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Abstract
Objectives To evaluate the value of dynamic enhancement
patterns on contrast-enhanced MR images by adding signal
intensity colour mapping (SICM) to differentiate mass-
forming focal pancreatitis (MFFP) from pancreatic ductal ad-
enocarcinoma (PDAC).
Methods Forty-one clinicopathologically proven MFFPs and
144 surgically confirmed PDACs were enrolled. Laboratory
and MR imaging parameters were used to differentiate MFFP
from PDAC. In particular, enhancement patterns on MR im-
ages adding SICMwere evaluated. By using classification tree
analysis (CTA), we determined the predictors for the differen-
tiation of MFFP from PDAC.
Results In the CTA, with all parameters except enhancement
pattern on SICM images, ductal obstruction grade and T1
hypointensity grade of the pancreatic lesion were the first
and second splitting predictor for differentiation of MFFP
from PDAC, in order. By adding an enhancement pattern on

the SICM images to CTA, the enhancement pattern was the
only splitting predictor to differentiate MFFP from PDAC.
The CTA model including enhancement pattern on SICM im-
ages has sensitivity of 78.0 %, specificity of 99.3 %, and
accuracy of 94.6 % for differentiating MFFP from PDAC.
Conclusion The characterization of enhancement pattern for
pancreatic lesions on contrast-enhanced MR images adding
SICM would be helpful to differentiate MFFP from PDAC.
Key Points
• SICM was useful to characterize enhancement pattern.
• Enhancement pattern on SICM was the only splitting pre-
dictor on CTA.

• This model may be useful for differentiating MFFP from
PDAC.

Keywords Pancreatic ductal adenocarcinomas .

Mass-forming focal pancreatitis . Magnetic resonance
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Abbreviations
PDAC Pancreatic ductal adenocarcinomas
MFFP Mass-forming focal pancreatitis
CBD Common bile duct
MPD Main pancreatic duct
SICM Signal intensity colour mapping
MR Magnetic resonance
DWI Diffusion-weighted imaging
ADC Apparent diffusion coefficient
CTA Classification tree analysis
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Introduction

Accurately differentiating between pancreatic ductal adeno-
carcinoma (PDAC) and mass-forming focal pancreatitis
(MFFP) is important because their prognosis andmanagement
are quite different [1, 2]. However, in cases of a focal form of
autoimmune pancreatitis, which may present as a focal mass
in the pancreas with obstruction of the common bile duct
(CBD) or main pancreatic duct (MPD), it has been difficult
to differentiate them from PDAC on cross-sectional imaging
studies, and many patients with MFFP have undergone un-
necessary pancreatic resections [3–6].

On pathology, the typical feature of PDAC is complete
disappearance of pancreas parenchyma due to carcinogenesis
and desmoplasia (abundant fibrotic stroma) [7–9]. As the
areas of progressive enhancement within the mass-forming
intrahepatic cholangiocarcinoma correspond to desmoplastic
stroma due to pooling of contrast material [10], desmoplastic
stroma of PDAC might also appear as the dominant T
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Table 1 Demographic and clinical characteristics

Parameter MFFP PDAC

No. of patients 41 144

Mean age (years) 61.5 65.6

Age range (years) 46-80 33-88

No. of men 31 81

Mean age (years) 64.1 62.9

Age range (years) 47-83 40-88

No. of women 10 63

Mean age (years) 56.8 64.5

Age range (years) 22-75 35-80

Mean follow-up (months) 21.5 –

Range of follow-up (months) 17-39 –

Diagnosis

Autoimmune, IgG4 type 17 –

Autoimmune, unspecified 13 –

Chronic pancreatitis 8 –

Acute focal pancreatitis 3 –

Site in the pancreas

Head 21 94

Neck 1 4

Body 4 23

Tail 15 23

Size (mm)

