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Abstract Intraductal papillary epithelial neoplasms of the
pancreatobiliary system (intraductal papillary neoplasm of the
bile duct (IPNB) and intraductal papillary mucinous neoplasm
(IPMN)) seem to share many clinicopathological features; how-
ever, IPNB has not been fully characterized. In order to under-
stand the clinicopathological/immunohistochemical features of
IPNB better, we compared 52 cases of IPNB with 42 cases of
IPMNs with mural nodules. The IPNB cases were divided into
two groups according to their histological similarity and accord-
ing to five key histological findings. All IPNB and IPMN cases
mainly affected middle-aged to elderly people, predominantly
men. Mucin hypersecretion was less frequent in IPNB com-
pared to IPMN. Group 2 IPNB more frequently had a higher
histopathological grade and more extensive stromal invasion
than IPMN. Group 1 IPNB and IPMN were further classified
into four subtypes (gastric, intestinal, pancreatobiliary, and
oncocytic). Although each subtype of IPNB and IPMN showed
similar histology, the immunohistochemical results were differ-
ent. The gastric type of IPNB was less frequently positive for
CDX2, and intestinal [IPNB was more frequently positive for
MUCT and less frequently positive for MUC2, MUCSAC, and
CDX2 compared to each subtype of IPMN, respectively. In
conclusion, IPNB and IPMN have some clinicopathological
features in common, but mucin hypersecretion was less frequent
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both in IPNBs than in IPMN. Group 2 IPNB differed from
IPMN in several parameters of tumor aggressiveness.
Additional clinicopathological and molecular studies should
be performed with respect to the subtypes of IPNB and IPMN.
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Introduction

Recently, much attention has been paid to preinvasive neo-
plasms of the pancreatobiliary systems [1-13]. In the
pancreatobiliary system, preinvasive neoplasms include
intraductal papillary mucinous neoplasm (IPMN) and
intraductal tubulopapillary neoplasm (ITPN) [6, 12]. In the
biliary tree, grossly visible intraductal tumors with predomi-
nantly papillary or tubular architectures similar to pancreatic
IPMN or ITPN are occasionally seen and are called
“intraductal papillary neoplasm of the bile duct” (IPNB) and
“biliary intraductal tubulopapillary neoplasms” (b-ITPN)
[1-4, 14]. IPMN/ITPN and IPNB/b-ITPN are thought to be
preinvasive biliary and pancreatic ductal neoplasms, and they
sometimes progress to an invasive carcinoma [1, 6, 12].

In order to understand IPNB better, several studies have
been conducted on some genes and proteins that had been
found to be involved in IPMNs [15-18]. Some studies have
also reported clinicopathological similarities and differences
between IPNB and IPMN; however, those results are some-
what controversial [7, 8, 11, 15]. Although histological sub-
types are known to be closely related to the clinicopathologi-
cal behavior of IPMNs, few studies have been conducted on
IPNBs’ clinicopathological behavior by histological subtype.
Some IPNBs have a similar histology to IPMN, and the others
have a very different histology.
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Table 1 Antibody used for

immunohistochemical studies Antibody Clone Dilution Pretreatment Source

MUCI1 Ma695 1:200 HIER* Leica Biosystems, New castle, UK
MuUC2 Ccep58 1:200 HIER Leica Biosystems, New castle, UK
MUCS5AC CLH2 1:200 HIER Leica Biosystems, New castle, UK
MUC6 CLH5 1:100 HIER Leica Biosystems, New castle, UK
CDX2 CDX2-88 1:100 HIER BioGenex, Fremont, USA

HIER heat-induced epitope retrieval

Hence, in this study, in order to understand IPNB better, Clinical data

clinicopathological/immunohistochemical features of IPNB
and IPMN were compared by dividing IPNB into two groups
(one group with histology similar to IPMN and the other dis-
similar, and IPMN by histology).

Materials and methods
Case selection and tissue preparation

The study population consisted of 52 patients with IPNB
and 42 patients with [IPMN of the pancreas with mural
nodules. All IPNB cases were surgically resected at the
Shizuoka Cancer Center between 1999 and 2015.
Tumors that predominantly showed intraductal growth, fill-
ing ducts with papillary or villous papillary neoplasms
covering delicate fibrovascular stalks, were selected [1].
IPNB at the intrahepatic large bile duct (IB), hilar bile
duct (HB) (right and left bile ducts and their conver-
gence), and extrahepatic (superior, middle, and inferior)
bile duct (EB) were included. Tumors of the gallbladder
and ampulla of Vater were excluded from this study. All
IPMN cases were surgically resected at Juntendo
University Hospital or its branches (listed in the
“Acknowledgements” section) between 1990 and 2015.
While 59 IPMNs were surgically resected in this period,
17 cases were excluded from this study because they were
composed only of tumor cells with flat to low papillary
growth; only IPMN cases with mural nodules were exam-
ined in this study.

