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Abstract

Purpose To identify characteristic magnetic resonance

(MR) features of focal autoimmune pancreatitis (f-AIP)

useful for differentiation from pancreatic cancer (PC).

Methods We retrospectively analyzed MR imaging find-

ings of 20 f-AIP lesions and 40 PC lesions smaller than

40 mm in diameter. On fat-suppressed T2-weighted images

and dynamic contrast-enhanced fat-suppressed T1-weigh-

ted images (DCE-T1WI), we classified MR features of

internal signal intensity for each lesion into homogeneous,

speckled, or target type. We assessed the sensitivity,

specificity, and accuracy of these findings in the diagnosis

of f-AIP. We also investigated the incidence of previously

reported findings for differentiation between f-AIP and PC.

Results Speckled enhancement within a hypointense or

isointense lesion on pancreatic phase DCE-T1WI (speckled

type) was observed more frequently in f-AIP than in

PC, with high sensitivity, high specificity, and high accu-

racy. Hypointensity to hyperintensity surrounding a less

enhanced focal area on DCE-T1WIs (target type) and

upper stream main pancreatic duct dilatation were observed

more frequently in PC than in f-AIP.

Conclusion Speckled enhancement inside an f-AIP lesion

on pancreatic phase DCE-T1WI was useful for differenti-

ation from PC.

Keywords Magnetic resonance imaging � Pancreas �
Pancreatitis � Autoimmune pancreatitis � Pancreatic cancer

Introduction

Autoimmune pancreatitis (AIP) is a unique form of chronic

pancreatitis in which autoimmune mechanisms are involved

in the pathogenesis, with abundant lymphoplasmacytic

infiltrations and fibrosis. AIP is clinically characterized by

preponderance in elderly males, minimal abdominal pain,

elevated serum immunoglobulin G4 (IgG4) level, and a

favorable clinical response to corticosteroid therapy [1–12].

However, obstructive jaundice, body weight loss, and ele-

vated serum level of CA19-9, or pancreatic masses gener-

ally indicative of pancreatic cancer (PC), are often observed

in AIP.

Previously reported characteristic imaging findings of

AIP are:

– irregular narrowing of the main pancreatic duct (MPD);

– a capsule-like rim with low density on computed

tomography (CT);

– hypointensity on T2-weighted magnetic resonance

(MR) images;

– diffuse enlargement of the pancreas with diminished

signal intensity on T1-weighted MR images; and

– delayed parenchymal enhancement on dynamic CT or

MR imaging [1–14].

These findings are, however, recognized as characteris-

tic findings in the diffuse type of AIP. Recently, different
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types of AIP, observed as a focal or segmental form of the

lesion, have been reported [10–12]. It is often difficult to

differentiate the focal form of AIP (f-AIP) from PC on

diagnostic imaging and many patients with f-AIP have

undergone unnecessary pancreatic resections on the basis

of incorrect diagnosis of PC [3, 15–19]. Some authors have

reported that endoscopic ultrasound (EUS)-guided fine-

needle aspiration biopsy (EUS-FNAB) is an useful method

for diagnosis of a focal pancreatic lesion, for example

f-AIP, which is difficult to differentiate from PC [20, 21].

However, this method is invasive and inadequate speci-

mens may lead to a misdiagnosis. MR imaging is non-

invasive and has excellent tissue contrast among various

diagnostic modalities. More specific diagnostic imaging

is therefore required for differentiation between f-AIP

and PC.

In this study, our objective was to identify MR features

useful for differentiation of f-AIP from PC to avoid

unnecessary pancreatectomies and EUS-FNAB for f-AIP.

Materials and methods

Subjects

This study was planned to evaluate MR findings obtained

for patients with f-AIP and PC. Between August 2002 and

April 2009, we retrospectively reviewed a consecutive

database of abdominal MR imaging in our hospital and

affiliated hospitals. Sixty-two patients had been clinically

diagnosed with AIP on the basis of the revised Japanese

clinical diagnostic criteria for AIP [22]. Sixty-eight patients

underwent surgical resection and were histopathologically

proven to have pancreatic adenocarcinoma.

Of these 130 pancreatic patients, we identified 59

patients with 60 lesions who had a focal mass smaller than

40 mm in diameter on MR images. This case selection was

based on a previous report that surgical resection was not

feasible, because of poor prognosis, when tumor diameter

was greater than 40 mm [23]. The sample consisted of

19 f-AIP patients (13 men and 6 women; age range

47–79 years; mean age 64 years) and 40 PC patients (28

men and 12 women; age range 35–81 years; mean age

65 years). One AIP patient had two focal lesions and the

other patients had one each. All 60 lesions of f-AIP and PC

were measured by use of a commercial software package,

EV Insite (PSP, Tokyo, Japan). The distribution of tumor

size, based on the classification of pancreatic carcinoma by

Japan Pancreatic Society [24], was: TS1 (20 mm or less in

the greatest dimension), one f-AIP and 15 PC; and TS2

(20–40 mm), 19 f-AIP and 25 PC. The mean diameter

of f-AIP lesions was 30.4 (19–40) mm whereas that of

PC was 22.5 (10–37) mm. The mean diameter of PC was

significantly smaller than that of f-AIP (P = 0.0001). The

locations of the f-AIPs were: 16 in the head, one in the

body, and three in the tail. The locations of the PCs were:

26 in the head, 13 in the body, and one in the tail.

In serological tests, 17 of 18 f-AIP patients and none of

seven PC patients had increased levels of IgG4 ([105 mg/

dl). Six of 17 f-AIP patients and one of six PC patients had

positive rheumatoid factor (RF [ 20 IU/ml). Positive anti-

nuclear antibodies (ANA [ 980) were observed in four of

16 f-AIP patients. Serum CEA (\2.5 ng/ml) was[5 ng/ml

in three of 17 f-AIP patients and ten of 39 PC patients. The

serum CA19-9 level (\37 U/ml) was elevated to[100 U/ml

in two of 16 f-AIP patients and 18 of 39 PC patients.

