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Abstract

Autoimmune pancreatitis (AIP), characterized by an autoimmune phenomenon of
prominent lymphocytes, 1gG4-bearing plasma cell infiltration and storiform fibrosis,
has been widely reported as a specific type of chronic pancreatitis. Typical image
findings of this disease are reported as diffuse pancreatic swelling and a capsule-like
rim on CT or MRI. However, AIP presents with a variable morphology, such as focal,
segmental and multifocal swellings. Because imaging findings for AIP can look like
those of pancreatic cancer, AIP has often been treated with unnecessary surgical
resection. In addition, AIP is complicated by the involvement of various other organs
besides the pancreas that show lymphoplasmacytic infiltration and fibrosis. These are
frequently misdiagnosed as inherent lesions of corresponding organs. Furthermore,
these extra-pancreatic lesions show systemic distribution and share common features of
IgG4-bearing plasma cell infiltration as well as favorable responses to corticosteroid,
indicating the presence of systemic condition, IlgG4-related diseases. AIP is now
recognized as an IgG4-related disease. Detailed evaluations of imaging findings of CT,
MRI and Gallium-67 (Ga-67) scintigraphy for the involvement of these various organs

are useful for a correct diagnosis of this systemic disease.
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Introduction

Autoimmune pancreatitis (AIP), characterized by an autoimmune process, has
been widely known as a specific type of chronic pancreatitis [1-14]. Its pathology was
recognized as ‘lymphoplasmacytic sclerosing pancreatitis’ (LPSP), because prominent
lymphoplasmacytic infiltration, storiform fibrosis and obstructive phlebitis were
observed. Though clinical, pathologic and imaging findings of AIP were quite different
from those of other pancreatic diseases [2, 15-18], AIP represents approximately 7% of
patients with chronic pancreatitis [10] and 2-6% of patients who undergo pancreatic
surgical resection mistakenly because the imaging findings resembled those of
pancreatic cancer [19-21]. AIP should be differentiated from these diseases, especially
from pancreatic cancer, because of a favorable response to corticosteroid therapy [3, 4,
6].

In addition, a variety of extra-pancreatic lesions, such as lachrymal and salivary
gland lesions [22-24], hilar lymphadenopathy [24, 25], interstitial pneumonia [24, 26,
27], sclerosing cholangitis [2, 8, 24, 28-30], retroperitoneal fibrosis [12, 24, 29, 31-33],
renal lesions [24, 34, 35], and prostatic lesions [24, 36-38] have been reported to be
complicated with AIP. Extra-pancreatic lesions show systemic distribution and share
similar pathological and clinical findings with AIP, such as storiform fibrosis, prominent
lymphoplasmacytic infiltration and abundant 1gG4-bearing plasma cells [12, 22, 25, 33],
and have a favorable response to corticosteroid therapy [3, 4, 13-15, 22, 28-30].
Furthermore, these extra-pancreatic lesions indicated the presence of systemic condition,

IgG4-related diseases [2, 12, 22, 33, 39-42]. AIP is now recognized as an 1gG4-related



disease. For correct diagnosis and appropriate treatment, it is important to discriminate
extra-pancreatic lesions from the inherent lesions of corresponding organs.

In this article, we report useful CT and MR findings to define AIP, and
characteristic CT, MR and Ga-67 scintigraphy findings of systemic condition,

IgG4-related diseases.

Radiologic findings of AIP
Early radiologic findings of AIP

In 1992, Toki et al [43] reported a case of unusual chronic pancreatitis showing
diffuse irregular narrowing of the entire main pancreatic duct (MPD) on endoscopic
retrograde cholecystopancreatography (ERCP) (Fig. 1). In 1995, Yoshida et al [3]
proposed that this specific pancreatic disease was a form of AIP with characteristic ERP
features because it was characterized by a peculiar histopathology with
lymphoplasmacytic infiltration and the presence of serum immunoglobulin abnormality
such as immunoglobulin G (IgG). Accordingly, early radiologic findings of AIP were

analyzed mainly based on ERCP findings.

Typical CT findings of AIP

CT is a useful tool for evaluating morphologic change of the pancreas, and the
hemodynamics of the pancreas are shown by dynamic contrast-enhanced CT.
In 1998, the characteristic CT features of AIP were reported by two authors [17, 18] as

follows: 1) diffuse pancreatic swelling (sausage-like enlargement), 2) capsule-like rim,



3) loss of lobularity (Fig. 2).