Surgical specimens of IPNB and IPMN were fixed in for-
malin, dissected at 5-mm intervals, and paraffin embedded.
These sections were prepared for histologic examination,
and all hematoxylin and eosin (H&E)-stained sections were
studied. One to three sections with the most abundant
intraductal proliferation were chosen from each IPNB
and IPMN specimen for immunohistochemical and his-
tochemical (di-PAS) analyses. The study protocol was
approved by the Institutional Review Board of the
Shizuoka Cancer Center.
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Information on age at the time of surgery, sex, the lo-
cation of the tumor, the mucin hypersecretion of IPNB
and IPMN, and IPMN duct type was obtained from
clinical records. The location of the main tumor(s) in
all IPNB cases was categorized according to biliary
anatomy (IB, HB, or EB). When IPNB involved more
than two locations of the three anatomical compart-
ments, such case(s) was additionally recorded as exten-
sive (EXT). The main tumor of one IPNB case was
observed at the anastomosing site of the bile duct and
jejunum, and it was recorded as other (O). The anatom-
ical location of IPMN cases was divided into the pan-
creatic head and body and/or the tail. When IPMN in-
volved both the pancreatic head and body-tail, it was

Fig. 1 aIPNB with atypical histology (IPNB group 2). In this case, most P>
tumor cells had non-mucinous cytoplasm. There were a few foci of
coagulative necrosis inside (arrow) and outside (arrow head) of tumor
tubules, and collagenous stroma were sometimes seen with a relatively
large numbers of fibroblasts (). b IPNB with atypical histology (IPNB
group 2). In this case, most tumor cells had non-mucinous cytoplasm. The
collagenous stroma with a relatively large number of fibroblasts () and
cribriform structures (arrow heads) were sometimes seen. ¢ Gastric
subtype of IPNB (G-IPNB) with typical histology (IPNB group 1). The
tumor cells are tall columnar cells with basally oriented nuclei and
abundant pale mucinous cytoplasm, reminiscent of gastric foveolar
epithelium. Pyloric gland-like structures are also seen at the periphery.
d—g Intestinal subtype of IPNB (I-IPNB) with typical histology (IPNB
group 1). The tumor cells are columnar cells with pseudostratified, cigar-
shaped nuclei, and basophilic cytoplasm with variable amounts of apical
mucin, reminiscent of colonic villous adenoma (d). Most tumor cells are
negative for MUCSAC (e), some tumor cells were positive for MUC2 (f),
and most tumor cells are weakly positive for CDX2 (g). h-k Intestinal
subtype of IPNB (I-IPNB) with typical histology (IPNB group 1). The
tumor cells are columnar cells with pseudostratified, cigar-shaped nuclei,
and basophilic cytoplasm with variable amounts of apical mucin,
reminiscent of colonic villous adenoma (h). This case showed diffuse
positivity for MUCSAC (i) and partial positivity for MUC2 (j), and was
almost negative for CDX2 (k). I Pancreatobiliary subtype of IPNB (PB-
IPNB) with typical histology (IPNB group 1). The tumor forms thin,
branching papillae, and the neoplastic cells are cuboidal with a less
mucinous cytoplasm (arrows). m Oncocytic subtype of IPNB (O-
IPNB) with typical histology (IPNB group 1). The tumor forms
complex papilla with edematous stroma. Tubule formation is often
seen. The tumor cells show abundant eosinophilic cytoplasm
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additionally recorded as extensive (EXT). The mucin
hypersecretion was assessed using preoperative endosco-
py and/or the gross image of the tumor surface of the
surgically resected specimen and the content of the af-
fected bile duct(s). The duct type for IPMN was divided
into the main pancreatic duct type, branch duct type, or
combined duct type using preoperative imaging studies.

