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Abstract
Objectives To evaluate the utility of multiphase contrast-
enhanced computed tomography (CT) findings alone and in
combination for differentiating focal-type autoimmune pan-
creatitis (f-AIP) from pancreatic carcinoma (PC).
Methods The study group comprised 22 f-AIP lesions and 61
PC lesions. Two radiologists independently evaluated CT
findings. Frequencies of findings were compared between f-
AIP and PC. Statistical, univariate and multivariate analyses
were performed.
Results Homogeneous enhancement during the portal phase
(AIP, 59 % vs. PC, 3 %; P<0.001), dotted enhancement during
the pancreatic phase (50 % vs. 7 %; P<0.001), duct-penetrating
sign (46 % vs. 2 %; P<0.001), enhanced duct sign (36 % vs.
2 %; P<0.001) and capsule-like rim (46 % vs. 3 %; P<0.001)
were more frequently observed in AIP. Ring-like enhancement

during the delayed phase (5 % vs. 46 %; P<0.001) and
peripancreatic strands with a length of at least 10 mm (5 % vs.
39%; P=0.001) were more frequently observed in PC. AIPwas
identified with 82 % sensitivity and 98 % specificity using four
of these seven findings. Multivariate analysis revealed signifi-
cant differences in dotted enhancement (P=0.004), duct-
penetrating sign (P<0.001) and capsule-like rim (P=0.007).
Conclusions The combination of CT findings may allow im-
provements in differentiating f-AIP from PC.
Key Points
• f-AIP can mimic PC on imaging findings.
• The differentiation of f-AIP from PC is important in patient

management.
• Some CT findings can be used to identify AIP.
• The combination of CT findings will improve differentiation

from PC.
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Abbreviations and acronyms
AIP Autoimmune pancreatitis
CBD Common bile duct
CT Computed tomography
f-AIP Focal-type autoimmune pancreatitis
MPD Main pancreatic duct
MRI Magnetic resonance imaging
PC Pancreatic carcinoma

Introduction

Autoimmune pancreatitis (AIP) is now recognized as the
pancreatic manifestation of immunoglobulin G4 (IgG4)-
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related sclerosing disease [1]. A diffuse sausage-shaped en-
largement of the pancreas and capsule-like rim on computed
tomography (CT) are considered to be characteristic of AIP [2,
3]. Therefore, AIP can be suspected when these characteristic
findings are present.

However, AIP is often accompanied by focal pancreatic
enlargement or abnormal enhancement [2, 4], and this focal-
type AIP (f-AIP) can mimic pancreatic carcinoma (PC) on
imaging findings [5, 6]. AIP may also symptomatically re-
semble PC because AIP patients may have abdominal pain,
obstructive jaundice and weight loss. Furthermore, completely
different treatment strategies are used for AIP and PC. AIP
responds effectively to steroid therapy [7], whereas PC is
typically treated by surgical resection and/or chemotherapy.
Therefore, differentiating these two entities is important to
avoid unnecessary pancreatic resections.

AIP is diagnosed using CT, magnetic resonance imaging
(MRI), serological and histological findings, and additionally,
the response to steroid therapy [8, 9]. Elevations in serum
IgG4 levels are characteristic of AIP; however, serum IgG4
levels are mildly elevated in approximately 10 % of PC
patients [10] and are often normal in AIP patients [11]. Al-
though pancreatic biopsy is useful for differentiating between
AIP and PC, it is an invasive procedure that may not be able to
completely exclude PC when pancreatitis is suspected [12,
13].

CT is the most commonly used imaging technique when
pancreatic disease is suspected, and is the first step to diag-
nosing AIP. Therefore, identifying the CT findings that can be
used to differentiate f-AIP from PC is of importance. Al-
though previous studies already identified some findings
[14–17], they only demonstrated the utility of each finding
alone, the sensitivity of which was not high, while some
findings offered high specificity as a whole. Higher sensitivity
is needed in order to avoid unnecessary pancreatic resections.
To the best of our knowledge, one previous study examined
the combination of findings for differentiating f-AIP from PC.
However, a combination of CT and MRI findings was used,
and the number of patients in the AIP group was relatively low
(n=11). Therefore, we evaluated the accuracy of each CT
finding alone and in combination for a differential diagnosis
between f-AIP and PC.

