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Multi-modality imaging features distinguish pancreatic carcinoma
from mass-forming chronic pancreatitis of the pancreatic head
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Abstract. The present study retrospectively analyzed comput-
erized tomography (CT), magnetic resonance imaging (MRI)
and positron emission tomography-computerized tomography
(PET/CT) data to identify features that may distinguish
pancreatic carcinoma (PC) from mass-forming chronic
pancreatitis (MFCP) of the pancreatic head. The mean diam-
eter of the lesions was larger in the MFCP patients (n=24) than
in the PC patients (n=30; 5.44+27 vs. 3.34+1.23 cm; P<0.001).
PC lesions showed increased lobulation when compared with
the MFCP cases (83.33 vs. 12.5%; P<0.001). Lesions in the
MEFCP patients exhibited diffuse and marginally distributed
calcification. MFCP patients showed increased exudation
around the lesion (83.33 vs. 13.33%), pseudocyst formation
(58.33 vs. 10%) and thickening of the right renal fascia (83.33
vs. 13.33%) than in the PC patients. MFCP patients also exhib-
ited visible remnants of normal pancreatic tissue within the
lesions. MFCP and PC patients could be distinguished by a
cutoff value of 4.40 cm for lesion size [area under the curve
(AUC): 0.894; 95% confidence interval (CI): 0.810-0.978)],
21.85 Hu for net-increased value in the arterial phase (AUC,
0.799; 95% CI, 0.670-0.928), 37.70 Hu for net-increased value
in the portal phase (AUC, 0.798; 95% CI,0.919-0.677), 4.85 for
early standardized uptake value (SUV) of ®F-deoxyglucose
(*F-FDG; AUC, 0.934; 95% CI, 0.850-1.018) and 4.90 for
delayed SUV of "F-FDG (AUC, 0.958; 95% CI, 0.878-1.038).
These findings demonstrated that the integration of data from

Correspondence to: Dr Zhibing Ruan, Department of Radiology,
Affiliated Hospital of Guizhou Medical University, 28 Guiyi Street,
Guiyang, Guizhou 550004, P.R. China

E-mail: zhibingruan2017@163.com

Dr Dingyu Min, Department of Medical Records and Statistics,
Guizhou Provincial People's Hospital, 83 Zhongshan Road, Guiyang,
Guizhou 550002, P.R. China

E-mail: mindingyu0085@163.com

Key words: pancreatic head mass, mass-forming chronic pancreatitis,
pancreatic head carcinoma, multi-modality imaging, differential
diagnosis

dynamic contrast-enhanced CT, MRI and PET/CT imaging
may distinguish MFCP from PC.

Introduction

In most cases, pancreatic carcinoma (PC) and mass-forming
chronic pancreatitis (MFCP) are found in the pancreati-
chead, which is the largest part of the pancreas. Although
these pathologies require entirely different treatment and
management and have different prognoses, the overlap
in their clinical and imaging features renders their early
preoperative and differential diagnosis challenging (1-7).
Sometimes, surgical exploratory biopsy is unable to differen-
tiate these two pathologies. Radical surgical resection is the
standard treatment for PC and the only effective means of
cure. Misdiagnosis of MFCP as focal pancreatic malignancy
results in unnecessary surgical treatment and misdiagnosis
of PC as focal pancreatitis delays necessary surgical inter-
vention (1-3,8,9). Therefore, non-invasive imaging plays a
crucial role in early differential diagnosis, personalized
treatment, and evaluation of therapeutic effects in both
pathologies (3,5,7,10-20). 18"-FDG-PET/CT is an advanced
diagnostic imaging modality that combines high-resolution
anatomical images from computerized tomography (CT) and
functional images from positron emission tomography (PET).
It is cost-effective and is used for early diagnosis, efficacy
evaluation, tumor staging and prognostic evaluation and
clinical treatment guidance in PC; it is particularly informa-
tive during the initial and metastasis stages of PC (3,5,10).
However, the specificity and sensitivity of these imaging
modalities in distinguishing MFCP from PC is not known.
Therefore, we retrospectively analyzed multi-modality
imaging data of 30 PC and 24 MFCP patients to clinically
distinguish PC from MFCP.

Materials and methods

Clinical data of MFCP and PC patients. The present study
was approved by the Ethics Committee of the Affiliated
Hospital of Guizhou Medical University (Guizhou, China)
and was performed according to the Declaration of Helsinki
guidelines. Written informed consent was obtained from
all participants for inclusion in the study and for publishing



9736

their images in this manuscript. We enrolled 24 MFCP and
30 PC patients between January 2012 and May 2017 that were
all confirmed by pathology [aspiration biopsy (n=15) and
surgical pathology (n=9) in MFCP cases (n=24) and surgical
pathology in PC cases (n=30)]. All PCs were localized. The
inclusion criteria were: i) all participants had been confirmed
by pathology for MFCP or PC before enrollment; ii) CT
(unenhanced and dynamic enhanced CT), magnetic reso-
nance imaging (MRI) (DWI and contrast enhanced scan) and
PET/CT scans were performed within a month in all patients;
and iii) general clinical data was similar for both groups. The
exclusion criteria were: i) cases without pathological results;
il) incomplete data of multi-modality imaging (unenhanced
and dynamic enhanced CT, MRI and PET/CT) or examina-
tion interval of all multi-modality imaging was more than
a month; iii) diffused or multifocal forms of pancreatitis or
diffuse nature of PC; iv) patient information did not meet the
statistical requirements.