Diffuse pancreatic swelling is caused by the involvement of abundant inflammatory cell
infiltration and fibrosis. As the normal pancreas is well enhanced on the early phase of
dynamic contrast-enhanced CT because of rich blood flow, decreased enhancement is
found in the case of AIP, i.e., AIP is shown as low-density compared with normal
pancreatic parenchyma. A capsule-like rim was obvious on contrast-enhanced CT,
which is observed as a low-density area surrounding the pancreas on the early phase of
dynamic contrast-enhanced CT and as a slightly high-density area on the delayed phase.
The capsule-like rim is thought to be composed of dense fibrosis, which agrees with the
previous result of radiologic-pathologic correlation [17]. These typical AIP findings are
specific and useful for discriminating between alcoholic chronic pancreatitis and acute
pancreatitis, and have been widely used. In addition, Hamano et al [11] reported that
elevated serum immunoglobulin G4 (IgG4) level was a specific finding of AIP, and
serum 1gG4 has played a major role in diagnostic criteria [44]. To date, we have
diagnosed 112 AIP patients and observed diffuse pancreatic swelling in 53.6% and a
capsule-like rim in 29.5%. Other studies with large cohorts showed diffuse pancreatic

swelling in 22 — 95% of patients and a capsule-like rim in 12 - 90% [45-47].

MR features of AIP
Highly contrasted pancreatic images can be obtained by magnetic resonance
imaging (MRI). Normal pancreatic parenchyma has either a homogeneous or

cobblestone appearance and appears as a hyperintense area on fat-suppressed



T1-weighted images (Fig. 3). When mass lesions or inflammatory lesions are present in
the pancreas, these lesions are observed as hypointense area compared with surrounding
pancreatic parenchyma. So AIP is observed as a hypointense area (Fig. 4a). On
T2-weighted images and diffusion-weighted images, AIP in the active phase is observed
as a homogeneous hyperintense lesion due to the involvement of inflammatory cells
(Fig. 4b,c). We need to point out that these MR findings of AIP are in many cases
similar to those of pancreatic cancer. On magnetic resonance cholecyst pancreatography
(MRCP), diffuse or focal narrowing of the MPD is seen without obstruction. Focal
narrowing of MPD often has a skipped appearance on MRCP (Fig. 5). In Japan, MRCP
is not recommended for diagnostic procedures because the resolution level is not
considered satisfactory. However, MRCP is less invasive than ERCP and offers superior
visualization of overall MPD features even if MPD is obstructed on ERCP.

A capsule-like rim is observed as a hypointense rim on T1- and T2-weighted
images, which reflects dense fibrosis, and the sensitivity for detecting the capsule-like

rim is higher on MRI than on CT (Fig. 6).

Gallium-67 (Ga-67) scintigraphy and F-18 fluorodeoxyglucose positron emission
tomography (FDG-PET)

Ga-67 scintigraphy has been performed in whole-body surveys for inflammatory
disease and malignant tumor such as malignant lymphoma. The mechanisms of Ga-67
uptake appear to involve high affinity for tumor cells or inflammatory cells that cancer

invasion often induces. In AIP patients, increased uptake of Ga-67 is often seen in the



pancreas (Fig. 7), but it is unclear how often in pancreatic cancer.

F-18 fluorodeoxyglucose (FDG) is a glucose analog that is trapped by cells with
glucose transporter and phosphorylated by hexokinase. It has been used for diagnosis,
staging and the evaluation of therapeutic effect, particularly in cases of malignant
lymphoma, lung cancer and gynecological malignancies, in which saccharometabolism
is increased. Increased uptake of FDG is also seen in pancreatic cancer and used in its
diagnosis. However, increased uptake of FDG is often seen in AIP patients, because
FDG is easily trapped by inflammatory cells in AIP tissue (Fig. 8) [48-50].

In this way, Ga-67 scintigraphy and FDG-PET are useful for detecting AIP lesions

but are not always useful for differentiating between AIP and pancreatic cancer [48].

