Pancreatology 19 (2019) 331-339

journal homepage: www.elsevier.com/locate/pan

Contents lists available at ScienceDirect

Pancreatology

Prognostic evaluation of pancreatic ductal adenocarcinoma: N
Associations between molecular biomarkers and CT imaging findings | @&

Yoshifumi Noda * *, Satoshi Goshima ¢, Yusuke Tsuji °, Hiroyuki Tomita ¢, Akira Hara ¢,
Masaya Kawaguchi ¢, Hiroshi Kawada °, Nobuyuki Kawai °, Yukichi Tanahashi ¢,

Masayuki Matsuo *

@ Department of Radiology, Gifu University, 1-1 Yanagido, Gifu 501-1194, Japan
b Department of Radiology, Kyoto Prefectural University of Medicine, Kyoto, Japan
€ Department of Tumor Pathology, Gifu University, Gifu, Japan

ARTICLE INFO

ABSTRACT

Article history:

Received 29 October 2018
Received in revised form

17 January 2019

Accepted 20 January 2019
Available online 24 January 2019

Keywords:

Pancreatic ductal carcinomas
Multidetector computed tomography
Epithelial-mesenchymal transition

Objectives: To investigate association between molecular biomarkers and computed tomography (CT)
imaging findings in patients with pancreatic ductal adenocarcinoma (PDAC).

Methods: Fifty-three consecutive patients with PDAC (34 men and 19 women; mean age, 70.6 + 8.1
years; range, 56—86 years) who underwent dynamic contrast-enhanced CT prior to pancreatectomy
were included. The Ki-67 index and expressions of E-cadherin, Vimentin, and TWIST were immuno-
histochemically evaluated. Qualitative image analysis and histogram analysis of CT numbers were con-
ducted. Clinical and molecular biomarkers were tested as possible prognostic factors for overall survival
(0S) using Kaplan—Meier method and Cox proportional hazards regression. In addition, associations
between CT imaging findings and significant molecular biomarkers were investigated.

Results: The TNM stage (P=0.018) and E-cadherin expression status (P=0.018) were independently
associated with OS. E-cadherin-negative PDACs had a worse prognosis than E-cadherin-positive PDACs
(hazard ratio: 2.21). Irregular tumor margin was observed more frequently in E-cadherin-negative PDACs
(54.7%) than in E-cadherin-positive PDACs (45.3%) (P =0.00054). The kurtosis of CT number during the
pancreatic parenchymal phase was significantly higher in E-cadherin-negative PDACs than in E-cad-
herin-positive PDACs (P = 0.035).

Conclusions: E-cadherin suppression was found to be a prognostic factor for OS in patients with PDAC,
and irregular tumor margin and kurtosis of CT numbers during the pancreatic parenchymal phase could
be indicators for E-cadherin suppression.

© 2019 IAP and EPC. Published by Elsevier B.V. All rights reserved.

Introduction

required to evaluate these factors.
Several molecular biomarkers have been reported as predictive

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading
cause of cancer-related death in both males and females, and the
estimated number of deaths from PDAC was 44,330 in the United
States in 2018. The 5-year relative survival rate is approximately 8%
in all stages [1]. Complete surgical resection is the only potentially
curative treatment [2], and patient survival can be predicted on the
basis of pathological characteristics of PDAC, such as degree of tu-
mor differentiation; pathological T (pT), N (pN), and M (pM) stages;
and positive resection margins [3]. However, a surgical specimen is
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factors for overall survival (0S), including SMAD4, Ki-67 index,
Vimentin, E-cadherin, SPARC, and TWIST [4]. Among these,
Vimentin, E-cadherin, and TWIST are associated with epithelial-to-
mesenchymal transition (EMT), which is a key step in primary tu-
mor progression to metastasis [5]. EMT activates the development
of tumor cells from an epithelial phenotype to a more motile
mesenchymal phenotype [6]. It is relatively easy for EMT-positive
tumor cells to enter the systemic circulation, metastasize to
another site, and proliferate at the metastatic site [7]. Therefore, an
increased number of EMT-positive tumor cells is associated with
poor survival in patients with PDAC [8].