MR imaging technique

MR examinations were performed with a 1.5-T system

(Magnetom Symphony and Avanto; Siemens Medical

Systems, Erlangen, Germany) for 13 f-AIP and 23 PC

patients, and with a 3-T system (Magnetom Trio; Siemens

Medical Systems) for 6 f-AIP and 17 PC patients. MR

cholangiopancreatography (MRCP) was performed for 15

f-AIP and 35 PC patients.

MR images were obtained by use of a body-array coil.

Software used for the study was included with the scanners

as standard equipment. The sequences performed in the

transverse plane were: fat-suppressed turbo spin echo

sequence with respiratory-triggering for T2-weighted ima-

ges (T2WI) and fat-suppressed 2D-gradient echo (GRE)

fast low-angle shot (FLASH) sequence with breath-holding

or fat-suppressed 3D-GRE volume interpolated breath-

hold examination (VIBE) for T1-weighted images (T1WI).

2D-GRE FLASH T1WIs (2D-T1WIs) were performed for

11 f-AIP and 18 PC patients, and 3D-GRE VIBE T1WIs

(3D-T1WIs) for eight f-AIP and 22 PC patients.

The settings for T2WI were: repetition time (TR)/echo

time (TE) = 2030–8411.09 ms/69–91 ms; average number

of signals = 2; matrix = 512 9 358–512; slice thickness =

4–8 mm; and field of view = 32–42 cm 9 22.5–36 cm.

The settings for 2D-T1WI were: TR/TE/flip angle (FA) =

132–193 ms/2.05–2.64 ms/70�–90�; average number of

signals = 1; matrix = 434–512 9 332–460; slice thick-

ness = 5.0–8.0 mm; and field of view = 34–43 cm 9

26.3–37.7 cm. The settings for 3D-T1WI were: TR/TE/

FA = 3.39–4.85 ms/1.23–2.18 ms/13�–18�; average num-

ber of signals = 1; matrix = 512–640 9 320–448; slice

thickness = 2.0–2.5 mm; and field of view = 38–44 cm 9

25.9–35.0 cm. MRCP images were acquired with the rapid

acquisition and relaxation enhancement (RARE) method

(TR/TE = 850–6625.91 ms/451–980 ms, matrix = 512 9

512). Pre-contrast and dynamic contrast-enhanced T1WIs

(DCE-T1WI) were available for all patients, but fat-sup-

pressed T2WIs were not available for one AIP patient.
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DCE-T1WIs were obtained sequentially after intrave-

nous bolus administration of meglumine gadopentetate

(Magnevist, Bayer Schering Pharma, Berlin, Germany) or

gadodiamide hydrate (Omniscan, Daiichi-Sankyo Pharma,

Tokyo, Japan) at 0.2 ml/kg body weight and a rate of 3 ml/s

by use of a power injector, followed by flushing with 40 ml

physiological saline solution at the same rate. After the

start of the bolus injection, a pancreatic phase image

was acquired at 40 s, and an equilibrium phase image at

100 s.

Imaging analysis

First, we characterized the internal signal intensity of the

pancreatic lesions relative to the surrounding pancreatic

parenchyma, and classified the MR findings into three

types—homogeneous type, speckled type, and target type

(Fig. 1). Homogeneous type lesions were homogeneously

hypointense to hyperintense areas on T2WI or precontrast

T1WI, or homogeneous enhanced areas on DCE-T1WI

(Fig. 1a, b). Speckled type lesions were hypointense or

isointense areas including speckled or dotted hyperintense

areas on T2WI or precontrast T1WI, or hypointense or

isointense areas including speckled or dotted enhanced

areas on DCE-T1WI (Fig. 1c). Target type lesions were

hyperintense surrounding a more hyperintense focal area

on T2WI (Fig. 1d), or hypointense to hyperintense sur-

rounding a more hypointense area either on precontrast

T1WI or hypointense to hyperintense surrounding a more

less enhanced area on DCE-T1WI (Fig. 1e). Target type

was distinguished from capsule-like rim [13] that possibly

corresponded to an inflammatory process involving peri-

pancreatic tissues. The differences in the incidence of these

three types between f-AIP and PC were assessed, and

sensitivity, specificity, and accuracy were calculated for the

usefulness of each type of MR feature in the diagnosis of

f-AIP.

Second, we assessed previously reported findings for

differentiation between f-AIP and PC, for example mar-

ginal unambiguity of the lesion, the incidence of vascular

involvement, capsule-like rim [13], duct penetrating sign

[25], and dilatation of the upper stream MPD [26, 27]. The

incidence of the duct penetrating sign and MPD dilatation

was evaluated only on MRCP. The other findings were

assessed by reviewing all images of all sequences. Vascular

involvement was defined as positive when the lesion was in

contact with a celiac artery, common hepatic artery,

superior mesenteric artery, and/or splenic artery, and when

the portal vein, superior mesenteric vein, or splenic vein

narrowed in the pancreatic lesions on any MR image.

Although there are no strict criteria for diagnosis of MPD

dilatation, if the MPD measures greater than 3 mm in the

head and 2 mm in the body or tail of the pancreas, it is

usually regarded as enlarged at Emory University Hospital

[28]. The differentiation of the above findings between

f-AIP and PC was evaluated qualitatively.

