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ABSTRACT

Objective: To evaluate the computed tomography (CT)-based differences between pancreaticobiliary (PBST) and intestinal (IST)
subtypes of periampullary pancreatic ductal adenocarcinomas (PDAC).

Study Design: Analytical study.

Place and Duration of Study: Faculty of Medicine, Istanbul Medeniyet University, G6ztepe Training and Research Hospital, Turkey
between 2015 and 2018.

Methodology: Overall 24 periampullary PDAC cases, in whom histomorphologic evaluation and CDx2 expression were used to
discriminate between PBST and IST, were included. The lesion morphology (infiltrative versus nodular), common bile and main pancre-
atic ducts’ dilation, tumor grade, enhancement pattern, pancreaticoduodenal groove, pancreaticoduodenal artery and lymphatic
involvement were evaluated by CT.

Results: Overall 24 PDAC cases [median age 67.5 (60.5-76.5) years] were enrolled. Histopathology revealed 9 (25%) IST and 18
(75%) PBST. The age [72.5 (69-81) versus 63 (57.75-75.5) years, respectively, p=0.204] and gender [3 (50%) versus 12 (66.7%)
males, respectively, p=0.635] and the prevalence of all CT characteristics were similar between groups (p>0.05 for all) except for
lesion morphology. Infiltrative morphology was more frequent in PBST than IST [14 (77.8%) versus 1 (16.7%), respectively, p=0.015].
Multiple variable logistic regression analysis revealed infiltrative morphology as the only independent CT predictor of PBST [OR: 14.9,
95% Cl: 1.2-186), p=0.036]. The interrater reproducibility for lesion morphology was moderate (Cohen’s Kappa: 0.55, p<0.007).
Conclusion: Infiltrative appearance is associated with PBST; whereas, nodular appearance more likely predicts IST. The potential role
of CT lesion morphology on guiding appropriate chemotherapy in cases with no chance for surgery or biopsy requires addressing.
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INTRODUCTION

The periampullary region includes four anatomical structures
including pancreatic duct (periampullary portion in the head of
pancreas), distal bile duct, ampulla of Vater and duodenum.
The origin of the tumor does not necessarily impact the selec-
tion of treatment strategy.’ Indeed, pancreatoduodenectomy
with an intent of RO resection is the only curative option in most
caseswithresectabletumors.?
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Pancreatic head (i.e. pancreatic duct within the periampullary
region) cancers have the worst course when compared with
tumors of other locations of periampullary region.” Histological
differentiation of the tumor cells has emerged as an important
underlying biological mechanism leading to divergent
behaviour of periampullary cancers originating from different
locations.’ Two main differentiation subtypes are the intestinal
subtype (IST) and the pancreatobiliary subtype (PBST).Alonger
survival with IST was first reported for ampullary adenocarci-
nomas.*> Subsequently, a poor prognosis of PBST was also
reported in duodenal and distal bile duct cancers.® Intestinal
differentiation has recently been recognised in pancreatic
ductal adenocarcinomas (PDAC) of periampullary origin.”* A
longer survival was also associated with CDx2 positive (a
marker of intestinal differentiation) periampullary cancers.’
Theimpactof histological subtype notonly onsurvivaland prog-
nosis, but also on response to chemotherapy has also been
reported in patients with periampullary tumors.*
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Contrast enhanced dynamic computed tomography (CT)
provides invaluable information regarding the diagnosis,
staging and resectability of the tumour.* Both MRl and CT have
successfully differentiated IST and PBST in patients with ampul-
lary cancer.”

Previous imaging studies comprised ampullary, distal bile duct,
and duodenal periampullary cancers in terms of distinction
betweenISTand PBST. Tothe best of authors’ knowledge, PDAC
has not been previously represented in imaging studies in this
regard. It was hypothesised that presurgical imaging guided
differentiation between IST and PBST in periampullary PDAC
would significantly contribute to the evaluation and manage-
mentofsubjectswith metastasisand/orthosewhoarenotcandi-
dates for surgery or invasive sampling. Hence, the aim of this
studywastocomparethedifferential CTandclinical characteris-
tics between IST and PBST in a cohort of pure periampullary
PDAC.

