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Final Diagnosis
Intraductal
papillary neoplasm,
Intestinal type, of
the bile duct
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Intraductal papillary neoplasm
of the bile ducts (IPNB)
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Table9.02 Radiopathological correlation of intraductal papillary neoplasm of the bile

ducts (IPNB)
Cast-like intraductal mass with
Intraductal mass and proximal ductal upstream dilatation due to ductal
dilatation obstruction by IPNB and absence of
mucin

The most common and characteristic

type
Intraductal mass and proximal and Due to mass and excessive mucin
distal ductal dilatation secretion, the ducts containing mass

and the proximal and distal bile ducts
are markedly dilated

Unilocular or multilocular cystic lesions

Cystic dilatation with mass Mass on the internal surface of the
cystic lesion or adjacent bile duct

Intraductal mass with macroinvasive In any of the above three types with
lesion grossly visible parenchymal invasion
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Peribiliary glands
M/ﬁf:\.\ﬂ
Fig.9.08 Intraductal papillary neoplasm (IPN) of the bile ducts. Schematic represen-

tation of IPN presenting with polypoid and/or papillovillous growth (red) arising in the
intrahepatic large bile duct and progressing to invasive carcinoma (IPN with invasion;

orange).

IPN with
invasion

Polypoid ‘
rl’M

Papillo-villous



Fig.9.09 Intraductal papillary neoplasm of the bile ducts (IPNB). Schematic representation of several pathoradiological patterns of IPNB (shown in red). A Normal hepatobi-
iary system. B Mass-forming IPNB with secondary dilatation of proximal bile ducts. € IPNB with proximal and distal bile duct dilatation due to excessive mucin hypersecte:

tion. D Cystic dilatations of the proximal and distal bile ducts due to excessive mucin hypersecretion of the IPNB. E Cholangiocarcinoma derived from IPNB with marked invasion
into the adjacent hepatic parenchyma (red).
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Table9.03 Characteristics of intraductal papillary neoplasms of the bile ducts based on similarities to their pancreatic counterparts, according to the Japan—Korea Cooperaive

Study Group {2295}

Characteristic
Preferential location
Gross features of ducts
Excessive mucin

Histology
Lining epithelia

Fibrous core
Subtype

Grade

Stromal invasion
Similarity to IPMN
Aggressiveness

Postoperative course

IPMN, intraductal papillary mucinous neoplasm.

Type 1

Intrahepatic bile ducts
Cystic, cylindrical dilatation
Frequent

Regular, homogeneous
Papillary > tubular

Fine fibrovascular stroma
Gastric, intestinal

Mostly high grade, with foci of low/intermediate grade; infrequently
low/intermediate grade

Less common (< 50%) and minimal, occasionally nodular
Similar
Less aggressive

More favourable

Lt 1
Extrahepatic bile ducts

Cylindrical, fusiform dilatation

Rare

Irregular, complex
Papillary > tubular; foci of cribriform and solid pattern
Fine vascular, focally fibrotic stroma

Intestinal, pancreatobiliary
Always high grade, sometimes with foci of low/intermediate grade

Common (> 80%) and minimal, mild
Variably different
More aggressive than type 1

Worse than type 1




Box9.02 Differential diagnosis of intraductal papillary neoplasm of the bile ducts

Micropapillary biliary intraepithelial neoplasia (BillN)

» Microscopically recognizable lesions in the intrahepatic large bile ducts
« <3 mm in height

» Constantly intermixed with flat or pseudopapillary BillN

Intraductal tubulopapillary neoplasm

» Cast-like lesion composed of densely packed neoplastic tubular glands in the
duct

» Unequivocal architectural and cytological atypia (high grade)

« No mucinous content, negative for MUC5AC

Intraductal polypoid metastasis from extrahepatic organs
» Metastasis from colorectal carcinoma is common
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Pathologic Features of Mucin-producing Bile Duct Tumors