All of the images for each patient were shown in random

order with the observers unaware of the diagnosis; they

were evaluated by consensus of three radiologists with 5,

18, and 33 years of abdominal imaging experience. When

the readers evaluated one sequence, they were allowed to

refer to images of other sequences and CT images because

Fig. 1 Schematic illustrations of each type of focal pancreatic lesion.

a The homogeneous type MR feature. The lesion is homogeneously

hyperintense compared with normal pancreatic parenchyma. b The

homogeneous type MR feature. The lesion is homogeneously

hypointense. c The speckled type MR feature. The lesion is

hypointense and includes speckled or dotted hyperintense areas or

enhancement. d The target type MR feature. The lesion has a

hyperintense region surrounding a more hyperintense focal area and

looks like a target. e The target type MR feature. The lesion has a

hypointense region surrounding a more hypointense or less enhanced

focal area
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the purpose of this study was analysis of imaging features,

not lesion detectability.

Statistical analysis

Fisher’s exact test was used to assess any differences.

A value of P \ 0.05 was considered significant. All sta-

tistical analysis was performed with a statistical software

package (Prism, version 4; GraphPad Software, CA, USA).

Results

The distributions of pancreatic lesions with regard to types

of MR feature are shown in Table 1. In the comparison of

f-AIP with PC, the homogeneous type lesions on equilib-

rium phase DCE-T1WI, and the speckled type lesions on

T2WI, precontrast T1WI, pancreatic phase DCE-T1WI,

and equilibrium phase DCE-T1WI were observed signifi-

cantly more frequently in f-AIP than in PC (P \ 0.05). In

contrast, the homogeneous type on T2WI and precontrast

T1WI, and the target type lesions DCE-T1WI were

observed significantly more frequently in PC than in f-AIP

(P \ 0.05). The target type MR feature was not observed

on any sequence for patients with f-AIP.

The sensitivity, specificity, and accuracy of each type of

MR feature for diagnosing f-AIP and PC are shown in

Table 2. Regarding diagnosis of f-AIP, the MR features

with high sensitivity were the speckled type on pancreatic

phase DCE-T1WI (85.0%) and equilibrium phase DCE-

T1WI (75.0%). The MR features with high specificity were

the speckled type on T2WI (97.5%), on precontrast T1WI

(97.5%), on pancreatic phase DCE-T1WI (95.0%), and on

equilibrium phase DCE-T1WI (95.0%), and the target type

on T2WI (82.5%) and on precontrast T1WI (82.5%). The

MR features with high accuracy were the speckled type on

T2WI (83.1%), on precontrast T1WI (83.3%), and on

pancreatic phase DCE-T1WI (91.7%). Regarding diagnosis

of PC, the MR features with high sensitivity were the

homogeneous type on T2WI (80.0%) and on precontrast

T1WI (80.0%). The MR features with high specificity were

the homogeneous type on pancreatic phase DCE-T1WI

(85.0%), the speckled type on equilibrium phase DCE-

T1WI (75.0%), and the target type on all sequences

(100%). The MR feature with high accuracy was the target

type on pancreatic phase DCE-T1WI (75.0%).

In the comparison between 2D-T1WI and 3D-T1WI,

homogeneous type lesions on pancreatic phase 3D DCE-

T1WI were observed significantly more frequently than on

2D-T1WI for PC patients (P = 0.0455). There was no

Table 1 Distributions of pancreatic lesions with regard to types of MR feature

Types of MR feature No. of lesions (%)

Autoimmune pancreatitis (n = 20) Pancreatic cancer (n = 40)

T2WIa

Homogeneous typeb 9 (47.3) 32� (80.0)

Speckled typec 10� (52.6) 1 (2.5)

Target typed 0 (0) 7 (17.5)

Precontrast T1WI

Homogeneous type 9 (45.0) 32� (80.0)

Speckled type 11� (55.0) 1 (2.5)

Target type 0 (0) 7 (17.5)

Pancreatic phase contrast-enhanced T1WI

Homogeneous type 3 (15.0) 13 (32.5)

Speckled type 17� (85.0) 2 (5.0)

Target type 0 (0) 25� (62.5)

Equilibrium phase contrast-enhanced T1WI

Homogeneous type 15� (75.0) 14 (35.0)

Speckled type 5� (25.0) 2 (5.0)

Target type 0 (0) 24� (60.0)

� P \ 0.05, � P \ 0.001; the number of lesions is significantly larger than for the other disease
a T2WI was not available for one autoimmune pancreatitis patient
b Homogeneous type: a homogeneous hypointense to hyperintense lesion on any sequence
c Speckled type: a hypointense or isointense lesion including speckled or dotted hyperintense areas
d Target type: a hyperintense lesion surrounding a more hyperintense focal area on fat-suppressed T2WI or a hypointense to hyperintense lesion

surrounding a more hypointense area on precontrast or on contrast-enhanced T1WI
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other finding for which the incidence was significantly

different between 2D-T1WI and 3D-T1WI (Table 3).

The sensitivity, specificity, and accuracy of each type of

MR feature for diagnosis of f-AIP and PC compared with

2D-T1WI and 3D-T1WI are shown in Table 4. In diagnosis

of f-AIP, both on 2D and 3D sequences, the speckled type

MR features on pancreatic phase DCE-T1WI were highly

sensitive (2D 81.8%, 3D 88.9%), the speckled type

MR features on precontrast T1WI, on pancreatic phase

DCE-T1WI, and on equilibrium phase DCE-T1WI were

highly specific (2D 94.7%, 3D 100%; 2D 89.5%, 3D 100%;

2D 89.5, 3D 100%), and the speckled type MR features on

pancreatic phase DCE-T1WI were highly accurate (2D

86.7%, 3D 96.7%). In diagnosis of PC, both on 2D and 3D

sequences, the homogeneous type MR features on pan-

creatic phase DCE-T1WI were highly specific (2D 81.8%,

3D 88.9%) and the target type MR features on precontrast

T1WI, on pancreatic phase DCE-T1WI, and on equilibrium

phase DCE-T1WI were highly specific (2D 100%, 3D

100%; 2D 100%, 3D 100%; 2D 100%, 3D 100%).