Dynamic contrast-enhanced CT is routinely performed for the
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preoperative evaluation of tumor extension and surgical resect-
ability in patients with newly diagnosed PDAC. We speculated that
preoperative CT demonstrates different imaging findings between
EMT-positive and EMT-negative tumors and preoperatively pre-
dicts OS in patients with PDAC. To our knowledge, no published
study has reported the relationship between CT imaging findings
and molecular biomarkers associated with EMT. Thus, the purpose
of our study was to determine prognostic factors in patients with
PDAC and investigate association between molecular biomarkers
and CT imaging findings.

Material and methods
Patients

This retrospective study was approved by our institutional re-
view board, and written informed consent was waived. Between
May 2008 and October 2017, 72 consecutive patients who under-
went dynamic contrast-enhanced CT prior to pancreatectomy for
PDAC and underwent histopathological diagnoses were enrolled.
Nineteen of the 72 patients were excluded because of the status
after neoadjuvant chemoradiation therapy (n=15), R2 resection
(n=3), and the absence of visible tumor on preoperative CT images
(n=1). Thus, the remaining 53 patients (mean age, 70.6 + 8.1 years;
range, 56—86 years), including 34 men (mean age, 70.4 + 7.7 years;
range, 56—86 years) and 19 women (mean age, 71.4 + 9.1 years;
range, 56—86 years), comprised the study population.

All patients underwent endoscopic ultrasound-guided fine-
needle aspiration biopsy for histopathological diagnosis prior to
pancreatectomy. The interval between preoperative contrast-
enhanced CT and pancreatectomy ranged from 5 to 79 days, with
a median of 26 days. The breakdown of interval was 1-30 days
(n=29), 31-60 days (n = 20), and 61—79 days (n =4). PDACs were
located in the pancreatic head (n=37), body (n=7), and tail
(n=9). Thirty-seven patients underwent pan-
creaticoduodenectomy with pancreaticojejunostomy reconstruc-
tion, and 16 underwent distal pancreatectomy. A total of 53 lesions
in 53 patients were histopathologically diagnosed as PDAC. The
hospital information system was used to obtain patient information
including age; sex; plasmatic carcinoembryonic antigen (CEA) and
carbohydrate antigen (CA) 19-9 levels; pT, pN, and pM stages; TNM
stage; tumor differentiation; and residual tumor (R) classification
[9].

Adjuvant therapy included none (n=12), gemcitabine (GEM)
only (n=19), S-1 (tegafur, gimeracil, and oteracil potassium) only
(n=18), GEM plus S-1 (n=1), and S-1 plus radiation therapy
(n=3).

Contrast-enhanced CT technique

We used a 64- or 16-detector CT scanner (Discovery CT750 HD
or LightSpeed Ultra 16; GE Healthcare, Milwaukee, WI, USA) with
an automatic tube current modulation system. Thirty patients were
scanned using the 64-detector CT scanner, and 23 were scanned
using the 16-detector CT scanner. The tube current modulation
system combined both z-axis and angular modulation of the X-ray
tube current [in milliamperes (mA)] adjusted for the size and shape
of individual patients monitored on a single scout scan, accounting
for all three dimensions. On the basis of a single scout scan and a
preset noise index [i.e., 1 standard deviation (SD) of background
noise], radiation exposure was adjusted during CT scanning to
achieve an acceptable image noise level across the regions of in-
terest (ROIs) by modulating the tube current as the scan encoun-
tered various anatomic thicknesses and asymmetries [10].

CT imaging parameters were as follows: tube voltage, 120 kV

peak (kVp); noise index, 12.0 Hounsfield unit (HU) at 5-mm slice
collimation; tube current, variable; detector configuration, 64 or 16
detectors with 0.625-mm section thickness; beam collimation, 40
or 10 mm,; rotation time, 0.4, 0.5, or 0.6 s; pitch, 0.561:1 or 1.375:1;
scan field-of-view, large body; and display field-of-view, 40 cm.