General and clinical information of the patients is shown
in Table I. The 24 MFCP patients included 22 males and 2
females with a mean age of 51.92+6.7 years. The 30 PC
patients included 19 males and 11 females with a mean age of
59.5+8.95 years. Clinical symptoms included varying degrees
of chronic intermittent or persistent pain in both MFCP and
PC patients; jaundice in 18 MFCP and 25 PC cases; weight
loss of >5 kg in 14 MFCP and 23 PC cases within 6 months;
the first symptom was abdominal pain in 20 MFCP and 21 PC
cases, whereas jaundice was the first symptom in 12 MFCP
and 19 PC cases.

Radiological examination methodology. CT scan (unen-
hanced and dynamic enhanced CT), MRI (DWI, MRCP, and
contrast enhanced scan), and PET/CT scans were performed
respectively within a month in all of patients. Besides, ERCP
examination was performed in 15 cases with MFCP and
22 cases of PC.

CT scan was obtained with a Toshiba 128-slice CT scan
system. Patients were supine, and scanned from the top of the
diaphragm to the lower edge of the pubic symphysis. CT scan
parameters were as follows: voltage, 120 kV; current, 200 mA;
scan thickness 5 mm, interlayer spacing 5 mm, pitch 0.5, and
collimator 16 slice x 0.625 mm. The original data was scanned
to obtain coronal, sagittal and other orientations required for
multiple planar reconstruction (MPR). The CT enhancement
scan used a high-pressure injector to inject 60-100 ml of the
non-ionic iodine contrast agent iohexol (iodine 300 mg/ml)
into the cubital vein at a rate of 3 ml/sec. The scan included
arterial phase (delay 30 sec), venous phase (delay 60 sec) and
a delay period (delay 120 sec). For CT non-enhanced scan, the
scan was from the top of the diaphragm to the lower edge of
the pubic symphysis. Patients were asked to hold their breath
during scanning and breathe quietly during the scanning
interval.

MRI examination was performed with a Philips
Achieva 3.0-T whole-body MRI system (Philips Healthcare,
Amsterdam, The Netherlands) and abdominal phased array
surface coil (a 16-channel phased array coil). The patients
fasted 4-8 h before the scan. MRI sequences are summarized
in Table II. Baseline MRI included a T1-weighted turbo
field-echo in-phase and opposed-phase sequence, a breath-hold
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multishot T2-weighted sequence, and a respiratory-triggered
single-shot heavily T2-weighted sequence. All T2-weighted
images were performed under fat saturation conditions.
Dynamic images were obtained with a T1-weighted 3D turbo
field-echo sequence (THRIVE). This included unenhanced
phase, arterial phase (20-35 sec), portal phase (60 sec) and
delayed phase (3 sec). The time for the arterial phase imaging
was determined using the MR fluoroscopic bolus detection
technique. The patients were intravenously administered the
contrast agent (0.1 mmol/kg body weight gadolinium-dieth-
ylenetriaminepentaacetic acid, Gd-DTPA; Bayer Schering
Pharma, Berlin, Germany) at a rate of 2 ml/s through a power
injector (Mark V). Two methods of magnetic resonance
cholangiopancreatography (MRCP) were used to evaluate
pancreatic and bile duct anatomy. Sequence parameters of
MRCP including breath-hold single-section 2D single-shot
turbo spin-echo MRCP and navigator-triggered 3D turbo
spin-echo MRCP were according to vendor instructions
(Table II). The diffusion-weighted imaging (DWI) sequence
included respiratory triggering spin echo planar imaging
sequence (SE-EPI). The apparent diffusion coefficient (ADC)
value was calculated with b-values of 0 and 800 s/mm?. Scan
data was analyzed at the Philips Achieva 3.0-T whole-body
MRI system release 2.6 workstation (Philips Healthcare).

PET/CT examination was performed in a Philips
GEMINI TF 64 PET/CT machine (Philips Healthcare) with
BF-deoxyglucose (FDG; purity >95%). Patients fasted for 6 h
before the scan, and the fingertip fasting blood glucose level
was <11 mmol/l (normal range: 3.9-6.1 mmol/l). We injected
BE-FDG (3.7 MBq/kg body weight) into the cubital vein and
the examination was performed after supine rest for ~1 h after
the injection in a quiet dark room. CT scan parameters were
as follows: voltage 120 kV, current 120 mA, CT reconstruction
thickness 5 mm and an interval of 5.0 mm. The PET images
were attenuated and corrected with CT data and ordered subset
iterative expectation maximization (OSEM) for PET image
reconstruction was performed with a thickness of 5 mm and
interval distance of 5 mm. Reconstruction images of CT and
PET were transferred to a Philips dedicated workstation to
obtain cross-sectional PET, sagittal PET, coronal PET, CT and
PET/CT fusion images. Abnormal lesions were outlined as the
region of interest (ROI) using a semi-quantitative method to
measure the maximum standardized uptake value (SUVmax)
of radioactivity.