Regarding the homogeneous type, nine f-AIP lesions

appeared as this type on T2WI, four of which were the

same type on precontrast T1WI. Nine f-AIP lesions

appeared as the homogeneous type on precontrast T1WI;

two of these were the same type on pancreatic phase DCE-

T1WI and seven were the same type on equilibrium phase

DCE-T1WI (Fig. 2). Thirty-two PC lesions appeared as the

homogeneous type on T2WI; 28 of these were the same

type on precontrast T1WI. Thirty-two PC lesions appeared

as the homogeneous type on precontrast T1WI; 13 of these

were the same type on pancreatic phase DCE-T1WI and 11

were the same type on equilibrium phase DCE-T1WI.

Regarding the speckled type, ten f-AIP lesions appeared

as this type on T2WI, and six of these were the same type

on precontrast T1WI. Eleven f-AIP lesions appeared as the

speckled type on precontrast T1WI; 10 of these were the

same type on pancreatic phase DCE-T1WI and four were

the same type on equilibrium phase DCE-T1WI (Fig. 3).

In addition, we found three f-AIP lesions with speckled

hyperintense areas on precontrast T1WI corresponding to

those on pancreatic phase DCE-T1WI (Fig. 4). One PC

lesion that appeared as the speckled type on T2WI was

not the same type on precontrast T1WI. One PC lesion

appeared as the speckled type on precontrast T1WI,

although it had appeared as the target type, not the same

speckled type, on DCE-T1WI (Fig. 5).

Table 2 Sensitivity, specificity, and accuracy of each type of MR feature in the diagnosis of autoimmune pancreatitis and pancreatic cancer

Types of MR feature Autoimmune pancreatitis Pancreatic cancer

Sens. (%) Spec. (%) Accu. (%) Sens. (%) Spec. (%) Accu. (%)

T2WIa

Homogeneous typeb 47.4 20.0 28.8 80.0 52.6 71.2

Speckled typec 52.6 97.5 83.1 2.5 47.4 16.9

Target typed 0.0 82.5 55.9 17.5 100.0 44.1

Precontrast T1WI

Homogeneous type 45.0 20.0 28.3 80.0 55.0 71.7

Speckled type 55.0 97.5 83.3 2.5 45.0 16.7

Target type 0.0 82.5 55.0 17.5 100.0 45.0

Pancreatic phase contrast-enhanced T1WI

Homogeneous type 15.0 67.5 50.0 32.5 85.0 50.0

Speckled type 85.0 95.0 91.7 5.0 15.0 8.3

Target type 0.0 37.5 25.0 62.5 100.0 75.0

Equilibrium phase contrast-enhanced T1WI

Homogeneous type 75.0 65.0 68.3 35.0 25.0 31.7

Speckled type 25.0 95.0 71.7 5.0 75.0 28.3

Target type 0.0 40.0 26.7 60.0 100.0 73.3

Sens. sensitivity, Spec. specificity, Accu. accuracy
a T2WI was not available for one autoimmune pancreatitis patient
b Homogeneous type: a homogeneous hypointense to hyperintense lesion on all sequences
c Speckled type: a hypointense or isointense lesion including speckled or dotted hyperintense areas
d Target type: a hyperintense lesion surrounding a more hyperintense focal area on fat-suppressed T2WI or a hypointense to hyperintense lesion

surrounding a more hypointense area on precontrast or on contrast-enhanced T1WI
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Table 3 Distributions of pancreatic lesions with regard to types of MR feature: comparison of 2D-T1WI and 3D-T1WI

Types of MR feature No. of lesions (%)

Autoimmune pancreatitis Pancreatic cancer

2D (n = 11) 3D (n = 9) 2D (n = 19) 3D (n = 21)

Precontrast T1WI

Homogeneous typea 5 (45.5) 4 (44.4) 13 (68.4) 19* (90.5)

Speckled typeb 6** (54.5) 5** (55.6) 1 (5.3) 0 (0)

Target typec 0 (0) 0 (0) 5** (26.3) 2 (9.5)

Pancreatic phase contrast-enhanced T1WI

Homogeneous type 2 (18.2) 1 (11.1) 3 (15.8) 10� (47.6)

Speckled type 9** (81.8) 8** (88.9) 2 (10.5) 0 (0)

Target type 0 (0) 0 (0) 14** (73.7) 11* (52.4)

Equilibrium phase contrast-enhanced T1WI

Homogeneous type 9** (81.8) 6 (66.7) 4 (21.1) 10 (47.6)

Speckled type 2 (18.2) 3* (33.3) 2 (10.5) 0 (0)

Target type 0 (0) 0 (0) 13** (68.4) 11* (52.4)

2D two-dimensional fast low angle shot T1WI, 3D three-dimensional volume interpolated breath-hold examination T1WI

* P \ 0.05, ** P \ 0.001; the number of lesions is significantly larger than for the other disease
� The number of lesions on the 3D sequence is significantly larger than that on the 2D sequence (P = 0.0455)
a Homogeneous type: a homogeneous hypointense to hyperintense lesion on all sequences
b Speckled type: a hypointense or isointense lesion including speckled or dotted hyperintense areas
c Target type: a hyperintense lesion surrounding a more hyperintense focal area on fat-suppressed T2WI or a hypointense to hyperintense lesion

surrounding a more hypointense area on precontrast or on contrast-enhanced T1WI

Table 4 Sensitivity, specificity, and accuracy of each type of MR feature in the diagnosis of autoimmune pancreatitis and pancreatic cancer:

comparison of 2D-T1WI and 3D-T1WI

Types of MR feature Autoimmune pancreatitis Pancreatic cancer

Sens. (%) Spec. (%) Accu. (%) Sens. (%) Spec. (%) Accu. (%)