Contrast material containing 350 or 300 mg iodine per mL was
intravenously injected at a fixed duration of 30s. In all patients,
600 mg of iodine per kg of total body weight was administered. A
circle with a diameter of 15—20 mm was placed as an ROI in the
abdominal aorta at the level of the first lumbar vertebral body. Real-
time fluoroscopic monitoring scans (120 kVp, 10 mA) were initiated
10 s after the injection of contrast material was started. The diag-
nostic CT scanning was started with an additional delay of 20 s for
the pancreatic parenchymal, 50 s for the portal venous, and 160 s
for the equilibrium phase after a threshold of a 100 HU increase in
the abdominal aorta was detected by a bolus-tracking program
(SmartPrep; GE Healthcare) [11,12].

Histopathological and immunohistochemical evaluation

All histopathological and immunohistochemical features of
surgical specimens were newly evaluated by two experienced pa-
thologists (A.H. and H.T., with 31 and 19 years of experience in
tumor pathology, respectively) and a radiologist (Y.T., with 5 years
of post-training experience in interpreting abdominal CT images) in
consensus. Hematoxylin and eosin stained specimens were used for
the histopathological evaluation of the TNM stage and R classifi-
cation according to the Union for International Cancer Control [9].
Immunostaining was performed to grade the Ki-67 index and to
evaluate E-cadherin, Vimentin, and TWIST expressions. Ki-67
immunoreactivity was evaluated according to the percentage of
positive tumor nuclei. Grading criteria for the Ki-67 index were as
follows: 0, 0%—15% of immunostained nuclei (low) and 1, >16%
(high) [13]; those for E-cadherin expression were as follows: 0, 0%—
50% (negative) and 1, >51% (positive) [7]; those for Vimentin
expression were as follows: 0, 0%—10% (negative) and 1, >11%
(positive) [13]; and those for TWIST expression were as follows: 0,
0% positive tumor cells (negative) and 1, >1% (positive) [7].

Qualitative image analysis

Two experienced radiologists (S.G. and H.K., with 18 and 9 years
of post-training experience at interpreting abdominal CT images,
respectively) with no specific knowledge of the patients' clinical
course or surgical outcome independently assessed CT images and
in consensus. They reviewed tumor characteristics and the pres-
ence or absence of direct invasion to adjacent structures in refer-
ence to transaxial, coronal, and sagittal images during the
precontrast, pancreatic parenchymal, portal venous, and equilib-
rium phases. A junior abdominal radiologist first reviewed CT im-
ages and then senior abdominal radiologist reviewed CT images.
For any different opinions, the senior abdominal radiologist's
reading was basically accepted as the standard.

The radiologists evaluated tumor characteristics including ho-
mogeneity, margin, and lymph node enlargement. Tumor homo-
geneity was classified as either homogeneous or heterogeneous;
heterogeneous tumor was defined as that with mixed density ne-
crosis and/or hemorrhage [14]. Tumor margin was classified as
smooth or irregular; irregular margin was defined as a tumor with
>70% of spiculated and/or infiltrative involvement [14]. Lymph
node enlargement was defined by a minor axis >10 mm and/or
central necrosis [15]. The radiologists also analyzed the presence or
absence of direct invasion to adjacent structures, including the
common bile duct, duodenum, pancreatic serosa, retroperitoneum,
portal vein, major regional artery, plexus of the nerve, and other
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organs [16].

Quantitative image analysis

An experienced radiologist (N.K., with 6 years of post-training
experience at interpreting abdominal CT images) with no specific
knowledge of the patients' clinical course or surgical outcome
reviewed the CT images. The radiologist measured the maximal
diameters of the main pancreatic and common bile ducts and the
anterior—posterior (AP) diameters of the pancreatic head, body,
and tail. In addition, the radiologist measured CT number for PDAC
on transaxial images during the precontrast, pancreatic paren-
chymal, portal venous, and equilibrium phases using commercially
available digital imaging software and a Communications in Med-
icine viewer (ShadeQuest ViewR; Yokogawa Medical Solutions,
Tokyo, Japan), which was programmed to perform histogram ana-
lyses. For each phase, the mean CT number (HU) was measured
using a circular ROI cursor drawn on the images showing a
maximum diameter of PDAC to encompass as much of the lesion as
possible while avoiding artifacts and large vessels. A series of his-
togram parameters, including the mean; median; mode; standard
deviation; variance; kurtosis; skewness; coefficient of variance;
minimum; maximum; entropy; energy; and 10th, 25th, 50, 75th,
and 9ot percentiles were calculated.