Atypical findings of AIP

AIP sometimes appeared as a focal or segmental form of pancreatic lesion (Fig. 9).
In our experience of 112 AIP patients, focal or segmental swelling was observed in
23.2%, and other authors have reported 9 — 30% frequencies [45-47]. In addition, AIP
with multifocal lesions has been reported [51-54] and was found in 7.1% of our cases
(Fig. 10). These focal, segmental or multifocal forms of AIP indicate that inflammation,
more specifically the involvement of lymphocyte and IgG4-bearing plasma cells, was
sometimes heterogeneously distributed.

Calcification was rare in AIP though common in alcoholic chronic pancreatitis.
However, it was sometimes seen in cases with repeating relapse, and CT findings

mimicked those of chronic alcoholic pancreatitis (Fig. 11) [55, 56].



Cyst formation and peripancreatic strandings such as acute pancreatitis are rarely found
in AIP patients. Rapid resolution of cysts was observed in AIP cases after corticosteroid

therapy (Fig. 12)[57-59].

Differentiation between focal AIP and pancreatic cancer

Focal AIP has often been misdiagnosed as pancreatic cancer, and 2 — 6% of AIP
patients have received an unnecessary pancreatic surgical resection [19-21]. It is very
important to differentiate between focal AIP and pancreatic cancer by noninvasive
diagnostic imaging before therapy. Previously cited typical findings of AIP and findings
of MPD penetrating through the mass lesion (duct-penetrating sign) on MRCP are
helpful for discrimination [60], but its sensitivity is relatively low. Wakabayashi et al
[61] reported that homogeneity on the delayed phase of dynamic contrast-enhanced CT
was a useful finding for discrimination in a small cohort (Fig. 13), though most cases of
pancreatic cancer were observed as heterogeneous lesions (Fig. 14). Because MRI has
superior tissue contrast to CT, we analyzed the MR signal patterns in focal AIPs and
found that AIP characteristics include speckled hyperintensity on precontrast and
arterial-dominant phase contrast-enhanced fat-suppressed T1-weighted images, as well
as homogeneous iso- or hypointensity on the equilibrium phase [62] (Fig. 15). Residual
hyperintense areas may correspond to residual pancreatic parenchyma because residual
pancreatic lobules were frequently found in AIP pathologically [63]. When a differential
diagnosis is difficult, indirect findings of focal AIP, such as extra-pancreatic lesions,

might be helpful in addition to direct findings [24]. It goes without saying that a biopsy



is needed if definite diagnosis remains elusive.

Extra-pancreatic lesions associated with AIP and 1gG4-related diseases

Many authors have reported extra-pancreatic lesions associated with AIP, such as
lachrymal and salivary [22, 64], lung [26, 27, 65-68], mediastinal [25], bile duct [8, 28,
69], renal [34, 35, 70, 71], retroperitoneal [12] and prostatic [36-38] lesions. Recently,
the concept of ‘IgG4-related diseases’ has been proposed because pathological findings
similar to those of pancreatic lesion, more specifically infiltration of IgG4-bearing
plasma cells, lymphocyte and fibrosis, were found in these extra-pancreatic lesions [2,
12, 22, 33, 39-42]. To detect these lesions, Ga-67 scintigraphy and FDG-PET are useful,
because it is unrealistic to perform whole-body screening by CT or MRI. We described
each lesion in detail, followed by case presentations of 2 AIP patients with various

extra-pancreatic lesions or IgG4-related diseases.

Case presentation 1

A 50-year-old man who complained of epigastralgia and dull back pain was
referred to our hospital. He had been diagnosed with Sjogren’s syndrome 10 years
earlier and had been followed up at another hospital. An abdominal ultrasound revealed
a hypoechoic mass in the pancreas body (Fig. 16a). A curved coronal image that was
reconstructed from the early phase of dynamic contrast-enhanced CT showed a slightly
low-density area in the pancreas body and mild dilatation of the main pancreatic duct

(Fig. 16b). On a CT image from another slice, bronchial thickening of the lung (Fig.
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16¢) and hilar lymphadenopathy (Fig. 16d) were seen. On reconstructed coronal
contrast-enhanced CT, mass lesions of bilateral renal hilum (Fig. 16e), paravertebral
mass lesion (Fig. 16e), parasacral mass lesion (Fig. 16e), and an orbital mass lesion (Fig.
16f) were observed. Ga-67 scintigraphy demonstrated an increased uptake in these
regions. At first, the pancreatic lesion was suspected to be pancreatic cancer. However,
the full spectrum of image findings suggested a diagnosis of focal AIP with
AlP-associated extra-pancreatic lesions, which was further supported by a markedly
elevated serum 1gG4 level (1200 mg/dl). After corticosteroid therapy, the accumulation
of Ga-67 disappeared in each lesion.