Mean 33 28

Range 12-79 9-63

Amylase elevation 16 27

Lipase elevation 22 63

CA19-9 elevation 5 94

Note: MFFP = mass-forming focal pancreatitis, PDAC= pancreas ductal
adenocarcinoma, CA19-9 = carbohydrate antigen 19-9
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hypovascular solid portion on arterial phase images and would
show progressive enhancement as it goes from arterial to de-
layed phase images. In contrast, in MFFP, the pancreatic pa-
renchyma is not totally replaced by fibrosis, and acinar cells
are preserved [11, 12]. Therefore, the enhancement pattern of
MFFP would be different from that of PDAC. Accordingly,
we thought that the characterization of the hypovascular por-
tion in the pancreatic lesions on contrast-enhanced MR im-
ages would be important to differentiate between MFFP and
PDAC. And we thought that adding signal intensity colour
mapping (SICM) to greyscale dynamic MR images would
be helpful to determine the dominant hypovascular solid por-
tion of the pancreatic lesions on arterial phase image and to
characterize the enhancement pattern of the pancreatic lesions
because of the colour contrast.

Accordingly, the purpose of this study was to determine the
value of enhancement patterns on contrast-enhanced MR im-
ages by adding SICM to differentiate MFFP from PDAC.

Material and methods

Study population

This retrospective study was approved by our institutional
review board and the requirement for informed consent was
waived. To constitute the MFFP group of this study, we
searched our institutional radiologic MR imaging database
using the search term Bpancreatitis^ between July 2008 and
May 2015. Then, those who met the following inclusion
criteria were selected: (a) patients with clinicopathologically
proven pancreatitis with no evidence of malignancy; (b) pa-
tients who underwent pancreas MR imaging according to our
standard protocol for diagnosis of pancreatic lesions; (c) pa-
tients with mass-forming lesion, which was defined as a lesion
distinguishable from the adjacent pancreas parenchyma be-
cause of abnormal signal intensity or a focal lesion with local-
ized bulging contour of the pancreas on unenhanced T1-

Table 3 Assessed MR Imaging Parameters and Its Definitions

Parameters Definition

Margin of the lesion Distinct versus Indistinct

Peripancreatic capsule-like rim Hypointensity surrounding the pancreatic lesion on both T1- and T2-weighted images, showed
delayed enhancement

Vascular involvement of the lesion Grade 1, No involvement
Grade 2, Abutting equal to or less than 90 degrees of the vessel circumference
Grade 3, Abutting more than 90 degrees of the vessel circumference with no or mild luminal

change
Grade 4, Abuttingmore than 90 degrees of the vessel circumference with angular border, stenosis

or occlusion

Hypointensity of the lesion on T1WI Grade 1, lesion > spleen
Grade 2, renal medulla < lesion < spleen
Grade 3, lesion < renal medulla

Signal intensity of the lesion on DWI Grade 1, lesion < adjacent pancreas
Grade 2, adjacent pancreas < lesion < spleen
Grade 3, lesion > spleen

Appearances of the lesion on T2WI Type 1, solid
Type 2, intratumoral unilocular cyst
Type 3, intratumoral multifocal cystic foci

MPD obstruction Grade 1, no obstruction
Grade 2, non-obstructed, but narrowed MPD penetrating the mass
Grade 3, complete obstruction with icicle or ice pick feature
Grade 4, complete obstruction without icicle or ice pick feature

CBD obstruction Grade 1, no obstruction
Grade 2, non-obstructed, but narrowed CBD penetrating the mass
Grade 3, smoothly tapered complete obstruction
Grade 4, not smoothly tapered complete obstruction

*Signal intensities of the lesion on contrast-enhanced
MR images

Type 1, hypointense-isointense-iso, or hyperintense
Type 2, hypointense-hypointense-iso, or hyperintense
Type 3, hypointense-hypointense-hypointense
Type 4, hypointense-target feature on portal or delayed images
Type 5, unclassifiable enhancement

* Signal intensities of the lesion on arterial, portal, and 3-min late phase images, using the adjacent normal pancreatic parenchyma as a reference. Target
feature means the lesion has a more hyperintense solid peripheral region surrounding a more hypointense central solid region.

