma
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cells [12,18,26,29]. In addition, the presence of multiple extra-
pancreatic lesions suggests a systemic disease associated with
IgG4 [12]. Most reports regarding AlP-associated extra-pancreatic
lesions have been published as single cases, small series of cases,
or cases restricted to specific lesions. There have been only a few
detailed reports addressing the broad spectrum of manifestations
[34,35,36], particularly with regard to imaging that might be use-
ful in the diagnosis of extra-pancreatic lesions associated with
AlP.

It is uncertain whether there are imaging characteristics that
might be useful for differentiation between IgG4-related extra-
pancreatic lesions and other diseases affecting the same organs.
In this study, we aimed to characterize and identify useful imaging
features of a large cohort in the diagnosis of extra-pancreatic mani-
festations of AIP to differentiate them from other diseases affecting
the same organs.

2. Materials and methods

We systematically reviewed diagnostic images for 90 patients
with AIP, 75 men and 15 women aged 38-79 (median age, 63.1
years old), treated in our hospital and affiliated hospitals between
September, 1994 and March, 2008. Diagnosis of AIP was based on
the criteria proposed by the Japanese Pancreatic Society in 2002
[37] and the revised version in 2006 [38].

We analyzed images from computer-assisted tomography (CT),
magnetic resonance imaging (MRI), and/or gallium-67 (Ga-67)
scintigraphy that were taken at admission or during an active
stage of the disease before the initiation of steroid therapy. CT
examination was performed with single-detector row helical CT
(HiSpeed Advantage; GE Medical Systems, Milwaukee, W1, USA)
from 1994 to 2003 and with multi-detector row helical CT from
2003 to 2008 (LightSpeed Ultra or LightSpeed VCT; GE Medi-
cal Systems, Milwaukee, WI, USA). Because of the length of the
period under review, the model of the CT scanner, slice thick-
néss (1.25-10mm) and the protocol of the contrast-enhanced CT
varied. MRI was performed with a 1.5-T superconductor unit (Mag-
netom Symphony, Siemens Medical Solution, Erlangen, Germany)
from 1994 to 2006 and with a 3-T superconductor unit (Magne-
tom Trio, Siemens Medical Solution, Erlangen, Germany) from 2007
to 2008. The slice thickness (2-10 mm), image sequence and the
protocol of the contrast-enhanced MRI varied for the same reason.
Ga-67 scintigraphy was performed with a single-head rectangu-
lar gamma camera (SNC-510R; Shimazu, Japan) from 1994 to 2002
and a triple-head rotating gamma camera (PRISM IRIX; Philips
Medical Systems, Best, The Netherlands) or a large field-of-view
dual-detector gamma camera with amounted CT scanner (Millen-

Table 1

Summary of the prevalence and distribution of extra~pancreatic lesions.

Organ " No. of cases . _ Percentage
Total extra-pancreatic lesions 83j90 L g2.2%
Lachrymal or salivary grand 38/80." - © 475%
Hilar lymph node (CTY . . 5469, . 783%
Hilar lymph node {Ga-67 scintigraphy) - 60/80 ; Y. 75%
Lung. .. & a5 54.3%
Bileduct: =~ . e, C. 6381 - 77.8%
Peri-pancreatic of para-aortic lymph node 5190 - 57%
Kidneys : s S13/80 - 144%
Retroperitoneunt ) - 17/86 Co 0 19.8%
Ligamentum teres 2/90 : 2.2%
Prostate . 8/80 10.0%

The total number of examined cases in each row is different among respective lesions
because CT, MRI or Ca-67 scintigraphy were not performed in all the organs, and
some images were not available.

nium VG, GE Medical Systems, Milwaukee, W1, USA) from 2003 to,
2008.

Abdorminal and thoracicCTimages were availableinall 90 and 69
patients, respectively. Abdominal MRI and neck MRI were available
in 78 and 40 patients, respectively. Ga-67 scintigram was available
in 80 patients. Systemic image analysis using CT, MRl and Ga-67
was performed, even if they showed no specific symptoms of the
extra-pancreatic organs, because lesions in extra-pancreatic organs
found on images were not always associated with symptoms. Image
findings were reviewed by two radiologists (Y.F. and M.K.) in con-
Sensus.

Fig. 1. Lachrymal and salivary lesions in a 67-year-old man visualized with Ga-67
scintigraphy and MRI, (a) Ga-67 scintigraphy shows increased uptake in the hilar
(arrows), submandibular (thin arrows), and lachrymal glands (arrow heads). (b)
Coronal T2-weighted images show bilateral submandibular gland swellings that are
homogeneous without dilatation of the ducts (white arrows).
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Fig. 2. Hillar lymphadenopathy in a 50-year-old man. (a) Dynamic contrast-enhanced CT shows hilar lymphadenopathy (long arrows), (b) Ga-67 scintigraphy demonstrates
an increased uptake in right parotid gland and right retroperitoneum, as well as hilum. {c-e} Another slice of the dynamic contrast-enhanced CT identifies bilateral renal
lesions {open arrows in ¢), paravertebral mass (\w{hile arrow in d) and retroperitoneal lesion (whire open arrow in e) (to be describe). () After corticosteroid therapy, the
accumulation of Ga-67 disappeared in each lesion. . !
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Fig. 3. Lung lesions. (a-d) Thin-sliced CT before corticosteroid therapy shows an irregular nodular lesion in the left lower lobe (white arrow in a), bronchial thickening in the
right upper lobe (thin white arrows in b), diffuse interlobular thickening in the right upper lobe (arrow heads in c), and subpleural consolidation in the left lower lobe (open
arrow in d). (e) In another case, a coarse reticulation consistent with thickening of interlobular septa is mixed with multiple subpleural consolidations in the right lower lobe.
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Fig. 4. Bile duct lesions in a 50-year-old wornan. Coronal reformation of contrast-
enhanced CT shows marked bile duct wall thickening (arrows).

3. Results

Among 90 patients, 83 (92.2%) had various extra-pancreatic
lesions associated with AIP. We summarize the distribution and fre-
quency of the extra-pancreatic lesions in Table 1, and describe the
details of each type of lesion in the following sections.
3.1. Lachrymal and salivary gland lesions

Among 80 patients that underwent Ga-67 scintigraphy, 38
(47.5%) had lachrymal or salivary gland lesions (Table 1). Two

' before'

after 4W

submandibular lesions and two lachrymal lesions were histopatho-
logically proven by biopsy, “and other lesions were clinically
diagnosed. Ga-67. scintigraphy showed increased uptake in either
the lachrymal or salivary gland in 36 of these 38 patients (95%)
(Fig. 1a). The submandibular gland was involved in 29 patients
(76%), the lachrymal gland in 27 (75%), the parotid gland in
5 (13%), and the sublingual gland in 2 (5%). Increased uptakes
were symmetrical in all except three of the patients; one showed -
right-side-dominant uptake at the lachrymal gland, one showed
left-side-dominant uptake at the lachrymal glarid, and one showed
right-side-dominant uptake at the submandibular gland. After cor-
ticosteroid therapy, increased uptake of all lesions was disappeared.