Analysis of multi-modality imaging data. The images were
reviewed independently by two expert radiologists and a
consensus diagnosis was arrived at. The following key indi-
cators were recorded at the Philips workstation: i) pancreatic
tumor size, shape, density or characteristic signals such as
multi-phase enhanced characteristics and the boundarys; ii pres-
ence or absence of cystic lesions of tumor and surrounding area;
iii) style and degree of dilation of the main pancreatic duct and
common bile duct; more attention was paid to common bile
duct lesions with or without interruption and stenosis, with or
without mural nodules, and with or without duct penetration
(mass segment with pancreatic duct stenosis without wall
irregularities, or mass without stenosis) and ‘double’ or bile
duct ‘disjoint’ signs (segments of the common bile duct and the
pancreatic duct are cut off due to pancreatic cancer invasion;
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Table I. General information of the enrolled MFCP and PC patients.

Parameter MFCP (n=24) PC (n=30) y>or t-value P-value
Males [n (%)] 22 (91.67) 19 (63.33) 5.856 0.016
Age, years (mean + SD) 51.92+6.7 59.5+8.95 -1.632" 0.109
History of long-term drinking [n (%)] 16 (66.67) 13 (43.33) 2.920 0.088
History of biliary tract disease [n (%)] 20 (83.33) 5(16.67) 23.834 <0.001
History of pancreatitis [n (%)] 18 (75%)* 3 (10) 23.704 <0.001

*>2 episodes in 6 cases; t, independent-samples t-test; SD, standard deviation; MFCP, mass-forming chronic pancreatitis; PC, pancreatic
carcinoma.

Table II. Magnetic resonance imaging sequences and parameters.

Flip Slice Slice

MRI TR/TE angle  thickness gap Matrix ~ Band width FOV  Acquisition No. of
sequence (msec) @) (mm) (mm) size (Hz/pixel)  (cm) time (sec) excitations
T1W 2D dual GRE  5/1.14-2.3 15 6 1 252x159 434 375 144 1
BH-MS-T2WI 1,410/80 90 7 1 320x224 641.5 37.5 46.2 1
RT-SS-T2WI 1,277/70 90 7 1 236x166 5493 37.5 - 2
RT-SS-HT2WI 2,580/740 90 5 1 256x153 5919 375 - 1
RT-3D-GRE TIWI  3.0/1.39 10 2 1 252x197 7234 37.5 15 2
BH-2D-MRCP 4,800/894 90 40 1 256x192 408 30 9 1
NT-3D-MRCP 1,673/740 90 1 1 256x153 591.9 36 250 1
DWI 1,600/70 90 7 1 124x100 439 36 174 4

MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging; MRCP, magnetic resonance cholangiopancreatography; TR, repetition
time; TE, echo time; 3D, three-dimensional; GRE, gradient recalled echo; BH-MS-T2WI, Breath-hold multishot T2-weighted; RT-SS-T2WI,
Respiratory-triggered single-shot T2-weighted imaging; RT-SS-HT2WI, Respiratory-triggered single-shot heavily T2-weighted imaging;
RT-3D-GRE T1WI, T1-weighted 3D gradient-recalled echo; BH-2D-MRCP, Breath-hold 2D MRCP; NT-3D-MRCP, Navigator-triggered 3D
MRCP; dash (-) indicates variable value depending on patient breathing and number of respiratory interval in respiratory-triggered techniques;

FOV, field of view.

the common bile duct and the pancreatic duct expand, but do
not extend into the tumor); iv) whether peripancreatic vascular
tissue was violated (the fat disappears between the mass and
adjacent vessels, and the mass wraps around the adjacent
vessel at >180°) and the presence or absence of blocked blood
vessels and presence of stenosis; and v) adjacent tissue and
organ changes, including the presence or absence of abdominal
and retroperitoneal lymph node metastasis, liver and spleen
metastasis, or renal fascia thickening. We also collected and
recorded clinical data, including symptoms, laboratory tests
and pathology reports after surgery. The image analysis and
diagnosis of each patient were compared with the pathology
results.

Statistical analysis. SPSS 19.0 statistical software (IBM
Corp., Armonk, NY, USA) was used to analyze the data. For
data with normal distribution with homogeneity of variance
test, data were presented as the means + standard deviation
(mean +SD). We used the independent-samples t-test and
%% comparison test or Fisher's exact test. In ROC analysis, the
appropriate cutoff value of lesion size, net-increased value in
arterial and portal phases as well as early and delayed SUV

values corresponding to the maximal Youden index was
determined. We also determined the sensitivity and specificity
values of significant imaging findings. The significance level
was set at P<0.05 (two-tailed).

Results

Distinguishing multi-modality imaging features in PC and
MFCP. The lesion volume was higher in the MFCP group
than in pancreatic cancer (5.44+1.27 cm vs. 3.34+1.23 cm;
P<0.001; Figs. 1-4; Table III). The right perirenal fascia
thickening was observed in 83.33% of MFCP and 13.33% PC
patients (P<0.001; Figs. 1A and B, 2A and B, 3A-C, 4A and B,
5A, B and D and 6A-D). Lobulation was observed in 83.33%
of PC and 12.5% of MFCP patients (P<0.001; Table III;
Figs. 1A-6A).