This case demonstrated that AIP and multiple AlP-associated extra-pancreatic
lesions may occur simultaneously. This result suggests that, upon discovering a

pancreatic lesion, it is important to thoroughly examine all other organs.

Case presentation 2

A 69-year-old man exhibited obstructive jaundice and was treated with
endoscopic nasobiliary drainage. An early phase of dynamic contrast-enhanced CT
revealed marked thickening of the common bile duct wall but no pancreatic swelling
(Fig. 17a). On coronal contrast-enhanced CT, a para-aortic soft tissue density was found
(Fig. 17b), and Ga-67 scintigraphy demonstrated increased hilar uptake. These were
suspected to be AlP-associated extra-pancreatic lesions. However, there were no
abnormal findings in the pancreas. Because 1gG4-bearing plasma cells were found in a

biopsy specimen from the common bile duct, corticosteroid therapy was administered.
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After therapy, the lesions improved and the corticosteroid dosage was tapered off.
Thirty-four months after therapy, the bile duct lesion relapsed, and a new pancreatic
lesion showing swelling and a capsule-like rim, which was consistent with AIP, was
prominent (Fig. 17c¢).

This case suggested that AIP and AlP-associated extra-pancreatic lesions may
not always occur synchronously. Therefore, successive diagnostic imaging is mandatory

for the correct diagnosis of newly occurring lesions.

Lachrymal and salivary gland lesions

Ga-67 scintigraphy detected lachrymal or salivary gland lesions in 47.5% of AIP
patients [24]. Ga-67 scintigraphy is sensitive because it shows increased uptake in either
the lachrymal or salivary gland in 95% of patients who showed clinical symptoms and
were diagnosed by biopsy (Fig. 18a) [24]. Among lachrymal or salivary gland lesions,
those of the submandibular and lachrymal glands are more common than those of the
parotid gland and sublingual lesions. These lesions appear symmetrically in most
patients. MRI shows a bilateral homogeneous swelling of the glands without a
discernable mass (Fig. 18b, c), but shows normal findings in many patients with
AlP-associated lesions.

Common differential diagnoses of salivary and lachrymal gland swelling are

Sjogren’s syndrome, Mikulicz disease, and Kiittner tumors. Recent reports have shown
that high serum IgG4 concentrations and abundant 1gG4-bearing plasma cell infiltration

were associated with Mikulicz disease and Kiittner tumors, but not Sjogren’s syndrome,
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and the lachrymal or salivary gland lesions associated with AIP are considered to be in a
similar condition to those in Mikulicz disease and Kdttner tumors [40, 72-74]. CT and
MRI frequently show lachrymal and/or submandibular swelling in AlP-associated
lesions, whereas they frequently show parotid gland swelling in Sjogren’s syndrome. Ga
scintigraphy is useful for lesion detection, and neck MRI is useful for differential
diagnosis between AlP-associated lesions and Sjogren’s syndrome because the
salt-and-pepper appearance characteristic of MR findings in Sjogren’s syndrome is not

seen in AlP-associated lesions [75].

Hilar lymphadenopathy

Hilar lymphadenopathy is one of the most common lesions associated with
AIP and is detected by contrast-enhanced CT or Ga-67 scintigraphy (Fig. 19) [24, 25,
76]. High-resolution CT, less than 3 mm slice thickness, will improve the visualization
of bilateral hilar lymphadenopathy. Careful examination is needed for the assessment of
Ga-67 scintigraphy because physiological hilar uptake is seen in normal patients.
Differential diagnosis of hilar lymphadenopathy includes sarcoidosis and primary
biliary cirrhosis. In AlP-associated lesions, hilar lymphadenopathy and systemic Ga-67
accumulation are often found and helpful for making a diagnosis. In addition, elevated
serum IgG4 value, increased IgG4 in the bronchoalveolar lavage and a normal serum

ACE value might be helpful for the exclusion of sarcoidosis [68].