Neck MRI was performed in 40 patients in whom increased
uptake was seen on Ga-67 scintigraphy or clinical symptoms were
described. The MRIs showed a bilateral homogeneous swelling of
the glands without a discernable mass (Fig. 1b) in 14 patients, uni-
lateral swelling in 2 patients and normal findings in 24 patients.
Biopsies performed in two patients showed that the swelling sub-
mandibular glands contained abundant IgG4-bearing plasma cells.

- No lesions showed the salt-and-pepper appearance characteristic

of Sjoegren’s syndrome [39].
3.2. Hilar lyﬁphadenopathy

Hilar lymphadenopathy was revealed in 54 of 69 patients (78%)
undergoing thoracic CT (Table 1), and contrast-enhanced CT was
used to improve the visualization of bilateral hilar lymphadenopa-
thy (Fig. 2a). Ga-67 scintigraphy also showed marked bilateral hilar
uptake in 60 of 80 cases (75%) (Fig. 2b) (Table 1). After corticosteroid
therapy, bilateral hilar lymphadenopathy disappeared in all cases.
No biopsies were taken. There was no unilateral lymphadenopathy
found by CT or Ga-67 scintigraphy.

~ 3.3, Pulmonary abnormalities

Lung lesions were revealed in 25 of 46 patients (54%) undergo-
ing thin-slice CT (Table 1). Five patients were histopathologically

Fig. 5. Bile duct lesions in a 69-year-old man. Oblique coronal T2-weighted images (upper column) before and after corticosteroid therapy images show gradual improvement
of the bile duct lesion. Thirty-four months after corticosteroid therapy, the bile duct lesion had relapsed. Axial fat saturated T1-weighted images (lower column) show a new

pancreatic lesion (white arrows) accompanied by relapsed bile duct lesion.
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proven by biopsy and 20 were clinically diagnosed. There were
four types of CT findings, including nodular lesions, bronchial thick-
ening, interlobular thickening, and consolidation. Nodular lesions

(3-26mm in diameter) were found in 18 (39%) (Fig. 3a), bronchial -

thickening in 14 (30%) (Fig. 3b), interlobular thickening in 7 (15%)
(Fig. 3¢), and consolidations in 2 (4%) (Fig. 3d). Almost all the nodu-
lar lesions were located adjacent to the pleura. Two or more types
of lesions coexisted in 14 cases (Fig. 3e). All lesions diminished or
disappeared after corticosteroid therapy.

34. Bile duct abnormalities

CT or MRI showed extra-pancreatic bile duct lesions in 63 of
81 patients (78%) (Table 1); nine patients were excluded due to
unavailable CT or MR images, or if the detailed analysis of bile
ducts was difficult due to occlusion by drainage tubes. Biopsies
were performed in 19 cases, and abundant 1gG4-bearing plasma cell
infiltration was evident. Other 44 cases were clinically diagnosed.

Almost all bile duct abnormalities in these 63 patients included.

extensive wall thickening, with occlusion of the intrahepatic bile
duct in 23 (28%) and of the common hepatic or intra-pancreatic
common bile duct in 37 (46%) (Fig. 4). MRI clearly demonstrated

_these lesions (Fig. 5), and showed prominent wall thickening witha
laminar structure (Fig. 6) in some cases and focal wall thickening of
the common bile duct in 5 (6%). Magnetic resonance cholangiopan-
creatography (MRCP) was performed in 66 patients and showed
intrahepatic bile duct stenosis, which mimicked primary sclerosing
cholangitis (PSC) in 6 (9%). Severe bile duct dilatation was observed
when the pancreas head was swollen.

3.5. Peri-pancreatic and para-dortic lymﬁhadenopathy

CT or MRI showed peri-pancreatic or para-aortic lymphadenop-
athy in 51 of 90 cases (57%) (Table 1). All lesions were clinically
diagnosed. CT clearly demonstrated lymph node swelling that pro-
duced high signal intensities on diffusion-weighted MRI (Fig. 73, b).
No biopsies were taken, but corticosteroid therapy was effective for
all lesions. :

Fig. 6. Bile duct lesions in a 50-year-old woman. Coronal contrast-enhanced MRI
shows prominent wall thickening of the bile duct with significant laminar structure
(arrows). .

Fig. 7. Peri-pancreatic and para-aortic lymphadenopathy in a 55-year-old man. (a)
Contrast-enhanced CT shows multiple peri-pancreatic lymphadenopathy (arrows).
(b) On diffusion-weighted images, these lesions are detected as high intensity signals
(white arrows).

3.6. Renal lesions

CT or MRI showed renal lesions in 13 of 90 cases (14%), includ-
ing parenchymal lesions in 10 and hilar lesions in 3 (Fig. 2c)
(Table 1). Four renal parenchymal lesions and 1 hilar lesion were
diagnosed by biopsies and other 12 cases were clinically diagnosed.

-All 10 parenchymal lesion cases had multiple bilateral lesions,

and 2 had unilateral renal atrophy. Contrast-enhanced CT showed
renal parenchymal lesions as slightly enhanced wedge- or node-
shaped lesions. Multiphase dynamic contrast-enhanced CT were
performed in 5 of 10 patients and revealed that the shapes changed
over time and were ill-defined in the delayed phase (Fig. 8) in all
cases. Renal lesions were unclear on T1-weighted MR images, but
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Fig. 8. Renal lesions in a 67-year-old man (same case as in Fig. 1). Multiphase dynamic contrast—enhanced CT shows multiple poorly enhanced lesions in both kidneys, and

sequential changes in the lesions over time.

had slightly high intensity on T2-weighted MR images, and high
intensity on diffusion-weighted images. These lesions were wedge-
or node-shaped on dynamic multiphase T1-weighted images. CT
and MRI showed prominent and diffuse renal pelvic wall thickening
in renal hilus lesions. Ga-67 scintigraphy showed increase uptake
in all renal lesions.