Materials and methods

Patients

Our institutional review board approved the retrospective
collection of data and analysis for this study, and the need
for informed consent from patients was waived. CT examina-
tions were performed in accordance with the established clin-
ical standards of our institution, and each patient agreed to

undergo an examination after the purpose, methods and risks
were fully explained.

Our institution holds a prospectively maintained data-
base of patients referred for CT examinations for a de-
tailed evaluation of the pancreas and biliary system.
Through the database, we retrospectively identified con-
secutive 22 f-AIP patients who were diagnosed on the
basis of the International Consensus Diagnostic Criteria
(ICDC) for AIP [8] or Revised Japanese Pancreas Society
criteria of AIP [9] between January 2007 and August
2012. A ‘focal’ lesion was defined as ‘a mass-forming,
focal enlargement or abnormal enhancement of the pan-
creas within a third of the pancreas’. Sixty-four consecu-
tive patients with invasive PC lesions who were histo-
pathologically diagnosed using surgically resected speci-
mens were also selected between November 2010 and
August 2012.

Patients who had a history of pancreatic surgery (f-AIP; n=
1), whose CT images were poor because of a failure to hold a
breath or body motion (PC; n=2), who underwent stenting in
the main pancreatic duct (PC; n=1) and who had both diffuse-
type AIP and PC (PC; n=1) were excluded from this study
group. Therefore, the present study groups comprised 21
patients with f-AIP (20 men, 1 woman; mean age, 66.7 years;
range, 55–79 years) and 60 patients with PC (36 men, 24
women; mean age, 65.8 years; range, 38–82 years) (Table 1).
In the f-AIP group, 19 patients were diagnosed on the basis of
ICDC, 18 of whom had type 1 AIP (definite, 13; probable, 5)
and one had type 2 (probable). Twenty patients were diag-
nosed on the basis of the Japanese diagnostic criteria (definite,
14; probable, 6). Eighteen patients were diagnosed with both
ICDC and the Japanese criteria, one was diagnosed with
ICDC alone and two were diagnosed with the Japanese
criteria alone. All patients with f-AIP underwent CT exami-
nations before receiving therapy. One patient with f-AIP and
one patient with PC had two masses each; one lesion was
located within the pancreatic head and the other was within
the pancreatic tail in both cases. Therefore, we evaluated 22 f-
AIP and 61 PC lesions.

Three f-AIP patients underwent surgical pancreatic re-
section because PC was suspected prior to surgery. The
other f-AIP patients received steroid therapy in our insti-
tute and showed the complete resolution or marked im-
provements on imaging or in the clinical follow-up. Fifty-
eight PC lesions were histopathologically identified as
tubular adenocarcinomas, and three were adenosquamous
carcinomas.

Laboratory data

Serum levels of IgG4 and carbohydrate antigen 19-9 (CA19-
9) were collected from medical records if available.
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CT image acquisition

CT examinations were performed using a 64-channel
multisection CT system (Aquilion, Toshiba Medical Systems,
Tokyo, Japan). Non-ionic contrast material (2.0–2.5 mL/kg)
with an iodine concentration of 300 mg/mL was injected
through the peripheral venous line within 30 s (with an upper
limit of 5 mL/s), and a saline flush was injected at a fixed rate
of 5 mL/s within 5 s immediately after the injection of contrast
material. After unenhanced images had been acquired, all
patients underwent pancreatic, portal and delayed phase im-
aging. Individualized scan delays were determined using the
automatic bolus-tracking method (SureStart, Toshiba Medical
Systems). Average scan delays from the injection of contrast
material to the start of pancreatic, portal and delayed phase
imaging were 44, 75 and 210 s, respectively. CT image
analysis was performed using unenhanced images with a 5-
mm section thickness at 5-mm intervals and both axial and
coronal reformatted enhanced images with a 2-mm section
thickness at 2-mm intervals.

CT image analysis

Two radiologists (6 and 16 years of experience in the inter-
pretation of abdominal imaging), who were blinded to the
final diagnosis and other examination findings and were
aware that the cohort included f-AIP and PC patients, inde-
pendently evaluated multiphase contrast-enhanced CT find-
ings in each patient. In cases where the readers disagreed, a
final consensus decision was reached through discussion. The
maximum diameter of the lesions decided by the two

radiologists was measured at a workstation using electronic
calipers in axial and coronal images.