Pathological data

The histological grade of the main tumor, extent of invasion at
the bile duct wall and periductal tissue (stromal invasion),
histological type of the invasive tumor, maximum diameter
of the dilated duct, maximum height of the papillary growth
of the main tumor(s), width of the stroma of the intraductal
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Fig. 1 (continued)

tumorous nodule (“narrow” for cases with almost no collage-
nous tissue in the stroma, “intermediate” for cases with deli-
cate but collagenous stroma, and “mixed narrow and
intermediate” for cases containing both narrow and interme-
diate stroma), and ratio of tubular components among the
papillary components of the intraductal main tumor were

@ Springer

recorded. The histological grades of IPNB and IPMN were
categorized into low- or intermediate-grade (Low/Int), high-
grade (High), or high-grade associated with invasive carcino-
ma (High + Inv), according to the Armed Forces Institute of
Pathology (AFIP) criteria of pancreatic IPMN and the WHO
criteria for IPNB and IPMN [1, 6, 12]. The cases in which
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Fig. 1 (continued)

invasive tubular carcinoma, colloid carcinoma, or acellular
stromal mucin (mucin leakage without evident tumor cells)
were observed in connection with the selected ducts were
graded as high-grade associated with invasive carcinoma
(High + Inv), and the invasive component was also recorded.

Immunohistochemistry

Deparaffinized 4-pum sections from each paraffin block were
exposed to 0.3% hydrogen peroxide for 15 min to block en-
dogenous peroxide activity. Details of the primary antibodies
used in this study are summarized in Table 1, and immuno-
histochemical results using these antibodies were interpreted
as negative (0) when none to only a few tumor cells were
positive, scatteredly positive (1+) when more than a few but
less than 10% of the tumor cells were positive, partly positive
(2+) when more than 10% but less than 30% of tumor cells
were positive, and diffusely positive (3+) when more than
30% of the tumor cells were positive.

MUCI is a pan-epithelial membrane mucin usually
expressed in tumors originating in the pancreatobiliary system
[18]. MUC?2 is the principal secretory mucin in the
colorectum, specific to goblet cells [19]. MUCS5AC is a secret-
ed gel-forming mucin, expressed in the surface mucous epi-
thelium of normal gastric mucosa [20]. CDX2 is a caudal-type
homeobox gene, encoding a transcription factor that plays an
important role in proliferation and differentiation of intestinal
epithelial cells [21]. The monoclonal antibody CDX2-88 has
been shown to be a highly sensitive and specific marker of
tumors of intestinal origin [22]. Positivity for MUC2 and
CDX2 indicates cells differentiating towards the intestinal ep-
ithelium, and positivity for MUCSAC indicates cells differen-
tiating towards the gastric foveolar epithelium. MUCS6 is a
secretory protein of gastric pyloric glands.

Histological assessment of histological
typicalness/atypicalness of IPNB and subtyping of IPNB
and IPMN

First, IPNB cases were divided into two groups according to
the histological similarity with pancreatic [PMNs; group 1 for
the IPNB cases with typical histology for IPMN and group 2
for the cases with atypical histology. Additionally, group 1 of
the IPNB and IPMN cases was classified into gastric (G),
intestinal (I), pancreatobiliary (PB), and oncocytic (O)
subtypes.

The histological similarities were assessed by refer-
ring to pancreatic IPMN by four pathologists under a
multi-headed microscope by blind observation of several
representative histologic sections. When assessing, the
configuration of the gland/papilla/villous structure, tu-
mor stroma, color/amount of cytoplasmic mucin, shape
of individual tumor cells, and nuclear features of tumor
cells was evaluated, and the cases with the features (1)
to (5) were judged “atypical” since such features are not
present in IPMN series: (1) no mucinous/oncocytic cy-
toplasm for most tumor cells, (2) marked heterogeneous
histology or different histological structures (villous/tu-
bular, straight/branching, non-mucinous/mucinous) next
to each other, (3) existence of necrosis inside/outside
tumor tubules, (4) non-edematous but collagenous stro-
ma with fibroblasts of more than a minimal amount,
and (5) existence of true cribriform features.

Group 1 IPNB and IPMN cases were histologically subtyped
referring to the WHO 2010 classification of tumors of the diges-
tive system and the previous reports [12, 23—26]. The subtyping
was conducted mainly with H&E-stained sections, and in cases
where H&E histologies were not clearly a particular subtype, we
relied on immunostaining. Cases showing positivity (>2+) for
MUC2 or CDX2 were classified into “IPNB-O/IPMN-O”; the
cases showing positivity (>2+) for MUC1 but 0 or 1+ for MUC2
and CDX2 were classified into “IPNB-PB/IPNB-PB”; and the
cases showing positivity (>2+) for MUC6 but not for
MUC2/CDX2/MUCI were classified into “IPNB-G/O/IPNb-
G/0,” according to their cytoplasmic features.