3.7. Retroperitoneal lesions

CT showed retroperitoneal fibrosis in 17 of the 86 cases for
which findings were available (20%) (Table 1), including a soft tis-
sue density around the aorta in 11 (Fig. 9a), soft tissue masses
around both ureters in 3 (Fig. 9b), paravertebral masses in 2, a pelvic
retroperitoneal mass in 1, and increased fat density around the
superior mesentericartery in 1(Fig. 9¢). The biopsy specimens from
3 para-aortic lesion cases and 2 peri-ureteral lesion cases showed
abundant IgG4 plasma cell infiltration. A paravertebral mass and
pelvic retroperitoneal mass were observed together in the same
patient (Fig. 2d, e). Three of 11 cases with para-aortic lesions had
aortic aneurysms. One of 3 cases with peri-ureteral lesions had
hydronephrosis.

3.8, Other lesions

CT or MRI showed ligamentum teres lesions in 2 of the 90 cases
(2%) (Table 1). Both lesions were clinically diagnosed and no biopsy
was taken. These lesions showed a spindle-shaped soft tissue mass
on CT, hypointense mass on T1-weighted image, and hyperintense
mass on T2-weighted images (Fig. 10).

Ga-67 scintigraphy exhibited Ga-67 accumulation in the

prostate in 8 of 80 cases (10%) (Table 1). Biopsy specimens from

two patients showed abundant [gG4-positive plasma cells and lym-
phocyte infiltration. Other six patients were clinically diagnosed.
Diffusion-weighted MRI showed prostaticswelling with high inten-
sity signals (Fig. 11), which mimicked prostate cancer or prostatitis.

4. Discussion

The present study demonstrated some characteristics found
in images of various extra-pancreatic lesions associated with

AIP. Because they favorably respond to corticosteroid therapy, it
is important to differentiate these IgG4-related extra-pancreatic
lesions from other diseases that might affect the same organs,
including Sjégren’s syndrome, sarcoidosis, and primary sclerosing
cholangitis. In general, differentiation has previously been based
on histological findings and the response to corticosteroid therapy.
In this-study, we aimed to identify characteristics in images that
would be useful for the diagnosis and differentiation of AIP-related
lesions with noninvasive imaging.

The major causes of lachrymal and sahvary gland swelling
include Sjégren's syndrome, Mikulicz disease, or Kiittner tumors.
Recent reports have shown that high serum IgG4 concentrations
and abundant IgG4-bearing plasma cell infiltration were associated
with Mikulicz disease and Kiittner tumors, but not Sjégren’s syn-
drome [40-42]. In our series, lachrymal and salivary gland lesions
responded well to corticosteroid therapy, and thus were similar to
those described in Mikulicz disease and Kiittner tumors. For this
reason, we speculate that the lachrymal and salivary gland lesions
associated with AIP may arise from the same or similar systemic
conditions as those associated with Mikulicz disease and Kiittner
tumors. ) '

In our series, 95% of the patients presented with lachrymal or
submandibular gland enlargement and only five patients (12.5%)
presented with parotid gland enlargement. By contrast, patients
with Sjogren's syndrome frequently present with parotid gland
enlargement. This difference in the distribution of lesions might
be important for the differentiation of AlP-associated lesions and
Sjogren’s syndrome lesions. In addition, a salt-and-pepper appear-
ance is typically found on the MRIs in Sjégren’s syndrome [38]. By
contrast, the salivary gland lesions in our series always exhibited
homogeneous swelling. This difference in imaging characteristics
should be helpful for the differentiation between the two diagnoses.
Furthermore, we found thatincreased Ga-67 uptake by the pancreas
and the presence of other extra-pancreatic lesions are mdxcanve of
an AIP diagnosis.

Hilar Ga-67 accumnulation has been reported in other diseases,
including sarcoidosis or primary biliary cirrhosis. Thus, it is neces-
sary to differentiate between these diseases and AIP. Saegusa et al.
reported that hilar and pancreatic Ga-67 accumulations are char-
acteristic features of AIP during the active stage of the disease [26].
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Fig. 9. Reu-opentoneal lesions. (a) Sagittal reformation of contrast-enhanced CT shows a soft tissue mass along the aorta (white arrows). (b) Coronal reformation of contrast~
enhanced CT shows masses around both ureters (arrows). No hydronephrosis is observed. (¢) Axial contrast-enhanced CT shows increased fat density around superior

mesenteric artery and splenic vein (white arrow heads).

In our series, almost all patients had Ga-67 accumulation in the
pancreas and, concomitantly, in extra-pancreatic lesions, including
the lachrymal gland, salivary gland, lung, retroperitoneum and/or
prostate. Systemic Ga-67 accumulation was helpful for diagnosing
AlP-associated hilar lymphadenopathy. In addition, a normal serum
ACE value might be helpful for the exclusion of sarcoidosis.
Radiologically, lung lesions associated with AIP were similar
to those indicative of nonspecific inflammatory nodules, chronic
bronchitis, chronic bronchiolitis, nonspecific interstitial pneumo-
nia (NSIP), and lymphocytic interstitial pneumonia (LIP). All these
lesions had a tendency to spread in the interstitial space of the lung,
including the lymphoid channel. At present, we have no clear under-
_standing of the relationship between AlP-related lung lesions and
other lung lesions; this remains an issue for future study.

Bile duct abnormality was the most common abdominal find-
ing associated with AIP in the present study, though Shoe et al.
reported that retroperitoneal fibrosis was most frequently seen
among abdominal lesions in AIP patients [36]. We suspect that dif-

. ferences in the case numbers and study methods were the cause of

this disparity. The bile duct wall thickening found in AIP-associated
lesions has not been reported in primary sclerosing cholangitis or
bile duct carcinoma. In the absence of swelling of the pancreas
head, intrahepatic bile duct dilatation was mild, regardless of the
bile duct wall thickness. These findings were helpful in differen-
tiating between AlP-associated lesions and those associated with
PSC or bile duct carcinoma. [n addition, a favorable response to cor-

- ticosteroid therapy was a distinguishing factor between AIP- and

PSC-related lesions, although some sclerosing cholangitis can be
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Fig. 10. Lesions in the ligamentum teres. (a) Contrast-enhanced CT shows soft tissues mass in the ligamentum teres (arrow). (b) Saggital image of contrast-enhanced CT shows
the spindle-shape mass along ligamentum teres (large arrows). (c-d) MR images show hypointense mass on fat saturated T1 -weighted images and hyperintense mass on fat

saturated T2-weighted images (white arrows).

cured by steroid therapy [7,17,20,43,44]. However, pancreatic and
bile duct lesions had similar pathologies [27,45-47]; thus, when
diagnosis with imaging is difficult, a biopsy should be performed.
Endoscopic retrograde cholangiopancreatography (ERCP) has also
been reported to be useful for differentiating between AIP- and
PSC-associated lesions [48]. 3

AlP-associated peri-pancreatic or para-aortic lymphadenopathy
is not easily distinguished from inflammatory lymph node swelling
and malignant lymphomas. We found that the coexistence of lym-
phadenopathies and pancreatic lesions is the only distinguishing
feature of AIP.

