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Abstract

Purpose  To clarify the incidence, clinicopathological fea-
tures and prognosis of pancreatic invasive ductal carcino-
mas (IDCs) with different tumor origin sites in the pancre-
atic duct.

Methods Based on the relationship between the invasive
cancer area (ICA) and the main pancreatic duct (MPD),
IDCs less than 2 cm in diameter were classified into two
groups: type I, in which the ICA and MPD were separated,
and type II, in which the MPD passed through the ICA.
The clinicopathological findings and prognosis of each
type were compared in a total of 37 patients.

Results The incidences of IDC types I and I were 18.9
and 81.1 %, respectively. Although there was no difference
in local invasion, both node involvement and venous inva-
sion tended to occur more frequently in type I IDC, and the
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three-year survival rate was significantly lower for type I
(28.6 %) than type II (71.8 %) IDC.

Conclusions The prognosis of IDCs that originated in the
branching pancreatic duct (BPD) distant from the MPD
(type I) was worse than the prognosis of IDCs that origi-
nated in either the MPD or the BPD close to the MPD (type
II). These data suggest that the progression and degree of
malignancy of IDCs may vary depending on the site of
tumor origin in the pancreatic duct.

Keywords Small pancreatic ductal carcinoma -
Pancreatic duct - Site of tumor origin - Prognosis -
Clinicopathological features

Introduction

Common-type invasive ductal carcinomas (IDCs) in the pan-
creas are advanced cancers that have invaded adjacent organs
and surrounding tissue(s) at the time of diagnosis. Therefore,
the treatment outcomes for IDC are poor. Interestingly, stud-
ies have indicated that patients with IDCs measuring less
than 2 cm in diameter have a significantly better prognosis
than patients with larger IDCs [1-3]. Therefore, the treat-
ment outcome in patients with IDCs may be improved by
early tumor detection, which requires an understanding of
the characteristics and progression of small IDCs.

Many IDCs arise from the epithelium of the branching
pancreatic ducts (BPDs) [4, 5]. Two types of IDCs have
been defined based on their progression: IDCs that spread
noninvasively through the BPD and subsequently invade
the stroma [6, 7], and IDCs that invade the stroma at a rela-
tively early stage without intraductal spread [8]. Advances
in imaging modalities, such as computed tomography,
endoscopic retrograde cholangiopancreatography, magnetic
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resonance cholangiopancreatography and endoscopic ultra-
sonography, have facilitated the detection of small IDCs that
are less than 2 cm in diameter, and studies that utilize these
imaging techniques continue to clarify the clinicopathologi-
cal features of IDCs [3, 9]. The imaging diagnosis of small
pancreatic tumors is often based on abnormal findings in the
pancreatic duct [10-12]; however, the effects of the site of
tumor origin in the pancreatic duct on the clinicopathologi-
cal features and prognosis of IDCs remain largely unclear.
The clarification of the characteristics of IDCs with respect
to the site of tumor origin is important for the diagnosis of
small IDCs. The purpose of this study was to clarify the
incidence, clinicopathological features and prognosis of
IDCs with different sites of tumor origin in the pancreatic
duct. The ultimate goal of this research is to provide consid-
erations to aid in the early detection of small IDCs, which
would yield a more favorable disease prognosis.

Methods

A total of 177 patients underwent curative (RO or R1
[13]) resection of a common-type IDC (excluding ductal
adenocarcinoma variants [14] and ductal adenocarcino-
mas derived from an intraductal papillary mucinous neo-
plasm (IPMN)) at the Aichi Cancer Center Hospital during
a 14-year period from January 1996 to December 2009; a
total of 37 (20.9 %) patients with a histologically invasive
tumor less than 2.0 cm in diameter were included in this
study. The patients had a mean age of 65.7 &+ 10.8 years
and included 18 males (48.6 %) and 19 females (51.4 %).
The tumors were located in the pancreatic head in 25
(67.6 %) patients and in the pancreatic body or tail in 12
patients (32.4 %). The median postoperative follow-up
period was 53.7 months (range 12.4—158.4 months).