Cystic necrosis was observed in 60% PC and 29.17%
MEFCP patients (P<0.05; Table I1I). Calcification was observed
in 58.33% MFCP and 10% PC patients (P<0.001; Table III).
Predominantly, calcification in MFCP patients was mixed type
(8/14; 57.14%), characterized by diffuse pattern and marginal
distribution of the lesions (Figs. 1A and 2B). Furthermore,



Figure 1. A 49-year-old male MFCP patient with epigastric pain for 6 months.
The pancreatic head (indicated by arrows) exhibited multiple honeycombs
(indicated by arrowhead) of mass with (A) homogeneous enhancement in
the enhanced CT arterial phase and (B) in the enhanced CT venous phase as
well as (C) in the coronal reconstruction. This included slight enhancement
of the cystic wall and the intracystic component without enhancement. The
cystic lesions presented tension and multiple calcifications (annulus) and was
accompanied by exudation around the pancreas, expansion of the distal main
pancreatic duct expansion (indicated by arrows) and atrophy of the pancre-
atic body and tail. (D) The image shows multiple cystic lesions (indicated by
arrowheads) with clear tension and expansion of bile duct and pancreatic duct
(indicated by arrows) and the dilated bile duct and pancreatic duct traversing
through the lesion area. (E) Diffusion-weighted imaging showed the pancre-
atic head mass with unrestricted diffusion. (F) Hematoxylin and eosin
stained cross section (magnification, x100) revealed chronic inflammation of
the pancreas with a dilated duct, focal fibrosis and pancreatic tissue necrosis.
MEFCP, mass-forming chronic pancreatitis; CT, computerized tomography.

visible remnants of normal pancreatic tissue were observed in
the MFCP lesions (Figs. 1A, 2B and 3B).

Pseudocyst formation was observed in 58.33% MFCP
and 10% PC patients (P<0.001; Table IIT). Honeycomb-like
cystic lesions were found only in the MFCP group
(Figs. 1C and D, 2B and 3B). Atrophy of the pancreatic body
and tail was observed in 41.67% MFCP and 36.67% PC
patients (P=0.708; Figs. 1B, 2A and 3C). Dilated bile ducts
passed through the lesion areas in 79.17% MFCP and 16.67%
PC cases (P<0.001; Table III; Figs. 1D, 2C and 4B). Dilated
pancreatic ducts interrupted the lesion areas in 8.33% MFCP
and 70% PC cases (P<0.001; Table III; Fig. 5C). However, the
double duct sign, which indicates the expansion of both the
pancreatic duct and the bile duct, was similar in both groups
(P=0.20; Table III). The net increase in arterial and portal
venous phase enhancements was higher in the MFCP group
than in the PC group (P<0.001 and P=0.008, respectively;
Table III). Peripancreatic vascular invasion was similar in both
groups (Table III). However, we observed 7 cases of cancer
embolus and 5 cases of hepatic metastases in PC, thereby
showing increased vascular invasion in PC. Meanwhile, 2
MFCP patients showed portal vein thrombosis (Fig. 4B),
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Figure 2. A 56-year-old male MFCP patient with upper abdominal pain
and discomfort for 10 days. CT image exhibited enlarged and misshaped
pancreatic head with enhancement of uneven decrease in the (A) enhanced
CT arterial phase and (B) enhanced CT venous phase in the coronal
reconstruction. The multiple cystic lesions (indicated by arrowheads) were
not enhanced but with tension, and the inner wall was light and finished,
combined with multiple calcified nodules that were distributed at the edges
and were patchy (annulus). The dilated common bile duct and pancreatic
duct (indicated by arrows) traverse through the lesion area. (C) The image
clearly reveals the bile and the pancreatic ducts (indicated by arrow). (D) The
F-deoxyglucose-positron emission tomography/CT scan image showed
normal metabolism in the mass of the pancreatic head. MFCP, mass-forming
chronic pancreatitis; CT, computerized tomography.

Figure 3. A 41-year-old male MFCP patient with recurrent abdominal pain and
fever for 3 months. CT scan images revealed the enlarged and misshaped head
of the pancreas, with (A) enhancement of uneven decrease at enhanced CT arte-
rial phase and (B and C) enhanced CT venous phase. The rectangle in images A
and B shows the normal pancreatic tissue in the lesion. The multilocular cystic
lesions show no enhancement with tension, however, they have slight enhance-
ment of the inner wall, accompanied with pancreatic duct dilatation (indicated
by arrow), multiple stones and calcifications (annulus) in the atrophied pancre-
atic body and tail. (D) *F-deoxyglucose-positron emission tomography/CT scan
image shows that the metabolism of the diffused cystic areas of mass lesion was
not increased. There was also significantly high uptake around the lesion and
many adjacent lymph nodes (indicated by short arrows). MFCP, mass-forming
chronic pancreatitis; CT, computerized tomography.
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Table III. Comparison of multi-modality imaging features between MFCP and PC cases of the pancreatic head.

Parameter MFCP (n=24) PC (n=30) ¥ or t-value P-value
Lesion size (cm; mean + SD) 5.44+1.27 3.34+1.23 6.140" <0.001
Lobulation [n (%)] 3(12.5) 25 (83.33) 26.796 <0.001
Calcification [n (%)] 14 (58.33) 3(10) 14.440 <0.001

Patchy 4 (28.57) 0 (0) - -

Dot 2 (14.29) 2 (66.67) - -

Hybrid 8 (57.14) 1(33.33) 8.640 0.007
Cystic necrosis [n (%)] 7(29.17) 18 (60) 5.098 0.024
Net-increased value of CT enhancement (Hu, mean + SD)