Statistics

Clinicopathological/immunohistochemical data were com-
pared between group 1IPNB and IPMN, group 2 and IPMN,
and each subtype of group 1 IPNB and IPMN. Pearson’s
chi-square test was used to analyze statistical differences be-
tween categorical data, such as mucin hypersecretion and his-
tological grade, of the two groups. Student’s ¢ test was used to
determine the difference in continuously varying data such as
age, nodule height, and duct dilatation. A p value <0.05 was
considered statistically significant.
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Results

Histological assessment of typicalness of IPNB
and subtyping of IPNB/IPMN

Among 52 IPNB cases, 26 cases were judged/categorized into
group 1 IPNB (with typical histologies) while 26 cases (50%)
were categorized into group 2 IPNB (with atypical histologies),
such as almost no mucinous/oncocytic cytoplasm for most tumor
cells (15 cases), very heterologous histological structures (6 cases),
existence of necrosis (5 cases), existence of collagenous stroma
(19 cases), and/or existence of true cribriform structure (5 cases).

All cases of IPMN and 26 group 1 IPNB cases were classified
into one of the four subtypes G, I, PB, or O. Not infrequently,
more than two subtypes existed in the main tumor, and in such
cases, the most predominant subtype was regarded as the

subtype. However, in one IPNB case, neither of the two subtypes
was predominant, and this case remained unclassified. The pro-
portion of subtypes in group 1 IPNB and IPMN was not statis-
tically different. Among the four subtypes, I was the most com-
mon (44.0% for group 1 IPNB and 45.2% for IPMN), followed
by G (28.0% for group 1 IPNB and 35.7% for [IPMN), while PB
and O were relatively uncommon for both group 1 IPNB and
IPMN. Representative cases of each subtype are shown in Fig. 1.

Clinicopathological features of group 1 IPNB, group 2
IPNB, and IPMN

The main data of group 1 IPNB, group 2 IPNB, and IPMN
cases are shown in Table 2 and Fig. 2. The patient ages of
group 1 IPNB, IPMN, and group 2 IPNB were all similar
(range 42—-84 years, mean 71.2 years; range 3483 years,

Table 2  Clinicopathological data of group 1 IPNB, group 2 IPNB, and [IPMN

Group 1 IPNB (n = 26) Group 2 IPNB (n = 26) Non-flat IPMN (n = 42) ph
Age 42-84 (71.2) 37-82 (69.0) 34-83 (67.1) NS, NS
Sex (M/F)* 17:9 18:8 26:16 NS, NS
Main location” IB 12 IB1 Head 27
HB 11 HB 8 Body and tail 15
EB2 EB 17
Other 1
Lateral spreading® (mild/extensive) 13:13 12:14 41:1 <0.001
<0.001
Mucin hypersecretion 16 (50.0%) 4 (15.3%) 35 (83.0%) <0.01
<0.001
Height of papillary growth 7-35 (16.8 £ 8.0) 5-30 (742 £4.8) 127 (7.1 £4.7) NS
NS
Diameter of dilated duct 12-72 (40.9 £ 17.7) 11-125 (58.7 + 37.5) 5-67 (162 £ 11.1) <0.001
<0.001
Histological grade 4:9:13 (15.4%:34.6%:50.0%) 1:4:21 (3.8%:15.4%:80.8%) 15:8:19 (38.1%:23.8%:38.1%) NS
(Low/Int/High/High + Inv)* <0.01
Extent of stromal invasion® (none/T1a-c/wide) 12:9:5 (46.2%:34.6%:19.2%) 5:9:12 (19.2%:34.6%:46.2%) 23:17:2 (54.8%:40.5%:4.8%) NS
<0.001
Type of invasion 9:1:3 (34.6%:3.8%:11.5%) 21:0:0 (100%:0%:0%) 10:3:4 (64.3%:2.4%:7.1%) NS
(tub/spillover/colloid) <0.01
Width of stroma of papilla 25:0:1 (96.1%: 0%:3.8%) 17:8:1 (65.4%:30.8%:3.8%) 42:0:0 (100%:0%:0%) NS
(narrow/l/mix)" <0.001
Tubular component (%) 16:10:0:0 7:10:6:3 20:12:6:4 <0.01
(0%/~10%/~30%/more) (61.5%: 38.5%:0%:0%) (26.9%:38.5%:23.1%:11.5%) (76.9%:46.2%:23.1%:15.4%) <NS
Subtype (G/I/PB/O/U)? 7:11:4:3:1 NA 15:19:4:4:0 NS

26.9%:42.3%:15.4%:11.5%:3.8% 35.7%:45.2%:9.5%:9.5%:0%

Group 1 IPNB intraductal papillary neoplasm of the bile duct with typical histology referring to IPMN, Group 2 IPNB IPNB with atypical histology
referring to IPMN, /PMN intraductal papillary mucinous neoplasm of the pancreas with mural nodules