Regarding assessments of the affected pancreatic area, (a)
the location of the lesion (head, body or tail of the pancreas)
and (b) enhancement patterns during the pancreatic, portal and
delayed phases were analysed. Homogeneity (homogeneous
or heterogeneous) and the degree of enhancement
(hypoattenuation was defined as decreased enhancement,
and iso- or hyperattenuation was defined as good enhance-
ment, compared to the unaffected surrounding parenchyma of
the pancreas) in the enhancement patterns were evaluated and
divided into the following four categories: homogeneous en-
hancement, homogeneous decreased enhancement, heteroge-
neous enhancement or heterogeneous decreased enhance-
ment. Regarding the enhancement of lesions, (c) a dotted
enhancement during the pancreatic phase (Fig. 1) and (d)
ring-like enhancement during the delayed phase (Fig. 2) were
also evaluated. A dotted enhancement was defined as the
presence of dotted or speckled hyperattenuation areas relative
to that of the surrounding lesions. Furthermore, the following
findings were analysed in all images: (e) duct-penetrating sign
(Fig. 3): detection of the main pancreatic duct (MPD) lumen in
the lesions and, if the MPD lumen was detected in the lesions,
the length of the visible lumen in the affected area was noted
as more than half or less than half; (f) enhanced duct sign
(Fig. 4): wall enhancement of MPD in the lesion and, if
detected, their phases were noted; (g) capsule-like rim: a
low-attenuation rim surrounding adipose tissue; (h) calcifica-
tion; (i) cyst formation; (j) vascular involvement, which was
defined as stenosis or obstruction of vessels, or the presence of
soft tissue or a tumour abutting at least half the circumference
of the vessels (celiac, superior mesenteric or splenic artery,

Table 1 Patient characteristics, laboratory data, and the size and location of the lesions in patients with focal-type autoimmune pancreatitis (f-AIP) and
pancreatic carcinoma (PC)

f-AIP PC P

Select period Jan. 2007–Aug. 2012 Nov. 2010–Aug. 2012

No. of patients 21 60

No. of lesions 22 61

Mean age (range) 66.7 (55–79) 65.8 (38–82) 0.739

Male-to-female ratio 20:1 36:24 0.002

Laboratory data

IgG4 (mg/dL)a 245±360 [88–1,310]b 82±62 [29–162]b 0.008

CA19-9 (U/mL) 51±125 [1–586]b 1,359±3,914 [1–28,160]b 0.012

Size of the lesions (mm) 35±11 [18–55]b 25±9 [10–47]b <0.001

Location of the lesions 0.263

Head 18 (82 %) 45 (74 %)

Body 1 (5 %) 11 (18 %)

Tail 3 (13 %) 5 (8 %)

aData were available in 12 AIP and 4 PC patients
b Data are the mean±standard deviation [range]
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and main portal, superior mesenteric or splenic vein); and (k)
peripancreatic strands with a length of at least 10 mm (Fig. 2):
“peripancreatic strands” were defined as the linear soft tissue
structure originating from the lesion and extending into the
surrounding adipose tissue.

Regarding the unaffected pancreatic assessment, (a) dila-
tion of upstream MPD (more than 3 mm) and (b) distal
atrophy of the pancreatic parenchymawere evaluated. Lesions
located at the edge of the pancreatic tail were excluded when
evaluations were performed.

With regard to the biliary system, (a) a tube or stent in the
common bile duct (CBD) or CBD stenosis, which was con-
sidered to be positive when the lumen of CBDwas narrow and
the bile duct above the stenosis was dilated at least 10 mm,
were evaluated for lesions located in the pancreatic head.

Moreover, regarding lesions without a CBD stent or tube,
(b) CBD stenosis, (c) incomplete visualization of the CBD
lumen, (d) thickened CBD wall and (e) enhanced CBD wall
were evaluated.