To examine the relationships among the site of tumor
origin in the pancreatic duct, the clinicopathological fea-
tures and the prognosis of patients with IDC, full surgi-
cal specimens that were 3—6 mm thick were fixed in 10 %
formalin and placed into cassettes in the plane that was
perpendicular to the main pancreatic duct (MPD). The tis-
sues were embedded in paraffin, and sections were cut at
a thickness of 2—4 um. These thin sections were mounted
onto glass slides and stained with hematoxylin and eosin.
The preparations were examined under a microscope, and
the affected area was noted on a gross photograph. We cre-
ated a diagram that reconstructed the relationship between
the location of the invasive cancer area (ICA) and the MPD.
If the tumor evinced a discontinuous spread from its center,
the area that encircled all of the invasive fronts was consid-
ered to represent the ICA. The invasive fronts that involved
blood and lymph vessels were included in the ICA; how-
ever, lymph node metastases were not included in the ICA.
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Based on the ICA reconstruction diagram, the IDCs
were classified according to the geographic and anatomi-
cal relationship between the ICA and MPD. The IDCs were
classified either as type I, characterized by the complete
separation of the ICA and the MPD by the normal pancre-
atic parenchyma, or type II, characterized by the passage of
the MPD through the ICA.

The following clinicopathological features of the patients
with IDC were assessed and correlated with the site of
tumor origin in the pancreatic duct: age, sex, tumor location,
CT (computed tomography) findings, EUS (endoscopic
ultrasonography) findings, preoperative serum CA19-9
level, diameter of the ICA, degree of histological differ-
entiation [13], presence or absence of pathological serosal
invasion (S), retropancreatic tissue invasion (RP), lymphatic
invasion (ly), venous invasion (v), intrapancreatic nerve
invasion (ne), the pancreatic cut end margin (pcm) distance
and the dissected pancreatic margin (dpm) distance, accord-
ing to the Japan Pancreatic Society classifications [15].
Other features that were evaluated included the pathologi-
cal T, N and M stages of the tumor and the R, which was
assessed using the 7th edition of the TNM classification of
the Union for International Cancer Control (UICC) [13].
Regarding the pcm, both the distance of the pancreatic cut
end from the ICA (pcm (ICA)) and distance of the MPD cut
end from the carcinoma in situ (CIS) lesion in the MPD out-
side of the ICA (pcm (MPD)) were investigated.

The prognoses of patients with IDC were compared
based on the modes of first recurrence and postoperative
recurrence and the survival rates. Continuous variables
were compared using Student’s ¢ test or the Mann—Whitney
U test, and discrete variables were examined by Fisher’s
exact test. The Kaplan—Meier method was used to calculate
the recurrence and survival rates. The prognosis of each
type of IDC was compared using the log-rank test. All of
the p values presented were two sided, and a p value <0.05
was considered to be significant.

Results

The incidence of IDCs and the sites of tumor origin
in the pancreatic duct

Among the 37 patients, the incidences of type I and type 11
IDC were 18.9 % (seven patients) and 81.1 % (30 patients),
respectively.

The relationship between the site of tumor origin
in the pancreatic duct and the clinicopathological factors

The examined prognostic and clinicopathological factors
are shown in Table 1. The age, sex, tumor location and
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Table 1 A comparison of the clinicopathological features of patients with type I and type II IDCs
Typel(n="17) Type II (n = 30)
N (%) n (%) P
Age 63.1 £12.8 66.3 £ 10.5 0.495
Sex Male 5 (71.4) 13 (43.3) 0.232
Female 2 (28.6) 17 (56.7)
Location Ph 5 (71.4) 20 (66.7) 1.000
Pb/t 2 (28.6) 10 (33.3)
CT finding Tumor (+) 5 (71.4) 21 (70.0) 0.661
EUS finding Tumor (+) 7 (100.0) 26 (86.7) 0.415
Serum CA19-9 1un 62.9 +90.3 64.9+753 0.951
Tumor size (cm) 1.6 £0.3 1.54+0.3 0.326
Pathological grade G1/G2 5 (71.4) 17 (56.7) 0.677
G3 2 (28.6) 13 (43.3)
S (+) 1 (14.3) 8 (26.7) 0.656
RP (+) 6 (85.7) 16 (53.3) 0.204
ly (+) 7 (100.0) 26 (86.7) 0.570
v +) 6 (85.7) 14 (46.7) 0.097
ne +) 6 (85.7) 23 (76.7) 1.000
pT 1 1 (14.3) 9 (30.0) 0.647
3 6 (85.7) 21 (70.0)
pN +) 5 (71.4) (30.0) 0.080
pStage 1A 0 (0.0) (13.3) 0.138
A 2 (26.7) 17 (56.7)
1B 5 (71.4) 9 (30.0)
pem (ICA) (cm) 1.7+£1.1 1.3£09 0.402
pcm (MPD) (cm) N/A 0.8 £0.7 N/A
dpm (cm) 0.1 £0.1 0.2+0.2 0.187
R R1 1 (14.3) 5 (16.7) 0.685
ACT (+) 4 (57.1) 11 (36.7) 0.283