Two Histopathologic Categories as Counterparts of Pancreatic Intraductal
Papillary-mucinous Neoplasms

Hiroaki Shibahara, MD,*} Shugo Tamada, MD,* Masamichi Goto, MD,* Koji Oda, MD, f
Masato Nagino, MD, 1 Tetsuro Nagasaka, MD,} Surinder K. Batra, PhD,§
Michael A. Hollingsworth, PhD,§ Kohzoh Imai, MD, 9 Yuji Nimura, MD, } and Suguru Yonezawa, MD*

Abstract: Tumors with clinically recognizable mucin production
arising from bile duct, “mucin-producing bile duct tumors (MPBTs),”
have not been studied yet for their pathologic features and classifica-
tion in details. The clinical findings of MPBT have a lot of similarities
to those of pancreatic intraductal papillary-mucinous neoplasm. In the
present study, we examined 30 MPBTs and classified them into two

distinct morphologic categories: 22 cases of “columnar Ezge” com-

osed of pseudostratified columnar cells with basophilic cytoplasm
ana columnar nuclel ana &8 cases of “S}lhﬂldﬂl mg" gomposed of pan,

accaticobiliacy and/or.oncocytic patern. Pancreaticobiliary pattern
showed abundantly branched papillae lined by acidophilic cuboidal

cells with round nuclei, whereas oncocytic pattern was characterized
by intraepithelial lumina and cribriform pattern composed of abun-
dant oxyphilic cells with round nuclei, and these patterns overlapped
frequently. There were significant differences in the clinicopatholog-
ic findings including macroscopic findings, morphometric data, mu-
cin expression profiles (MUC2 expression in columnar type and
MUC6 expression in cuboidal type), and cell proliferative activities

between columnar type and cuboidal type. Patients with columnar
type showed significantly poorer survival than those with cuboidal
_type. We concluded that columnar type and cuboidal type of MBPTs
belong to different lineage of neoplasm and that they are counterparts

of “intestinal type™ and “pancreaticobiliary type” of pancreatic intra-
ductal papillary-mucinous neoplasm, respectively.

Key Words: bile duct neoplasms, classification, immunohistochem-
istry, nuclear morphometry, prognosis

(Am J Surg Pathol 2004:28:327-338)

I umors with clinically recognizable mucin production aris-

ing from bile duct have been reported as “mucus producing

. . oy
bile duct carcinoma,”*®
noma’n_; 1,32 «
210 ¢

mucin-producing cholangiocarci-
mucin-producing cholangiocellular carci-
noma, mucin-producing biliary papillomatosis,””® “mucin
ball-producing extrahepatic bile duct carcinoma,”'” “intra-
ductal mucosal-spreading mucin-producing peripheral cholan-
giocarcinoma,”** “mucin-hypersecreting intrahepatic biliary
neoplasms 2! “mucin-hypersecreting bile duct tumor,”'” and
“mucin-hypersecreting papillary cholangiocarcinoma’ 20 as
clinical entities. Sakamoto et al reported a characteristic fea-
ture of mucin-producing cholangiocarcinoma, which showed
an apparent mucin production radiographically with cystic or
ductectatic tumor growth pattern.>'*? The clinical entities of



TABLE 3. Ki-67 Labeling in Columnar-Type and
Cuboidal-Type

Classification n Mean = SD* P
Columnar-type (CL) 22 34.1+21.5 ;
| 0.0462
Cuboidal-type (CB) 8 16.6+135

*Number of Ki-67-positive cells/number of tumor cells (%).
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FIGURE 8. Survival status of 16 patients with different types of
invasive carcinoma. The patients with tubular type showed
significantly poorer survival than those with mucinous type (P
= 0.0019) or than those with mucinous and tubular type (P =
0.0300).



(%)

100
CB (n=8)

g P=0.0163
£50- =0.