2D 3D 2D 3D 2D 3D 2D 3D 2D 3D 2D 3D

Precontrast T1WI

Homogeneous typea 45.5 44.4 31.6 9.5 36.7 20.0 68.4 90.5 54.5 55.6 63.3 80.0

Speckled typeb 54.5 55.6 94.7 100 80.0 86. 7 5.3 0.0 45.5 44.4 20.0 13.3

Target typec 0.0 0.0 73.7 90.5 46.7 63.3 26.3 9.5 100 100 53.3 36.7

Pancreatic phase contrast-enhanced T1WI

Homogeneous type 18.2 11.1 84.2 52.4 60.0 40.0 15.8 47.6 81.8 88.9 40.0 60.0

Speckled type 81.8 88.9 89.5 100 86.7 96.7 10.5 0.0 18.2 11.1 20.0 3.3

Target type 0.0 0.0 26.3 47.6 16.7 33.3 73.7 52.4 100 100 83.3 66.7

Equilibrium phase contrast-enhanced T1WI

Homogeneous type 81.8 66.7 78.9 52.4 80.0 56.7 21.1 47.6 18.2 33.3 20.0 43.3

Speckled type 18.2 33.3 89.5 100 63.3 80.0 10.5 0.0 81.8 66.7 36.7 20.0

Target type 0.0 0.0 31.6 47.6 20.0 33.3 68.4 52.4 100 100 80.0 66.7

Sens. sensitivity, Spec. specificity, Accu. accuracy, 2D two-dimensional fast low angle shot T1WI, 3D three-dimensional volume interpolated

breath-hold examination T1WI
a Homogeneous type: a homogeneous hypointense to hyperintense lesion on any sequence
b Speckled type: a hypointense or isointense lesion including speckled or dotted hyperintense areas
c Target type: a hyperintense lesion surrounding a more hyperintense focal area on fat-suppressed T2WI or a hypointense to hyperintense lesion

surrounding a more hypointense area on precontrast or on contrast-enhanced T1WI
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Seven PC lesions appeared as the target type on T2WI;

three of these had the same appearance on precontrast

T1WI, five had the same appearance on pancreatic phase

DCE-T1WI, and six had the same appearance on equilib-

rium phase DCE-T1WI. Seven PC lesions appeared as the

target type on precontrast T1WI; all of these had the same

appearance on pancreatic phase DCE-T1WI and five had

the same appearance on equilibrium phase DCE-T1WI

(Fig. 6).

The distributions of MR findings previously reported,

for example marginal unambiguity of the lesion, incidence

of vascular invasion, capsule-like rim, duct penetrating

sign, and dilatation of the upper stream MPD, are shown in

Table 5. A significant difference between f-AIP and PC

was noted for the finding MPD dilatation only (P \ 0.001).

There was no statistically significant difference in the

incidence of the other findings between f-AIP and PC.

Most of the f- AIP and PC lesions had an unclear margin. A

capsule-like rim was recognized only in two f-AIP patients

and duct-penetrating sign only in two f-AIP patients and

three PC patients.

Discussion

It is very important to distinguish f-AIP from PC, because

the treatments are different. Steroid therapy is effective for

AIP, morphologic changes are reversible, and pancreatic

function can return to normal. In contrast, operation is the

standard treatment for PC. In a retrospective study of

Whipple resections performed for presumed malignancy of

a mass in the head of the pancreas, approximately 10% (47

of 442) were non-neoplastic benign lesions on pathological

evaluation, and nearly a quarter (11 of 47) of these proved

to be AIP [19]. One of the reasons unnecessary surgery was

performed is the paucity of findings helpful in differenti-

ation between f-AIP and PC, despite the fact that this

unique type has also been found in 24–45% of such cases

[4, 10, 16, 17, 26].

It is often difficult to distinguish f-AIP from PC, because

their clinical and radiologic features often resemble each

other. Elevated serum IgG4 levels are characteristic of AIP

[7] and the 2006 Japanese clinical diagnostic criteria for

AIP [22] include elevation of the serum IgG4 level as a

Fig. 2 A 69-year-old man had

focal autoimmune pancreatitis

in the head of the pancreas.

a On the axial precontrast fat-

suppressed T1-weighted MR

image, a mass in the head of the

pancreas is revealed as a

homogeneously hypointense

area (white arrows). This lesion

is categorized as the

homogeneous type. b On the

axial pancreatic phase dynamic

contrast-enhanced fat-

suppressed T1-weighted MR

image, a mass in the head of the

pancreas is revealed as a

homogeneously hypointense

area (white arrows). This lesion

is categorized as the

homogeneous type. c On the

axial equilibrium phase

dynamic contrast-enhanced fat-

suppressed T1-weighted MR

image, a mass in the head of the

pancreas is revealed as a

homogeneously hypointense

area (white arrows). This lesion

is categorized as the

homogeneous type
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diagnostic factor. In our study, serum IgG4 levels were