Pulmonary abnormalities
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High-resolution thoracic CT revealed lung lesions in 54% of AIP patients [24].
There are various types of lesions, such as nodular lesions, bronchial thickening,
interlobular thickening, and consolidation (Fig. 20) [24]. Nodular lesions and bronchial
thickening are most prevalent. Inoue et al [66] reported on 1gG4-related lung lesions
with pathological correlations and mentioned that various radiologic findings, such as
ground-glass opacity, thickening of bronchovascular bundle and interlobular septa,
bronchioectasia, and nodular lesion, correspond to IgG4-related sclerosing
inflammation along the intrapulmonary connective tissue. In this report, AIP was
identified in only 3 of 13 patients; thus, there are various IgG4-related lesions without
relation to AlP.

Radiologically, the differential diagnosis of nodular lesions associated with AIP
includes nonspecific inflammatory nodules, lung cancer, Wegener’s granulomatosis and
Castleman’s lymphoma. Differential diagnosis of other types of AIP-related or
IgG4-related lung lesions, which appear in interstitial spaces containing lymphoid
channels, includes chronic bronchitis, chronic bronchiolitis, nonspecific interstitial
pneumonia (NSIP), and lymphocytic interstitial pneumonia (LIP). For discrimination, it
is useful to find pancreatic and other extra-pancreatic lesions as well as to check serum

1gG4 levels.

Bile duct abnormalities
Bile duct abnormalities are the most common abdominal findings associated with

AIP; CT or MRI showed extra-pancreatic bile duct lesions in 78% of AIP patients [24].
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Extensive wall thickening with occlusion of the intrahepatic bile duct was seen in 28%
of these patients, and such thickening with occlusion of the common hepatic or
intra-pancreatic common bile duct was seen in 46% [24]. When the pancreas head is not
swelled, bile duct dilatation is mild regardless of the wall thickening. MRI is a useful
tool for evaluating these lesions (Fig. 21), and some cases show prominent wall
thickening with a laminar structure and focal wall thickening of the common bile duct.
MRCP sometimes shows intrahepatic bile duct narrowing, which mimics primary
sclerosing cholangitis (PSC). When pancreatic head swelling is prominent, severe bile
duct dilatation occurs.

The differential diagnosis of bile duct abnormality associated with AIP includes
PSC and biliary malignancies. Characteristic findings of ERCP were reported as a
band-like stricture, a beaded appearance, a pruned-tree appearance, and
diverticulum-like outpouching [77-79]. However, it is sometimes difficult to
differentiate between AIP- and PSC-related lesions. We need to search for pancreatic
and extra-pancreatic lesions, to elucidate their etiology, and to assess their response to
corticosteroid therapy. Bile duct carcinoma typically shows severe bile duct dilatation
with focal wall thickening or mass lesion, though AlP-associated lesions show mild
duct dilatation with extensive wall thickening. However, it should be kept in mind that
severe bile duct dilatation may occur when pancreas head swelling is prominent in AIP.
And when it is difficult to discriminate AlP-related bile duct lesions from bile duct

carcinoma, we recommend biopsy.

15



Peri-pancreatic and para-aortic lymphadenopathy

Peri-pancreatic or para-aortic lymphadenopathy was seen in 57% of AIP cases
(Fig. 22) [24]. CT or MRI clearly demonstrates these lesions, but it is often difficult to
differentiate AlIP-related lymphadenopathy from others, such as nonspecific
inflammatory lymph node swelling, multicentric Castleman’s disease and malignant

lymphoma.

Renal lesions

Renal lesions were seen in 14-30% of AIP patients, including parenchymal
lesions, hilar lesions and perirenal lesions (Fig. 23) [24, 80]. Parenchymal lesions are
the most common subtype of renal lesions, and correspond to tubulointerstitial nephritis
with lymphoplasmacytic infiltration and fibrosis [34]. Dynamic contrast-enhanced CT
or MRI shows poorly enhanced multiple wedge-shaped or round lesions of bilateral
kidney in the arterial dominant phase and ill-defined lesions in the delayed phase [80].
In addition, CT sometimes shows renal swelling [34, 35], and it is one of the important
finding of renal lesions. It is hard to detect these lesions on T1-weighted images, but
T2-weighted and diffusion-weighted images reveal them as hyperintense lesions.
Pyelonephritis and renal infarctions sometimes mimic radiological findings, and clinical
manifestations are helpful for differential diagnosis. On CT or MRI, pelvic lesions and
perirenal lesions are seen as prominent and diffuse renal pelvic wall thickening in renal
hilus and perirenal mass-like lesions, respectively (Fig 23b, ¢). To find complicating

pancreatic and extra-pancreatic lesions would give suggestions that the renal lesions are
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not ureteral tumor nor malignant lymphoma but 1gG4-related lesions.