.

wn

CL (n=17) o
O || ] ] ¥ i
0 50 100 150 200 250

Months after surgery

FIGURE 9. Correlation of survival rate between columnar-type
(CL) and cuboidal-type (CB) in carcinoma (25 patients) dem-
onstrated by the Kaplan-Meier method.
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FIGURE 10. Correlation of survival rate between high expres-
sion group (HEG) and low expression group (LEG) of MUC1 in
carcinoma (25 patients) demonstrated by the Kaplan-Meier
method.



Similarities and Differences Between Intraductal
Papillary Tumors of the Bile Duct With and Without
Macroscopically Visible Mucin Secretion

Masayuki Ohtsuka, MD, PhD,* Fumio Kimura, MD, PhD* Hiroaki Shimizu, MD, PhD,*
Hiroyuki Yoshidome, MD, PhD,* Atsushi Kato, MD, PhD,* Hideyuki Yoshitomi, MD, PhD,*
Katsunori Furukawa, MD, PhD,* Dan Takeuchi, MD, PhD,* Tsukasa Takayashiki, MD, PhD,*
Kosuke Suda, MD, PhD,* Shigetsugu Takano, MD, PhD* Yoichiro Kondo, MD, PhD,}
and Masaru Miyazaki, MD, PhD*

Abstract: Intraductal papillary neoplasms of the bile duct
(IPNB) have been recently proposed as the biliary counterpart
of intraductal papillary mucinous neoplasms of the pancreas
(IPMN-P). However, in contrast to IPMN-P, IPNB include a
considerable number of the tumors without macroscopically
visible mucin secretion. Here we report the similarities and
differences between IPNB with and without macroscopically
visible mucin secretion (IPNB-M and IPNB-NM). Surgically
resected 27 consecutive cases with IPNB were divided into
IPNB-M (n = 10) and IPNB-NM (n = 17), and their clinico-
pathologic features were examined. Clinically, both tumors were
similar. Pathologically, the most frequent histopathologic types
were pancreatobiliary in IPNB-NM and intestinal in IPNB-M
Various aegrees of cytoarchitectural atypia within the same
tumor were exhibited in 8 IPNB-M, but only 3 in IPNB-NM.
Although the tumor size was similar, 9 IPNB-NM were inva-
in_si ini ive. Immunohistochemically, posi-
tive MUC2 expression was significantly more frequent in
IPNB-M than in IPNB-NM, whereas MUC1 tended to be more
frequently expressed in IPNB-NM compared with IPNB-M.
Among IPNB-NM with positive MUCI expression, 3 had
negative MUC2 and MUCSAC expressions. These tumors
showed a tubulopapillary growth with uniform degree of
cytoarchitectural atypia. All IPNB-M were negative for p53,
and the frequency of positive p53 protein in IPNB-NM was
at the middle level of that in IPNB-M and nonpapillary

cholangiocarcinoma. In_conclusion, IPNB-M _showed striking
similarities to IPMN-P_ but IPNB-NM contained heterogeneous
disease groups.

Key Words: bile duct neoplasm, pathology, mucins, p53,
cholangiocarcinoma

(Am J Surg Pathol 2011;35:512-521)

ile duct tumors with macroscopically visible mucin

secretion are a rare form among bile duct neoplasms.
These tumors show predominantly papillary or, rarely,
flat growth within the dilated bile duct lumen, and secrete
a large amount of mucin, which is often seen draining
from a patulous orifice of the duodenal papilla. As these
features are similar to those in intraductal papillary
mucinous neoplasms of the pancreas (IPMN-P), it is
speculated that this type of tumor is a biliary counterpart
of IPMN-P.!117:19 Microscopically, both types of tumor
are composed of papillary fronds with fine vascular cores.
Neoplastic epithelial cells of both tumors can be of the
pancreatobiliary type or can show gastric or intestinal
differentiation, and show a spectrum of cytoarchitectural
atypia ranging from none to borderline to marked and
can be associated with invasive carcinoma as well. On
the basis of these results, the nomenclature, “intraductal
papillary mucinous tumor of the bile ducts” has been used
for such tumors.'?