elevated in 17/18 f-AIP patients, whereas they were ele-

vated in no PC patients, and sensitivity and specificity for

diagnosis of f-AIP were high. However, elevation of serum

IgG4 may be also seen in PC [29, 30] and some other

pathological conditions, for example atopic dermatitis [31],

parasitic disease [32], pemphigus vulgaris, and foliaceus

[33]. Thus, IgG4 is not always a specific marker for sero-

logical diagnosis of AIP and cannot be used alone to dis-

tinguish AIP from PC. Hardacre et al. [16] reported no

statistically significant differences in the incidence of

abdominal pain, weight loss, jaundice, or preoperative

carcinoembryonic agent or CA 19-9 levels between f-AIP

and PC. Radiologically, it has been reported that obstruc-

tion of the bile duct, vascular involvement, or delayed

enhancement is frequently seen in both f-AIP and PC [17,

26, 34]. However, Kim et al. [35] maintained that the most

discriminating MR feature of chronic pancreatitis was an

ill-defined demarcation with relatively increased signal and

enhancement, and Kawamoto et al. [27] reported that major

pancreatic vascular involvement is uncommon in AIP as

compared with PC in evaluation with multidetector CT. In

our MR imaging study, unclear margin and vascular

involvement were common in both f-AIP and PC. The

differences in the frequency of these findings between the

two entities were not significant (P [ 0.05). This indicates

that a low-grade inflammatory reaction in the peripancre-

atic region can occur in both. Thus, when an unclear

margin and vascular involvement are observed in focal

pancreatic enlargement, diagnosis of f-AIP should not be

Fig. 3 A 53-year-old woman had focal autoimmune pancreatitis in

the head of the pancreas. a Contrast-enhanced computed tomography

shows a pancreatic mass lesion depicted as an inhomogeneous

hypodense area (white arrows) and a narrowing common bile duct

with wall thickening (black arrow). b On the axial precontrast fat-

suppressed T1-weighted MR image, a mass in the head of the

pancreas is observed as a hypointense area including speckled

or dotty hyperintensity (white arrowheads). This lesion is categorized

as the speckled type. c On the axial pancreatic phase dynamic

contrast-enhanced fat-suppressed T1-weighted MR image, a mass in

the head of the pancreas is observed as a hypointense area including

speckled or dotty hyperintensity (white arrowheads). This lesion is

categorized as the speckled type. d On the axial equilibrium phase

dynamic contrast-enhanced fat-suppressed T1-weighted MR image, a

mass in the head of the pancreas is observed as a hypointense area

including speckled hyperintensity (white arrowheads). This lesion is

categorized as the speckled type
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excluded offhand without, of course, also dismissing

diagnosis of PC.

The MR features previously reported as being charac-

teristic of AIP include a capsule-like rim, duct-penetrating

sign, and diffuse enlargement of the pancreas with reduced

signal intensity on T1WI, increased signal intensity on

T2WI, or enhancement on equilibrium phase DCE-T1WI.

A capsule-like rim has been reported to be characteristic

of AIP and present in 16–80% of such patients [10, 11,

13, 27]. Duct-penetrating sign on MRCP has been reported

to be helpful in distinguishing an inflammatory pancreatic

mass from conventional pancreatic carcinoma [25],

although Kim et al. [35] indicated that this finding had low

specificity (50%) for differentiation of PC from chronic

pancreatitis. In our study, capsule-like rim and duct-pene-

trating sign were seen only in a few patients with f-AIP.

Therefore, these findings may not be useful in differenti-

ating f-AIP from PC because of low sensitivity, although

they may be specific.

In our assessment of the internal signal intensity of the

lesion, MR features were classified into three types:

homogeneous, speckled, and target. These three types of

MR finding occurred with different frequency after use of

different pulse sequences.

Homogeneous delayed enhancement of the lesions of

AIP has been reported in other earlier CT and MR imaging

studies, and this finding reflects fibrosis or diffuse lym-

phocytic infiltration, which are pathological characteristics

of AIP [10, 34]. Homogeneous enhancement may also be

observed for sclerotic type PC, because of similar patho-

logic features. However, PC frequently includes necrosis or

bleeding that is observed as a less or heterogeneous

enhanced area even on delayed images [34]. In our study,

the homogenous type MR feature on equilibrium phase 2D

DCE-T1WI was observed significantly more frequently in

f-AIP than in PC (Table 1), a result which may be in

agreement with previous reports [10, 34]. On the other

hand, there was no significant difference in incidence

between the two diseases on 3D DCE-T1WI in our study.

A difference of sequence may have affected visualization,

although this was not a quantitative study.

In our study, we found that f-AIP could be discriminated

from PC on the basis of the MR feature of speckled type on

pancreatic phase DCE-T1WI. This finding was significantly

Fig. 4 A 67-year-old man had

focal autoimmune pancreatitis

in the head of the pancreas.

a Contrast-enhanced computed

tomography shows a pancreatic

mass lesion (white arrows) and

narrowing of common bile duct

with wall thickening (black
arrow). b On the axial

precontrast fat-suppressed

T1-weighted MR image,

speckled hyperintense areas

(white arrowheads) are

recognized within the pancreas

head mass (the speckled type).

c On the axial pancreatic phase

dynamic contrast-enhanced

fat-suppressed T1-weighted MR

image, speckled enhanced areas

(white arrowheads) are

recognized within the pancreas

head mass (the speckled type).

The speckled enhanced areas

correspond to the speckled

hyperintense areas on the

precontrast fat-suppressed

T1-weighted MR image shown

as b. d On the axial equilibrium

phase dynamic contrast-

enhanced fat-suppressed

T1-weighted MR image, a mass

in the head of the pancreas is

observed as a homogeneous

isointense area (the

homogeneous type)
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more frequent in f-AIP than in PC, and provided high

accuracy both on 2D-T1WI and on 3D-T1WI, i.e. the

reproducibility of this finding was certain to be validated.

Our paper is the first to report speckled or dotted

enhancement within a pancreatic lesion on pancreatic phase

DCE-T1WI as a novel finding useful in discriminating

f-AIP from PC. Interestingly, we found three f-AIP lesions

that had speckled hyperintense areas both on precontrast

T1WI and on pancreatic phase DCE-T1WI, consistent with

each other (Fig. 4). We consider that speckled or dotted

hyperintensity inside a pancreatic lesion on precontrast

T1WI and speckled or dotted enhancement on pancreatic

phase DCE-T1WI may have reflected residual normal

pancreatic lobules within the f-AIP lesions. Mild involve-

ment of inflammatory change may have also been reflected

by speckled enhancement on pancreatic phase DCE-T1WI,

whereas inflammatory change could have been represented

as hypointensity on precontrast T1WI, because the sensi-

tivity of the speckled type for diagnosis of f-AIP was higher

on pancreatic phase DCE-T1WI than on precontrast T1WI.