I Statistical comparison were conducted between group 1 IPNB and IPMN (p value is shown on the left) and between group 2 IPNB and IPMN (p value
is on the right)

#Sex: M, male; F, female
®Main location: 1B, intrahepatic large bile duct; HB, hilar bile duct; EB, extrahepatic bile duct

¢ Lateral spreading: Mild for IPMN, IPMN involved only pancreas head or body/tail. Extensive for IPMN, IPMN involved both pancreas head and body-
tail. Mild for IPNB, IPNB involved only one of the intrahepatic large bile duct, hilar bile duct, or extrahepatic bile duct. Extensive for IPNB, IPNB
involved more than two locations of the three anatomic compartments

9 Histological grade: Low/Int, low or intermediate grade; High, high grade; High + Inv, high grade associated with invasive carcinoma

¢ Extent of stromal invasion: None, no stromal invasion; T1a-c, stromal invasion £20mm was present; Wide, stromal invasion >20mm was present
fWidth of stroma of papillary growth: I, intermediate; Mix, mixture of stroma with intermediate width and that with narrow width

€ Subtype: G, gastric; 1, intestinal; PB, pancreatobiliary; O, oncocytic; U, unclassified)

@ Springer



Virchows Arch (2017) 471:65-76

71

Group 1 IPNB

Group 2 IPNB IPMN

Histological Grade

O Low/Int
(O  Hign
‘ High w/Inv

Stromal Invasion

O None

Tla-Tlc
. Wide

Width of Tumor Stroma

O Narrow
O Intermediate
. Mixed

Tubular Component
O
O ~10%
O ~30%
. more

(¢ &
& @
O &
2 &

Fig. 2 The frequencies of histological grade, stromal invasion, width of tumor stroma, and tubular component of IPNB group 1, group 2, and [IPMN

mean 67.1 years; and range 3782 years, mean 69.9 years,
respectively). All three tumor series showed a male predomi-
nance. The main papillary tumors in group 1 IPNB were lo-
cated at IB (12 cases), HB (11 cases), and EB (2 cases); in
group 2 IPNB, they were located at IB (1 case), HB (8 case),
and EB (17 cases); and in IPMN, more than half of the cases
(27 of 42) were located at the head of the pancreas with the
rest located in the body-tail. IPNB and IPMN frequently
showed grossly visible mucin hypersecretion, although the
frequency of mucin hypersecretion was higher in IPMN
(83%) compared to group 1 IPNB (50.0%) (p < 0.01) and
group 2 IPNB (15.3%) (p < 0.001). Both group 1 and group
2 IPNB showed extensive intraductal spreading (13 of 26 and
12 of 26 cases) more frequently than IPMN (1 of 42 cases)
according to their individual criteria (p < 0.0001 for both). The
dilatation of the affected bile duct for both group 1 and
group 2 IPNB was greater compared to IPMN (each
p < 0.001).

Group 1 and 2 IPNB and IPMN exhibited variable histolog-
ical grades in different proportions. The majority of group 1
IPNB cases (50.0%) and group 2 IPNB cases (80.8%) were of
high grade with invasion, while 15 (38.1%) and 8 (23.8%) of
IPMN cases were of Low/Int and High grades without invasion,
respectively (p < 0.001 for both). The proportion of cases with
wide (>20 mm) stromal invasion was higher in group 1 IPNB

(19.2%) and group 2 IPNB (46.2%) compared to IPMN (4.8%)
(p < 0.001 for both). For the histological type of invasive carci-
noma, the proportion of mucinous subtype (colloid or acellular
stromal mucin) was not different between group 1 IPNB (4 out of
13 invasive cases, 30.8%) compared to IPMN (7 out of 17 inva-
sive cases, 41.2%), but no mucinous type of invasive carcinoma
was seen in group 2 IPNB. The width of the intraductal
papillary tumor stroma was narrow in all cases of
IPMN and in all but one group 1 IPNB, but narrow
only in 17 cases (65.4%) of group 2 IPNB with others
being of intermediate (8 cases) and mixed width (1
cases) (p < 0.001). The ratio of tubular components
among the papillary components of the intraductal main
tumor was lower in group 1 IPNB than in IPMN, while
no statistical difference was seen between group 2 IPNB
and IPMN.