T1WI = T1-weighted images, DWI = diffusion-weighted images, T2WI = T2-weighted images MPD = main pancreatic duct, CBD = common bile duct
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weighte images (T1WI) or contrast-enhanced MR images[2].
We excluded diffuse or multifocal forms of pancreatitis. A
total of 41 consecutive patients were included in the MFFP
group. All patients underwent pancreas MRI within 1 month
(mean, 12 days; range, 3-28 days) prior clinicopathologic di-
agnosis of pancreatitis. The diagnosis of MFFP was
established based on the following clinicopathology results:
(a) surgical resection (n=14); (b) endoscopic ultrasound guid-
ed biopsy (n=25); (c) spontaneous resolution without biopsy
(n=2) on follow-up imaging.

For the PDAC group of this study, we searched our insti-
tutional surgicopathology database using the search terms
Bpancreas cancer^ and Bpancreas ductal adenocarcinoma^ be-
tween January 2014 and March 2015. Then, those who met
the following inclusion criteria were selected: (a) patients who
underwent pancreas MR imaging within 1 month prior to
surgery according to our standard protocol; (b) no imaging
features of diffuse involvement, distant metastasis or perito-
neal seeding. Among them, four patients with motion artefact
were excluded. A total of 144 consecutive patients were in-
cluded in the PDAC group.

Review of pathology reports and MR images to determine
the eligibility for enrolment for this study was performed by
one abdominal radiologist (W.K.J. with 10 years of experience
in abdominalMR imaging interpretation). He also recorded the
location and size of the pancreatic lesions onMRI and whether
serum levels of amylase, lipase, and carbohydrate antigen 19-9
(CA 19-9) of the patients were elevated during the period of
hospitalization for diagnosis of pancreatic lesions. At our in-
stitution, the definition of elevated amylase, lipase, and CA 19-
9 are serum levels higher than 100U/L, 60U/L, and 37U/mL,
respectively. Clinical and demographic data of the MFFP and
PDAC groups are summarized in Table 1.

MR imaging technique

All MR images were acquired using a 3.0-T MR system
(Intera Achieva 3.0-T, Philips Healthcare, Best, the
Netherlands) with a 16-channel phased-array receiver coil.
MRI sequences are summarized in Table 2. Dynamic en-
hancement imaging studies were obtained using a T1-
weighted 3-dimensional turbo-field-echo sequence with a
spectral attenuated inversion-recovery fat-suppression tech-
nique and included unenhanced phase, arterial-phase (20–35
s), portal phase (60 s), late phase (3 min), and 20 min
hepatobiliary phase. For enhancement study, gadoxetic acid
was used as a contrast agent (Primovist; Bayer Schering
Pharma, Berlin, Germany). Using a power injector, the con-
trast agent was applied intravenously at a rate of 2 mL/s for a
dose of 0.025 mmol/kg body weight, followed by a
20-mL saline flush. The time for the arterial phase im-
aging was determined using the MR fluoroscopic bolus
detection technique [13].

For evaluation of pancreatic and bile duct anatomy,
we used two different MR cholangiopancreatography
(MRCP) methods. Sequence parameters for MRCP were
optimized by vendor according to protocols. A breath-
hold 2D single-projection turbo spin-echo MRCP and a
nav iga to r - t r i gge red 3D MRCP were acqu i r ed
sequentially.

Diffusion-weighted (DW) imaging with a b-value of
0, 100, and 800 s/mm2 were acquired before the admin-
istration of contrast agent using a respiratory-triggered
single-shot echo planar imaging. The spectral
presaturation with inversion recovery was used for fat
suppression. The beginning of each acquisition was
timed to the same state of the respiratory cycle. The
apparent diffusion coefficient (ADC) was calculated
with a monoexponential function using b-values of 100
and 800 s/mm2.

Fig. 1 Pancreatic ductal adenocarcinoma developed in the pancreas
uncinate process in a 54-year-old man. On transverse unenhanced T1-
weighted (a) and arterial phase (b) images, the lesion (arrows) shows ill-
defined area of hypointensity. On the portal (c) and 3-min late phase (d)
images, the lesion (arrows) shows mild homogeneous hypointensity and
hyperintensity compared with adjacent pancreas parenchyma, respective-
ly. The lesion (arrows) shows progressive enhancement toward the dom-
inant hypovascular foci (arrowheads) on signal intensity colour mapping
images (e) of arterial, portal and 3-min late phase images