Fujinaga et al. [36] reported one f-AIP lesion that had

speckled hyperintensity on precontrast and arterial-domi-

nant phase contrast-enhanced T1WI, and that hyperintense

areas inside a pancreatic lesion corresponded, pathologi-

cally, to residual pancreatic lobules. Chandan et al. [37]

documented a high frequency of patchy involvement in

pancreas with AIP, with the individual spared foci being

quite large, up to 8.8 cm2 in some cases. These reports

suggest that spared pancreatic foci can be visualized as

speckled or patchy hyperintensity inside an f-AIP lesion on

Fig. 5 A 75-year-old man had pancreatic cancer in the head of the

pancreas. a Contrast-enhanced computed tomography shows the

pancreatic cancer as a hypodense area (white arrows). An endoscopic

nasobiliary drainage tube (black arrow) has been inserted into the

common bile duct. b On the axial precontrast fat-suppressed

T1-weighted MR image, a mass in the head of the pancreas (white
arrows) is observed as a hypointense area including speckled

hyperintensity. This lesion is categorized as the speckled type. c On

the axial pancreatic phase dynamic contrast-enhanced fat-suppressed

T1-weighted MR image, a mass in the head of the pancreas is

apparent as a slightly hypointense area (white arrow) with a central

poorly enhanced area (white arrowhead). This lesion is categorized as

the target type. d On the axial equilibrium phase dynamic contrast-

enhanced fat-suppressed T1-weighted MR image, a mass in the head

of the pancreas is apparent as a slightly hyperintense area (white
arrow) with a central poorly enhanced area (white arrowhead). This

lesion is categorized as the target type
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precontrast T1WI or pancreatic phase DCE-T1WI, sup-

porting our reasoning. However, in most of the speckled type

f-AIP lesions on precontrast T1WI, the speckled hyperin-

tense areas were not consistent with the speckled enhance-

ment on pancreatic phase DCE-T1WI. We suspect that

mismatch between these two sequences may have been

caused by inappropriate timing of normal pancreatic

parenchymal enhancement on pancreatic phase DCE-T1WI,

although optimum timing for pancreatic phase should have

been established in our procedure.

The speckled type f-AIP on T2WI and on precontrast

T1WI indicated high accuracy in our study (Table 2) and is

also regarded a useful finding, although the sensitivity was

low. We suspect that insufficient contrast between the

pancreatic lesion and residual normal pancreatic lobules on

T2WI and precontrast T1WI may have reduced the

Fig. 6 A 75-year-old man had

pancreatic cancer in the body of

the pancreas. a Contrast-

enhanced computed

tomography shows the

pancreatic cancer as a

hypodense area (white arrows).

Dilatation of the upper stream

main pancreatic duct is also

present. b On the axial fat-

suppressed T2-weighted MR

image, a pancreatic body mass

(white arrows) is observed as a

slightly hyperintense area

surrounding a marked

hyperintense area (white
arrowhead). The open arrow
indicates residual normal

parenchyma. This lesion is

categorized as the target type.

c On the axial precontrast fat-

suppressed T1-weighted MR

image, a pancreatic body mass

(white arrows) is observed as a

homogeneously hypointense

area. The open arrow indicates

residual normal parenchyma.

This lesion is categorized as the

homogeneous type. d On the

axial pancreatic phase dynamic

contrast-enhanced fat-

suppressed T1-weighted MR

image, a pancreatic body mass

is apparent as a hypointense

area (white arrows) with a

central poorly enhanced area

(white arrowhead). The open
arrow indicates residual normal

parenchyma. This lesion is

categorized as the target type.

e On the axial equilibrium phase

dynamic contrast-enhanced fat-

suppressed T1-weighted MR

image, a pancreatic body mass

is apparent as a slightly

hypointense area (white arrows)

with a central poorly enhanced

area (white arrowhead). The

open arrow indicates residual

normal parenchyma. This lesion

is categorized as the target type
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sensitivity. In our study, 6/10 speckled type f-AIP on T2WI

were of the same type on precontrast T1WI and we could

find no lesion with speckled hyperintense areas on T2WI

consistent with that on precontrast T1WI and pancreatic

phase DCE-T1WI. Thus, the speckled hyperintense areas

within f-AIP lesions on T2WI may not have reflected

normal pancreatic lobules, unlike those on precontrast

T1WI and pancreatic phase DCE-T1WI. We suspect that

the speckled hyperintense areas within f-AIP lesions on

T2WI may have reflected inhomogeneous inflammatory

changes; pathologic confirmation will be required to prove

this.

The homogeneous type PC lesions on T2WI and on

precontrast T1WI were observed significantly more fre-

quently in f-AIP in this study (Table 1). However, we

regard these findings of little use in differentiating between

f-AIP and PC because of their low specificity.

Compared with the enhancement of the normal pan-

creas, generally diminished vascularity and poor enhance-

ment in the early phase and gradual enhancement in the

late phase are observed for pancreatic adenocarcinoma.

Mitchel et al. [38] and Gabata et al. [39] reported that focal

pancreatic lesions such as PC had been clearly demon-

strated as hypointense areas on precontrast T1WI or pan-

creatic phase DCE-T1WI. Other previous reports suggested

that these MR features reflected fibrous stroma or marked

desmoplastic reaction with formation of dense fibrous tis-

sue as pathological findings of typical pancreatic ductal

adenocarcinoma [40–43]. Wakabayashi et al. [34] reported

that less tumor enhancement was frequently observed for

PC, and this included a poorly attenuated area, reflecting

necrosis and bleeding, on the delayed images. In our study,

the target type MR features (hypointensity to hyperinten-

sity surrounding a less enhanced focal area) on pancre-

atic phase and equilibrium phase DCE-T1WI were seen

significantly more frequently in PC than in f-AIP (Table 1)