Retroperitoneal lesions

Retroperitoneal lesions are observed in 9.1-20% of AIP patients and include four
types: periaortic, periureteric, parabone and increased fat density types (Fig. 24) [24,
81]. The periaortic type is seen as soft tissue masses around the aorta and sometimes
causess periaortitis or aortic aneurysm. The periureteric type consists of soft tissue
masses around both ureters and may cause hydronephrosis. The parabone type appears
as soft tissue masses in contact with vertebrae, parailiac bone or sacral bone, and is
asymptomatic. The increased fat density type appears as increased attenuation around

the superior mesenteric artery or celiac artery mimicking mesenteric panniculitis.

Other lesions

Other rare extra-pancreatic lesions such as hypophysitis (Fig. 25) [82], prostatic
lesions (Fig. 26) [24], pericardial lesions (Fig. 27) [83] and ligamentum teres lesions
(Fig. 28) [24] were reported. 1gG4-related hypophysitis manifests as pituitary gland or
stalk swelling and will improve after corticosteroid therapy. Prostatic lesions correspond
to prostatic hyperplasia and are indicated by an enlarged prostate, abnormal
accumulation on Ga-67 scintigraphy and hyperintensity on diffusion-weighted images.
Pericardial and ligamentum teres lesions represent as pericardial and ligamentum teres
soft tissue masses, respectively. In addition, we experienced asymptomatic infraorbital

nerve swelling associated with AIP (Fig. 16f). Though the mechanisms or etiologies of
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these lesions are unknown, they respond well to corticosteroid therapy.

Extra-pancreatic lesions without pancreatic lesions

As presented in case 2, pancreatic lesions are sometimes absent when extra-pancreatic
lesions are found by diagnostic imaging. In 1978, Nakano et al reported a case with a
vanishing tumor in the abdomen followed by Sjogren’s syndrome, and this case showed
a favorable response to corticosteroid therapy. That report seems to be the first to
document IgG4-related systemic disease with improvement by corticosteroid therapy.
We experienced some patients who suffered from IgG4-related extra-pancreatic lesions,
such as sialadenitis, lung lesion, hilar lymphadenopathy, liver lesions, sclerosing
cholangitis, renal lesions, retroperitoneal lesions and prostatic lesions, without
pancreatic lesions (Fig. 29). In most cases, all of the extra-pancreatic lesions were
detectable by radiologic imaging. These lesions are now included in 1gG4-related
diseases.

In most reports that described patients having 1gG4-related extra-pancreatic
lesions without pancreatic lesions, whole body surveys by diagnostic imaging were not
performed. Therefore, the exact frequency and prevalence are unknown, and it is
unclear when and whether these imaging tests can detect AIP. Ga-67 scintigraphy and
FDG-PET are useful methods for whole body survey and the assessment of therapeutic

effects.

Conclusion
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It is easy to diagnose AIP when typical AIP findings are found in radiologic
imaging. On the other hand, it is important to analyze radiologic findings in detail in
order to differentiate AIP from alcoholic chronic pancreatitis and pancreatic cancer by
using characteristic AIP findings, such as the homogeneity of pancreatic lesions on
delayed-phase dynamic contrast-enhanced CT or MRI, and speckled hyperintensity on
precontrast or arterial dominant-phase dynamic contrast-enhanced fat-suppressed
T1-weighted images. The presence of extra-pancreatic lesions is helpful for diagnosing
AIP, but a detailed evaluation of radiologic images is needed in order to discriminate
AlP-related extra-pancreatic lesions from the inherent lesions of corresponding organs.
Furthermore, we should recognize the wide spectrum of systemic lesions as

IgG4-related diseases.
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Figure legends

Fig. (1). Typical ERCP findings of AIP in a 56-year-old man.

ERCP shows diffuse irregular narrowing of the main pancreatic duct.

Fig. (2). Typical CT findings of AIP in a 61-year-old man.

(a) Precontrast CT image shows diffuse pancreatic swelling. (b) Early phase of dynamic
contrast-enhanced CT image shows loss of pancreatic lobularity and a low-density rim,
called a capsule-like rim (white arrows). (c) Delayed phase of dynamic
contrast-enhanced CT image shows the capsule-like rim is gradually enhanced

(arrowheads).