Arterial phase 24.42+9 81 13.92+5.50 4974 <0.001
Pancreatic parenchymal phase (portal phase) 45.41£14.56 35.83+10.19 2.840 0.008
High signal on DWI [n (%)] 2 (28.57) 17 (89.47) 13.658 <0.001
ADC value (mean + SD)* 1.36+0.13 1.01+0.11 10.703 <0.001
Early SUV value (mean + SD ) 2.51£0.42 7.13£3.04 -7.375 <0.001
Delayed SUV value (mean + SD ) 2.10+0.31 9.20+3.56 -9.723 <0.001

Atrophy of the pancreatic body and tail [n (%)] 10 (41.67) 11 (36.67) -0.140 0.708
Pseudocyst [n (%)] 14 (58.33) 3 (10) 14.440 <0.001
Pancreatic duct expansion [n (%)] 16 (66.67) 20 (66.67) 0.000 0.995
Uniformity of expansion 2 (12.5) 18 (90) 15.263 <0.001
Beaded expansion 14 (87.5) 2 (10) 17.070 <0.001
Pancreatolithiasis 13 (54.17) 5(16.67) 8.438 0.004
Bile duct penetration sign [n (%)] 19 (79.17) 5(16.67) 21.094 <0.001
Cholangiectasis [n (%)] 17 (70.83) 16 (53.33) 1.720 0.190
Double duct sign [n (%)] 7(29.17) 14 (46.67) 1.713 0.200
Disjoint sign of the bile duct and pancreatic duct [n (%)] 2 (8.33) 21 (70) 20.737 <0.001
Right anterior renal fascia thickening [n (%)] 20 (83.33) 4 (13.33) 26.460 <0.001
Peripancreatic vascular invasion [n (%)]° 17 (70.83) 19 (63.33) 0.337 0.561
Retroperitoneal lymph nodes enlargement [n (%)]° 11 (45.83) 21 (70) 3.225 0.073

*ADC values based on DWI scan were statistically significant in 7 cases of MFCP and 19 cases of PC [(1.43+0.20)x10"* mm?; P<0.05]; °PC
group showed increased tumor vessel invasion and abnormal morphology, while the majority of MFCP cases showed peripancreatic vascular
invasion with regular morphogenesis. “The peripancreatic and retroperitoneal lymph nodes of the MFCP group were slightly larger (average
diameter, ~11 mm), with edge blur and mainly mild homogeneous enhancement. The PC group showed significantly larger lymph nodes
(average diameter, ~15 mm) with significantly enhanced base or ring enhancement; t, independent-samples t-test; Dash (-) indicates that
statistical analysis was not performed; SD, standard deviation; MFCP, mass-forming chronic pancreatitis; PC, pancreatic carcinoma; SUV,

standardized uptake values; CT, computerized tomography.

suggesting initiation of peripancreatic vascular invasion in
MEFECP by regular morphogenesis.

We observed that there were no significant differences in
pancreatic and retroperitoneal lymph nodes of both MFCP
and PC groups. In MFCP, the multiple lymph nodes were
slightly larger than normal (average diameter: 11 mm vs.
<5 mm) with mild homogeneous enhancement, whereas, the
PC group showed a significant increase (average diameter:
15 mm) with partially visible fusion and uniform annular
enhancement.

High signal on DWI was observed in 28.57% MFCP and
89.47% PC cases (P<0.001; Table III; Fig. 1E). Moreover,
ADC values were higher in the MFCP than in the PC group
(P<0.001; Table I1T). The MFCP group showed lower maximal
mean SUV than in the PC group for the early (2.51+0.42 vs.
7.13+3.04; P<0.001; Table III) and delayed (2.10+0.31 vs.

9.20+3.56; P<0.001; Table III) phases. The delayed phase
SUV increased in the PC group (Figs. SE and 6G and H),
but changed minimally or decreased in the MFCP group
(Figs. 2D and 4C and D).

As shown in Table IV and Figs. 7 and 8, the optimal
cutoff values for distinguishing MFCP from PC patients was
4.40 cm for lesion size (sensitivity, 75%; specificity, 90%;
area under the curve (AUC): 0.894; 95% confidence interval
(CI): 0.810-0.978), 21.85 Hu for net-increased value in arte-
rial phase (sensitivity, 58%; specificity, 97%; AUC, 0.799;
95% CI, 0.670-0.928), 37.70 Hu for net-increased value in
portal phase (sensitivity, 83%; specificity, 70%; AUC, 0.798;
95% CI, 0.919-0.677), 4.85 for early SUV value (sensitivity,
90%; specificity, 92%; AUC, 0.934; 95% CI, 0.850-1.018) and
490 for delayed SUV value (sensitivity, 97%; specificity, 96%;
AUC, 0.958; 95% CI, 0.878-1.038).
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Table I'V. Diagnostic performance of significant imaging features in distinguishing MFCP from PC.

Parameter AUC 95% CI P-value Cut off point  Sensitivity  Specificity
Lesion size (cm) 0.894 0.810-0.978 <0.001 4.40 cm 0.75 0.90
Net-increased value in arterial phase (Hu) 0.799 0.670-0.928 <0.001 21.85 Hu 0.58 0.97
Net-increased value in portal phase (Hu) 0.798  0.919-0.677 <0.001 37.70 Hu 0.83 0.70
Early SUV 0934  0.850-1.018  <0.001 4.85 0.90 0.92
Delayed SUV 0958  0.878-1.038  <0.001 4.90 0.97 0.96

MFCP, mass-forming chronic pancreatitis; PC, pancreatic carcinoma; AUC, area under the curve; CI, confidence interval; Hu, Hounsfield unit;

SUV, standardized uptake values.