Poorly enhanced multiple wedge-shaped or round lesions asso-
ciated with AIP are not easily differentiated from those associated
with pyelonephritis or infarctions [49,50]. We found graduated
enhancement on dynamic contrast-enhanced CTs or MRIs and
increased Ga-67 uptake; these characteristics might be specific
for AlP-associated renal lesions. Renal hilus lesions are often diffi-
cult to differentiate from urothelial tumors, retroperitoneal fibrosis,
and lymphomas. Our results suggested that the observation of a
combination of pancreatic and extra-pancreatic lesions would be
indicative of AIP. )

There are only a few reports that describe para-aortic soft tis-
sue masses associated with AIP [12,36,51,52]. Results from those

studies were consistent with our findings of a broad homogeneous
soft tissue mass along the aorta. This finding should be useful
for differentiating AIP from other inflammatory conditions and
retroperitoneal tumors. However, the diagnosis is often difficult
when a slightly increased density of fat is observed. Kasashima
et al. reported that one type of inflammatory abdominal aortic
aneurysm was IgG4-related and may be the result of IgG4-related
peri-aortitis or retroperitoneal fibrosis {53]. In our series, 3 of 11
patients with para-aortic soft tissue thickening were diagnosed
with aortic aneurysms. Hence, IgG4-related para-aortic soft tis-
sue thickening might increase the risk of developing an aortic
aneurysm. . )

This was the first report of AlP-associated ligamentum teres
lesions. They were rare (2%) but characteristic finding, and both
lesions disappeared after corticosteroid therapy. If the Ga-67
scintigraphy shows increased uptake in these lesions, extra-

‘pancreatic lesions associated with AIP can be easily differentiated

from other tumors or tumor-like lesions, such as metastatic tumors,
leiomyoma, leiomyosarcoma, and extramedullary hematopoiesis
because Ga-67 accumulation is very rare in these tumors.

We found prostatic lesions by Ga-67 scintigraphy and diffusion-
weighted MRIs. These were often difficult to differentiate from
prostate cancer and pfostatitis. We found that biopsy was manda--.
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Fig. 11. Prostatic lesions in a 66-year-old man (same case as in Fig. 9a). (a) Axial T2-
weighted image with fat saturation shows prostate swelling (white arrows). No mass
lesions can be detected. (b) Diffusion-weighted image shows diffuse high intensity
signal in the prostate (white arrows).

tory for confirming abundant IgG4-positive plasma cells’ and
lymphocyte infiltration; in addition, a favorable response to cor-
ticosteroid therapy was helpful in identifying AIP. To date, a few
AlP-associated prostate lesions have been reported, but detailed
image findings have not been previously described [54,55]. '

In this study, we described variable findings of multiple AIP-
associated soft tissue masses in the kidney, around the ureter, aorta,
paravertebral region, ligamentum teres, and orbit. These lesions
resembled inflammatory pseudoturnors because they frequently
contained abundant plasma cell infiltration. Diagnostic imaging
played an important role in detecting these lesions, and the char-
acteristic finding of multiple lesions may provide a useful tool for
the correct diagnosis of AlP-associated lesions.

AIP and AlP-associated extra-pancreatic lesions are frequently
found simultaneously; thus, it is important to examine all other
organs when a pancreatic lesion is found. However, these lesions
are not always synchronous; thus, successive diagnostic imaging
should be mandatory for the detection of newly occurring AIP-
associated lesions.

Our study had some limitations, mainly due to using variable
models as well as variable scan protocols of CT, MRI and gamma
camera because of the length of period reviewed in our retrospec-
tive study. Furthermore, all patients were not checked by every
image test. Another limitation was that many extra-pancreatic
lesions were not histopathologically proven. Therefore, there is
a problem that some of the lesions improved by corticosteroid
therapy might not be always AIP related extra-pancreatic lesions.
Conversely, some of the lesions that were not improved by corticos-
teroid therapy might include AIP related extra-pancreanc lesions.
This problem was not analyzed in this study.

5. Conclusion

AIPis accompanied by various extra-pancreatic lesions and char-
acterized by a variety of image findirigs. Diagnostic imaging plays
an important role in the comprehensive evaluation of these lesions.
Radiologists and physicians should keep in mind that multiple
lesions may or may not be synchronous under different conditions.
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Abstract: Autoimmune pancreatitis (AIP) is_a recently recog-
nized diseasé entity. In some patients, this disease is associated
with other inflammatory diseases. In this study, we aimed to
elucidate the pathologic characteristics of AIP-associated
gastritis (AIP-G). We evaluated and compared the pathologic
fidings and immunohistochemical expressions of immunoglo-
bulin G (IgG)4 and IgG in gastric biopsy specimens from 13
AIP-G patients with those from patients of 2 control groups. We
divided the AIP-G patients who did not receive steroid therapy

[AIP-G-ST(-)] into the following 2 groups: without Helicobac-

ter pylori (HP) infection [AIP-G-HP(—)] and with HP infection
[AIP-G-HP(+)). The control groups comprised 19 patients who
~ were diagnosed with chronic active gastritis associated with HP
infection and 7 patients with nonsteroidal anti-inflammatory
drug-induced gastritis. We classified the findings for the gastric
mucosa into those for the upper and the lower lamina propria.

The characteristic finding of AIP-G ‘groups was diffusely .

lymphoplasmacytic infiltration in the lamina propria. The
IgG4-positive plasma cell/IgG-positive plasma cell ratios
(IgG4/1gG ratios) in both the upper and lower lamina propria
in the AIP-G-ST(-) groups were predominantly higher than the
corresponding values in the other groups. In the AIP-G-ST(-)
groups, the 1gG4/IgG ratio in the lower lamina propria was
predominantly higher than that in the upper lamina propria,
irrespective of the HP status. In conclusion, diffuse lympho-
plasmacytic infiltration in the lamina propria and increased
IgG4/1gG ratio in the gastric mucosa (notably in the lower
lamina propria) may be the characteristic findings of AIP-G.
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he relationship between immunoglobulin G (IgG)4 and
sclerosing disease with regard to autoimmune pancrea-

 titis (AIP) was first teported in 2001.% AIP, also known

as lymphoplasmacytic sclerosing pancreatitis, is a unique
form of pancreatitis characterized by the following find-
ings: (1) irregular narrowing of the main pancreatic duct
because of fibrosis and lymphoplasmacytic infiltration and
an increased number of IgG4-positive plasma cells and
eosinophils in the pancreas; (2) hypergammaglobulinemia
with a predominant increase in the 1gG4 levels; and (3)
alleviation of symptoms after steroid therapy.®-'432 AIP is
now recognized as a distinct entity worldwide.!>17-22

AIP has also been reported to be associated with
various diseases in organs other than those in the pan-
creaticobiliary system?1%:17:25; these diseases include chro-
nic. sialadenitis, retroperitoneal inflammation,”!!?7
lymphadenopathy of the intra-abdominal, hilar, or media-
stinal lymph nodes,!8 interstitial pneumonia,?2* pulmonary
inflammatory * pseudotumor,?®-® hepatic inflammatory
pseudotumor,'>!%? inflammatory abdominal aortic aneu-
rysm,'> prostatitis,?® and tubulointerstitial nephritis.?***
Further, Kamisawa et al'® have proposed that AIP is
the pancreatic lesion involved in a new clinicopathologic
entity, namely, IgG4-related sclerosing disease.