In contrast, biliary intraductal tumors without
macroscopically visible mucin secretion are also encoun-
tered more frequently than tumors with mucin secretion.
Similar to tumors with macroscopically visible mucin
secretion, these tumors have a macroscopically recogniz-
able papillary or granular structure, but no clinically
visible mucin secretion. As certain morphologic features
of these tumors, especially intraductal papillary growth
patterns, are also similar to those of IPMN-P, Zen et al>*
recently proposed that they, together with tumors with
macroscopically visible mucin secretion, may belong to a
single tumor entity, “intraductal papillary neoplasms of



GNAS Is Frequently Mutated in a Specific
Subgroup of Intraductal Papillary Neoplasms
of the Bile Duct

Jia-Huei Tsai, MD,* Ray-Hwang Yuan, MD,} Yu-Ling Chen, PHD,} Jau-Yu Liau, MD,*
and Yung-Ming Jeng, MD, PHD* }

Abstract: Intraductal papillary neoplasms of the bile duct (IPN-
Bs) share clinicopathologic features with intraductal papillary
mucinous neoplasms (IPMNs) of the pancreas. Approximately
two thirds of IPMNs have activating point mutations of GNAS
at codon 201. The role of GNAS mutation is unclear in IPN-B.
In this study, we evaluated 41 patients diagnosed with IPN-B
for clinicopathologic characteristics and follow-up information.
Mutation analyses of GNAS and KRAS were performed.
Twenty-three cases (56.1%) of IPN-B were categorized as the
intestinal subtype, and 18 (43.9%) were considered the gastric/
pancreatobiliary subtype. IPN-Bs showing intestinal differ-
entiation demonstrated high immunohistochemical expressions
of CK20, CDX2, and MUC?2, as well as a significant association
with macroscopic and microscopic mucin hypersecrenons and
villous architecture. GNAS
< v - i All IPN-Bs with
GNAS mutation showed intestinal differentiation. GA4Ss.
utate was cantly associated with certain

Eatho]oec characterlstlcsi mcludmg macroscopic_and_micro-

wummmumwm

mutatlon than t.hose without GNAS mutation. IPN-Bs with in-

testinal differentiation, villous architecture, and mucin hyper-
secretion constitute a distinct subgroup of IPN-B, which
frequently has GNAS mutation. This subtype shares common
genetic alterations with [IPMN of the pancreas.

Key Words: GNAS, KRAS, mucin, intraductal papillary neo-
plasm of the bile duct

(Am J Surg Pathol 2013;37:1862-1870)

ntraductal papillary neoplasms of the bile duct

(IPN-Bs) are rare neoplasms of the bile duct and are
characterized by intraductal tumorous growth of the dys-
plastic biliary epithelium with fibrovascular cores. IPN-B is
a precursor lesion of cholangiocarcinoma distinct from
biliary intraepithelial neoplasms.! It is considered to be the
biliary counterpart of intraductal papillary neoplasm of the
pancreas.>* The prognos:s for patients with IPN-B is ex-
cellent when the tumor is surgically resectable and not
associated with an invasive component When an invasive
carcinoma is present the survival is related to tumor stage
and hlstologlc type.® Thus far, the molecular pathogenesis
of IPN-B is still unknown.

A subset of IPN-B is characterized by excessive mucin
secretion and is described using the terms “mucin-producing
bile duct tumor,” “mucin-hypersecreting bile duct tumor,”
or “IPN-B with macroscopically visible mucin secretion.5®
This subset of IPN-Bs is associated with hepatolithiasis® and
has a tendency to show intestinal differentiation®”!%!1 and
has MUC1~/MUC2" immunophenotypes.®” Most reports
of mucin-producing bile duct tumors come from East Asian
countries, including Japan, South Korea, China, and Tai-
wan 3681011 These observations suggest that IPN-B is a
heterogenous disorder with different epidemiologies, mor-
phologies, and pathogeneses.