Figure 4. A 59-year-old male MFCP patient with upper abdominal pain
for 12 days and a 7-year history of necrotizing pancreatitis. CT scan image
revealed a huge mass of the pancreatic head that is slightly uneven and showed
(A) progressive enhancement (indicated by dotted circle) in the enhanced
CT arterial phase and (B) enhanced CT venous phase reconstruction. There
was significant peripancreatic exudation (indicated by short arrows) and
perirenal fascia thickening. The dilated pancreatic duct and the common
bile duct show ‘rat-tailed’ stenosis (indicated by arrows) within and through
the lesion area, and was associated with portal vein thrombosis (indicated
by a rectangle). "®F-deoxyglucose-positron emission tomography/CT image
revealed (C) higher uptake at the early phase and (D) decreased uptake at
the delayed phase in the pancreatic head mass (indicated by a dotted circle).
MFCP, mass-forming chronic pancreatitis; CT, computerized tomography.

Discussion

Pancreatic cancer is a common and aggressive abdominal
malignant tumor with a 5-year survival rate of less than 5%
in patients that undergo surgical resection; 50-70% of cases
occur in the head of the pancreas (3,8). MFCP accounts for
15-30% of chronic pancreatitis, wherein protracted pancre-
atic inflammation results in the fibrotic replacement of the
destroyed pancreatic parenchyma and formation of a local
mass due to chronic inflammatory cell infiltration (3,4,21,22).
MFCP and PC are similar in various clinical and biological
aspects, and chronic pancreatitis is one of the risk factors for

Figure 5. A 56-year-old male PC patient with upper abdominal pain for
2 months with a change in bowel habits for 1 month. CT scan image showed
enlarged and deformed pancreatic head with a nodule, which revealed
a (A) lower uneven signal at the TIWI in-phase and (B) a higher uneven
signal at T2WI fat-saturation in the pancreatic head (indicated by a dotted
circle). (C) The common bile duct (indicated by arrows) and pancreatic
duct (indicated by short arrow) are ‘disjoint” and show uniform dilatation.
(D) Pancreatic head nodule (indicated by dotted circle) showed uneven
lower signal in the enhanced CT arterial phase with an unclear boundary.
(E) Positron emission tomography/CT image revealed higher uptake in
the pancreatic head nodule (indicated by a dotted circle). (F) Hematoxylin
and eosin stained section shows moderately differentiated adenocarcinoma
in the pancreatic head (magnification, x100). PC, pancreatic carcinoma;
CT, computerized tomography.

pancreatic cancer (2,4,7). In our study, MFCP patients were
younger than PC patients, though statistically insignificant.
The MFCP patients, unlike PC patients, had a history of biliary
tract disease, long-term alcohol consumption and chronic
pancreatitis. This suggests that chronic damage because of
biliary disease, long-term alcohol drinking and a history of
pancreatitis are independent risk factors for MFCP (22). In our
study, we distinguished MFCP and PC by analyzing multiple
Multi-modality imaging features.

The size of the lesions was larger in MFCP patients than in
PC patients and an optimal cutoff value of 4.40 distinguished
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Figure 6. A 57-year-old male PC patient with abdominal pain and jaundice 9 months following cholecystectomy. (A) CT scan image showed pancreatic head
without significant abnormal nodule or mass in the plain CT axial scan with significant exudation (indicated by short arrows) around the pancreas and (B) a
nodule (indicated by a dotted circle) with uneven lower enhancement in the enhanced CT arterial phase. (C) The pancreatic head nodule (indicated by a dotted
circle) showed lower signal at TIWI and (D) higher uneven signal at T2WI. (E) Magnetic resonance cholangiopancreatography revealed the common bile
duct (indicated by arrows) and the pancreatic duct in the pancreatic lesion area. The uniform distal duct expansion (indicated by arrowheads) is also seen.
(F) Re-examination following 8 months revealed enlarged pancreatic nodule with increased exudate around the lesion (indicated by a dotted circle) than
before in the enhanced CT. (G) Positron emission tomography/CT image shows higher uptake at the early phase and (H) higher uptake at delayed phase in
the pancreatic head nodule (indicated by dotted circles). (I) Hematoxylin and eosin stained image reveals moderately differentiated adenocarcinoma of the
pancreatic nodule (magnification, x400). PC, pancreatic carcinoma; CT, computerized tomography.
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Figure 7. Receiver operating characteristic curves for lesion size and
net-increased standardized uptake values in arterial and portal phases to
distinguish MFCP and PC. The cutoff value was 4.40 (sensitivity, 75%;
specificity, 90%; AUC, 0.894; 95% CI, 0.810-0.978) for lesion size; 21.85
(sensitivity, 58%; specificity, 97%; AUC, 0.799; 95% CI, 0.670-0.928) for
arterial phase and 37.70 (sensitivity, 83%; specificity, 70%; AUC, 0.798;
95% CI, 0.919-0.677) for portal phase. CI, confidence interval; AUC, area
under the curve.
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Figure 8. Receiver operating characteristic curve for early and delayed SUV
to distinguish MFCP and PC. The cutoff value is 4.85 (sensitivity, 90%;
specificity, 92%; AUC, 0.934; 95% CI, 0.850-1.018) for early SUV values and
4.90 (sensitivity, 97%; specificity, 96%; AUC, 0.958; 95% CI, 0.878-1.038)
for delayed SUV. CI, confidence interval; AUC, area under the curve; SUV,
standardized uptake values.
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MEFCP from PC lesions. The boundaries of the lesions were
more unclear in MFCP than in pancreatic cancer, and the
exudation around the lesion was more obvious in the MFCP
group. The right perirenal fascia thickening was more obvious
in MFCP than in PC, probably due to chronic inflammation.
Moreover, the lack of a complete pancreatic capsule resulted
in inflammatory exudate, connective tissue proliferation and
necrosis, which easily spread into the adjacent peripancreatic
and renal interstitial spaces. Anterior renal fascia or renal
peritoneal thickening was strong evidence of chronic pancre-
atic inflammation. Moreover, lobulation was closely related to
lesion size, with predominantly larger lesions observed in PC
cases than in MFCP (83.33% vs. 12.5%). These parameters
highlighted the distinct biological and pathophysiological
properties of PC and MFCP.

