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Background * The incidence of pancreatic cancer has been increasing.
CT scan is effective and standard modality for imaging of
pancreatic cancer.

Objective : To describe CT findings in pancreatic ductal adenocarcinoma
at King Chulalongkorn Memorial Hospital and to subgroup
analyze the enhancement patterns and presence of metastasis
of each histological grading.

Setting ¢ Department of Radiology and Department of Pathology, Faculty
of Medicine, Chulalongkorn University

Design Retrospective descriptive study

Materials and Methods : Preoperative dual phase abdominal CT scans and pathological
reports of 40 patients with pancreatic adenocarcinoma in King
Chulalongkorn Memorial Hospital from 2003 to 2008 were

retrospectively reviewed.

* Department of Radiology, Faculty of Medicine, Chulalongkorn University

**Department of Pathology, Faculty of Medicine, Chulalongkorn University
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Results : In 40 patients, 13 were male and 27 were female with their mean
age of 61.9 £ 2.36 years old. Most common location was
pancreatic head in 29 patients. The tumor size ranged from
1.4-10.9 cm with the mean of 3.9 cm. On the precontrast study,
28 tumors were isodense and 12 tumors were hypodense. On
arterial phase, all were hypodense. On portovenous phase,
36 tumors were hypodense and 4 tumors were isodense.
Pancreatic duct dilatation was seen in12 patients (30%) and
bile duct dilatation was seen ini3patients (32.5%). Arterial
involvement was seen in 22 patients (55%); the splenic artery
was the most commonly involved. Venous involvement was seen
in 27 patients (67.5%), the splenic vein and SMV were the most
commonly involved. Adjacent organ invasion was seen in
17 patients (42.5%); the duodenum was the most commonly
involved. Regional node involvement was seen in 12 patients
(30%), the aortocaval node was the most commonly involved.
Metastasis was seen in 15 patients (37.5%); liver metastasis was
the most common. There was no statistically significant correlation
of enhancement pattern and the presence of metastasis with
tumor grading.

Conclusion : The most common CT findings of pancreatic ductal
adenocarcinoma was ill-defined mass with hypodensity on arterial
phase. The most common location was pancreatic head. There
was no statistically significant correlation of enhancement pattern

and the presence of metastasis with tumor grading.

Keywords : CT, enhancement pattern, metastases, pancreas, pancreatic

ductal adenocarcinoma, tumor grading.
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The incidence of pancreatic cancer has
been increasing over the past 40 years.(” In the United
States, pancreatic cancer is the fourth leading cause
of cancer deaths.” More than 90% of patients present
in the late stage of the disease. This observation
emphasizes the role of radiology in early detection
and determination of the resectability of the tumor.

CT scan is the standard imaging modality for
the diagnosis and determination of the resectability
of pancreatic cancer.”’ The objectives of this study
are to describe CT findings in pancreatic ductal
adenocarcinoma at King Chulalongkorn Memorial
Hospital and to subgroup analyze the enhancement
patterns and presence of metastasis of each

histological grading.

Materials and Methods

There were 66 patients with definite
pathological diagnosis of pancreatic ductal adeno
carcinoma at King Chulalongkorn Memorial
Hospital from January 1, 2003 to December 31, 2008.
Forty of them were recruited in this study. We
excluded 22 patients: eight of them were due to no
available CT scans in PACS (Picture Archiving and
Communication System); four had no dual phase
contrast CT study; and, 14 only had available CT scan
of post surgery or post intervention. Preoperative dual
phase abdominal CT scan and pathological reports
of all the 40 cases were retrospectively reviewed. We
analyzed CT findings, enhancement pattern and

presence of metastasis of each histological grading.

Pathological criteria®
Well-differentiated adenocarcinomas are

defined as the tumors form well-defined glands. The
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glands are complete, and the neoplastic cells are
cuboidal to columnar with basally oriented uniform
round to oval nuclei with evenly dispersed chromatin.
Intensive mucin production is present. Only minimal
nuclear pleomorphism is seen. Mitoses are not more
than five per high power field. The gland formation
in moderately differentiated adenocarcinoma is less
well-defined with incomplete glandular lumina and
nuclear pleomorphism. The nucleoli are larger and
more irregular. Mitoses are 6-10 per high power
field and may be atypical. Poorly differentiated
adenocarcinomas are composed of poorly formed
glands, with individual infiltrating cells and solid
areas. Mucin production is abortive. Nuclear
pleomorphism is prominent with large bizarre nuclei
and the nucleoli are large, multiple and more
irregular. Mitoses, including atypical mitoses, are seen

more than 10 per high power field.