METHODOLOGY

This study comprised patients with pathologically confirmed
PDAC of periampullary region, either after surgery or ERCP-
guided biopsy at Faculty of Medicine, Istanbul Medeniyet Univer-
sity, Goztepe Training and Research Hospital, Turkey between
May 2015 and July 2018. Contrast enhanced dynamic CT images
werereloaded fromthe picturearchivingcommunication system
of this Institute. Overall, 52 patients with periampullary tumors
were initially scanned. For the purpose of this study, only 24
cases with a definitive histopathological diagnosis of PDAC (18
after pancreatoduodenectomy and six after biopsy) were
included. The remaining 28 patients were excluded since 14 had
non-PDAC periampullary cancers (ampulla or common bile duct
tumors), seven had pancreatic head cancer of non-periampul-
lary origin, two had pancreatic head invasion of colon tumor, two
had neuroendocrine tumor, one had signet ring cell carcinoma,
onehadclearcellcarcinoma,andonehadnomalignancy.

CT was performed in all cases before surgery or biopsy. Two radi-
ologists, who were blinded to the clinical and histopathological
data, reviewed all the CT images on separate sessions. An addi-
tional session was performed for eliminating the discrepancies
between readers by consensus. Institutional Ethics Committee
approval was obtained (No. 2018/0015). Patients’ demographic
and clinical features, the date of CT imaging, predefined CT char-
acteristics, and histopathological findings were recorded into a
database

The hematoxylin- and eosin-stained slides of all cases were
reviewed by an experienced pathologist, blinded to the imaging
data. Immunohistochemical analysis (CDx2 expression) was
performed in addition to histomorphological assessment. For
CDx2, astrong nuclear staining of more than 10% of tumor cells
was considered as CDx2 positivity, which supported IST. Since
low number of patients in each of four T stages would not allow
for meaningful statistical comparisons, the T1 and T2 were
merged to form a T-Low group, and T3 and T4 formed a T-High

group.

Figure1:(A)Infiltrative periampullary PDACs withirregularborders. Infil-
trative pattern (white arrows) due to prominent spicules. (B) Another
case (whitearrows) withrelatively smoothersurfacebutapparentinden-
tationsmakingitinfiltrative.

— e
Figure 2: (A) Hypoenhanced nodular periampullary adenocarcinoma
(arrows) along with metastases in the liver (asterisks). (B) Hyperen-
hanced nodularperiampullaryadenocarcinoma (arrowheads).

Figure 3: Coronal (A) and sagittal (B) images showing periampullary
adenocarcinoma (straight arrow) along with dilated common bile duct
(dashedarrow)andmainpancreaticduct(arrowhead)anddistendedgall-
bladder(curvedarrow).

The scanner was a 128-slice MDCT (GE Healthcare Optima
CT660, USA). The scanning protocol included pre-contrastand
dynamic contrast enhanced [1.5 mL/Kg of iopromide (Ultravist
370; Schering, Berlin, Germany)] imaging. Using bolus
tracking, the late arterial phase at 35th second, and portal
venous phase at 60th second were obtained. The images were
reconstructed with a slice thickness of 2.5-3.0 mmand interval
of 1.5-2 mm. The predefined CT characteristics were based on
the study by Ivanovic et al. with small modifications.”

Lesion morphology was defined infiltrative (Figure 1); masses
with small protrusions causingirregularorspicular margins; or
nodular (Figure 2), well circumscribed mass with smooth
borders. Mixed cases were considered as infiltrative.

Common bile duct (CBD) cut-off was categorised into abrupt
and blunt termination of common bile duct. A CBD maximum
diameter exceeding 6 mm was accepted as dilated in young
(<60years) (Figure 3A).
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Table I: CT characteristics in the whole cohort and comparison between groups.

CT characteristic Wh?rl‘ta:;zl;ort Gr:}nuféI)ST Gr?:gil’sB)ST p-value
Tumor size (mm) 27.7 (24-40.8) 32.3(22.4-52.7) 26.2 (24-40.3) 0.689
CBD diameter (mm) 14.5 (11.7-15.8) 15.2 (11.8-17) 14 (10-16) 0.548
MPD diameter (mm) 4.9 (2.1-7.9) 7.7 (3.2-9.6) 4.8 (2-7) 0.171
Lesion morphology (n, %)

Nodular 9 (37.5) 5(83.3) 4(22.2) 0.015
Infiltrative 15 (62.5) 1(16.7) 14 (77.8)

CBD cut-off (n, %) 18 (75) 4 (66.7) 4(77.8) 0.618
CBD dilatation (n, %) 22 (91.7) 6 (100) 16 (88.9) >0.999
MPD cut-off (n, %) 16 (66.7) 5(83.3) 1(61.1) 0.621
MPD dilatation (n, %) 16 (66.7) 5(83.3) 11 (61.1) 0.621
Groove involvement (n, %) 11 (45.8) 2(33.3) 9 (50) 0.649
PDA involvement (n, %) 10 (41.7) 3(50) 7 (38.9) 0.665
Enhancement pattern (n, %)