The immunohistochemical data of group 1 IPNB, group 2
IPNB, and IPMN cases are shown in Fig. 3. The frequency of
MUCI positivity was slightly higher both in group 1/group 2
IPNB compared to IPMN, while that of MUC2 and MUCSAC
positivity was lower both in group 1/group 2 IPNB compared to
IPMN. The frequency of MUC6 positivity was slightly lower
both in group 1/group 2 IPNB compared to IPMN. That of
CDX2 was lower in group 1 IPNB but similar in group 2
IPNB compared to [PMN.
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Fig. 3 The frequencies of the positivity of MUC1, MUC2, MUCS5AC, MUC6, and CDX2 of IPNB group 1, group 2, and IPMN
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Table 3 Clinicopathological

comparison of gastric-type G-IPNB (n=7) G-IPMN (n = 16) P

intraductal papillary neoplasm of

bile duct (G-IPNB) and gastric- Histological grade (Low/Int/High/High + Inv) 4:2:1 10:2:4 NS

type non-flat intraductal papillary Extent of stromal invasion (None/T1a-c/Wide) 5:2:0 12:1:3 NS

Zg%‘;gﬁlﬁ)ne()plasm of pancreas Width of stroma of papillary growth (Narrow/I/Mix) 7:0:0 16:0:0 NS
Tubular component (0%/~10%/~30%/more) 4:3:0:0 0:9:5:2 <0.05
Immunohistochemistry® for MUC1 (0:1:2:3) 1:4:2:0 9:5:1:1 NS
MUC2 (0:1:2:3) 6:1:0:0 6:6:2:2 NS
MUCSAC (0:1:2:3) 0:1:3:3 0:0:0:16 NS
MUCE6 (0:1:2:3) 1:2:0:4 0:2:5:9 NS
CDX2 (0:1:2:3) 6:1:0:0 5:3:6:2 <0.05

For immunohistochemistry: score 0, none to only a few tumor cells were positive; score 1, more than a few but
less than 10% of the tumor cells were positive; score 2, more than 10% but less than 30% of tumor cells were
positive; score 3, more than 30% of tumor cells were positive

Comparison of histological and immunohistochemical
features by subtypes of group 1 IPNB and IPMN

Gastric subtype

There were no differences in the histological grade, extent of
stromal invasion, or width of the stroma between this subtype
of group 1 IPNB and that of IPMN. The tubular component
was more abundant in IPMN-G. No differences were seen in
the expression of MUCs between IPNB-G and IPMN-G;
however, CDX2 tended to be more often expressed by
IPMN-G cells (Table 3).

Intestinal subtype

There were no differences in the histological grade, extent of
stromal invasion, or width of the stroma or the ratio of tubular
component between IPNB-I and IPMN (Table 4).
Immunohistochemically, the expression of MUC1was more fre-
quent for IPNB-I, while that of MUC2, MUC5AC, and CDX2
was less frequent for IPNB-I than for IPMN-I. Six cases (54.5%)

were negative or scatteredly positive for MUC2 but partly or
diffusely positive for CDX2 (Fig. 1d—g), and four cases
(36.4%) were negative or scatteredly positive for CDX2 but
partly or diffuse positivity for MUC2 (Fig. 1h—k).

PB and oncocytic subtype

The histological features and expression of MUCs/CDX2
were similar between IPNB-PB/IPNB-O and IPMN-PB/
IPMN-O, respectively (Tables 5 and 6).

Discussion

The findings of this study are summarized as follows: (i)
Approximately half of the IPNB cases were categorized into
group 1 and group 2 IPNB, that is, IPNB with typical histol-
ogy and IPNB with atypical histology. (ii) Both groups of
IPNB and non-flat IPMN exhibited similar clincopathological
features including the age and sex of the patients and histo-
logically the height of papillary growth. (iii) Both group 1 and

Table 4 Clinicopathological
comparison of intestinal-type

LIPNB (n = 11) LIPMN (n=18)  p

intraductal papillary neoplasm of
bile duct (I-IPNB) and
intestinal-type non-flat
intraductal papillary mucinous
neoplasm of pancreas (I-IPMN)

MUC2 (0:1:2:3)
MUCSAC (0:1:2:3)
MUC6 (0:1:2:3)
CDX2 (0:1:2:3)

Histological grade (Low/Int/High/High + Inv)
Extent of stromal invasion (None/T1a-c/Wide)
Width of stroma of papillary growth (Narrow/I/Mix)
Tubular component (0%/~10%/~30%/more)
Immunohistochemistry for MUC1 (0:1:2:3)

0:4:7 5:4:9 NS
4:4:3 10:7:1 NS
11:0:0 18:0:0 NS
8:3:0:0 17:1:0:0 NS
6:2:2:1 16:2:0:0 <0.05
1:5:2:3 0:0:2:16 <0.001
1:3:1:6 0:1:0:17 <0.05
5:5:1:0 7:10:0:1 NS
2:2:2:5 0:0:1:17 <0.01
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Table 5 Clinicopathological
comparison of pancreatobiliary-