Eur Radiol (2017) 27:1722–1732 1725



Acquisition of SICM

Data for unenhanced, arterial, portal, and 3-min late MR im-
ages were transferred to a personal computer workstation and
analyzed for SICM using in-house software written using
MATLAB v. 7.6 (Mathworks, Natick, MA, USA). For
SICM of the lesion, we set up the reference point as normal
pancreas parenchyma near the lesion on each phase. ROI of
reference point was determined by two radiologists (S.H.K.
and W.K.J. with 15 and 10 years of experience, respectively)
on consensus. We described the ROI of a reference point on
each phase (arterial, portal, and 3 min late phase) at the same
location as the ROI on the unenhanced image by side-by-side
comparison. The percent signal change was computed as

Thepercent signalchange ¼ lesion signal intensity�reference signal intensityð Þ
reference signal intensity � 100.

The percent signal change was mapped onto a colour image
from blue to red. For example, when the lesion showed lower
signal intensity than the reference point of normal parenchy-
ma, the colour of the lesion was changed from yellow-green to
blue depending on the signal intensity difference between the
lesion and reference point of normal parenchyma. On the oth-
er hand, when the lesion showed higher signal intensity than
normal parenchyma, the colour of the lesion changed from
yellow-green to red depending on the signal intensity

difference between the lesion and reference point of normal
parenchyma. The minimum and maximum of colour scale
was set as -80 % and 80 % arbitrary.

Imaging analysis

All MR images were evaluated by two abdominal radiologists
(K.M.J. and T.W.K, with 14 and 6 years of experience, respec-
tively, in abdominal MR imaging interpretation) in consensus
on a picture archiving and communication system (Pathspeed;
GE Medical Systems Integrated Imaging Solutions, Mt.
Prospect, IL, USA), with an adjustment of the optimal win-
dow setting in each case. These readers were unaware of the
clinicopathological diagnoses of pancreatic lesions. In cases
of disagreement, a third reader (Y.K.K. with 15 years of expe-
rience in abdominal MRI) was asked for an opinion and the
majority opinion was used for data analysis. At first, readers
evaluated the MR imaging features listed in Table 3, which
were reported with regard to the imaging features of PDAC
andMFFP on previous reports [1, 2, 14–19]. Then, the readers
classified the enhancement pattern of the lesion on dynamic
MR images with adding SICM. Firstly, the readers determined
the dominant hypovascular foci in the pancreatic lesion on
arterial SICM images (Figs. 1 and 2). Secondly, the

Fig. 2 Pancreatic ductal
adenocarcinoma developed in the
pancreas uncinate process in a 53-
year-old woman. MR
cholangiopancreatography (a)
shows a grade 4 ductal obstruc-
tion, abrupt cut-off the upstream
main pancreatic duct with tortu-
osity. On transverse unenhanced
T1-weighted image (b), the lesion
(arrow) shows hypointensity
compared to the spleen. On arte-
rial, portal and 3-min late phase
(c) images, the lesion (arrows)
shows ill-defined area of
hypointensity. The lesion shows
progressive centripetal enhance-
ment on signal intensity colour
mapping images (c, bottom line)
of arterial, portal and 3-min late
phase images

1726 Eur Radiol (2017) 27:1722–1732



enhancement patterns of the pancreatic lesions on SICM im-
ages were classified as follows: (1) pattern 1, progressive en-
hancement toward the dominant hypovascular foci in the le-
sion (Figs. 1 and 2); (2) pattern 2, persistent hypovascularity
with no incremental enhancement; (3) pattern 3, sudden ho-
mogeneous enhancement of the lesion on portal or delayed
SICM images (Fig. 3); (4) pattern 4, unclassifiable
hypovascular enhancement (Fig. 4); (5) pattern 5,
hypervascular enhancement.