Statistical analysis

Statistical analyses were conducted using MedCalc Statistical
Software for Windows (MedCalc Software version 18.5, Mariakerke,
Belgium).

In the first step, Kaplan—Meier method and log-rank test were
conducted for univariate analysis and Cox proportional hazard
regression was conducted for multivariate analysis to evaluate
prognostic factors for OS in patients with PDAC. Patients' age; sex;
diameters of the main pancreatic and common bile ducts; AP di-
ameters of the pancreatic head, body, and tail; tumor location;
plasmatic CEA and CA 19-9 levels; pT, pN, and pM stages; TNM
stage; tumor differentiation; R classification; adjuvant therapy, Ki-
67 index; and E-cadherin, Vimentin, and TWIST expressions were

Table 1
Patient demographics and tumor characteristics.

included as prognostic factors in the analysis. Further, prognostic
factors that were statistically significant (P <0.05) in univariate
analysis were reassessed in multivariate analysis.

In the second step, association between molecular biomarkers
identified as prognostic factors for OS in the first step and CT im-
aging findings was evaluated. The Mann—Whitney U test and
Fisher's test were conducted to evaluate differences in the patients’
background factors, tumor characteristics, and qualitative and
quantitative parameters between molecular biomarker-positive
and molecular biomarker-negative PDACs. For quantitative pa-
rameters, the optimal cutoff value was determined based on the
highest area under the receiver operating characteristic (ROC)
curve (AUC) yielding the highest sensitivity and specificity to
differentiate between molecular biomarker-positive and molecular
biomarker-negative groups. P<0.05 was considered statistically
significant.

Results
Patient demographics and tumor characteristics

Patients' demographics and tumor characteristics are summa-
rized in Table 1. For Kaplan—Meier method and log-rank test, pa-
tients were classified into two groups using median values of age
(71.0 years); diameters of the main pancreatic (4.4 mm) and com-
mon bile (6.8 mm) ducts; and AP diameters of the pancreatic head
(17.0 mm), body (12.0 mm), and tail (11.0 mm). Plasma CEA (5.0 ng/
mL) and CA 19-9 (37.0 U/mL) cutoff values were based on our
institutional standard.

Overall survival and prognostic factors

The median follow-up duration was 16.0 (range, 3—112) months.
Median OS was 24.0 (range, 3—39) months, and five (9.4%) patients
were alive at the last follow-up for data collection.

Table 2 demonstrates the results of univariate and multivariate
analyses of prognostic factors for OS. Significant prognostic factors
for OS in univariate analysis were location [hazard ratio (HR), 1.00
in the pancreatic head, 3.21 in the pancreatic body, and 0.84 in the

Characteristics

Age (year)

Gender (male:female)

Diameter of MPD (mm)

Diameter of CBD (mm)

AP diameter of pancreatic head (mm)
AP diameter of pancreatic body (mm)
AP diameter of pancreatic tail (mm)
Location (head/body/tail)

CEA (ng/mL)

CA19-9 (U/mL)

pT stage (1/2/3/4)

PN stage (0/1)

pM stage (0/1)

TNM stage (IA/IB/IIA/IB/II/IV)

Tumor differentiation (wel/mod/por)
R classification (0/1)

Adjuvant therapy (none/GEM/S-1/GEM + S-1/S-1+RT)
Ki 67

E-cadherin (negative/positive)
Vimentin (negative/positive)

TWIST (negative/positive)

70.6 + 8.1 (56—86)
34:19

5.5+3.6 (1.6—-17.4)
8.0+4.2(1.9-164)
17.7 +3.3 (10.4-25.7)
12.3+3.6 (5.1-25.0)
11.7+3.3 (5.3-19.7)
37/7/9

4.9+3.8 (0.6—16.7)
366.0 + 689.1 (0.1-3410.8)
5/6/41/1

26/27

53/0

5/4/16/26/1/1

16/34/3

44/9

12/19/18/1/3
21.3+9.9 (5.0-47.9)
29/24

45/8

10/43

Note.— Data are means + 1 standard deviation with ranges in parentheses.