CT Protocol

Siemens Somatom Sensation Plus 4 is used
with 4 mm slice width, 2.5 mm collimator, 12.5 mm
feed per rotation and 0.5 sec rotation time. The
Somatom Sensation Plus 16 is used with 16x1.5 mm
collimator, 24.0 mm feed per rotation and 0.5 sec
rotation time (140 mAs, 120 kVp and pitch = 1).

A bolus injection 3-4 ml/sec of 100 ml
non-ionic contrast medium was done with the bolus
tracking placed at the abdominal aorta and the
threshold is 100 HU. Then arterial and portovenous
phases were obtained by the location of monitoring in
mid hepatic level for upper abdomen studies or just
above the level of the pancreas for pancreatic
protocol. The images of arterial phase were obtained

at about 30-35 seconds and portovenous phase were
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obtained at 65-70 seconds after contrast injection.

CT Findings Review

Two gastrointestinal radiologists retro-
spectively reviewed the CT findings from PACS
independently in aspect of the followings: (In case of
different opinion, the images were interpreted by
consensus.)
1. Location: head, uncinate, body, tail, more than
one compartment
2. Tumor size: 2 cm or less, more than 2 cm but not
more than 4 cm, more than 4 cm
3. Margin: well-defined, ill-defined
4. Density and enhancement (relative to normal
pancreatic tissue in precontrast, arterial and
portovenous phases): hyperdense, isodense,
hypodense
5. Homogeneity: homogeneous, heterogeneous
6. Main pancreatic duct dilatation: absent,
present
7. Bile duct dilatation: absent, present
8. Vascular involvement: absent, arterial
involvement, venous involvement
9. Adjacent organ invasion: absent, present
10. Regional lymph nodes enlargement: absent,
present

11. Metastasis: absent, present

Image Analysis and Operational Definitions

Tumor size was measured at its longest
diameter by the caliper tool on PACS.

Tumor density was measured in Hounsfield
unit (HU) by drawing a region of interest (ROI) of each
lesion and computed by CT software and was

compared with a normal pancreas in the same phase.

Chula Med J

The ROI of 0.5 cm”was used in normal pancreas and
the lesions smaller than 4 cm and ROl of 1 cm?® was
used in the lesions of 4 cm or more. Hypodense
lesion was defined as density of the lesion lower than
10 HU as compared to a normal pancreas. Density of
the lesion less than or equal to 10 HU different from
of a normal pancreas was defined as isodense.
Hyperdense lesion was defined as density of the
lesion greater than 10 HU of normal pancreas.® ®

Main pancreatic duct dilatation was defined
as the diameter of dilated portion was greater than
5 mm in the head and 3 mm in the tail. Bile duct
dilatation was defined when the largest diameter of
the common bile duct that exceeded 8 mm and/or of
common hepatic duct that exceeded 6 mm.*"”

CT findings of major arterial involvement
included obliteration of the normal fat between the
pancreatic margin and the adjacent vessel, greater
than 180-degree contact between the tumor and
the vessel, and morphologic changes of the artery
including narrowing or encasement of the affected
artery.®"”

Criteria for venous invasion included greater
than 180-degree contact with a soft tissue mass and
the vein. Collateral venous channels and another
characteristics such as “tear drop” configuration
of the superior mesenteric vein were also be
assessed."”

Adjacent organ invasion was defined as
interrupted, obliterated or loss of fat plane between
the pancreas and the adjacent structures.""”

Regional lymph nodes involvement""” was
evaluated by short axis diameter. The criteria were

as followings: retrocrural and porta hepatis nodes

exceeded 6 mm; gastrohepatic ligament nodes
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exceeded 8 mm; and, pancreaticoduodenal,
perisplenic, retropenitoneal, celiac axis, mesenteric
nodes exceeded 10 mm or multiple slightly smaller
(8-10 mm) in these regions containing necrotic area.