For quantitative analysis, readers measured ADC and nor-
malized ADC values of the lesions on the ADC map by using
manually defined circular or ovoid regions of interest (mean,
1.15 mm2; range, 6.3-200.0 mm2) on the pancreatic lesions
and adjacent paravertebral muscle. The spatial cursor key in
the PACS that enabled matching of the corresponding sites on
different images was used. Each value was obtained for the
solid component of lesions using the largest possible circle or
oval while avoiding cystic areas. The ADC values were re-
corded as the average of three separately measured regions of
interest on each image. The ADC value of the paravertebral
muscle was used for the normalization of ADC values [20]

Statistical analysis

Laboratory and MR imaging parameters were analyzed
via univariate logistic regression to investigate their

association with MFFP. For each parameter, odd ratio
(OR) of MFFP against PDAC was provided with its
95 % confidence interval. Firth’s penalized maximum
likelihood estimation method was applied to logistic re-
gression when categorical parameters showed cell spar-
sity. The grade of ductal obstruction was defined as a
higher value between grades of MPD and CBD. The
Student’s t-test was performed to compare the ADC
value and normalized ADC value between MFFP vs.
PDAC groups.

Classification tree analyses (CTAs) were performed to
identify predictors for MFFP and derive simple classification
algorithms that differentiate MFFP from PDAC: CTAwith all
parameters except enhancement pattern on SICM images and
CTA including enhancement pattern on SICM images.
Decision tree and random forest methods were used for
CTAs [21] with packages Brpart^ and BrandomForest^ in R
3.2.1 (Vienna, Austria; http://www.R-project.org/). We
selected final classification models, which showed the least
cross-validation error and had proper numbers of patients in
terminal nodes. Performances of the final models were evalu-
ated and compared based on accuracy, sensitivity, specificity,
positive predictive value (PPV), and negative predictive value
(NPV). All the other statistical analysis was executed using
SAS version 9.4 (SAS Institute Inc, Cary, NC, USA). All p-
values < 0.05 were considered to be statistically significant.

Fig. 3 Autoimmune pancreatitis
developed in the pancreas body in
a 47-year-old woman. On trans-
verse unenhanced T1-weighted
image (a), the lesion (arrow)
shows similar intensity to that of
the spleen. On transverse heavily
T2-weighted image (b), the main
pancreatic duct (arrowheads) is
smoothly narrowed by the lesion
(arrows). On the arterial and por-
tal phase images (c), the lesion
(arrowheads) shows ill-defined
area of hypointensity. On the 3-
min late phase image (c), the le-
sion shows homogeneous en-
hancement. The lesion (arrows)
shows sudden homogeneous en-
hancement on signal intensity
colour mapping image (c, bottom
line) of 3-min late phase

Eur Radiol (2017) 27:1722–1732 1727
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Results

The laboratory and MR imaging parameters of both groups
are summarized in Table 4. Among assessed laboratory and
MR imaging parameters, the following parameters were sig-
nificantly associated with MFFPs: amylase elevation,
peripancreatic capsule-like rim, grade 1 hypointensity on
T1-weighted images, solid appearance on T2-weighted im-
ages, ductal obstruction grade equal to or less than 3, type 1
or 2 signal intensities on contrast-enhanced MR images, pat-
tern 3 or 4 enhancement on SICM images (p<0.05) (Figs. 3
and 4). However, only peripancreatic capsule-like rim was
exclusively shown in MFFPs. Type 1 or 2 signal intensities
on contrast-enhancedMR images was appeared in 22.3% (32/
144) of PDACs (Fig. 1), and pattern 3 enhancement on SICM
images was appeared in 0.7 % (1/144) of PDACs. On

quantitative analysis, ADC and normalized ADC values were
significantly different between the MFFP group and PDAC
group (ADC values, [mean, 1.044 + 0.205 × 10−3 mm2/s;
range, 0.717 – 1.580 × 10−3 mm2/s] versus [mean, 1.176 +
0.225 × 10−3 mm2/s; range, 0.419 – 1.953 × 10−3 mm2/s];
normalized ADC values [mean, 0.69 + 0.14 ; range, 0.46 –
1.00] versus [mean, 0.76 + 0.14; range, 0.27 – 1.16]) (p<0.05).