Statistical analysis

Intergroup comparisons between f-AIP and PC were per-
formed using Fisher’s exact test for categorical variables and
the Student’s t test for numeric variables. The sensitivity,
specificity, accuracy and odds ratio of differentiating between
f-AIP and PC were calculated for CT findings that were
significantly different and the combination of these findings.
The CT finding that showed the most significant difference
among enhancement patterns in all phases, and other findings

Fig. 1 A man in his seventies with f-AIP in the pancreatic head. a Axial
CT image during the pancreatic phase shows a focal enlargement in the
pancreatic head and a dotted enhancement in the decreased enhanced area
(arrow). b The lesion shows a homogeneous enhancement during the
delayed phase

Fig. 2 A man in his seventies with PC in the pancreatic body. a and b
show axial CT images during the pancreatic and delayed phases, and the
tumor shows a heterogeneously decreased enhancement in the central part
and ring-like enhancement in the peripheral part (arrow) during the
delayed phase. c The peripancreatic strands deriving from the lesion
and extending into the surrounding adipose tissue are shown in the
coronal reconstructed CT image and the lengths of the strands are over
10 mm (arrowheads)

Fig. 3 A man in his seventies with f-AIP in the pancreatic tail. a Axial
CT image during the pancreatic phase shows a heterogeneously decreased
enhancement. A capsule-like rim is shown as a hypoattenuating rim in the
surrounding adipose tissue (arrow). b The lesion shows a homogeneous
enhancement during the delayed phase. The lumen of the main pancreatic
duct (arrowhead) can be detected within the lesion. This was defined as a
‘duct-penetrating sign’

Fig. 4 A man in his eighties with f-AIP in the pancreatic head. a and b
show axial CT images and c shows a coronal reconstructed image during
the pancreatic phase. aA focal pancreatic enlargement and heterogeneous
decreased enhancement are seen in the pancreatic head. b MPD dilation
(arrow) and distal atrophy are observed in the pancreatic tail. c An
enhancement of the MPD wall is seen in the lesion (arrowhead) and this
was defined as an ‘enhanced duct sign’
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that showed significant differences between groups were cho-
sen to evaluate the combination. Furthermore, univariate and
multivariate logistic regression analyses were performed in
order to determine which combination of findings was useful
for differentiating between f-AIP and PC. Findings that were
not significantly different and correlated with each other by
univariate analyses were excluded from multivariate analysis.

The kappa (κ) statistic was used to measure interobserver
agreement in the evaluation of CT findings. A κ value of less
than 0.20 was considered to indicate poor agreement; 0.21–
0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–
0.80, good agreement; and 0.81–1.00, very good agreement.

We used SPSS 20 software (SPSS, Chicago, IL) for statis-
tical analyses and adopted 5 % as a significance level for all
statistical tests. Mean data are expressed as means±standard
deviations with their range in brackets.

Results

Laboratory data

Serum IgG4 levels were obtained in 12 f-AIP and 4 PC
patients and were significantly higher in f-AIP patients (245
±360 [88–1,310] mg/dL, mean±standard deviation [range])
than in PC patients (82±62 [29–162] mg/dL) in PC (P=
0.008). CA19-9 was measured in all 21 f-AIP and 60 PC
patients and was significantly higher in PC patients (1,359±
3,914 [1–28,160] U/mL) than in f-AIP patients (51±125 [1–
586] U/mL) (P=0.012) (Table 1).

CT findings

The frequencies of CT findings are listed in Tables 1 and 2.
Eighteen lesions (82 %) in f-AIP patients were located in the
pancreatic head, one (5 %) in the pancreatic body and three
(13 %) in the pancreatic tail. In PC patients, 45 lesions (74 %)
were located in the pancreatic head, 11 (18 %) in the pancre-
atic body and five (8 %) in the pancreatic tail. The mean size
of the lesions was significantly larger in f-AIP patients (35±11
[18–55] mm) than in PC patients (25±9 [10–47] mm)
(P<0.001).