MPD = main pancreatic duct. CBD = common bile duct. AP = anterior-posterior. CEA = carcinoembryonic antigen. CA19-9 = carbohydrate antigen 19—9. GEM = gemcitabine.

S-1 = tegafur, gimeracil, and oteracil potassium. RT = radiation therapy.
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Table 2
Univariate and multivariate analyses for prediction of overall survival.
Prognostic Factors Univariate Analysis Multivariate Analysis
Hazard Ratio P value Hazard Ratio P value
Age 0.13
<71.0 years 1
>71.0 years 1.64
Gender 0.83
Male 1
Female 0.93
Diameter of MPD 0.70
<44 mm 1
>4.4 mm 1.14
Diameter of CBD 0.98
<6.8 mm 1
>6.8 mm 0.99
AP diameter of pancreatic head 0.93
<17.0 mm 1
>17.0 mm 1.03
AP diameter of pancreatic body 0.23
<12.0 mm 1
>12.0 mm 1.48
AP diameter of pancreatic tail 0.37
<11.0 mm 1
>11.0 mm 1.34
Location 0.0086* 0.94 0.76
Head 1
Body 3.21
Tail 0.84
CEA 0.82
<5ng/mL 1
>5ng/mL 0.92
CA19-9 0.18
<37 U/mL 1
>37 U/mL 1.78
pT stage <0.0001* 0.24 0.067
1 1
2 2.70
3 4.63
4 107.9
PN stage 047
0 1
1 1.26
TNM stage <0.0001* 0.018*
1A 1 0.025
1B 0.97 0.059
IIA 5.63 0.20
B 4,63 0.75
11 107.9 0.77
v — 0.003
Tumor differentiation 0.22
Well 1
Moderate 1.79
Poorly 2.29
R classification 0.15
RO 1
R1 1.78
Adjuvant therapy 0.17
none 1
GEM 144
S-1 2.64
GEM + S-1 0.91
S-1+RT 0.71
Ki 67 0.72
Low 1
High 1.14
E-cadherin 0.017* 234 0.018*
Positive 1
Negative 2.21
Vimentin 0.79
Negative 1
Positive 1.13
TWIST 0.99
Negative 1
Positive 1

Note.— MPD =main pancreatic duct. CBD=common bile duct. AP = anterior-posterior. CEA = carcinoembryonic antigen. CA19-9 = carbohydrate antigen 19-9.
GEM = gemcitabine. S-1 = tegafur, gimeracil, and oteracil potassium. RT = radiation therapy.
*P < 0.05, significant difference.
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pancreatic tail; P=0.0086], pT stage (HR, 1.00 in pT1, 2.70 in pT2,
4.63 in pT3, and 107.9 in pT4; P<0.0001), TNM stage (HR, 1.00 in
stage IA, 0.97 in stage IB, 5.63 in stage IIA, 4.63 in stage IIB, and 107.9
in stage III; P < 0.0001), and E-cadherin expression status (HR, 1.00
in positive and 2.21 in negative; P = 0.017). Among these prognostic
factors, the TNM stage (P = 0.018) and E-cadherin expression status
(P=0.018) remained statistically significant in multivariate
analysis.

Associations between background factors and E-cadherin expression
status

Patients' demographics and tumor characteristics between E-
cadherin-negative and E-cadherin-positive PDACs are summarized
in Table 3. Among 53 PDACs, 29 (54.7%) were E-cadherin-negative
and 24 (45.3%) were E-cadherin-positive (Fig. 1). Plasma CA 19-9
level was significantly higher in E-cadherin-negative PDACs than in

E-cadherin-positive PDACs (P = 0.047). The proportion of pN1 was
significantly greater in E-cadherin-negative PDACs than in E-cad-
herin-positive PDACs (P=0.028). No significant difference was
found in terms of other parameters between E-cadherin-negative
and E-cadherin-positive PDACs (P = 0.059—1.00).