The results of CTAs are shown in Fig. 5. In the first
CTA with all parameters except enhancement pattern on
SICM images , ducta l obs t ruc t ion grade and T1
hypointensity grade were the first and second splitting
predictors for differentiation MFFP from PDAC group in
order. Of 33 lesions with ductal obstruction grade equal to
or less than 3 and grade 1 T1 hypointensity, 29 (87.9 %)
lesions were MFFPs (Fig. 3). On the second CTA with
adding enhancement pattern on SICM images, pattern 3
or 4 enhancement on SICM was the only predictor for
the differentiation of MFFP group from PDAC group
(Figs. 3 and 4). Of 33 lesions with pattern 3 or 4 enhance-
ment on SICM images, 32 (97.0 %; pattern 3, n=24; pat-
tern 4, n=8) lesions were MFFPs. Of remaining 152 le-
sions with pattern 1, 2, or 5 enhancements on SICM im-
ages, 143 (94.1 %; pattern 1, n=137; pattern 2, n=3; pat-
tern 5, n=3) lesions were PDACs (Figs. 1 and 2). All 25
lesions with ductal obstruction grade equal to or less than
3, grade 1 T1 hypointensity, and pattern 3 or 4 enhance-
ment on SICM images were all MFFPs. Six cases were
more correctly assessed in differentiating between MFFP
and PDAC using the second CTA compared with the first
CTA. (Figure 1). Eleven cases (7 PDACs and 4 MFFPs)
incorrectly classified in the first CTA were correctly diag-
nosed in the second CTA, and five cases (one PDAC and
four MFFPs) correctly diagnosed in the first CTA were
incorrectly classified in second CTA. The established clas-
sification tree models have sensitivity of 70.7 %, specific-
ity of 97.2 %, PPV of 87.9 %, NPV of 92.1 %, and diag-
nostic accuracy of 91.4 % on the first CTA, and sensitivity
of 78.0 %, specificity of 99.3 %, PPV of 97.0 %, NPV of
94.1 %, and diagnostic accuracy of 94.6 % on the second
CTA for differentiation of MFFP from PDAC.

Discussion

On previous studies [17, 22–24], the characteristic enhance-
ment appearances of MFFP have been described as homoge-
neous enhancement during the portal and late phases MR
images. In this study, although similar enhancement appear-
ances (i.e., type 1and 2 signal intensities on contrast enhanced
MR images in this study) were more frequently seen in
MFFPs (78 %, 32/41), those types of enhancement were also
seen in 22.3 % (32/144) of PDACs. However, by adding of
SICM to contrast-enhanced MR images, which shows distinct

Fig. 4 Autoimmune pancreatitis developed in the pancreas body in a 48-
year-old man. On transverse unenhanced T1-weighted (a), arterial (b),
portal (c), and 3-min late phase (d) images, the lesion (arrows) shows
persistent and mild hypovascular enhancement compared to the adjacent
pancreas without progressive enhancement toward the dominant
hypovascular foci on signal intensity colour mapping images (e) of
unenhanced, arterial, portal and 3-min late phase images

1728 Eur Radiol (2017) 27:1722–1732



contrast of the lesions, we could evaluate the dominant
hypovascular portion and dynamic enhancement pattern of

pancreatic lesions more precisely. Only one case with PDAC
showed pattern 3 enhancement on SICM images. The tumour

Table 4 Univariate Analysis for
MR Imaging Parameters and
Serologic Markers to
Differentiate MFFP from PDAC

Parameter MFFP (n=41) PDAC (n=144) OR 95 % CI of OR p value

Amylase elevation* 16 (39.0) 27 (18.8) 0.36 0.17 - 0.77 0.008‡

CA 19-9 elevation* 5 (12.2) 94 (65.3) 13.54 5.00 - 36.66 <.001‡

Lipase elevation* 22 (53.7) 63 (43.8) 0.67 0.34 - 1.35 0.263

Margin of the lesion 1.85 0.60 - 5.68 0.282

Distinct 4 (9.8) 24 (16.7)

Indistinct 37 (90.2) 120 (83.3)

Peripancreatic capsule-like rim 6 (14.6) 0 (0.0) 0.02 0.01 - 0.43 0.013‡

Vascular involvement of the lesion 1.17 0.89 - 1.53 0.272

Grade 1 19 (46.3) 65 (45.1)