As shown in Table 2, f-AIP was more likely to show a
homogeneous enhancement during the portal and delayed
phases (59 % vs. 3 % [f-AIP vs. PC], P<0.001, during the
portal phase; 86 % vs. 41 %, P<0.001, during the delayed
phase). In contrast, PC was more like to show a heteroge-
neously decreased enhancement (23 % vs. 84 % [f-AIP vs.
PC], P<0.001, in the portal phase; 0 % vs. 36 %, P<0.001, in
the delayed phase). The frequency by which a dotted enhance-
ment during the pancreatic phase, duct-penetrating sign, en-
hanced duct sign and capsule-like rim was observed was

significantly higher in f-AIP than in PC (50 % vs. 7 % [f-
AIP vs. PC], P<0.001; 46 % vs. 2 %, P<0.001; 36 % vs. 2 %,
P<0.001; 46 % vs. 3 %, P<0.001, respectively). Ten f-AIP
lesions showed the duct-penetrating sign; five lesions had a
detectable MPD lumen with a length of more than half of the
lesion, and five lesions had a detectable MPD lumen with a
length of less than half of the lesion. In PC, one lesion showed
the duct-penetrating sign with a length of more than half of the
lesion. The enhanced duct sign was detected in eight f-AIP
lesions during the portal phase and in six lesions (75%) during
the pancreatic phase, while no lesion presented this sign
during the delayed phase. In contrast, one PC lesion showed
the enhanced duct sign during the pancreatic phase. The
frequency by which a ring-like enhancement during the de-
layed phase and peripancreatic strands were observed was
significantly higher in PC than in f-AIP (5 % vs. 46 % [f-
AIP vs. PC], P<0.001; 5 % vs. 39 %, P=0.001, respectively).
No significant difference was observed in the frequencies of
calcification, cyst formation, vascular involvement, upstream
dilation of MPD or distal atrophy between f-AIP and PC.

Regarding lesions located in the pancreatic head, stenting/
tubing in CBD or CBD stenosis was observed in 72% (13/18)
of f-AIP and 64 % (29/45) of PC, with no significant differ-
ences being noted between groups (P=0.389). CBD stents/
tubes were detected in 7 f-AIP and 17 PC lesions. In pancre-
atic head lesions without a CBD stent or tube (11 f-AIP and 28
PC lesions), no significant difference was observed in CBD
stenosis (55 % vs. 43% [f-AIP vs. PC], P=0.380), incomplete
visualization of the CBD lumen (9 % vs. 25 %, P=0.262),
thickened CBD wall (45 % vs. 28 %, P=0.262) or enhanced
CBD wall (45 % vs. 36 %, P=0.418) between f-AIP and PC.

Table 3 shows the significant findings used to differentiate
f-AIP from PC and their sensitivity, specificity, accuracy and
odds ratio. A ring-like enhancement and peripancreatic
strands were treated as negative findings. None of these indi-
vidual findings were able to achieve high sensitivity and high
specificity. However, 82 % sensitivity, 98 % specificity, 94 %
accuracy and the highest odds ratio (270.0; 95 % confidence
intervals, 28.4–2,571.2) were obtained when any four of the
seven findings were combined. Furthermore, these significant
findings showed moderate-to-good interobserver agreement
(κ=0.41–0.70).

The following eight findings were selected as candidates
for the multivariate logistic regression analysis: a homoge-
neous enhancement during the portal phase, homogeneous
enhancement during the delayed phase, dotted enhancement
during the pancreatic phase, ring-like enhancement during the
delayed phase, duct-penetrating sign, enhanced duct sign,
capsule-like rim and peripancreatic strands. The following
four findings were then selected using a stepwise method for
the final prediction model: a dotted enhancement during the
pancreatic phase, duct-penetrating sign, capsule-like rim and
peripancreatic strands. Finally, a dotted enhancement (P=
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0.004), duct-penetrating sign (P<0.001) and capsule-like rim
(P=0.007) were identified as significant predictors.

Discussion

f-AIP can mimic PC on imaging findings. CT is the
most commonly used imaging technique when a

pancreatic mass is suspected; therefore, it is extremely
important to understand which CT findings are useful
for differentiating these two entities because patient
management is completely different for each disorder.
Several CT findings were previously reported to be
characteristic of AIP or were more frequently observed
in AIP than in PC [2–4, 14, 16–20]. Some CT findings
showed high specificity for differentiating AIP from PC,
but relatively low sensitivity as a whole [14, 16, 17,