Many cases of chronic active gastritis associated with

- Helicobacter pylori (HP) infection (CAG) have been

reported in Japan.’ Few cases of gastritis not associated
with HP infection have also been reported.’6 Recently, Shinji
et al?! found that the incidence of IgG4-positive plasma cells
in gastric biopsy specimens from patients with AIP was
significantly higher than that in specimens from patients
with CAG. However, the distribution of IgG4-positive
plasma cells and the characteristic histopathologic findings
of AIP-associated gastritis (AIP-G) have not been reported.
To. elucidate the clinicopathologic characteristics of AIP-G,
we evaluated the clinicopathologic findings of patients with
AIP-G and compared the immunohistochemical expression
of IgG4 in the AIP-G patients with that in the control
groups, which included patients with abdominal distress.

MATERIALS AND METHODS

Patients and Materials

Between 2002 and 2009, we analyzed 13 AIP-G
(Table 1) and 26 control patients at the Shinshu University

www.ajsp.com | 1241
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TABLE 1. Clinical Features of Autoimmune Pancreatitis-associated Gastritis

HP Serum IgG4 (mg/dL)* Endoscopic Finding

Case No. - Age(y) Sex Pathologic Diagnosis Biopsy Area Symptom
1 79 M CG FA Negative 1950 Redness EG
2 53 F CG PA, FA Negative 227 NP NP
3 59 M CG PA, FA Negative . 965 Erosion NP
4 55 M CG FA Negative 2970 NP NP
5 76 F CG ) PA Negative 420 Erosion NP
6 56 M CAG FA Positive 156 NP NP
7 62 M CAG PA, FA Positive 305 Atrophy ) NV
8 60 M CAG FA Positive 1240 NP NP
9 62 M CAG PA, FA Positive - 825 NP NP

10 78 M CAG FA Positive 541 NP NP

11 76 M CAG PA, FA Positive 698 Redness NP

12 56 M CAG PA, FA Positive 265 NP EG

13 67 M CAG PA, FA Positive 500 NP EG

*Normal value: 1gG4, <70mg/dL (cut-off value, 135 mg/dL).

CAG indicates "chronic active gastritis with HP infection; CG, chronic gastritis; EG, epigastralgia; F, female; FA, fundic area; HP, He/wobacler pylori; 1gG,
immunoglobulin G; M, male; NP, nothing particular; NV, nausea and vomiting; PA, pyloric area.

Hospital. Of the 13 API-G patients, 9 had no symptoms, 3
had epigastralgia (patients 1, 12, and 13), and 1 had nausea
and vomiting (patient 7).

All the patients with AIP-G showed the following

characteristic findings of AIP: (1) irregular narrowing
of the main pancreatic duct, (2) sonolucent swelling of"

the pancreas, (3) hypergammaglobulinemia, and (4) high
serum IgG4 level (cut-off value,
patients with AIP-G underwent enhanced abdominal
computed tomography (CT) and Gallium (Ga)-67 citrate
scintigraphy for the pancreatic lesions. One patient
(patient 1) underwent pancreatoduodenectomy. The
patient was diagnosed as having AIP, because of the
presence of lymphoplasmacytic sclerosing pancreatitis
without neutrophil infiltration and cancer. The other
ATP-G patients did not undergo any operation for the
pancreatic lesions and biopsy for suspected pancreatic
cancer. _

The histologic specimens obtained from the 13

AIP-G patients included biopsy specimens. The stomach -

biopsy specimens obtained from 7 patients (patients 2, 3,
7, 9, 11,
fundic and pyloric areas, those from the other 5 patients
(patients 1, 4, 6, 8, and 10) included specimens only from
the fundic area, and those from the remaining 1 patient
(patient 5) included specimens only from the pyloric area.
In 4-patients (patients 2, 3, 11, and 13), the specimens
were obtained from 6 b1opsy points. HP infection was
detected only in the specimens from 8 of the 13 patients
(patients 6, 7, 8, 9, 10, 11, 12, and 13). Of the 8 AIP-G
patients who had HP infection, 2 developed the infection
after steroid therapy (patient 12 and 13). Patient 1 was
receiving proton pump inhibitor therapy, although he'was
free of HP infection. First, we divided the AIP-G patients
into the following 2 groups: steroid nontreated group
[AIP-G-ST(—)] and steroid treated group [AIP-G-ST(+)].
We further divided the AIP-G-ST(—) patients into the
following 2 groups: without HP infection [AIP-G-HP(—)]
and with HP infection [AIP-G-HP(+)].

1242 | WWW.ajsp.com

135mg/dL). All the

12, and 13) included specimens from both the -

The control groups were divided into the following
2 groups: CAG and nonsteroidal anti-inflammatory drug
(NSAID)-induced gastritis (NSAID-G). The CAG group
comprised 19 patients who were clinically diagnosed
with chronic active gastritis .caused by HP infection.
The NSAID-G group comprised 7 patients with no
" HP infection. None of the patients in the control groups
showed the characteristic findings of AIP.

Histopathology and Immunohistochemistry

All the specimens from the 39 patients were fixed
in 20% formaldehyde and embedded in paraffin. Next,
4-ym-thick serial sections were cut from these blocks and

* stained with hematoxylin-eosin (HE): The sections were

treated with rabbit monoclonal antibodies against human
IgG (Dako, Glostrup, Denmark; dilution, 1:5000) and
affinity-purified sheep polyclonal antibody against human
IgG4 (The Binding Site, Birmingham, UK dilution, 1:50)
by using the avidin-biotin immunoperoxidase method.
The number of immunohistochemically identified IgG4-
positive plasma cells and IgG-positive plasma cells in 10
randomly selected 10000-pm?2-wide areas of the gastric
mucosa specimens of the upper and lower lamina propria
were counted. The fundic and pyloric mucosae were used
for the assessments. The IgG4-positive plasma cell/IgG-
positive plasma cell ratio (IgG4/IgG ratio) of the AIP-G
group was compared with those of the control groups.