Associations between qualitative imaging features and E-cadherin
expression status

Tumor characteristics and the presence or absence of direct
invasion to adjacent structures between E-cadherin-negative and
E-cadherin-positive PDACs are summarized in Table 4. The pro-
portion of irregular tumor margin was significantly higher in E-
cadherin-negative than in E-cadherin-positive PDACs (P = 0.00054)
(Fig. 2). No significant difference was found for the other tumor
characteristics between E-cadherin-negative and E-cadherin-posi-
tive PDACs (P = 0.086—1.00).

Table 3
Patient demographics and tumor characteristics between E-cadherin negative and positive pancreatic ductal adenocarcinomas.

E-cadherin negative (n=29) E-cadherin positive (n = 24) P value
Age (year) 70.3 +8.2 (56—-86) 71.3 +8.3 (56—86) 0.57
Gender (male:female) 16:13 18:6 0.16
Diameter of MPD (mm) 5.99+3.9(2.0-17.4) 4.88 +3.1 (1.6—13.7) 0.24
Diameter of CBD (mm) 8.30+4.3(2.3-16.4) 7.56 +4.0 (1.9-16.2) 0.57
AP diameter of pancreatic head (mm) 17.9 +3.0 (10.4-23.3) 17.5+3.6 (10.6—-25.7) 0.56
AP diameter of pancreatic body (mm) 12.9 +3.8 (6.2—25.0) 11.7+3.2 (5.1-184) 0.32
AP diameter of pancreatic tail (mm) 12.2+3.3(6.6—19.7) 11.1+3.3(5.3-18.8) 0.23
Location (head/body/tail) 19/5/5 18/2/4 0.70
CEA (ng/mL) 43 +3.5(0.9-15.1) 5.6+4.1(0.6-16.7) 0.18
CA19-9 (U/mL) 504.1 + 859.5 (0.1-3410.8) 199.3 +348.2 (0.4—1495.6) 0.047*
pT stage (1/2/3/4) 2/3/24/0 3/3/17/1 0.58
PN stage (0/1) 10/19 16/8 0.028*
PM stage (0/1) 29/0 24/0 1.00
TNM stage (IA/IB/IIA/IIB/II/IV) 2/1/7/18/0/1 3/3/9/8/1/0 0.22
Tumor differentiation (wel/mod/por) 6/20/3 10/14/0 0.18
R classification (0/1) 23/6 21/3 0.49
Adjuvant therapy (none/GEM/S-1/GEM + S-1/S-1+RT) 7/13/8/1/0 5/6/10/0/3 0.14
Ki 67 (low/high) 10/19 12/12 0.25
Vimentin (negative/positive) 22(7 23/1 0.059
TWIST (negative/positive) 8/21 2/22 0.091

Note.— Data are means + 1 standard deviation with ranges in parentheses.
MPD = main pancreatic duct. CBD = common bile duct. AP = anterior-posterior. CEA = carcinoembryonic antigen. CA19-9 = carbohydrate antigen 19—9. GEM = gemcitabine.
S-1 = tegafur, gimeracil, and oteracil potassium. RT = radiation therapy.

*P < 0.05, significant difference.

Eligible patients who underwent dynamic contrast-enhanced CT before
pancreatectomy for pancreatic ductal adenocarcinoma (PDAC) (n=72)

Excluded patients (n = 19)

v R2 resection (n = 3)

v Status post receiving neoadjuvant chemoradiation therapy (n = 15)

v Absence of visible tumor on preoperative CT images (n = 1)

Final population (n = 53)

34 men, 19 women, age range 5686 years, mean age 70.6 *+ 8.1 years

Evaluation of molecular biomarkers as prognostic factors
for overall survival in PDACs

l

\ E-cadherin was determined as a prognostic factor |

[

E-cadherin negative PDACs
(n=29)

l

E-cadherin positive PDACs
(n=24)

Fig. 1. Flow chart of included and excluded patients.
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Table 4
Qualitative imaging features between E-cadherin negative and positive pancreatic ductal adenocarcinomas.
E-cadherin negative (n = 29) E-cadherin positive (n = 24) P value
Tumor characteristics