Recently, a high percentage of intraductal papillary
mucinous neoplasms (IPMNss) of the pancreds were found
to harbor activating mutations of GNAS.'>'> GNAS
encodes the o subunit of stimulatory guanine nucleotide—
binding protein (Gsa), which regulates adenylate cyclase

activity upon activation of G-protein-coupled receptors.'*
Pactruvanticr mutatinn af LN AC roculte in Malhina_



Recurrent Mutations in APC and CTNNBT1 and Activated
Wnt/B-catenin Signaling in Intraductal Papillary
Neoplasms of the Bile Duct

A Whole Exome Sequencing Study

Kohei Fujikura, MD, PhD,* Masayuki Akita, MD, PhD,*} Tetsuo Ajiki MD, PhD,}
Takumi Fukumoto, MD, PhD,T Tomoo Itoh, MD, PhD,* and Yoh Zen, MD, PhD, FRCPath*

Abstract: This study aimed to elucidate the genetic landscape of
biliary papillary neoplasms. Of 28 cases examined, 7 underwent whole
exome sequencing, while the remaining 21 were used for validation
studies with targeted sequencing. In the whole exome sequencing
study, 4/7 cases had mutations in either APC or CTNNBI, both of
which belong to the Wnt/p-catenin pathway. Somatic mutations were
also identified in genes involved in RAS signaling (KRAS, BRAF), a
cell cycle regulator (CDC27), histone methyltransferase (KMT2C,
KMT2D), and DNA mismatch repair (MSH3, MSH6, PMSI).
Combined with discovery and validation cohorts, mutations in APC
or CTNNBI were observed in 6/28 subjects (21%) and were mutually
exclusive. When the cases were classified into intraductal papillary
neoplasms of the bile duct (IPNBs, n=14) and papillary chol-
angiocarcinomas (n = 14) based on the recently proposed classification
criteria, mutations in APC and CTNNB/ appeared to be entirely
wstrigted o JPNBS with 6/14_cases (43 harhonigsaulatons.in
either_gene. These genetic alterations were detected across the 3
nonintestinal histologic types. In immunohistochemistry, the aberrant
cytoplasmic and/or nuclear expression of p-catenin was found in not
only 5/6 IPNBs with APC or CTNNBI mutations, but also 6/8 cases
with wild-type APC and CTNNBI (total 79%). In addition, A PC and
CTNNBI alterations were exceptional in nonpapillary chol-
angiocarcinomas (n=29) with a single case harboring CTNNBI
mutation (3%). This stud dcmonstmtod recurrent mutations in APC

CTNNBI in nomnttstmal- su in ivation

Key Words: intraductal papillary neoplasm, cholangiocarcinoma,
bile duct, exome sequencing, Wnt/B-catenin

(Am J Surg Pathol 2018;42:1674-1685)

ntraductal papillary neoplasm of the bile duct (IPNB) is a
dlstmct type of tumor with unique clinicopathologic
features.! According to the World Health Organization
Classification of Tumours of the Digestive System published
in 2010, it is defined as a noninvasive papillary or villous
neoplasm covering delicate fibrovascular stalks.! The af-
fected bile ducts are often extensively dilated, and, thus,
mimic cystic neoplasms. Another pathologic feature is mu-
cin overproduction This recently proposed entity encom-
yrevxous categories including blharz papilloma
(tosns) 2> mucin-producing bile duct tumors,*> and biliary
cystadenocarcmomas with no ovarian-like stroma.® IPNBs
are more common in East Asia than in Western countries.’
The higher prevalence of hepatolithiasis and clonorchiasis in
Korea and Taiwan is partly responsible for this demo-
graphic difference, particularly the higher incidence of in-
testinal-type cases in those Asian countries.>>’ In contrast,
IPNBs reported from Japan, the United States, and Euro-
pean countries are mainly sporadic and not associated with
chronic biliary diseases.”
Although the current definition of IPNBs covers nearly
all papillary tumors developed in the bile duct, we recently