Cystic necrosis was more common in PC than in the MFCP
group. In PC, the wall of cystic necrosis was uneven, whereas the
inner margin of the MFCP cystic necrosis area was smoother.
Calcification was more common in MFCP than in PC. The main
calcification type was mixed with diffused distribution. The edge
of the lesion was associated with multiple pancreatic duct stones
because of recurrent and progressive inflammatory fibrosis that
damaged the internal and external secretory functions to varying
degrees and resulted in calcium deposition. These, subsequently
lead to pancreatic duct calcification and stones. In PC, calcifi-
cation was located in the central necrotic area. These common
changes occurred in both diseases. However, we observed visible
remnants of normal pancreatic tissue within MFCP lesions that
could be used to distinguish MFCP from PC. Large scale studies
are necessary to confirm these differences.

Cystic lesions or pancreatic pseudocysts are fluid-filled
cavities wrapped by the wall of fibrotic pancreatic tissue. The
incidence of cystic lesions was observed in 58.33% of MFCP
patients and 10% of PC patients. In MFCP, cystic lesions were
mainly located within or around the pancreatic head mass and
characterized by honeycomb-like cysts as well as calcified and
discontinuous wall. These features were not observed in the
PC cases.

In MFCP, secondary chronic pancreatitis causes atrophy
of the pancreatic body and tail. Atrophy and pancreatic duct
obstruction of the body and tail of the pancreas have been linked
to PC (3). In our study, the incidence of atrophy was similar
between MFCP and PC cases (41.67% vs. 36.67%). A previous
report indicated differences in atrophy at an early stage of PC (3),
which needs to be confirmed by large scale studies in the future.

In most PC cases, the pancreatic duct was obstructed by
infiltrative growth of the cancer resulting in distal pancreatic
duct dilation, which was smooth and continuous. However, few
PC cases showed no expansion of the distal pancreatic duct
as compensation to obstruction. Therefore, mild expansion of
the pancreatic duct is an early indicator of PC. Furthermore,
obstruction of the common bile duct was observed in most PC
cases. The dilation of the pancreatic duct in MFCP showed
beaded appearance and was secondary to the chronic pancre-
atitis. It showed pancreatic duct stones and calcification and
compressed the distal common bile duct. Infiltration of the bile
wall by inflammatory cells and fibrosis resulted in incomplete
biliary obstruction. A previous study showed that bile duct
dilation was similar in both MFCP and PC, but the degree
of dilatation was more obvious in PC, probably related to
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the pathological stages of the samples and other molecular
mechanisms (23-26). Furthermore, the common bile duct
wall showed a reinforced ring at the delayed phase in MFCP
samples. Further analysis is necessary to confirm if this is a
distinguishing feature that can be used to distinguish MFCP
from PC. The dilated pancreatic ducts passed through the
lesion area in 79.17% MFCP and 16.67% PC cases, whereas,
they obstructed the lesion area in 8.33% MFCP and 70% PC
cases. These data were consistent with previous literature (3),
and are characteristic of PC.

CT multi-phase scan was the best imaging method for the
early diagnosis of PC. It identified hemodynamic changes in
PC, and the degree of early enhancement was proportional to
the vascular density and diffusion of the contrast agent into
the extravascular space. Lack of blood supply in the PC tissue,
especially in the arterial phase of the enhancement scan was
characteristic of lesions in PC. Moreover, necrosis of a large
number of normal pancreatic cells resulted in delayed clearance
of the contrast agent. Thus, the performance of the dynamic
enhancement (lower enhancement in artery phase and delayed
enhancement in delayed phase) was slow lift platform type.
The strengthening degree was higher in the arterial and portal
venous phases of MFCP than in the PC group. The optimal
cutoff value for differentiating MFCP from PC was 21.85 Hu
for arterial phase, and 37.70 Hu for portal phase. Previous
study also showed that the decrease of blood flow and blood
volume was more pronounced in PC than in MFCP (11), which
resulted in delayed peak extension in PC than in MFCP (3).

We also investigated if the peripancreatic vessels were
involved in MFCP and PC. We observed narrowing fat gap
between the lesions and the peripancreatic vessels, which were
wrapped by the abnormal mass, especially in the PC group, and
displaced with a shape-rule margin in MFCP. Furthermore,
in most MFCP cases, we observed expansion of the superior
mesenteric vein, probably because of blood flow changes as a
result of pancreatitis.