Hypo- 15 (62.5) 4 (66.7) 11 (61.1) >0.999
Hyper- 9 (37.5) 2 (33.3) 7 (38.9)

Lymphatic involvement (n, %) 6 (25) 1(16.7) 5(27.8) >0.999
Metastasis (n, %) 3(12.5) 1(16.7) 2(11.1) >0.999
Ascites (n, %) 1(4.2) 0(0) 1(5.6) >0.999
Vascular involvement (n, %) 3(12.5) 0(0) 3(16.7) 0.546
Footnote: CT, computed tomography; IST, intestinal subtype; PBST, pancreatobiliary subtype; CBD, common bile duct; PD, pancreatic duct; MPD, main
pancreatic duct; PDA, pancreaticoduodenal artery.

The upper normal diameter limit was upgraded for 1 mm
per every decade of life in elderly (>60 years). MPD cut-off
was defined as an abrupt and blunt termination of main
pancreatic duct. MPD dilation (Figure 3B) was taken as an
MPD maximum diameter exceeding 3 mm. Groove involve-
ment was taken as replacement of fatty tissues with soft
tissue in the pancreatoduodenal groove. Pancreaticoduo-
denal artery (PDA) involvement was defined as the longitud-
inal axis of PDA being wrapped around by the tumoral mass
more than 180°. Hypoenhancement was present when the
attenuation of the mass was lower than healthy parts of
pancreatic corpus or tail in late portal phase. Otherwise, the
mass was noted to be hyperenhanced. Lymphatic involve-
ment was present when the short axis of at least one
regional lymph node exceeded 1 cm. Tumor size was the
diameter measured in the longest axis. Additional arterial
involvement meant that the longitudinal axis of the supe-
rior mesenteric, coeliac or common hepatic arteries being
wrapped around by the tumor more than 180°.

Statistical analysis was performed with SPSS 19.0. The
normality was analysed by Shapiro-Wilk test. Descriptive
statistics were reported as median with quartiles (25th-75th
percentile). Categorical variables were reported as frequen-
cies with percentages. Independent two-group comparisons
of continuous variables were tested using Mann-Whitney U-
test. Proportions were compared using Fisher's exact test.
Multiple-variable logistic regression analysis model was
constructed to predict the presence of PBST. The biologi-
cally relevant clinical variables (CA 19-9, T stage) along
with potentially predictor CT parameters were included in
the model. Interobserver agreement was assessed using
Kappa statistics. Significance level was accepted at p<0.05

for all statistical analyses.
RESULTS

Overall, 24 patients including 15 (62.5%) males and nine
(37.5%) females were enrolled. The median age was 67.5
(60.5-76.5) years. Histomorphologic and immunohistochem-
ical analyses revealed six (25 %) cases with IST and 18 (75
%) cases with PBST. Overall, 18 (75%) patients were in T-
High stage (15 PBST, 3 IST). Lymph node involvement as
assessed by CT was present in six (25%) patients. Distant
metastasis was present in three (12.5%) cases, who were
not operated and endoscopic sampling was performed. CT
characteristics in the whole cohort is presented in Table I.

The median age [72.5 (69-81) versus 63 (57.75-75.5) years,
respectively, p=0.204] and gender [3 (50%) versus 12
(66.7%) males, respectively, p=0.635] did not differ signifi-
cantly between the IST and PBST groups. The prevalence of
patients undergoing surgical resection was similar between
the groups [4 (66.7%) versus 14 (77.8%), respectively,
p=0.618]. The prevalence of T-High stage was similar in
both groups [5 (83.3%) versus 15 (83.3%), respectively,
p>0.999].

The prevalence of all predefined CT characteristics was
similar between the groups (p>0.05 for all) except for
lesion morphology (Table I). Nodular lesion morphology was
more frequent in the IST subgroup as compared to PBST [5
(83.3%) versus 4 (22.2%), respectively, p=0.015]. As a
result, infiltrative lesion morphology was more frequent in
PBST group.

Multiple variable logistic regression analysis revealed that
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infiltrative lesion morphology was the only independent
predictor of PBST [Odds ratio: 14.9, 95% CI: 1.2-186,
p=0.036]. The sensitivity, specificity, positive predictive
value, negative predictive value and overall diagnostic accu-
racy for CT-assessed infiltrative lesion morphology in
predicting the PBST were, 77.8% (95% Cl: 52.4-93.6),
83.3% (95% Cl: 35.9-99.6), 93.3% (95% CI: 69.7-98.8),
55.6% (95% Cl: 32.9-76.1), and 79.2% (95% Cl: 57.9-92.9),
respectively. Kappa statistics for assessment of lesion
morphology demonstrated moderate agreement between
two raters (Cohen’s Kappa: 0.55, p=0.007).