The Pathologic and Genetic Characteristics
of the Intestinal Subtype of Intraductal Papillary
Neoplasms of the Bile Duct

Yasuni Nakanuma, MD,*1 Yuko Kakuda MD,* Yuki Fukumura MD,} Takashi Sugino, MD,*
Katsuhiko Uesaka, MD,§ Masakuni Serizawa, PhD,|| Takuro Terada, MDY
and Yoshifumi Ohnishi MD#

Abstract: The present study aimed to identify the pathologic and
genetic characteristics of intestinal subtype of intraductal papillary
neoplasm of the bile duct (iTPNB) showing columnar cells with
pseudostratified, cigar-shaped nuclei, and basophilic or ampho-
philic cytoplasm with the diffuse immunohistochemical expression
of CK20 and/or CDX2. A total of 34 cases of iIPNB were
pathologically examined according to their anatomic location (the
bile duct) and were then compared with the intestinal subtype of
intraductal papillary mucinous neoplasm (iIPMN) of the pancreas
(n=22). Mutations of 26 somatic genes were examined in for-
malin-fixed paraffin-embedded tissue specimens from 21 cases of
ilPNB using the TruSight Tumor 26 gene panel and next-gen-
eration sequencing. ilPNB cases were divided into intrahepatic
(n=6) and extrahepatic (n=28) categories. Intrahepatic IPNBs
showed a less-complicated villous-papillary pattern, while extra-
hepatic IPNBs showed a papillary pattern with tubular and/or
villous components and predominant high-grade dysplasia with
complicated architectures. MUCSAC was frequently and ex-
tensively expressed in intrahepatic ilPNBs and ilPMNs but not in
extrahepatic ilPNBs. CD10 was frequently expressed in extra-
hepatic IPNBs but not in intrahepatic ilPNBs or ilPMN. Gegetic
utations of 7P53 and PIK3CA. which i
in iIPMNs_were frequently detected in extrahepatic ilPNBs, while
KR4S and GNAS, which were commonly observed in JIEMNS,..
were frequently_detected_in_intrabepatic AIPNBs,_Intrahepatic
iIPNBs showed villous-papillary growth with features reminiscent
of iIPMNs, while extrahepatic ilIPNBs showed papillary growth

with tubular and/or villous components, complicated histology and
variable differences from iIPMNs, suggesting differences in the
tumorigenesis of ilPNBs along the biliary tree.

Key Words: biliary tree, intraductal papillary neoplasm of bile
duct, intestinal subtype, intraductal papillary mucinous neo-
plasm of pancreas, next-generation sequencing

(Am J Surg Pathol 2019;43:1212-1220)

ecently, several types of intraductal neoplasm of the
bile duct, including intraductal papillary neoplasms of
the bile duct (IPNBs) and intraductal tubulopapillary ne-
oplasms (ITPNs), have been recognized at a preinvasive
stage.!> IPNBs are a unique type of biliary tumor show-
ing grossly visible, intraductal predominant papillary or
villous growth covered by a neoplastic epithelium with fine
fibrovascular cores in the dilated bile ducts. IPNBs are
known to show heterogenous morphologies and different
biological and clinical behavior,%° suggesting that they
may exhibit diversity in their pathology and tumori-
genesis. Such variations are one source of controversy in
relation to the clinicopathologic recognition and diagnosis
of IPNB.!0-12
Interestingly, intraductal neoplasms of the bile duct and
intraductal neoplasms of the pancreas reportedly share many
features, and the concept that IPNB is the biliary counterpart
of intradu;ctal ‘papillary 'mucinous r‘\e’oglzllgmh(IPMN) gf the