Correlations of enhancement pattern and
presence of metastases with tumor grading were
evaluated by Fisher’s exact test using SPSS program.
Interobserver agreement was evaluated by Kappa

analysis.

Results

In 40 patients, 13 were male and 27 were
female. The age of the patients ranged from 29 to 83
years old with the mean of 61.9 +/- 2.36 years and
median of 63 years. Pathological diagnoses were ob-
tained from surgical specimens (Whipple
operation and en bloc resection) in 22 patients and
from FNA, biopsy under ERCP or core needle biopsy

in 18 patients.

head-+body

7 (17.5%)

uncinatethead

7 (17.5%)

body+tail

5(12.5%)
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The histological grading was well-
differentiated in 14 patients (35%), moderately-
differentiated in 12 patients (30%), poorly-
differentiated in six patients (15%) and not available
in eight patients (20%).

All patients revealed a single pancreatic mass
with tumor location shown in Figure 1. The most
common location was the pancreatic head in 29 cases
(72.5%), followed by pancreatic body in 15 cases
(37.5%).

Tumor size ranged from 1.4 to 10.9 cm with
the mean of 3.9 cm. Six tumors (15%) were less than
2cm, 18 (45%) were 2-4 cm and 16 (40%) were more
than 4 cm in size.

On precontrast study, 28 tumors (70%) were
isodense and 12 tumors (30%) were hypodense. All
tumors were hypodense on arterial phase. On
portovenous phase, 36 tumors (90%) were hypodense

and 4 tumors (10%) were isodense. (Fig 2 and 3)

uncinate

tail 1 (2.5%)

Figure 1. Pie chart reveals percentage of tumor location.
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40

36

35

N hypodense

M isodense

NN L\

precontrast A-phase V-phase

Figure 2. Histogram demonstrates number of tumor in each density on precontrast study, arterial phase (A-phase)

and portovenous phase (V-phase).

Figure 3. A 68-year-old patient with an ill-defined heterogeneous pancreatic ductal adenocarcinoma in the

pancreatic body (poorly-differentiated adenocarcinoma). The tumor (indicated by arrows) revealed

isodensity on the precontrast study (a), hypodensity on the arterial (b) and the portovenous phases (c).

There was no statistically significant
correlation between histological grading and
enhancement pattern (P-value = 1 in precontrast
study and P-value = 0.498 in portovenous phase) as
shown in Table 1.

Tumors with ill-defined margin (see Fig 3)
were seen in 38 patients (95%). Tumor with well-

defined margin was found in two patients (5%).

Cystic degeneration within the tumor was seen in
the two cases with well-defined margin. (Fig 4)
Tumors with heterogeneous were detected
in 33 patients (82.5%). (see Fig 3) Tumor with
homogeneous density on pre and post contrast
enhanced studies were seen in seven patients

(17.5%).
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Table 1. Tumor density of each histological grading.
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Histological grading Precontrast

Arterial phase Portovenous phase

Hypodense Isodense Hypodense Isodense Hypodense Isodense
Well-differentiated 4 10 14 0 11 3
Moderately-differentiated 3 12 0 11 1
Poorly-differentiated 2 4 6 0 6 0
P-value 1.000 - 0.498

Figure 4. CT scan of a 63-year-old patient with poorly-differentiated pancreatic adenocarcinoma at pancreatic head

shows a well-defined cystic tumor (arrowed).

There were 28 patients (70%) with
pancreatic duct dilatation (Fig 5b) and 12 patients
(30%) without pancreatic duct dilatation. Tumors at
the pancreatic head and/or uncinate process with
pancreatic duct dilatation were depicted in 24 of 28
patients. Another four tumors were located in the
pancreatic body or tail and the tumors were greater
than 4 cm in size.

Bile duct dilatation was found in 27 patients
(67.5%) (see Fig 5b and Fig 6a). All tumors with bile
duct dilatation located in the pancreatic head and/or
uncinate.

Arterial involvement was depicted in 22
patients (55%). The most common arterial involvement
was the splenic artery in 11 patients (Figure 7a);

following by SMA in eight patients, the celiac trunk in

six patients, the common hepatic artery in six patients,
the gastroduodenal artery in six patients (Fig 6b) and
the aorta in one patient.