PB-IPNB (n = 4) PB-IPMN (1 = 4) )

type intraductal papillary
neoplasm of bile duct (PB-IPNB)
and pancreatobiliary-type non-flat
intraductal papillary mucinous
neoplasm of pancreas (PB-IPMN)

MUC2 (0:1:2:3)
MUCSAC (0:1:2:3)
MUC6 (0:1:2:3)
CDX2 (0:1:2:3)

Histological grade (Low/Int/High/High + Inv)
Extent of stromal invasion (None/T1a-c/Wide) 0:3:1 0:3:1 NS
Width of stroma of papillary growth (Narrow/I/Mix)
Tubular component (0%/~10%/~30%/more)
Immunohistochemistry for MUC1 (0:1:2:3)

0:0:4 0:0:4 NS

4:0:0 4:0:0 NS
2:2:0:0 2:2:0:0 NS
0:1:0:3 0:2:1:1 NS
2:2:0:0 4:0:0:0 NS
2:1:0:1 0:2:1:1 NS
3:1:0:0 0:3:0:1 NS
3:0:1:0 3:1:0:0 NS

group 2 IPNB had different clinicopathological features,
namely, less frequent mucin hypersecretion compared to
IPMN, more extensive lateral spreading of the tumor, and
more dilatation of the associated ducts. (iv) The different clin-
icopathological features of group 2 IPNB, but not group 1
IPNB, included a more frequent aggressive histological grade,
greater extent of stromal invasion, a different histological type
of invasion, and greater width of the tumor stroma compared
to IPMN. (v) IPNB and IPMN showed immunohistochemical
differences. IPNB was more frequently MUCI1 positive and
less frequently MUC2/MUCSAC positive than IPMN.
Compared to IPMN, group 1 but not group 2 IPNB was less
frequently CDX2 positive. (vii) The proportion of four histo-
logical subtypes among group 1 IPNBs and IPMNs did not
differ and the intestinal subtype was the most common in both.
(viii) By subtype, IPNB-G was less frequently CDX2 positive
compared to IPMN-G. IPNB-I was less frequently
MUC2/MUCS5AC/CDX2 positive and more frequently
MUCI positive compared to [PMN-1.

In the present study, group 2 IPNB, which showed very
dissimilar histology to IPMN in that there was less mucinous
cytoplasm in most tumor cells, marked heterogeneous histolo-
gy among some tumors, and tumor cells with high-grade atypia
and necrosis, had non-edematous but fibrous stroma with a lot
of fibroblasts, or contained true cribriforming, comprised half
of the IPNB cases studied. In these cases, histological

subtyping was difficult, since subtyping is conducted referring
to histological features of each subtype of IPMN.

In this study, five histological parameters were used for di-
viding IPNB into group 1 and group 2. These five parameters
were selected through discussion by four pathologists referring
to pancreatic [IPMN. In IPMN, most tumor cells have intracel-
lular mucin in the cytoplasm, relatively homogeneous histology
can be recognized for a certain area, and the stroma of the tumor
papilla is variously edematous with almost no to a limited
amount of fibroblasts. Necrotic debris is usually not detectable
inside the tumor tubules or on the tumor papilla. Although
pseudo-cribriform-like structures are often observed in [IPMN,
particularly in IPMN-O, true cribriform, that is, dense gland
formation in back-to-back structures, is not seen in IPMN.

When the IPNBs were divided into two groups in this way,
several differences were detected between the two; the tumor
location of group 1 IPNB was mostly intrahepatic or hepatic
hilus, and there was more mucin hypersecretion and a lower
histological grade/less extensive stromal invasion. Although a
comparison between group 1 and group 2 IPNB is not within
the scope of this study, more studies including molecular anal-
yses are necessary in order to understand the difference and
similarities of group 1 IPNB and group 2 IPNB better.