Grade 2 9 (22.0) 21 (14.6)

Grade 3 5 (12.2) 7 (4.9)

Grade 4 8 (19.5) 51 (35.4)

Hypointensity of the lesion on T1WI 6.6 3.44 - 12.67 <.001‡

Grade 1 32 (78.0) 31 (21.5)

Grade 2 7 (17.0) 45 (31.3)

Grade 3 2 (5.0) 68 (47.2)

Signal intensity of the lesion on DWI 0.97 0.52 - 1.82 0.926

Grade 1 1 (2.5) 6 (4.2)

Grade 2 13 (31.7) 42 (29.2)

Grade 3 27 (65.8) 96 (66.6)

Appearances of the lesion on T2WI 0.001‡

Solid† 32 (78.0) 67 (46.5) … … …

Unilocular 3 (7.3) 6 (4.2) 0.96 0.22 - 4.07 0.95

Multiple cystic foci 6 (14.7) 71 (49.3) 5.65 2.22 - 14.38 <.001‡

Grade of ductal obstruction (MPD or CBD)° 1.68 1.35 - 2.09 <.001‡

Grade 1 13 (31.7) 18 (12.5)

Grade 2 4 (9.8) 1 (0.7)

Grade 3 18 (43.9) 13 (9.0)

Grade 4 6 (14.6) 112 (77.8)

Signal intensities of the lesion on contrast-enhanced
MR images

4.48 2.81 - 7.16 <.001‡

Type 1 16 (39.0) 6 (4.2)

Type 2 16 (39.0) 24 (16.7)

Type 3 8 (19.5) 31 (21.5)

Type 4 1 (2.5) 80 (55.5)

Type 5 0 (0.0) 3 (2.1)

Enhancement pattern on colour scale dynamic
images

89.81 23.42 - 344.41 <.001‡

Pattern 1 7 (17.0) 137 (95.1)

Pattern 2 2 (5.0) 3 (2.1)

Pattern 3 24 (58.5) 1 (0.7)

Pattern 4 8 (19.5) 0 (0.0)

Pattern 5 0 (0.0) 3 (2.1)

Note. CI = confidence interval, OR = odds ratio, DWI = diffusion-weighted images, ADC = apparent diffusion
coefficient, NA= not applicable. Data are number of lesions. Numbers in parentheses are percentages. The
univariate logistic regression analysis was used to calculate p values. *Reference points: amylase - 100U/L,
CA19-9 - 37 U/mL, lipase - 60 U/L. † Used as the reference category. °The higher grade was selected between
grade of MPD and grade of CBD. ‡Statistically significant results from logistic regression analysis.
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had a well to moderately differentiated component in more
than 95 % of the tumour, and less than 5 % of tumour had
poorly differentiated component with minimal desmoplastic
stromal reaction. As a result, the enhancement pattern on
SICM was chosen as the only predictor to differentiate
MFFP from PDAC on CTA. The enhancement differences
between MFFP and PDAC were caused by the following
pathological differences: complete disappearance of pancreat-
ic parenchyma by carcinogenesis and desmoplasia (abundant
fibrotic stroma) in PDAC and the infiltrative nature of inflam-
matory cells, mild interstitial fibrosis, and preserved acinar
cells in MFFP [1, 16]. The dominant hypovascular portion
in PDACs may represent the prominent fibrotic stroma.

In this study, ductal obstruction grade equal to or less than 3
and grade 1 T1 hypointensity were the first and second split-
ting predictors for differentiating MFFP from PDAC on the
first CTA, and is in line with previous studies [16, 22, 23]. The
different degree of duct obstruction in MFFP and PDAC was
explained as follows: PDACs arise from the ductal epithelium
and grow centrifugally, resulting in early complete ductal ob-
struction, whereas ductal stricture in MFFP is usually caused
by centripetal narrowing by mass effect of periductal inflam-
mation [25, 26]. Grade 1 T1 hypointensity in MFFP
might be attributed to the preserved cellular components
of the pancreas [16].