Table 2 Frequencies of CT findings in 22 f-AIP and 61 PC lesions

Findings f-AIP PC Kappa P

Pancreatic affected area

Enhancement during the pancreatic phase 0.24

Homogeneous 1 (5 %) 1 (2 %) 0.462

Homogeneous decreased 5 (23 %) 2 (3 %) 0.012

Heterogeneous 1 (5 %) 1 (2 %) 0.462

Heterogeneous decreased 15 (67 %) 57 (94 %) 0.006

Enhancement during the portal phase 0.50

Homogeneous 13 (59 %) 2 (3 %) <0.001

Homogeneous decreased 3 (13 %) 6 (10 %) 0.444

Heterogeneous 1 (5 %) 2 (3 %) 0.608

Heterogeneous decreased 5 (23 %) 51 (84 %) <0.001

Enhancement during the delayed phase 0.70

Homogeneous 19 (86 %) 25 (41 %) <0.001

Homogeneous decreased 2 (9 %) 2 (3 %) 0.285

Heterogeneous 1 (5 %) 12 (20 %) 0.085

Heterogeneous decreased 0 22 (36 %) <0.001

Dotted enhancement during the pancreatic phase 11(50 %) 4 (7 %) 0.41 <0.001

Ring-like enhancement during the delayed phase 1 (5 %) 28 (46 %) 0.54 <0.001

Duct-penetrating sign 10 (46 %) 1 (2 %) 0.55 <0.001

Enhanced duct sign 8 (36 %) 1 (2 %) 0.55 <0.001

Capsule-like rim 10 (46 %) 2 (3 %) 0.49 <0.001

Calcification 0 3 (5 %) 1 0.392

Cyst formation 5 (23 %) 21 (34 %) 0.75 0.934

Vascular involvement 6 (27 %) 25 (41 %) 0.82 0.254

Peripancreatic strands (≥10 mm) 1 (5 %) 24 (39 %) 0.64 0.001

Pancreatic unaffected area

MPD upstream dilation (>3 mm)a 14/20 (70 %) 48/58 (83 %) 0.81 0.934

Distal atrophya 7/20 (35 %) 22/58 (38 %) 0.73 0.518

Bile duct

Stent/tube+or stenosisb 13/18 (72 %) 29/45 (64 %) 0.66 0.389

Stenosisc 6/11 (55 %) 12/28 (43 %) 0.51 0.380

Incomplete visualization of the CBD lumenc 1/11 (9 %) 7/28 (25 %) 0.41 0.262

Thickened CBD wallc 5/11 (45 %) 8/28 (28 %) 0.40 0.262

Enhanced CBD wallc 5/11 (45 %) 10/28 (36 %) 0.57 0.418

MPD main pancreatic duct, CBD common bile duct
a Lesions located in the edge of the pancreatic tail were excluded
b Lesions in the pancreatic head were evaluated and CBD stents/tubes were detected in 7 f-AIP and 17 PC lesions
c Lesions in the pancreatic head were evaluated and these patients did not have CBD stents/tubes
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21]. We speculated that the combination of individual
findings could increase sensitivity.

In the present study, a homogeneous enhancement during
the portal phase, dotted enhancement during the pancreatic
phase, duct-penetrating sign, enhanced duct sign and capsule-
like rim showed high specificities (greater than 90 %), but
relatively low sensitivities (less than 60%) in differentiating f-
AIP from PC. In addition to these findings, a ring-like enhance-
ment during the delayed phase and peripancreatic strands, the
frequencies of which were significantly higher in PC, were used
as negative findings when evaluating the combination of CT
findings. By combining four of the seven significant CT find-
ings, 82% sensitivity, 98% specificity and 94% accuracy were
achieved for differentiating f-AIP from PC.

f-AIP was more likely to show a homogeneous enhance-
ment during the portal and delayed phases. Previous studies
also showed that AIP wasmore likely to show a homogeneous
enhancement during these phases [16, 17, 21], which is con-
sistent with the results of the present study. The sensitivity of
the homogeneous enhancement was higher in the delayed
phase than in the portal phase; in contrast, its specificity was
higher in the portal phase than in the delayed phase.