Both group 1 and group 2 IPNB had some clinicopatholog-
ical features in common but not with the other features of
IPMN. There were several clinicopathological parameters in

Table 6 Clinicopathological

comparison of oncocytic-type O-IPNB (n =3) O-IPMN (n =4) p

intraductal papillary neoplasm of

bile duct (O-IPNB) and Histological grade (Low/Int/High/High + Inv) 0:2:1 0:2:2 NS

gncocytic-type .non-ﬂat . Extent of stromal invasion (None/T1a-c/Wide) 2:1:0 1:3:0 NS

intraductal papillary mucinous Width of stroma of papillary growth (Narrow/I/Mix) 3:0:0 4:0:0 NS

neoplasm of pancreas (O-IPMN)
Tubular component (0%/~10%/~30%/more) 2:1:0:0 1:0:1:2 NS
Immunohistochemistry for MUC1 (0:1:2:3) 1:0:1:1 0:3:0:1 NS
MUC2 (0:1:2:3) 2:1:0:0 1:1:0:2 NS
MUCSAC (0:1:2:3) 0:0:0:3 0:1:0:3 NS
MUC6 (0:1:2:3) 0:1:0:2 0:0:0:4 NS
CDX2 (0:1:2:3) 3:0:0:0 3:1:0:0 NS
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which group 2 but not group 1 IPNB differed from IPMN:
frequency of histological grade, the extent of invasion, type of
invasion, and width of the tumor stroma. Although most IPNBs
have been reported to be of high-grade histology, the histolog-
ical aggressiveness was similar between group 1 IPNBs and
IPMN. Hence, it may be important to treat group 1 and group
2 IPNB differently, if there are situations where presurgical
diagnosis of group 1 or group 2 IPNB was obtained.

In the present study, the proportion of four histological
subtypes among group 1 IPNBs and IPMNs did not differ
and the intestinal subtype was the most common in both.
However, it should be noted that the relative frequency of
“gastric IPMN” is highly dependent on the resection criteria
and the way the population is studied. For example, several
years ago, when most BD-IPMNs were being resected, gastric
IPMNs were more frequent, but nowadays, since many of the
BD-IPMNSs are watched, the frequency of gastric IPMNs is
changing, just based on the selection criteria.

In this study, immunohistochemical data of MUCs and
CDX2 were collected and compared by each subtype and over-
all. Although study cases were relatively small in number, their
immunohistochemical features were very different between
IPNB and IPMN, particularly between IPNB-I and IPMN-I;
MUCSAC was often expressed in a very limited way for
IPNB-I, although the IPMN-I cases that were very analogous
in histology with IPNB-I were positive for MUCS5AC diffusely.
The lower frequency of MUC2/CDX2 in IPNB-I was somewhat
surprising, since these proteins are very important to group
IPNB/IPMN into the intestinal subtype. More studies are needed
to determine if different immunohistochemical methods (differ-
ent antigen retrieval, different dilution, and so on) are more
suitable for [IPNB. Also, a quantitative study of mRNA for these
proteins may be necessary to support their expression.
Meanwhile, it is important to understand these immunohisto-
chemical differences between IPNB and IPMN in order to avoid
confusion in the practical situation of IPNB subtyping.

Some other studies have reported on the similarities and
differences of IPNB and IPMN. For tumor behavior, Kloek
et al. [8] and Minagawa et al. [7] reported that IPNB was
associated with a higher malignancy rate compared to
IPMN, while Wang et al. [11] showed a similar proportion
of malignancy between IPNB and IPMN. Since the former
two studies included more IPNBs of distal bile ducts and the
latter study included more IPNBs of intrahepatic/hilar bile
ducts, the controversial results of these studies may be due
to study materials; the former two studies might include more
“Group 2 IPNB” and the latter more “Group 1 IPNB” as
defined in the present study. According to the molecular stud-
ies by Schlitter et al., IPNB harbors KRAS and/or GNAS mu-
tations with much less frequency compared to pancreatic
IPMN, suggesting differences in the molecular pathogenesis
as well as in the clinicopathological/immunohistochemical
characteristics of the two entities [15]. Therefore, it is highly

recommended to analyze similarities and differences of IPNB
and IPMN by dividing IPNBs into two groups and also divid-
ing group 1 IPNB into four subtypes.

In conclusion, half of 52 cases of IPNB showed typical
histology (group 1) and the remaining half showed atypical
histology (group 2) in reference to IPMN. Group 1 IPNB/
group 2 IPNB and IPMN are classified as intraductal neo-
plasms of the pancreatobiliary system, sharing many
clinicopathological/histopathological features in common, al-
though group 2 IPNB shows more aggressive features clini-
copathologically, and the immunoprofile for MUCs and
CDX2 of both groups of IPNB and IPMN are different.
Group 1 IPNB could be easily subtyped into the four sub-
types, and each subtype of group 1 IPNB and IPMN is very
similar histologically but not immunohistochemically. In or-
der to evaluate the different features of IPNB and IPMN with
respect to their subtypes and developmental processes, ana-
lyzing genetic and molecular features separately for each sub-
type of group 1 IPNB as well as group 2 IPNB is imperative.
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