Ph pancreatic head, Pb/t pancreatic body or tail, G/ well differentiated, G2 moderately differentiated, G3 poorly differentiated, S serosal inva-
sion, RP retropancreatic tissue invasion, /y lymphatic invasion, v venous invasion, ne intrapancreatic nerve invasion, pT, pN and the pStage were
classified in accordance with the 7th edition of the UICC classification system; pcm pancreatic cut end margin distance, dpm dissected pancre-
atic margin distance, ACT postoperative adjuvant chemotherapy, N/A not available

preoperative serum CA19-9 level did not differ between the
two IDC patient groups. Regarding the preoperative diag-
nosis, tumors were identified by CT in 70-71 % of cases
and by EUS in 86-100 % of cases for type I and type 1I
IDC, respectively. There were no significant differences
between the two groups. In four cases of type II IDC, the
tumor was not detectable by either CT or EUS.

The mean ICA diameter was 1.5 = 0.3 cm for the 37
patients. The ICA diameter, degree of ICA histological dif-
ferentiation and the nerve invasion did not differ signifi-
cantly between the two IDC patient groups. With respect to
vascular invasion, lymphatic invasion was observed in 87—
100 % of the patients with both types of IDC, and there was
no significant difference between the two types. Interest-
ingly, venous invasion tended to occur more frequently in
type I IDCs than in type II IDCs (p = 0.097). With respect

to local invasion, there was no significant difference in
either the serosal or retropancreatic tissue invasion between
the two IDC types. In addition, pT3 was frequently found
in both type I and type II IDCs, and there was no significant
difference between the two IDC patient groups. Although
pN tended to be more frequently observed in type I than
type II patients (p = 0.080), this difference was not signifi-
cant. The stage was more advanced in type I IDCs than type
II IDCs, but this difference was also insignificant (Table 1).

With respect to the surgical margin, the pcm (ICA) and
dpm did not differ between the two groups. There were no
CIS lesions in the MPD outside of the ICA in type I IDC,
whereas, in 10 (33.3 %) cases of type II IDC, there was a
CIS lesion in the MPD outside of the ICA. In the cases in
which a CIS lesion was observed in the MPD outside of the
ICA, the mean spread range of CIS from the ICA margin
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was 1.0 £ 0.9 cm. There was no significant difference in
curability, expressed as the R status.

The use of adjuvant chemotherapy with S-1 or gem-
citabine (GEM) for IDC was started in 2007, with four
(57.1 %) (S1: 1 and GEM: 3) patients with type I IDC and
11 (36.7 %) (S1: 3 and GEM: 8) patients with type II IDC
receiving adjuvant chemotherapy after its introduction.
There was no significant difference between the two IDC

types.

The relationship between the site of tumor origin
in the pancreatic duct and the prognosis

During the postoperative follow-up period for all 37 stud-
ied patients, recurrence occurred in 21 patients (56.8 %); in
particular, recurrence was observed in six (85.7 %) of the
patients with type I IDCs and 15 (50.0 %) of the patients
with type II IDCs. Among the 21 recurrent cases, seven
(33.3 %) involved local recurrence, five (23.8 %) involved
metastasis to the liver, five (23.8 %) involved metastasis to
a hematogenous organ(s) other than the liver, two (9.5 %)
involved peritoneal dissemination and two (9.5 %) involved
lymph node metastasis. There was no relationship between
the IDC type and the mode of first recurrence (Table 2).

The cumulative three-year postoperative recurrence rates
were 85.7 and 45.0 % in patients with type I and type II
IDCs, respectively. The recurrence rate in patients with
type I IDCs was significantly higher than that in patients
with type II IDCs (p = 0.013) (Fig. 1). The cumulative
three-year postoperative survival rates for patients with
type I and type I IDCs were 28.6 and 71.8 %, respectively.
Importantly, the rate was significantly lower for patients
with type I IDCs than for patients with type II IDCs
(p = 0.009) (Fig. 2).

Discussion

IDCs are refractory cancers with one of the poorest prog-
noses among malignant tumors. However, small IDCs that
measure less than 2 cm in diameter are associated with a
significantly more favorable prognosis than larger IDCs
[1-3]. The clinicopathological features of small IDCs have
been extensively studied [3, 9], but the effects of the site of
tumor origin in the pancreatic duct on these features have
not been described. Similar to IDCs, IPMNSs arise from the
epithelium of pancreatic ducts, and these neoplasms are
classified into three categories (main duct, branch duct or
mixed type) according to the site of the tumor origin [16].
The three types of IPMNs exhibit very different clinico-
pathological features, biological behaviors and prognoses
[17, 18]. Given the similarities between IDCs and IPMNs,
this study investigated whether IDCs may also differ with
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Table 2 The first sites of recurrence of type 1 and type I IDCs