Fig. (3). Normal pancreatic findings on fat-suppressed T1-weighted images in a
63-year-old woman.
Pancreatic parenchyma is represented as a more hyperintense area than the surrounding

organs.

Fig. (4). Typical MR findings of AIP in a 61-year-old man (same case as in Fig. 2).
(a) Fat-suppressed T1-weighted image shows decreased signal intensity of pancreatic
parenchyma. On fat-suppressed T2-weighted image (b) and diffusion-weighted image
(c), pancreatic parenchyma is seen as a hyperintense area.

Fig. (5). Skipped main pancreatic duct narrowing of AIP in a 78-year-old woman.
MRCP shows multiple skipped narrowings of the main pancreatic duct (arrows).

Fig. (6). Capsule-like rim on CT and MRI in a 63-year-old woman.
(@) On early phase of dynamic contrast-enhanced CT, the capsule-like rim is unclear. On
T1-weighted image (b) and T2-weighted image (c), the capsule-like rim is obvious

(arrows).

Fig. (7). Ga-67 scintigram findings of AIP in a 68-year-old man.
Ga-67 scintigrams and referential CT images show increased uptake in the lesion of the
pancreatic body.
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Fig. (8). FDG-PET findings of AIP in an 82-year-old man.
FDG-PET image shows nodular uptake in the lesion of the pancreas body (arrow).

Fig. (9). Segmental AIP in a 68-year-old man.
Early phase of dynamic contrast-enhanced CT shows segmented poorly enhanced area,

corresponding to segmental AIP, in the pancreas body and tail.

Fig. (10). Multifocal AIP in a 53-year-old woman.
Reconstructed curved coronal image of early phase of dynamic contrast-enhanced CT
shows multiple poorly enhanced areas of the pancreas (white arrows).

Fig. (11). AIP with calcifications in a 69-year-old woman.
Precontrast CT image shows calcifications and dilated main pancreatic duct.

Fig. (12). AIP with cyst formation in a 53-year-old woman.

(a) Early phase of dynamic contrast-enhanced CT shows cyst formation in the
pancreatic head (arrow). (b) After corticosteroid therapy, the cyst formation markedly
shrank.

Fig. (13). CT findings of focal AIP in a 79-year-old man.

(@) Reconstructed coronal image of early phase of dynamic contrast-enhanced CT
shows a round, poorly enhanced area in the pancreas head (white arrow). (b) The lesion
is homogeneously enhanced on delayed-phase contrast-enhanced CT image (white

arrowheads).

Fig. (14). CT findings of pancreatic cancer in a 75-year-old man.

(a) Early phase of dynamic contrast-enhanced CT shows a poorly enhanced mass lesion
in the pancreas body. (b) On delayed phase, the pancreas body lesion is heterogeneously
enhanced, slightly enhanced in the margin (arrows) and poorly enhanced in the center

(arrowhead).

Fig. (15). Dynamic contrast-enhanced MR findings of focal AIP in a 79-year-old man
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(same case as in Fig. 13).

(a) Fat-suppressed T1-weighted image shows speckled hyperintense areas (white
arrows). (b) On the early phase of dynamic MRI, speckled areas are well enhanced
(white arrowheads). (c) On the delayed phase of dynamic MRI, the lesion is seen as a
homogeneous area. (d) Photomicrograph of a low-power field reveals that speckled
hyperintense areas correspond to residual pancreatic lobules (open arrows). B, common

bile duct; D, duodenum.

Fig. (16). Case presentation 1

(@) Abdominal ultrasound shows a hypoechoic mass in the pancreas body (white arrow).
(b) Reconstructed curved coronal image of early phase of dynamic contrast-enhanced
CT shows a poorly enhanced lesion (white open arrow) in the pancreas. (c — d) Another
slice of CT images shows bronchial thickening of the lung (white long arrows in c),
hilar lymph adenopathy (white curved arrows in d). (e, f) Coronal image of
contrast-enhanced CT shows bilateral renal lesions (dotted white arrows in e),
paravertebral mass (white arrowhead in e), parasacral mass (arrow in €), right orbital
mass lesions (white small arrow in f) and infraorbital nerve swelling (white arrowheads

in f).