The number of mononuclear cells in the gastric
mucosa in 10 randomly selected 10000-pm?-wide areas
of each specimen was also counted. We compared the
number of mononuclear cells in the AIP-G group with
those in the control group.

Mucosal neutrophilic inflammation, intestinal meta-
plasia, and glandular atrophy were separately graded as
none (0), mild (1+), moderate (2+), or marked (3+),
in accordance with the schematic diagrams provided in
the Update Sydney System.? Eosinophil infiltration was
assessed by 2 pathologists (T.U. and H.O.) and graded as

© 2010 Lippincott Williams & Wilkins
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follows: absent or minimal (0), mild (1+), moderate (2+),
and severe (3+).

The data are expressed as the median (25th to 75th
percentile). _

Comparisons were made using the Mann-Whitney
U test. Differences were considered statistically significant
when the P value was less than 0.05.

This study was approved by the Ethics Committee
" of Shinshu University, Japan.

RESULTS

Clinical Findings

Gastric biopsies revealed that, of the 13 patients
with AIP-G, 5 had chronic gastritis and 8 had chronic
active gastritis. An endoscopic examination revealed that
2 patients had redness, 2 patients had erosion, 1 patient
had atrophy, and 8 patients had no abnormal findings.
In patient 6, an enhanced abdominal CT image showed
thickening of the stomach wall (Fig. 1A), and Ga-67
citrate scintigraphy revealed accumulation of radioactive
material on the stomach wall, which was consistent with
the findings of the CT analysis (Fig. 1B). Ga-67 citrate
scintigraphy did not reveal such accumulations on the
stomach walls of other AIP-G patients.

The serum IgG4 levels were not measured in the 26
patients in the control group because there was no
evidence of AIP in these patients.

Histologic Findings

We have summarized the histologic characteristics
of the AIP-G patients in Tables 2 to 5. Some degree of
diffuse lymphoplasmacytic inflammation was observed in

the fundic and the pyloric mucosae of all the AIP-G
patients (Figs. 2A, B).
In the AIP-G-ST(-) groups, in the fundic mucosa,

" the number of mononuclear cell infiltrates in the upper

lamina propria was not significantly different from that in
the lower lamina propria. The number of mononuclear
cell infiltrates in the upper lamina propria in the AIP-
-G-HP(+) group was significantly higher than those in
the AIP-G-HP(—) and NSAID-G groups. However, the
number of mononuclear cell infiltrates in the upper
lamina propria in the AIP-G-HP(—) groups was signifi-
cantly lower than that in the CAG group. The number of
mononuclear cell infiltrates in the lower lamina propria in
the AIP-G-ST(—) groups was significantly higher than
those in the CAG and NSAID-G groups. -

In the AIP-G-ST(—) groups, in the pyloric mucosa,
the number of mononuclear celi infiltrates in the upper
lamina propria was not significantly different from that in
the lower lamina propria. The number of mononuclear
cell infiltrates in the upper lamina propria in the AIP-
G-HP(+) group was significantly higher than those in
the AIP-G-HP(—) and NSAID-G groups. However, the
number of mononuclear cell infiltrates in the upper
lamina propria in the AIP-G-HP(-) group was signifi-
cantly lower than that in the CAG group. The number of
mononuclear cell infiltrates in the lower lamina propria in
the AIP-G-HP(—) groups was higher than that in the
NSAID-G group. Further, the number of mononuclear
cell infiltrations in the lower lamina propria in the AIP-
G-HP(+) group was significantly higher than that in the
NSAID-G group. . ’

In the AIP-G-ST(-) groups the number of mono-
nuclear cell infiltrates in the upper and lower lamina

B

FIGURE 1. A, Enhanced abdominal CT scan shows thickening of the stomach wall (arrow). B, Gallium-67 citrate scintigraphy
revealed accumulatlon of radioactive material on-the stomach wall (arrow) which was consistent with the findings of the CT

analysis. CT indicates computed tomography.

© 2010 Lippincott Williams & Wilkins
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TABLE 4. Comparison of Histologic Features Between the Fundic and Pyloric Mucosa in AIP-G-HP(-) Patients

Fundic Mucosa (n = 4)

14.50 (12.00-17.85)
26.55 (11.20-39.30)
0.1 (0.05-0.27)
0.76 (0.43-0.82)

" Mono (upper)
Mono (lower)
1gG4/1gG (upper)
1gG4/1gG (lower)

Eosino 2 (2-2)
Neutro 0 (0-0)
M 0 (0-1.0)
Atrophy 0.5 (0-1.5)

Pyloric Mucosa (n = 3) 4
" 20.10 (16.20-21.60) . 01573
22.50 (20.80-34.50) 0.7237
0.17 (0.10-0.25) 0.4795
0.37 (0.33-0.66) 0.4795
2 (2-2.75) 0.4795
0 (0-0) >0.9999
1(0.25-1) 0.5959
1(1-1) 0.5959

Data are expressed as the median (25th to 75th percentile).

AIP-G indicates autoimmune pancreatitis-associated gastritis; AIP-G-HP(—), AIP-G without steroid therapy and Hehmbacrer pylori infection;
Eosino, eosinophil infiltration; 1gG, immunoglobulin G; 1gG4/1gG, 1gG4-positive plasma cells/IgG-positive plasma cells ratio; IM, intestinal metaplasia;
Lower, in the lower lamina propria; Mono, number of mononuclear cells; Neutro, neutrophil infiltration; Upper, in the upper lamina propria.

propria were not significantly different between the fundic
and the pyloric mucosa. In the specimens obtained from
6 biopsy points in 3 patients of the AIP-G-ST(-) group,
the distribution of the number of mononuclear cell
infiltrates in every case was approximately uniform in
the fundic and the pyloric mucosa. .
v In the AIP-G-ST(+) group, the number of mono-
nuclear cell infiltrates in the fundic mucosa were 12.7 and
10.4 in the upper lamina proprla and 7.0 and 9.1 in the
lower lamina proprla and that in the pylorlc mucosa were
25.2 and 10.5 in the upper lamina propria, and 16.2 and
3.2 in the lower lamina propria. In the fundic and the
pyloric mucosa, the number of mononuclear cell infil-
trates in the upper lamina propria was higher than that in
the lower lamina propria. In the specimens obtained from
6 biopsy points of 1 patient of the AIP-G-ST(+) group,
the distribution of the number of mononuclear cell
infiltrates was approximately uniform in the fundic and
the pyloric mucosa.
All . the AIP-G patients showed mild-to-severe
eosinophil infiltration in the fundic mucosa (Fig. 2B).
Among the 12 patients with AIP-G, 10 showed mild-

to-moderate atrophy and 8 showed mild-to-moderate

neutrophilic inflammation; however, none of the patients

TABLE 5. Comparison of Histc')logic Features Between the
Fundic and Pyloric Mucosa in AIP-G-HP(+) Patients