Homogeneity 0.77
Homogeneous 20 15
Heterogeneous 9 9

Margins 0.00054*
Smooth 5 16
Irregular 24 8

IPMN background 1.00
Absence 24 19
Presence 5 5

Lymph node enlargement 0.49
Absence 27 24
Presence 2 0

Metastasis 1.00
Absence 29 24
Presence 0 0

Tumor invasion

Common bile duct 0.78
Absence 15 14
Presence 14 10

Duodenum 0.76
Absence 20 18
Presence 9 6

Pancreatic serosa 0.59
Absence 12 12
Presence 17 12

Retroperitoneum 1.00
Absence 12 10
Presence 17 14

Portal vein 1.00
Absence 22 19
Presence 7 5

Major regional artery 0.086
Absence 29 21
Presence 0 3

Plexus of the nerve 1.00
Absence 28 24
Presence 1 0

Other organs 0.49
Absence 27 24
Presence 2 0

*P < 0.05, significant difference.

(b)

Fig. 2. (a) A 65-year-old man with pancreatic ductal adenocarcinoma of the head (arrow). The tumor margin is irregular, and this tumor was diagnosed as E-cadherin-negative
pancreatic ductal adenocarcinoma (PDAC). The survival duration was 24 months. (b) A 69-year-old man with PDAC of the head (arrow). The tumor margin is well defined, and this
tumor was diagnosed as E-cadherin-positive PDAC. This patient was alive at 33-month follow-up for data collection.
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Fig. 3. (a) A 69-year-old man with PDAC of the head (arrow). (b) Histogram analysis
showed that the kurtosis of CT number during the pancreatic parenchymal phase was
3.12, which was greater than the cutoff value of 2.55, and this tumor was diagnosed as
E-cadherin-negative PDAC. The survival duration was 15 months.

Associations between quantitative imaging features and E-cadherin
expression status

The kurtosis of CT number during the pancreatic parenchymal
phase was significantly higher in E-cadherin-negative PDACs than
in E-cadherin-positive PDACs (mean value, 3.02 +0.44; range,
2.23—4.08 vs. mean value, 2.72 + 0.56; range, 1.94—4.08; P=0.035)
(Figs. 3—5). No significant difference was found in other histogram
parameters between E-cadherin-negative PDACs and E-cadherin-
positive PDACs (P = 0.061—0.99). Based on ROC analysis, the cutoff
value of the kurtosis of CT number during the pancreatic paren-
chymal phase for differentiating E-cadherin-negative and E-cad-
herin-positive PDACs was 2.55. Sensitivity, specificity, and AUC for
differentiating between E-cadherin-negative and E-cadherin-posi-
tive PDACs were 89.7%, 50.0%, and 0.67, respectively, when using
this cutoff value (Fig. 6).

Overall survival in patients with E-cadherin negative and positive
PDACs

The median OS rate was significantly lower in patients with E-
cadherin-negative PDACs than in those with E-cadherin-positive
PDACs (72.2% vs. 83.1% at 1 year; 67.1% vs. 35.3% at 2 years; and
44 8% vs. 8.3% at 3 years, respectively; P=0.017 by log-rank test)
(Fig. 7).

Discussion

Our study demonstrated that among clinical and pathological
prognostic factors, TNM stage and E-cadherin expression status

[
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Fig. 4. (a) A 70-year-old man with pancreatic ductal adenocarcinoma of the head
(arrow). (b) Histogram analysis showed that the kurtosis of CT number during the
pancreatic parenchymal phase was 2.25, which was lower than the cutoff value of 2.55,
and this tumor was diagnosed as E-cadherin-positive PDAC. The survival duration was
28 months.
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Fig. 5. Histogram analysis showed that the kurtosis of CT number during the
pancreatic parenchymal phase of E-cadherin-positive and E-cadherin-negative PDACs
as blue and orange bars, respectively. The histogram of E-cadherin-negative PDACs
showed sharper peak compared with E-cadherin-positive PDACs.