All cases (n = 21) Typel(n=6) Typell(n=15) p
N (%) n (%)

Local (n =17) 2 (33.3) 5 (33.3) 1.000
Liver (n = 5) 2 (33.3) 3 (20.0)

Distant metastasis (lung 2 (33.3) 3 (20.0)

and bone) (n = 5)
Peritoneum (n = 2) 0 (0.0) (13.3)
Lymph node (n = 2) 0 (0.0) (13.3)

respect to their clinicopathological features. In addition,
this study examined whether the prognosis of IDC was
related to the site of tumor origin in the pancreatic ducts.

Most IDCs are already in advanced stages when they
are detected, with evidence of direct invasion to adjacent
organs and/or distant organ metastases. Thus, the struc-
ture of the remaining pancreatic tissue is usually already
destroyed by tumor cells at the time of diagnosis. There-
fore, it is impossible to identify the site of tumor origin
in the pancreatic duct in such advanced pancreatic cancer
cases. However, in small pancreatic cancers, the structures
of the pancreatic ducts and the pancreatic tissue are main-
tained, so it is easier to determine the site of tumor origin in
the pancreatic duct. We investigated only small cancers less
than 2 cm in diameter (T1 [13]) in the present study to clar-
ify the incidence, clinicopathological features and progno-
sis associated with IDCs with different sites of tumor origin
in the pancreatic duct.

In this study, we classified IDCs into two types based on
the relative locations of the ICA and MPD in each tumor.
There was no invasive cancer in the MPD among the type
I IDCs, suggesting that these IDCs arose in the BPD and
were distant from the MPD. Although type I IDCs may
spread to involve the MPD, the central portion of type II
IDCs was closer to the MPD than the type I IDCs, suggest-
ing that the type II IDCs originated in the BPD, but were
close to the MPD. In type II IDCs, the location of the MPD
ranged from the peripheral zone to the center of the ICA.
In certain cases, the MPD was located in the center of the
ICA, which suggests that the tumors arose either in the
MPD or in the BPD near the MPD (Fig. 3a, b).

Many IDCs are believed to arise in the epithelium of the
BPD [4, 5], and Furuta et al. [19] reported that 56 % of
IDCs originate in the BPD. In this study, we found that only
18.9 % of the IDCs originated in the BPD (type I); this per-
centage was much smaller than the previously reported rate
[19]. Although previously published studies have hypoth-
esized that certain type II IDCs may originate in the BPD,
the results from the current investigation demonstrated that
at least 18 % of the IDCs (type I tumors) originated at sites
in the BPD that were distal to the MPD.
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Regarding the preoperative diagnosis, there was no sig-
nificant difference in the tumor detection by CT and EUS
between type I and II IDCs. Although 70.2 % (26 of 37
cases) of the tumors were identified by CT, EUS revealed
89.2 % (33 of 37 cases) of the tumors. EUS was, therefore,
more suitable for the detection of small pancreatic cancer
than CT. However, in four cases of type II IDC, the tumor
was not detectable by either CT or EUS. In these cases,
obstruction and/or dilatation of the MPD in the tail of the
pancreas on CT, EUS and endoscopic retrograde pancrea-
tography findings and pancreatitis accompanying the MPD
obstruction on the CT findings [2] suggested the presence
of IDC. The preoperative diagnosis was confirmed as IDC
or was suspected to be IDC in all 37 patients in the present
study.

In 33.3 % of type Il IDCs, we found diffuse CIS lesions
in the MPD outside of the ICA, whereas there was no

CIS in the MPD of the type I IDCs, which may simply be
because the type I IDCs originated in the BPD distant from
the MPD, or may suggest that these type I tumors have a
reduced capacity for intraductal spread compared to type II
IDCs.

The two types of IDCs yielded markedly different prog-
noses in our patient population. The cumulative three-year
postoperative recurrence rate was significantly higher in
patients with type I IDCs than in patients with type II IDCs,
and the survival rate was significantly lower in patients
with type I IDCs than in patients with type II IDCs (Figs. 1
and 2). Although there was no significant difference in the
CA19-9 level between the two IDC types in our study,
recent data [20, 21] have described that an elevated level
of CA19-9 is significant risk factor for peritoneal dissem-
ination and poor survival. The prognosis of patients with
type I IDC may be worse than that of patients with type 11
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Fig. 3 The classification of the IDCs according to the site of tumor
origin in the pancreatic duct. a A magnified view of each IDC type.
Type I the invasive cancer area (ICA, dashed line) was completely
separated from the main pancreatic duct (MPD, arrow) and invaded
normal pancreatic tissue (a-1). Type II the MPD passed through the
ICA. In certain cases of type II IDCs, the MPD passed through the
peripheral zone of the ICA, which suggests that these type II IDCs
originated in the BPD, but were located near the MPD (a-2). The

IDC because, compared with type II IDCs, type I IDCs are
located closer to the pancreatic capsule and can, therefore,
more readily advance to the extrapancreatic tissue or veins
and lymphatic vessels.