Fundic Mucosa Pyloric Mucosa
(n=6) (n=23) P

38.75 (29.70-43.70) 46.30 (43.825-73.150) 0.1213

Mono (upper)

Mono (lower) 33.10 (28.50-37.50) 22.80.(21.30-38.95) - 0.6056
1gG4/1gG (upper) 0.1 (0.03-0.19)  0.06 (0.04-0.12) 0.7237
1gG4/1gG (lower)  0.34 (0.17-0.51) 0.22 (0.18-0.23) - 0.8597
Eosino 2 (2-3) 2 (2-2) 0.6985
Neutro 1(1-2) 2(2-2) 0.1213
IM 0 (0-0) 0 (0-0.75) 0.7963
Atrophy 1(1-1) 2 (2:2.75) 0.0389

Data are expressed as the median (25" to 75th percentile).

AIP-G indicates autoimmune pancreatitis-associated gastritis; AIP-G-HP(+),
AIP-G without steroid therapy and with Helicobacter pylori.infection; Eosino,
cosinophil infiltration; IgG, immunoglobulin G; IgG4/IgG, IgG4-positive plasma
cells/IgG-positive plasma cells ratio; IM, intestinal metaplasia; Lower, in the lower
lamina propria; Mono, number of mononuclear cells; Neutro, neutrophil
infiltration; Upper, in the upper lamina propria.

© 2010 Lippincott Williams & Wilkins

. groups,

in the AIP-G-HP(—) group showed neutrophilic inflam-
mation. Moderate intestinal metaplasia was observed
in 1 patient in each of the AIP-G-HP(—), AIP-G-HP(+),
and AIP-G-ST(+) groups. Patient 6 showed severe
fibrosis in the lower lamina propria (Figs. 3A, B).
Eosinophil infiltrates in the AIP-G-ST(—) groups were
significantly higher than those in the CAG and NSAID-G
groups. The number of neutrophil infiltrates in the AIP-
G-HP(-) group was significantly lower than those in the
AIP-G-HP(+) and CAG groups. The number of neutro-
phil infiltrates and the degree of atrophy in the AIP-
G-HP(+) group were significantly higher than those in
the NSAID-G group.

~ All the AIP-G patients showed moderate-to-severe
eosinophil infiltration and mild-to-severe atrophy in the
pyloric mucosa. Among the patients in the AIP-G-ST(—)
3 showed mild metaplasia and moderate
neutrophilic inflammation; however, none of the AIP-
G-HP(—) group patients showed neutrophilic inflamma-
tion. Eosinophil infiltrates in the AIP-G-ST(-—) groups
were significantly higher than those in the CAG and
NSAID-G groups. The number of neutrophil infiltrates
in the AIP-G-HP(—) group- was significantly lower
than those in the AIP-G-HP(+) and CAG groups. The"
number of neutrophil infiltrates in the AIP-G-HP(+)
group was significantly higher than that.in the NSAID-G
group. The degree of atrophy in the AIP-G-HP(—) group
was significantly lower than those in the AIP-G-HP(+)
and CAG groups. The degree of atrophy in the AIP-
G-HP(+) group was significantly higher than that in the
NSAID-G group.

In the AIP-G-ST(—) groups, there was no significant
difference in the number of eosinophil and neutrophil
infiltrates, intestinal metaplasia, and atrophy between the
fundic and pyloric mucosa. In the specimen obtained
from 6 biopsy points in 3 patients of the AIP-G-ST(—)
group, the distribution of inflammation in every case was
approximately uniform in the fundic and pyloric mucosa.

In the AIP-G-ST(+) group, -the number of eosino-
phil and neutrophil infiltrates, intestinal metaplasia, and
atrophy in the fundic mucosa were mild, moderate, none
and moderate, and mild and moderate, respectively. In
that group, the number of eosinophil and neutrophil
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FIGURE 2. Stomach biopsy specimen of a patient with autoimmune pancreatitis-associated gastritis without steroid therapy and
Helicobacter pylori infection. A, Inflammatory cell infiltration showing diffuse distribution in the fundic mucosa (HE staining,
original magnification, 25 x). B, Various degrees of lymphoplasmacytic and scattered eosinophil infiltration are found (HE
staining, original magnification, 100 x). Infiltration of (C) IgG-positive (immunostaining for 1gG, original magnification, 100 x)
and (D) IgG4-positive plasma cells can be noted (immunostaining for IgG4, original magnification, 100 x). HE indicates

hematoxylin-eosin; 1gG, immunoglobulin G.

infiltrates, intestinal metaplasia, and atrophy in the
pyloric mucosa were mild and moderate, moderate, none
and moderate, and mild and moderate, respectively. In
the specimens obtained from 6 biopsy points of 1 patient
of the ATP-G-ST(+) group, the distribution of inflamma-
tion was approximately uniform in the fundic and pyloric
mucosa.

Immunohistochemical Findings

In the fundic mucosa of the AIP-G-HP(—) group,
the IgG4/IgG ratio in the lower lamina propria was
significantly higher than that in the upper lamina propria
(Figs. 2C, D). In the fundic mucosa of the AIP-G-HP(+)
group, the IgG4/IgG ratio in the lower lamina propria
was higher than that in the upper lamina propria (Figs.
3C, D); however, the difference was not statistically
significant. The IgG4/IgG ratios for the upper and lower
lamina propria were not significantly different between
the AIP-G-ST(—) groups. The IgG4/IgG ratios in the

1246 | www.ajsp.com

upper lamina propria in the AIP-G-ST(-) groups were
significantly higher than those in the NSAID-G group.
The IgG4/IgG ratios in the lower lamina propria in the
AIP-G-ST(—) groups were significantly higher than those
in the CAG and NSAID-G groups. ,

In the pyloric mucosa, in the AIP-G-ST(—) groups,
the IgG4/IgG ratio in the lower lamina propria was
significantly higher than that in the upper lamina propria.
There was no significant difference in the [gG4/IgG ratios
in the lower and upper lamina propria between the AIP-
G-ST(-) groups. The IgG4/IgG ratios in the upper and
lower lamina propria in the AIP-G-HP(-) groups were
significantly higher than those in the NSAID-G group.
The IgG4/IgG ratio in the upper lamina propria in the
AIP-G-HP(+) group was significantly higher than that in
the NSAID-G group. In the AIP-G-HP(+) group, the
IgG4/IgG ratio in the lower lamina propria was higher
than that in the NSAID-G group; however, the difference
was not statistically significant. The 1gG4/IgG ratios in

© 2010 Lippincott Williams & Wilkins
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FIGURE 3. Stomach biopsy specimen of a patient with autoimmune pancreatitis-associated gastritis without steroid therapy and
with Helicobacter pylori infection. A, Diffuse inflammatory cell infiltration is noted in the fundic mucosa (HE staining, original
magnification, 25 x). B, Various degrees of lymphoplasmacytic and scattered eosinophil infiltration are found. Fibrosis is
also noted (HE staining, original magnification, 100 x). Infiltration of (C) 1gG-positive (immunostaining for IgG, original
magnification, 100 x) and (D) IgG4-positive plasma cells can be noted (immunostaining for IgG4, original magnification, 100 x).