Twenty-seven patients (67.5%) had venous
involvement by the tumors. The most common venous
involvement were splenic vein (Fig 7b) and SMV
(Fig 5a) each in 16 patients, following by portal vein
(Fig 6a) in 9 patients, IVC in 2 patients and left renal
vein in 1 patient.

Seventeen tumors (42.5%) revealed adjacent
organ invasion. Invasion of the duodenum (Fig 8a)
was found in 10 patients; followed by the stomach
(Fig 8b) in 7 patients, hepatoduodenal ligament in one
patient (see Fig 6a); the colon (splenic flexure) in one

patient and the spleen in one patient.
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Figure 5. CT scan on arterial phase of a 68-year-old patient with a hypodense mass at the pancreatic head and
uncinate process (poorly-differentiated adenocarcinoma) seen as in : (a) (arrowhead) with tear-drop
configuration of SMV (white arrow) representing SMV involvement; (b) the mass causes dilatation of CBD

(arrowhead) and pancreatic duct (arrowed) or double duct sign.

Figure 6. (a) CT scan of a 54-year-old patient with diagnosis of moderately-differentiated pancreatic adenocarcinoma
demonstrates intrahepatic duct dilatation in both hepatic lobes (arrowheads). There is an ill-defined soft
tissue density invading and causing pressure effect to posterior aspect of deformed right main portal vein
(arrowed), representing hepatoduodenal ligament and portal vein involvement. (b) CT scan of the same
patient reveals an ill-defined pancreatic mass encasing gastroduodenal artery (arrowed), representing

GDA involvement.
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Figure 7. CT scan of a 59-year-old patient with diagnosis of well-differentiated pancreatic adenocarcinoma shows a

hypodense mass on the arterial phase at the pancreatic body and tail encasing the celiac trunk and the

splenic artery (arrowed in a). The mass on the portovenous phase also causes splenic vein occlusion

(arrowed in b) and encased the left renal vein (arrowhead in b).

Figure 8. Adjacent organ invasion. a) CT scan of a 67-year-old patient with diagnosis of moderately-differentiated

pancreatic adenocarcinoma shows an ill defined hypodense mass at pancreatic head invading medial

wall of the second part of duodenum (arrow). b) CT scan of a 61-year-old patient reveals a pancreatic mass

invading the stomach causing a fistula between the stomach and the tumor (white arrow).

Regional node involvement was seen in 12
patients (30%). The most common nodal involvement
was the aortocaval node (Fig 9a) in five patients;
followed by the celiac node (Fig 9b) in three patients;
the peripancreatic node in three patients,
hepatoduodenal ligament node in three patients and
the peripancreatic node in two patients.

Fifteen patients (37.5%) had metastases.

Liver metastases were noted in 14 of 15 patients

(Fig 10a); peritoneal and omental metastases in two
patients (Fig 10b). Metastasis was detected in five of
fourteen of well-diffentiated tumors, five of twelve of
moderately-differentiated tumors and one of six of
poorly-differentiated tumors. There was no statistically
significant relationship between the histological
grading and the presence of metastasis (P-value =

0.639).
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Figure 9. Regional node involvement. a) CT scan of a 62-year-old patient with diagnosis of well-differentiated

pancreatic adenocarcinoma shows an enlarged aortocaval node (arrowed). b) CT scan of a 67-year-old

reveals celiac node involvement with intranodal necrotic area (arrow).

Figure 10. Metastasis. a). CT scan of a 67-year-old with diagnosis of moderately-differentiated pancreatic

adenocarcinoma reveals multiple hepatic metastases (arrowed). b) CT scan of a 50-year-old shows

enhancing soft tissue mass anterior to the transverse colon representing omental cake (arrowed).

Interobserver agreement was evaluated by
Kappa analysis with kappa values of each item shown

in Table 2.

Discussion
CT findings of pancreatic adenocarcinoma
in our study is comparable to previously reported

studies. Most common location is pancreatic head,

similar to studies of Ward et al'”, Freeney et al™® and
Vajragupta et al."” Tumor size in our study ranged
from 1.4 to 10.9 cm, not significantly different from
those studies.