were significantly associated with OS in patients with PDACs. Thus,
although it may be reasonable that TNM stage was determined as a
prognostic factor for OS in PDAC, E-cadherin expression status in
PDAC was also determined as a prognostic factor. A partial or
complete loss of E-cadherin expression was significantly associated
with tumor metastases including lymph nodes and/or poor survival
in patients with PDAC [17,18]. Lymph node metastasis was more
frequently observed and plasma CA 19-9 level was significantly
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Fig. 6. Receiver operating characteristic (ROC) curve for differentiating between E-
cadherin-negative and E-cadherin-positive PDACs. Area under the ROC curve in the
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Fig. 7. Kaplan—Meier overall survival curves for E-cadherin-positive versus E-cad-
herin-negative PDACs. E-cadherin negative PDACs had a significantly worse overall
survival rate than E-cadherin-positive PDACs (P = 0.017).

higher in E-cadherin-negative PDACs than in E-cadherin-positive
PDACs in the present study. E-cadherin, a cell adhesion molecule, is
an essential protein associated with EMT. It was assumed that
because tumor cell adhesion is disassembled with reduced E-cad-
herin expression [19], the tumor obtains a higher invasive capacity.

In addition, among the CT findings, irregular tumor margin in
qualitative image analysis and the kurtosis of CT number during the
pancreatic parenchymal phase in quantitative image analysis were
significantly associated with the E-cadherin expression status. In
the present study, irregular tumor margin was more frequently
observed in E-cadherin-negative PDACs, which may reflect the
more invasive capacity of E-cadherin-negative PDACs. E-cadherin-
negative PDACs get a more motile activity, therefore, we believed
that tumor margins of E-cadherin-negative PDACs tended to be
more spiculated and/or infiltrative than those of E-cadherin-posi-
tive PDACs. According to a previous study, well-defined tumor
margin was associated with the expression of DPC4, which is a
tumor suppressor gene, and represented a less infiltrative disease

behavior [14].

Tumor aggressiveness, angiogenesis, and distant metastasis in
several cancers are associated with hypoxia. Generally, as the tumor
grows, the central portion of the cancer becomes hypoxic, hypo-
vascular, and necrotic [20]. In this study, the kurtosis of CT number
during the pancreatic parenchymal phase in PDACs was signifi-
cantly higher in E-cadherin-negative PDACs than in E-cadherin-
positive PDACs, whereas the mean CT number during the pancre-
atic parenchymal phase was comparable between the two tumor
groups. Kurtosis represents the peaks and widths in the distribu-
tion of metrics. A higher kurtosis indicates a relatively sharper peak
with wider tails. Related hypoxia factors play a crucial role in EMT,
and a previous report showed that hypoxia-inducible factor-2a
promotes EMT in PDAC by regulating TWIST2 binding to the pro-
motor of E-cadherin [21]. Our results may reflect the heterogeneity
of E-cadherin-negative PDACs, including the mixture of hypo-
vascular and necrotic components, compared with that of E-cad-
herin-positive PDACs.

Our study had several limitations. First, it was a retrospective
study with a relatively small sample size, which may have caused a
selection bias. Second, two CT scanners were used and one was
relatively outdated CT scanner because of the retrospective study
design with a relatively long time period. Third, we did not evaluate
whether the E-cadherin expression status is related to response to
the post-surgical treatment. A previous report demonstrated that
PDADs with high kurtosis of iodine concentration at pancreatic
parenchymal phase in dual-energy CT were resistant to chemo-
therapy compared with those with low kurtosis [22]. Therefore, we
believed that E-cadherin-negative PDACs tend to be resistant to
post-surgical treatment in an indirect manner. Finally, limited
molecular biomarkers were evaluated. Several molecular bio-
markers are associated with the prognosis of PDACs, including
DP(C4, SPARC, BCL2, and BRCAZ2 [4]. Despite these limitations, some
CT imaging findings were linked to molecular biomarkers associ-
ated with OS in patients with PDAC in this study. Further clinical
studies with larger sample sizes are prospectively needed to vali-
date our results.

In conclusion, E-cadherin suppression was a prognostic factor
associated with OS in patients with PDAC, and irregular tumor
margin and the kurtosis of CT number during the pancreatic
parenchymal phase could be indicators of E-cadherin suppression.
Preoperative assessment of E-cadherin expression status is bene-
ficial for personalized medicine and improvement of prognosis in
patients with PDAC.
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