In this study, ADC values and normalized ADC values were
significantly lower in the MFFP group than in PDAC group
(mean, 1.044 + 0.205 versus 1.176 + 0.225 × 10−3 mm2/s;
0.69 + 0.14 versus 0.76 + 0.14), which are in line with a previ-
ous study [27]. However, in other studies, the ADC values were
significantly higher in MFFP than in PDAC [17, 28].
Additionally, apparent diffusion coefficients (ADCs) for pancre-
atic lesions could show marked variations depending on imag-
ing sequences, the specific b values used for ADC calculation,
or technical parameters of the data acquisition [29]. On the other
hand, perfusion fraction f of intravoxel incoherent motion DW
imaging has been reported as a better DW imaging-derived

parameter for differentiating MFFP from PDACs than ADC
values on previous studies [30, 31]. In these studies, the perfu-
sion fraction f was significantly lower in carcinoma tissues than
in inflammatory pancreatic lesions.

Misdiagnosing PDAC is associated with dismal prog-
nosis and, therefore, the highest specificity possible
should be achieved [32]. In this study, by using ductal
obstruction grade and grade of T1 hypointensity on the
first CTA, the specificity was 97.2 %. After adding the
characterization of enhancement pattern on SICM imaging
to CTA, the specificity was 99.3 %, and all 25 lesions with
ductal obstruction grade equal to or less than 3, grade 1 T1
hypointensity and pattern 3 or 4 enhancement on SICM
images were MFFPs. Therefore, we thought that when
focal pancreatic mass shows incomplete or smooth com-
plete obstruction of common bile duct or pancreatic duct
and its signal intensity is equal to or higher than that of the
spleen, characterization of the enhancement pattern by
adding SICM for the pancreatic mass would be useful to
lessen the probability of PDAC.

In this study, we used CTA, which is a non-linear and non-
parametric substitute of linear models for categorization. The
CTA helps identify and interpret complex interactions, where-
as other multivariate analysis can only manage interactions
predetermined by the analyst. The CTA uses most significant
predictor variables for classification tree. In these tree struc-
tures, each interior node corresponds to one of the predictor
variables. Leaves represent class labels of the outcome vari-
able and branches represent conjunctions of features that lead
to those class labels. CTA provide optimal cut-off points for
variables, thus it can be simple to use in decision-making and
similar to algorithms used in clinical guidelines. Also, several
similar models have been shown to be an efficient tool for
differentiation benign from malignant tumour or identifying
of high risk group of some disease [33–35].

This study had limitations. First, as it was a retrospective
study, there was an unavoidable selection bias. Second, not all

Fig. 5 Subgroups of the tumours identified through classification tree
analysis and their risks to develop each groups. The schematic chart of
(a) shows the results of classification tree analysis with all assessed
parameters except enhancement pattern on signal intensity colour
mapping images. The schematic chart of (b) shows the results of
classification tree analysis with all assessed parameters including

enhancement pattern on signal intensity colour mapping. Data are
number of lesions. Number in parentheses are percentages. Boxes with
dotted line = the subgroup with high probability of a tumour to beMFFP;
Boxes with bold double-line = the subgroup with high probability of a
tumour to be PDAC
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MFFP were surgically resected, and the correlation between
histopathological findings and MR features of the lesions was
not performed. Third, a relatively small number of study pa-
tients with MFFP compared with those with PDAC was in-
cluded because of the rarity of the disease. Fourth, SICM for
MR images and CTA model have been not used for the dif-
ferentiation of MFFP from PDAC so far. The qualitative eval-
uation of SICM and determination of reference point for the
pancreas would be reader dependent and could be difficult to
standardize and reproduce. Also, acquisition of SCIM could
be limited due to motion artefact. In addition, in this study,
categorization of SCIM was performed in consensus and not
by independent reviewers, and interreader agreement was not
assessed. Therefore, we think that a sophisticated prospective
study would be required to assess the incremental benefits of
adding SICM to dynamic MR imaging to differentiate MFFP
from PDAC. Furthermore, validating the CTA model in dif-
ferent study populations would be required to demonstrate
whether it can be generalized to other populations.

In conclusion, the characterization of enhancement pattern
for pancreatic lesions on contrast-enhanced MR images with
adding SICM would be helpful to differentiate MFFP from
PDAC.
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