and their specificity for diagnosis of PC was 100%; any

f-AIP lesion did not show this type. This result suggests

that we may be able to exclude f-AIP when a focal pan-

creatic lesion is seen as the target type (hypointensity to

hyperintensity surrounding a less enhanced area) on con-

trast-enhanced MRI. We suspect that an internal less

enhanced area of the target type PC on DCE-T1WI reflects

a marked desmoplastic reaction and that a marginal zone of

a lesion reflects a peritumoral area of inflammatory cell

invasion or fibrous tissue. The effect of contrast enhance-

ment of the marginal zone may have varied depending on

the extent of those pathologic conditions. In our study,

seven PC lesions had the target type MR feature on T2WI

(hyperintensity surrounding a more hyperintense focal

area) and the same type of MR feature (hypointensity to

hyperintensity surrounding a less enhanced focal area) was

observed for four of these on pancreatic phase and equi-

librium phase DCE-T1WI. According to Wakabayashi

et al. [34] and Hattori et al. [44], in such PC cases, an

internal hyperintense area of the target type PC on T2WI,

which was less enhanced on DCE-T1WI, may have

reflected cystic, necrotic, and mucinous components or

bleeding whereas these pathologic conditions are uncom-

mon in AIP.

The homogeneous type of PC on T2WI and precontrast

T1WI were also seen significantly more frequently than

f-AIP in our study. However, these MR features were

regarded as of little use in differentiating between f-AIP

and PC because of their low specificity.

Okamoto et al. [45] reported that tiny spotty or irregular

heterogeneous enhanced lesions within the PC at the per-

fusion image phase had correlated with small vessels at the

vascular image phase on contrast-enhanced ultrasonogra-

phy. In our study, four PC cases had the speckled type MR

feature on pancreatic phase or equilibrium phase DCE-

T1WI and the speckled enhanced areas within these lesions

may have coincided with heterogeneous enhanced areas

depicted in the above-mentioned report [45]. The speckled

type MR feature on all of the sequences indicated high

specificity for diagnosis of f-AIP in our study and it may be

difficult to distinguish this type of PC from f-AIP. How-

ever, the speckled hyperintense areas seen in such PC

lesions did not correspond to those on the other sequences.

The case shown in Fig. 5 showed the speckled type MR

feature on precontrast T1WI and the target type on DCE-

T1WI. If the target type MR finding is observed on any

other sequence, we may exclude f-AIP because the target

type is regarded as specific to PC. Hence, we believe that

we are able to distinguish such PC cases from f-AIP by

careful review of all sequences. Additionally, when upper

stream MPD dilatation, reported to be a sign of high risk of

PC [35, 46–48], is observed, a focal pancreatic mass is

Table 5 Distributions of MR findings previously reported for pan-

creatic lesions

MR findings No. of lesions (%)

Autoimmune

pancreatitis

(n = 20)

Pancreatic

cancer

(n = 40)

Unclear margin 19 (95.0) 37 (92.5)

Vascular involvement 12 (60.0) 31 (73.8)

Capsule-like rim 2 (10.0) 0 (0)

Duct-penetrating signa 2 (12.5) 3 (8.1)

Pancreatic duct dilatationa 3 (23.1) 26� (74.3)

� P \ 0.001; the number of lesions is significantly larger than for the

other disease
a MR cholangiopancreatography was performed for 15 focal auto-

immune pancreatitis patients and 35 pancreatic cancer patients
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more likely to be cancer. In our study, dilatation of the

upper stream MPD was observed significantly more fre-

quently in PC than in f-AIP (P \ 0.001) and this finding is

believed to be suggestive of PC, and although pancreatic

duct dilatation is observed even in elderly patients [49], age

difference would have not affected the results of our study.

In this study there was a discrepancy between 2D-T1WI

and 3D-T1WI in distribution with regard to several types of

pancreatic lesion, for example the homogeneous type on

precontrast T1WI and equilibrium phase DCE-T1WI, the

speckled type on equilibrium phase DCE-T1WI, and the

target type on precontrast T1WI (Table 3). We attributed

this to the small number of respective cases on 2D-T1WI

and on 3D-T1WI.

Our study had some limitations. The main was its ret-

rospective nature. Prospective studies would be more

definitive for identifying MR findings that can differentiate

f-AIP from PC. Second, only two possible diagnoses were

allowed in the cohort, the number of patients was limited,

and there was a significant difference between the mean

diameters of the lesions. Third, the effects of two different

magnetic field strengths, 1.5 and 3.0 T, and of two different

type T1-weighted sequences, 2D-T1WI and 3D-T1WI,

might have been overlooked, because this study was not

quantitative. Actually, the characteristic MR finding,

speckled hyperintensity on pancreatic phase DCE-T1WI,

enabled highly accurate diagnosis of f-AIP whether on 2D

or 3D sequence (although the accuracy on 3D sequence

was higher than that on 2D) (Table 4). Fourth, correlation

between histopathological findings and MR features of the

lesions was not attempted.

In summary, we identified a characteristic MR finding

that can discriminate f-AIP from PC. It was speckled or

dotted enhancement within a hypointense or isointense

lesion on pancreatic phase DCE-T1WI. In addition,

speckled or dotted hyperintensity within a hypointense or

isointense lesion on T2WI and on precontrast T1WI was

also a useful MR finding despite its low sensitivity. The

MR features previously reported as characteristic of AIP,

for example capsule-like rim and duct penetrating sign,

may not be useful in differentiating f-AIP and PC because

of low sensitivity, but may be specific. Serum IgG4 levels

were elevated in most of our f-AIP patients and specificity

for diagnosis of f-AIP was high. We may be able to avoid

unnecessary EUS-FNA or surgery for a focal AIP mass

suspected of being PC when the above MR findings

are observed with elevated serum IgG4. On the other

hand, hypointensity to hyperintensity surrounding a less

enhanced focal area on DCE-T1WI that accompanies the

dilatation of upper stream MPD on MRCP is suggestive of

PC. Accordingly, we believe MR imaging to be a valu-

able diagnostic tool for differentiation of f-AIP from

localized PC.
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