However, examinations of the T factor, S and RP revealed
no significant differences in local invasion between the two
IDC types in our cases. The incidence of lymphatic inva-
sion at the primary site was high (86.7-100 %) for both IDC
types, but the rate of lymph node metastasis tended to be
higher for type I IDCs than for type II IDCs; further support-
ing the idea that the type I IDCs may be at a more advanced
stage at the time of diagnosis. Recent data [22] have sug-
gested that the increasing trend in lymph node involvement
accounts for the worse prognosis of type I IDCs. The inci-
dence of venous invasion also tended to be higher in type I
cases. These factors may explain the markedly worse prog-
nosis associated with type I IDCs.

Although the mode of the first postoperative recurrence
that was observed differed from the results of various pub-
lished studies, hepatic metastasis and/or local recurrence
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large duct next to the duct indicated by an arrow is a branched pan-
creatic duct (BPD). In other cases of type II IDCs, the MPD passed
through the approximate center of the ICA, suggesting that these
IDCs arose either in the MPD or in the BPD at a site near the MPD
(a-3). In this case, a carcinoma in situ lesion can be seen in the MPD.
b Schematic diagrams of IDCs of type I (b-1) and type II (b-2 and
b-3, which parallel Figs. 3a-2 and a-3, respectively)

are the modes of recurrence that occur in the majority of
patients with IDCs [23-25]. Indeed, previously published
results have indicated that hematogenous metastasis to
distant organs, such as the lungs or bones, is less common
than metastasis to the liver [23]. In the present study, both
types of IDC were characterized by a high incidence of dis-
tant metastasis. Recent data [26] support the notion that the
metastatic potential may be present even before the forma-
tion of a visible pancreatic carcinoma, which may explain
the high incidence of distant metastases in patients with
small IDCs. The incidence rates of metastasis to the liver
and to extrahepatic distant organs were the same (23.8 %).
These modes of recurrence (i.e., lung or bone metasta-
sis) may explain why the prognosis of patients with IDC
is often unfavorable, and our findings highlight the need
for vigilance in monitoring the development of both local
recurrences and hepatic and distant metastases in these
patients.

With respect to the mode of recurrence for each IDC
type, venous invasion tended to be more common in
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patients with type I IDCs than type II IDCs, but the mode
of recurrence, particularly the frequency of hematogenous
metastasis, did not differ significantly between the IDC
types. This may be explained by the greater frequency of
hematogenous metastasis and local recurrence in type
I IDCs compared with type II IDCs (i.e., lymph node
involvement and venous invasion tended to be more com-
mon in the type I IDCs).

This study demonstrated that the prognosis of patients
with IDC depends on the site of tumor origin in the pancre-
atic duct. A detailed analysis of IDCs, based on our clas-
sification system, revealed that distinct types of tumors that
arise in the BPD, which have previously been evaluated
as a single group, demonstrated markedly different prog-
noses. The prognosis that was associated with IDCs that
originated in the BPD at sites that were distant from the
MPD (type I) was worse than the prognosis of IDCs that
originated in the BPD at sites close to the MPD (type II).
At the present time, abnormal findings in the MPD often
trigger the detection of small IDCs. However, at least 18 %
of the IDCs in this study originated from the BPD without
involvement of the MPD, which suggests the importance
of not only monitoring MPD stenosis or dilation, but also
utilizing imaging tools to monitor changes in the BPD at
sites in the pancreatic parenchyma that are distant from the
MPD. This approach may facilitate the detection of IDCs at
an early stage.

In conclusion, IDCs that arise in the BPD at sites that are
distant from the MPD may exhibit different characteristics
than those of the IDCs that arise either within the MPD or
in the BPD near the MPD. Specifically, the mode of inva-
sion and the biological malignancy of IDCs may vary with
the site of tumor origin. A recent report [27] suggested that
nuclear factor kB plays a role in tumor progression, and
its expression may vary according to the site of tumor ori-
gin in the pancreatic duct. As this study involved a limited
number of patients, studies with a large number of patients
are needed to confirm our results and to explore the poten-
tial role of nuclear factor kB in the differences between the

types.
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