DISCUSSION

The main finding of the current study is that among several
CT characteristics, only the lesion morphology was able to
predict the histopathological subtype of PDACs. The infiltra-
tive morphology was associated with PBST; whereas, the
nodular morphology predicted IST with an acceptable
overall diagnostic accuracy. Other CT features did not
predict the histopathological subtype of PDACs. This is the
first study evaluating the role of CT in predicting the
immunohistological subtypes of PDACs of periampullary
origin.

An infiltrative lesion morphology was previously reported to
be more commonly observed in PBST of ampullary adenocar-
cinomas. In an MRI study by Chung et al. and CT study by
lvanovic et al;”" infiltrative appearance was more
commonly observed in PBST; whereas, all IST tumors
yielded a nodular appearance. Similarly, this study showed
14 times higher odds for infiltrative morphology to predict
PBST. On the other hand, not all PDACs with IST had a
nodular lesion morphology in this study. One plausible
cause that may explain this discordant finding may be the
differences between the populations studied. Both previous
studies included only those with ampullary adenocarci-
nomas; whereas, the authors studied PDACs of periampul-
lary origin in current study.

The CBD dilatation with or without MPD dilatation is encoun-
tered in more than 80 % of cases with pancreatic head
PDAC.™ In current study, CBD was dilated in 91% of the
whole cohort, which is in line with the literature. Moreover,
CBD dilatation with or without MPD dilatation was reported
to be more common in PBST versus IST of ampullary carci-
nomas.” Others did not confirm this finding.* However, the
rate of CBD dilatation was similar between the PBST and IST
groups in current study. This discordant finding may be
attributable to the differences between the populations
studied in terms of tumor location. For periampullary
PDACs, PBST may not necessarily be associated with more
frequent CBD dilatation as it is for ampullary tumors.

Pancreaticoduodenal groove infiltration and PDA involve-
ment were more frequently seen in the PBST of ampullary
carcinomas.* However, the authors did not observe such a

difference in this series. The authors believe, groove and
PDA involvements do not solely relate to the histopatholog-
ical subtype. While a PBST tumor with a small size may be
free of groove and PDA involvement, a large IST may
involve both. In current study, tumor size was not different
between the PBST and IST groups, which might have
contributed to the similarity of prevalence of PDA and
groove involvements.

Previous studies consistently have shown that periampullary
cancer patients with positive lymph node status and
vascular invasion have poorer prognosis.” Since the histolog-
ical phenotype is a better prognosticator in patients with
periampullary cancers,"” one may expect a higher frequency
of lymphatic involvement and vascular involvement in those
with PBST as compared to IST. However, the rates of
lymphatic or vascular involvement did not differ between the
two groups in this study. Hence, a poor prognosis in PBST
appears unrelated to lymphatic or vascular involvement.

The PDAC of periampullary origin is more frequently seen as
a hypodense lesion at contrast enhanced CT when compared
to normal pancreatic parenchyma.’ However, PDAC less
frequently demonstrate hyperenhancement.” In the current
study, hyperenhancement was seen in 37% of cases. The
frequency of hyperenhancement did not differ between the
PBST and IST groups. Hence, enhancement pattern was
considered not to be associated with histological subtype of
periampullary PDACs.

Tumor size has been reported as a prognosticator in both
periampullary and ampullary cancers.**** In this study, PBST
and IST had no significant difference in terms of tumor size.
Hence, a link between tumor size and hisotological subtype
cannot be justified. The lower survival rate with PBST in
published reports is probably due to the aggressive
behaviour of these tumors rather than a size effect.

The main strength of this study is inclusion of a group of
patients with PDAC of periampullary origin, who were not
previously represented in studies revealing their imaging
features, since IST was once not considered a differentiation
pattern for this group. Another power of current study is that
histomorphological and immunohistochemical confirmation
was used as reference standard in all cases. The major draw-
back of the current study is the small sample size from a
single centre. The retrospective design may be considered a
limitation, as well. No case of mixed IST and PBST was
observed in this study and CT assessment of mixed cases
remains controversial.

CONCLUSION

The only CT characteristic to discriminate the histologic
subtypes was the lesion morphology in patients with periam-
pullary PDAC. An infiltrative appearance is associated with
PBST; whereas, nodular appearance more likely predicts IST.
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Whether this information may be extrapolated to cases with
nonresectable tumors and no chance for biopsy in order to
select the appropriate chemotherapeutic agent requires
confirmation with prospective studies.
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