Sugiyama et al. [22] reported that the frequency by which
a dotted enhancement was observed during the pancreatic
phase on contrast-enhanced fat-suppressed T1-weighted im-
ages on MRI was significantly higher in f-AIP than in PC
(85 % vs. 5 %). In this study, the frequency by which a
dotted enhancement was observed during the pancreatic
phase was significantly higher in f-AIP (50 % vs. 7 %),
and this finding will be useful for differentiating f-AIP from
PC. The enhanced area in the pancreatic phase may reflect
residual normal or mildly involved pancreatic lobules within
AIP lesions [23]. These frequencies were different (50 % vs.
85 %) from those reported in a study using MRI by Sugi-
yama et al. Differences in these modalities, such as MRI

offering higher contrast images than CT, may have contrib-
uted to these inconsistencies.

The frequency by which a ring-like enhancement was
observed during the delayed phase was significantly higher
in PC than in f-AIP. As reported previously [22, 24, 25], an
internally decreased enhanced area reflects the presence of an
abundant fibrous stroma within a tumour, making the tumour
hypovascular with cystic or necrotic components, whereas a
peripherally enhanced area reflects inflammatory cell invasion
or fibrous tissue as well as tumour cells.

Ichikawa et al. [26] demonstrated that a duct-penetrating
sign during magnetic resonance cholangiopancreatography
(MRCP) was useful for differentiating inflammatory pancre-
atic masses from PC. In this study, the frequency by which the
duct-penetrating signwas observedwas significantly higher in
f-AIP than in PC. This sign may indicate that MPD is
narrowed, but not obstructed in f-AIP, whereas PC easily
makes MPD obstructed; therefore, it may be a useful finding
for differentiating f-AIP from PC. Since the length of the
detectable MPD lumen was sometimes shortened, it is impor-
tant to observe MPD carefully in lesions.

Previous studies reported that the MPD wall enhancement,
termed an ‘enhanced duct sign’, was useful for identifying
AIP [19, 20]. However, in a previous study to evaluate the
frequency of the enhanced duct sign, the AIP group comprised
both diffuse and focal-type AIP. In the present study, its
frequency was compared between ‘focal-type’ AIP and PC,
and high specificity (98 %) was achieved. Therefore, we
considered this sign to be useful not only for diagnosing AIP
but also for differentiating f-AIP from PC. Our results indi-
cated that this finding may histopathologically reflect
periductal inflammatory changes and correlate with the degree
of inflammation because the characteristic histopathological
findings of AIP are known to include periductal
lymphoplasmacytic infiltrates and storiform fibrosis [27, 28].

Table 3 The sensitivity, specificity, accuracy and odds ratio of significant findings and their combination for differentiating f-AIP from PC

Findings Sensitivitya Specificitya Accuracya Odds ratiob

i Homogeneous enhancement during the portal phase 0.59 (13/22) 0.97 (59/61) 0.88 (72/82) 42.6 (8.2–220.9)

ii Dotted enhancement during the pancreatic phase 0.50 (11/22) 0.93 (57/61) 0.82 (68/83) 14.2 (3.8–53.0)

iii Duct-penetrating sign 0.46 (10/22) 0.98 (60/61) 0.84 (70/83) 50.0 (5.8–428.0)

iv Enhanced duct sign 0.36 (8/22) 0.98 (60/61) 0.82 (68/83) 34.3 (4.0–296.9)

v Capsule-like rim 0.46 (10/22) 0.97 (59/61) 0.83 (69/83) 24.6 (4.8–126.8)

vi Absence of a ring-like enhancement 0.95 (21/22) 0.46 (28/61) 0.59 (49/83) 17.8 (2.3–141.0)

vii Absence of peripancreatic strands 0.95 (21/22) 0.39 (24/61) 0.54 (45/83) 13.6 (1.7–108.0)

Combination of 3/7 findings 0.91 (20/22) 0.93 (57/61) 0.93 (77/83) 142.5 (24.2–838.4)

Combination of 4/7 findings 0.82 (18/22) 0.98 (60/61) 0.94 (78/83) 270.0 (28.4–2,571.2)

a Data are in terms of percentages and the numbers in parentheses refer to the number of lesions
b The ranges in parentheses refer to 95 % confidence intervals
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However, the correlation between CT and histopathological
findings was not evaluated in the present study.