In both MFCP and PC, most lymph nodes were enlarged
around the pancreatic head, especially in PC patients. The
PC-related lymph nodes were significantly enlarged and
showed greater enhancement with fusion, heterogeneous
enhancement and uneven thickness of the ring wall. However,
these parameters were not statistically significant when
compared with MFCP. In MFCP patients, the pancreatic nodes
showed slight enlargement with edge blur and mild homoge-
neous enhancement. Moreover, these findings were difficult
to distinguish from lymph node tuberculosis and needed to be
combined with other clinical features for diagnosis.

Despite some similarities, DWI is critical in the early
and differential diagnosis of MFCP and PC because it quan-
titatively evaluates the free movement of water molecules
within the pancreatic tissue (12,16,18,27). Most PC cases
showed a high signal and lower ADC value on DWI than in
MEFCP because of low cell density in the extracellular space.
Moreover, MFCP showed differences in the diffusion of water
molecules in the lesion area because of differences in exuda-
tion and varying degrees of hyperplasia due to prolonged
chronic inflammation. Our study shows that restricted diffu-
sion of water molecules was more common and that the signal
was significantly uneven in the PC group than in MFCP. These
data are consistent with previous reports (12,16,27). However,
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there is a considerable overlap in the DWI signals for both PC
and MFCP. Hence, differential diagnosis requires comprehen-
sive analysis of multi-modality imaging data. We selected a
high b value of 800 s/mm?because studies have indicated that
high b values result in acquiring the true ADC value of the
tissue and increase the specificity of the diagnosis (12,16,18).

Most PCs show high uptake of ®F-FDG by localized
lesions in the early and delayed phases (5,19). Our study
showed that SUV values were lower for the MFCP than the PC
group in both the early (2.51+0.42 vs. 7.13+3.04) and delayed
(2.10+£0.31 vs. 9.20+3.56) phases. The optimal cutoff SUV
values were 4.85 (sensitivity of 90%, and specificity of 92%),
and 4.90 (sensitivity of 97% and specificity of 96%) for early
and delayed phases to differentiate MFCP and PC, respectively.
The SUV values of PC group increased with the delay time,
whereas there was minimal change or a decrease in the MFCP
group, consistent with previous reports (5,13,19). However,
macrophages, neutrophils and other inflammatory cells, which
express the glucose transporter and glycolytic enzymes highly,
also lead to accumulation of "F-FDG locally. This makes it
difficult to distinguish PC from pancreatitis, tuberculosis
and autoimmune diseases (5,13). A case of MFCP, which
was secondary to autoimmune pancreatitis, was confirmed
by surgery and pathology in our study. The high-uptake of
BE-FDG by the multi-site uneven lesions, combined with
other data from conventional CT scan and enhanced imaging
showed clear signs of pancreatitis. Thus, comprehensive
analysis of multiple multi-modality imaging data is necessary
in most cases for accurate diagnosis. Previous studies showed
high ®F-FDG uptake in autoimmune pancreatitis (100%). In
most pancreatitis lesions or benign tumors, the high uptake
of ®F-FDG was not smooth, non-nodular, and unevenly
distributed, whereas, in most malignant lesions the uptake was
smooth, localized, nodular and uniformly distributed (5,13).
Size of the pancreatic lesions also influenced the accuracy of
BE-FDG PET diagnosis because lesions with few tumor cells
or low expression of the glucose transporter combined with
limited spatial resolution and density contrast were easily
missed in a PET/CT scan (5). In contrast, smaller malignant
tumors with high glucose metabolism, and mucus or serous
cystadenocarcinoma exhibited low "®F-FDG uptake (5,13).
In our study, many PC cases showed the above-described
negative findings, but had characteristic imaging findings on
dynamic contrast-enhanced CT and delayed PET/CT scans.
Early or malignant PC lesions that are smaller show negative
PET/CT. Therefore, delayed imaging combined with enhanced
CT or MRI is essential for accurate and differential diagnosis.
Accuracy of PC diagnosis with ®F-FDGPET/CT, MDCT and
MRI was 89, 76 and 70%, respectively (3,5). PC was more
accurately diagnosed by PET/CT, which also showed higher
sensitivity for distant metastasis than MDCT and MRI.
Moreover, SUV levels were influenced by factors such as
weight of the individual, fat, blood glucose level, and selection
of image reconstruction method (13).

This study is mainly discussing the multimodal imaging
features and its differential diagnosis efficiency on distin-
guishing PC from MFCP of the pancreatic head. The
comparison analysis of diagnostic efficacy among different
single method of imaging examination will be presented in
next research. It is also well know that any single imaging
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examination has some overlapping and limitations. Therefore,
tumor marker results were not included in the analysis which
will be taken into account in the next study, but our results
indicate that the CA19-9 value were increased in 21 cases with
PC (average 340.34+140.65 U/dl) and in 13 cases with MFCP
(average 109.05+37.87 U/dl).

In conclusion, we demonstrate that integration of dynamic
contrast-enhanced CT scan MRI and "“F-FDG-PET/CT
imaging methods is necessary for differential diagnosis of
MEFCP from PC. This study was a retrospective study with a
limited sample size and therefore needs to be confirmed by
large scale study. In addition, the clinical stage (TNM staging)
of PC was not analyzed which will be covered in the future
study along with possible molecular mechanism (28-30).
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