The attenuation pattern of the tumor in our
study was corresponds to the study of Ward et af'”
which stated that opacity of solid pancreatic cancers

was either the same or slightly less than that of
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Table 2. Kappa values of each item.
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Variables Kappa value (K)
Location 0.802
Size 1.000
Margin 0.113
Density 1.000
Homogeniety 0.432
Pancreatic duct dilatation 0.875
Bile duct dilatation 1.000
Vascular involvement 0.651
Adjacent organ invasion 0.536
Regional node involvement 0.536
Metastases 0.838

(K >0.75 - excellent agreement, 0.40 < K < 0.75 - good agreement , K < 0.40 - poor agreement)

adjacent normal pancreatic tissue on precontrast
study and became accentuatedly hypodense after
injection of the contrast agent.

We found that arterial phase provided
superior tumor conspicuity to the precontrast and
portovenous phases since all tumors were hypodense
to normal pancreatic parenchyma, corresponding
to many previous studies. The delayed time of
the arterial phase in our institute was about 30 - 35
seconds after contrast injection which was
comparable to the delayed time of pancreatic
parenchymal phase in study of McNulty et al."® Their
study showed that tumor conspicuity during the
pancreatic parenchymal phase (delayed time = 35
seconds) and portovenous phase (delayed time = 60
seconds) was equivalent but superior to that during
the arterial phase (delayed time = 20 seconds).
Prokesch et al”, Boland et al'® and Lu et al"” also
showed that mean tumor to pancreas contrast in

pancreatic phase (delayed time = 40 seconds) was

higher than in portovenous phase (delayed time = 70
seconds). The study of Graf et al'® showed that
tumor conspicuity was significantly greater in the
portovenous phase (delayed time = 60 seconds) than
in the arterial phase (delayed time = 18 seconds).
However, exact delayed time of pancreatic
and portovenous phases in each study may be
slightly different due to different injection rate of
contrast agent, type of scanners, scan time and
protocol. Fukukura et al™® showed that pancreatic
parenchymal enhancement and tumor-to-pancreas
contrast were significantly greater in autonomic
bolus tracking than in empirical scan delay during
pancreatic parenchymal phase. With no visible tumor-
pancreas contrast for isoattenuating tumors, indirect
signs such as mass effect, atrophy of pancreatic part
distal to the tumor, and an interrupted duct sign
are important indicators for the presence of tumor. A
combination of pancreatic parenchymal phase and

portovenous phase imaging is sufficient for the
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detection of pancreatic adenocarcinoma and
vascular involvement.

Our study (32 patients with available
histological grading) revealed no significant
correlation between enhancement pattern of the
tumor and histological grading. The result contradicts
to the study of Wang et a/”” (n = 34), which showed
significant correlation between CT enhancement and
histological grading. The extent of CT enhancement
is inversely proportional to the degree of histological
grading. Assessment of the correlation in both
studies was different. Our study assessed
attenuation on precontrast, arterial and portovenous
phases with 2 degrees of density (isodense and
hypodense) while their study assessed only
pancreatic phase (arterial phase) with 4 degrees of
enhancement. Statistical methods, therefore, were
also different. Additionally, apart from tumor grading,
enhancement of the tumor was influenced by many
pathological factors. Hiroshi et a/*” showed that
enhancement pattern was influenced by cellularity of
tumor cells, coexisting acinar tissues, fibrosis, mucin
and extent of necrosis. Hattori et al*” proved that
histological features affecting the enhancement
pattern were angiogenesis (determined by vascular
endothelial growth factor (VEGF) and microvessel
density) and the extent of fibrosis.

The percentage of pancreatic duct and bile
duct dilatation in our study is higher than those of
Ward et al'”, Freeney et al'® and Vajragupta et al."”
Most tumors with pancreatic duct dilatation in our
study were located at pancreatic head and/or
uncinate. All tumors in the pancreatic body or tail with
pancreatic duct dilatation were greater than 4 cm in

size. All cases with bile duct dilatation in our study

Chula Med J

also revealed tumor located in pancreatic head
and/or uncinate. This reflects that main pancreatic
duct dilatation is mainly determined by the
tumor location and tumor size. Tumor location also
determines the presence of bile duct dilatation.

In light of vascular involvement, most
common arterial involvement in the study of Ward
et al™™ were the celiac axis and SMA while in our
study was the splenic artery. The most common
arterial and venous involvements in our study were
similar to the study of Li et al ®?, Lee et al*” and
Vajragupta et al."”