HE indicates hematoxylin-eosin;. IgG, immunoglobulin G.”

the upper and lower lamina propria in the AIP-G-ST(-)
groups were significantly higher than those in the CAG
group.

In the AIP-G-ST(—) groups, the IgG4/IgG ratio in
the upper and lower lamina propria were not significantly
different between the fundic and the pyloric mucosa.
In the specimens obtained from 6 biopsy points in the
3 patients of the AIP-G-ST(—) group, the distribution of
the IgG4/IgG ratio in every case was approximately
uniform in the fundic and the pyloric mucosa.

In the AIP-G-ST(+) group, the IgG4/IgG ratio in
the fundic mucosa were 0.00 and 0.00 in the upper lamina
propria and 0.21-and 0.00 in the lower lamina propria.
In the AIP-G-ST(+) group, the IgG4/IgG ratio in the
pyloric mucosa were 0.00 and 0.00 in the upper lamina
propria and 0.00 and 0.00 in the lower lamina propria. In
the fundic and the pyloric mucosa, the IgG4/IgG ratios in
patients with AIP-G-ST(+) group were more discreet than
those in the AIP-G-ST(-) group. In the specimens

© 2010 Lippincott Williams & Wilkins

obtained from 6 biopsy points in 1 patient of the AIP-
G-ST(+) group, the distribution of the IgG4/IgG ratio.
was approximately uniform in the fundic and the pyloric
mucosa. ' ‘

DISCUSSION

Characterization of variant forms of gastritis other
than CAG, such as AIP-G, is important. This study
revealed that ATP-G patients had lymphoplasmacytic and
eosinophilic infiltration accompanied by the presence
of many IgG4-positive plasma cells in the stroma and
high serum IgG4 concentrations. The result of this study
suggested that AIP-G had characteristics of IgG4-related
disease and might be one of the IgG4-related sclerosing
diseases.

In this study, although 1 patient with AIP-
G-HP(—) had epigastralgia, he did not have HP infection.
ATP-G-HP(—) patients did not have ulcers, but 2 of them
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had erosion and 1 of them had redness. This finding
contradicted the findings of Chang et al,!- who reported
that ulcer formation was a’ characteristic of AIP-G. This
contradiction might be explained by the fact that most of
the reported cases in that study had HP infection,’! which
may be associated with ulcer formation.

AIP-G has received worldwide recognition since
it was first reported by Shinji et al?! in 2004. Although
‘many of their cases were accompanied with HP infection,
they reported their pathologic findings as characteristic of
AIP-G. They also reported that the inflammatory scores
for AIP-G and CAG were not Sngﬁcantly different;
however, in our study, eosinophil infiltration in the AIP-
G patients was significantly higher than that in the CAG
patients. FEosinophil infiltration is one of the most

characteristic findings of IgG4-related sclerosing disease -

and is important in the diagnosis of AIP-G. No
neutrophilic infiltration may also be ‘a characteristic
finding that distinguishes AIP-G as an IgGé4-related
sclerosing disease, provided HP infection is absent.
Interestingly, the mononuclear cell density in the upper
and lower lamina propria in the AIP-G-ST(—) groups was

almost identical, but that in the upper lamina propria

was higher than the corresponding value in the control
groups. Diffuse mononuclear cell infiltration in the
lamina propria might be another characteristic finding
of AIP-G. The AIP-G-ST(—) groups had no difference in
the degree of inflammation between the pyloric and the
fundic mucosa, although inflammation is known to. be
significantly hlgher in the pyloric mucosa than in the
fundic mucosa in CAG.* i

Interestingly, much IgG4-positive plasma cells were
observed a lot in the lower lamina propria than the upper
propria in the AIP-G-ST(—) groups, irrespective of the
HP status. In 1 patient with AIP-G-HP(+), diffuse fibrosis
was observed in the lower lamina propria. These
pathologic findings resembled those of IgG4-related
sclerosing disease. The presence of gastric wall thickening
and the accumulation of radioactive material on the
stomach wall, which was revealed by Ga-67 citrate
scintigraphy, indicated that there may be a marked
inflammation in the deep gastric wall. This might explain
the absence of significant changes on the gastric surface
mucosa during the endoscopic examinations of AIP-G
patients. Further studies must be conducted to elucidate
the clinicopathologic characteristics of AIP-G.

Many studies suggest that not only the number
of 1gG4-positive plasma cells but also the IgG4/IgG ratio
is important for the diagnosis of extrapancreatic
IgG4-related sclerosing disease.’%3! An IgG4/IgG ratio
of greater than 40% to 50% usually seems to be highly
suggestive of IgG4-related disease. In this study, the
IgG4/1gG ratio in the lower lamina propria of fundic
mucosa was more than 50%. Sepehr et al?® reported that
the cut-off value for the IgG4/IgG ratio in the Vater
papilla of an AIP patient was 0.1. Although the IgG4/IgG
ratio in almost all the AIP-G-HP(+) patients was more
than 0.1, we could not distinguish whether this inflamma-
tion was caused by HP infection or AIP-G. However, the
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IgG4/IgG ratio in the AIP-G-HP(-) patients suggests
that ATP-G could have caused the stomach inflammation,
even in the absence of HP infection. It is also important to
note that patients without HP infection may have gastritis
resembling pancreatic inflammation observed in AIP.

Steroid therapy is effective against IgG4-related
sclerosing disease,?® as the IgG4/1gG ratios in the AIP-G-
ST(+) group were predominantly lower than those in the
AIP-G- ST( ) groups. AIP-G imay also be eﬂ"ectively
treated using steroid therapy. But the symptoms in
the AIP-G-ST(+) group did not alleviate after steroid
therapy; this could be because some clinical findings
associated with HP infection persisted.

In summary, AIP-G is also one of the IgG4-related
sclerosing diseases, and the IgG4/IgG ratio is a useful
marker for further research on IgGd-related sclerosing
diseases.
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