Fig. (17). Case presentation 2

(a) Early phase of dynamic CT shows the pancreas body and tail without abnormal
lesion. (b) Coronal image of contrast-enhanced CT shows soft tissue density around the
aorta (white arrows). (¢) CT image 34 months after corticosteroid therapy shows a new
pancreatic lesion with a capsule-like rim (small white arrows).

Fig. (18). Lachrymal and salivary gland lesions in a 50-year-old man.

(a) Ga-67 scintigram shows increased uptake in the bilateral lachrymal (arrows) and
mandibular glands (arrowheads). (b) T2-weighted coronal image shows homogeneous
swelling of the bilateral submandibular glands (white open arrows). (c) On a
T2-weighted image of another coronal slice, homogeneous swelling of the bilateral

lachrymal glands is seen (white thin arrows).

Fig. (19). Hilar lymph node adenopathy in a 68-year-old woman.
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(a) Contrast-enhanced CT shows bilateral lymphadenopathy (white thin arrows). (b)
Ga-67 scintigram shows increased uptake in the bilateral lachrymal (arrows) and
submandibular gland (arrowheads) as well as hilum (open arrows).

Fig. (20). Various types of lung lesions.
(a—c) Thin-sliced CT shows a nodular lesion (white arrow in a), interlobular septal
thickening (white small arrows in b) and consolidation (open arrows in c¢). Bronchial

wall thickening is shown in Fig. 6e.

Fig. (21). Bile duct lesion in a 77-year-old man.
(a) Axial T2-weighted image shows prominent wall thickening of the common bile duct
(white arrow). (b) On a coronal-oblique T2-weighted image, intra-hepatic bile duct

dilatation is mild, though extensive wall thickening of the common bile duct is seen.

Fig. (22). Peri-pancreatic lymphadenopahy in a 55-year-old man.

(a) Contrast-enhanced CT of the cranial side to the pancreas shows a paravertebral
soft-tissue mass (open arrow) as well as multiple lymphnode swelling (arrows). (b)
Three months after corticosteroid therapy, the lymphadenopathies are improved.

Fig. (23). Various types of renal lesions.

(a—c) Early phase of dynamic contrast-enhanced CT shows multiple poorly enhanced
lesions in wedged or nodular shapes (parenchymal lesions) (a), soft-tissue density mass
of the renal hilum (hilar lesion) (b) and perirenal soft-tissue density area (perirenal
lesion) (c).

Fig. (24). Various types of retroperitoneal lesions.

(a -c) Contrast-enhanced CT shows para-aortic soft-tissue density (para-aortic type,
white arrows in a), soft-tissue mass around the left ureter (periureteric type, white long
arrows in b) and soft-tissue mass behind the pancreas (increased fat density type, white

open arrows in c). Parabone-type lesions are shown in Fig. 16e and Fig. 22a.

Fig. (25). Pituitary lesion in a 55-year-old man (same case as in Fig. 22 and 23c).
(a) Sagittal image of contrast-enhanced T1-weighted image shows swelling of the
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pituitary gland and stalk (white arrows). (b) Pituitary abnormality is improved one

month after corticosteroid therapy.

Fig. (26). Prostatic lesion in a 72-year-old man.
(a) Axial T2-weighted image shows swelling of the prostate. (b) On diffusion-weighted
image, a diffuse hyperintense area is seen.

Fig. (27). Pericardial lesion in a 68-year-old man.
Contrast-enhanced CT shows diffuse pericardial thickening (white arrows), periaortic
soft-tissue density (white arrowhead) and a paravertebral soft-tissue density (open

arrow).

Fig. (28). Ligamentum teres lesion in a 50-year-old man (same case as in Figs. 16 and
23b).
Contrast-enhanced CT shows poorly enhanced mass lesion of the ligamentum teres

(white arrow).

Fig. (29). Multiple IgG4-related lesions without pancreatic lesions in a 65-year-old man.
(a) Fat-suppressed T1-weighted image shows that the signal of the pancreas is normal.
(b) Coronal T2-weighted image shows bilateral submandibular gland swelling (white
arrows). (c -e) CT image shows a nodular lesion in the lung (white long arrow in ¢), a
paravertebral mass lesion (white open arrow in d) and a left renal lesion (white
arrowhead in e). (f) The prostate is seen as a diffuse hyperintense area on
diffusion-weighted image.
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