A capsule-like rim was detected in 46 % of f-AIP lesions.
In previous studies, 40–64 % of f-AIP lesions had a capsule-
like rim [14, 17, 21], which was consistent with the results of
the present study.

Peripancreatic strands were reported as the finding that
reflected inflammatory reactions in AIP [2], whereas this
finding was also reported to correspond with extrapancreatic
carcinoma invasion with marked fibrotic thickening of adi-
pose tissue septa for PC [29]. Takahashi et al. [14] reported
that the frequency by which peripancreatic strands was ob-
served was significantly higher in AIP than in PC (70 % vs.
27 %), whereas Chang et al. [16] found no significant differ-
ences in its frequency (43 % vs. 65 %). Neither study de-
scribed the length of the strands. The cut-off value of these
strands was defined as 10mm in this study because Yang et al.
reported that peripancreatic strands that were more than
10 mm in length were absent in their AIP group [4]. Based
on this finding, the frequency by which peripancreatic strands
were observed was significantly higher in the PC group than
in the f-AIP group (5 % vs. 39 %).

Several previous studies demonstrated that upstream MPD
dilation was more frequent in PC than in AIP [14, 16, 17, 21],
and their cut-off values depended on the authors’ choice (4 or
5 mm). The cut-off value of the MPD diameter in the present
study was 3 mm because its normal diameter was previously
reported to be 1–3 mm [30], and no significant difference was
observed between f-AIP and PC. Distal atrophy did not sig-
nificantly differ between f-AIP and PC, while other studies
showed that its frequency was significantly higher in PC than
in f-AIP [16, 17, 21].

Calcification has often been reported in AIP, especially in
cases that relapse [31], and its frequency was shown to be
significantly higher in AIP than in PC [14]. However, calcifi-
cation was not detected in any of the patients in the f-AIP
group and no significant difference was observed between f-
AIP and PC. No significant difference was also noted in the
formation of cysts or vascular involvement between f-AIP and
PC, which is consistent with previous findings [14, 16, 21].

No significant differences were observed in stenting/tubing
in CBD and CBD stenosis between f-AIP and PC. Moreover,
no significant differences were noted in incomplete visualiza-
tion of the CBD lumen and thickened or enhanced CBD wall
between lesions in the pancreatic head without a CBD stent or
tube. Dilation of the CBD was not significantly different be-
tween AIP and PC in previous studies [14, 16]. However, Sun
et al. reported that the frequency of CBD stenosis was signif-
icantly higher in f-AIP than in PC (30 % vs. 0 %), while the
frequency of the complete obstruction of CBD was significant-
ly higher in PC than in f-AIP (0 % vs. 53 %) [17]. Takahashi
et al. reported that the frequency by which the wall enhance-
ment was observed was significantly higher in AIP than in PC

(52 % vs. 6 %) [14]. Therefore, the usefulness of the CBD
finding remains controversial, including in the present study.

Overall, each CT finding showed moderate-to-good interob-
server agreement, whereas that of the enhancement pattern dur-
ing the pancreatic phase was not high (κ=0.24). Although it is
difficult to clarify the reason for this, the contrast enhancement of
lesions was weaker during the pancreatic phase than the other
phases andmay have had an influence on subjective evaluations.

Multivariate logistic regression analysis revealed that,
among the individual findings that were significantly differ-
ent, a dotted enhancement, duct-penetrating sign and capsule-
like rim were more useful findings for the differentiation
between f-AIP and PC.

This study had several limitations. First of all, the prevalence
of sex differences was not matched between the f-AIP and PC
groups; the percentage of male patients in the f-AIP group was
markedly higher than that in the PC group. Second, many f-AIP
patients were type 1 AIP, and it remains uncertain whether the
same results could be achieved for type 2 AIP. Third, the
evaluation of extrapancreatic lesions, such as renal involvement
and retroperitoneal fibrosis, was not included in this study.
Therefore, the ability of differentiation may be improved by
including extrapancreatic lesions. Furthermore, a validation
study was not performed in the other institutions and more
prospective studies are needed to confirm the results of this study.

In conclusion, the combination of CT findings that are
frequently detected in AIP and PC can achieve high sensitivity
and high specificity in differentiating f-AIP from PC. A dif-
ferential diagnosis should be made using not only individual
CT findings but also a combination.
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