Most common adjacent organ invasion in
our study was duodenum, also similar to studies of
Freeney et al'” and Vajragupta et al."”

In aspect of regional lymph nodes
enlargement, the percentage in our study was higher
than those of Ward et al, Freeney et al'” and Diehl
et al* but lower than that of Vajragupta et al." The
most common node involvement in our study was
the aortocaval node while that in the study of Ward
et al'® was left paraaortic node.

The percentage of metastasis in our study
was not significantly different from that of Ward
et al"®, Freeney et al'” and Vajragupta et al."” The
liver is the most common organ of metastasis in all
studies. We found that there was no significant
correlation between histological grading and the
presence of metastasis. There has been no study
that proves the significant correlation between
histological grading and metastasis.

Interobserver agreement in our study was
excellent in most radiological features. Tumor
margin was the only one showing poor agreement.

This was probably due to varied subjective
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perception of individuals to evaluate whether each
tumor was ill-defined or poorly-defined. However, this
feature does not significantly influence making
diagnosis, determining tumor resectability or tumor
staging. Cystic degeneration was the feature that
shows obviously well-defined margin.

There were two cases with cystic
degeneration which is uncommon condition
of pancreatic adenocarcinoma and can be
misdiagnosed as other cystic neoplasms of the
pancreas. Cystic degeneration may be seen when
the tumor increases in size and the majority tend
to be large and poorly-differentiated tumors, with
a single large cavity lined by tumor cells and
containing hemorrhagic debris.”® In our cases, one
was well-differentiated and the other was poorly-
differentiated. Cystic change in pancreatic
adenocarcinoma should be considered in the
differential diagnosis of a cystic pancreatic lesion,
apart from the more common pseudocysts and true
cystic pancreatic neoplasms.

We also found a 29-year-old male patient with
pancreatic adenocarcinoma which is rare under the
age of 40 years.””’He had no underlying disease nor
family history of pancreatic cancer. The presenting
symptoms were abdominal pain and jaundice.
CT scan showed a 1.6-cm ill-defined tumor at
pancreatic head and uncinate. Whipple's operation
was performed and the pathological findings revealed
moderately-differentiated pancreatic ductal
adenocarcinoma.

Luttges et al*® reviewed of the literature from
1818 to 2001 and found 71 cases diagnosed as
ductal adenocarcinoma in patients under 40 years of

age. According to the WHO classification system of
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1996 and data available in the reports, only 20 ofthese
were thought by the authors to represent true ductal
adenocarcinomas. Most were male patients. They and

% noted that young patients with

some other studies'
ductal adenocarcinoma of the pancreas tend to have
special circumstances or familial predisposition.
Genetic conditions associated with increased
risk of pancreatic carcinoma include hereditary
pancreatitis, hereditary pancreatic cancersyndrome,
hereditary non-polyposis colon carcinoma,
Peutz-Jeghers syndrome, familial atypical multiple
mole melanoma, and the BRCAZ2 gene. Imaging
findings of pancreatic adenocarcinoma in younger
patients is similar to those of the older age group.
Some limitations in our study should be
considered. First, the number of cases was small.
Assessment of statistically significant correlation of
histological grading, enhancement pattern and
presence of metastasis could be limited. Second, this
study was performed retrospectively. Some cases
did not have thin slices images for pancreatic
region (pancreatic protocol) or sagittal or coronal
reconstructions. These could make some difficulties
in the evaluation of small structures especially
vascular or adjacent organ involvements. However,
the available images of those cases were satisfying
and interobserver agreement was excellent and good

in almost all the features to review.

Conclusion

The most common CT findings of pancreatic
ductal adenocarcinoma are ill-defined heterogeneous
mass with isodensity on precontrast phase and
hypodensity on the arterial and portovenous

phases. Most of the tumors are best depicted on the
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arterial phase in which normal pancreas reveals
homogeneous enhancement while the tumor reveals
less enhancement. The most common location is
pancreatic head. Pancreatic duct and bile duct
dilatation mainly depend on the tumor location. The
most common arterial and venous involvements
are the splenic artery, splenic vein and SMV. Most
common adjacent organ involvement, regional node
involvement and metastatic site are duodenum, the
aortocaval node and the liver, respectively. There is
no statistically significant correlation between tumor
grading and enhancement pattern or the presence

of metastasis.
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