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Mucinous cystic neoplasm of the liver has been a controversial entity, in particular, regarding differentiation

from intraductal papillary neoplasm of the bile duct. In this study, we compared the characteristics of hepatic

mucinous cystic neoplasms with ovarian-like stroma (n¼ 29) to those of cyst-forming intraductal papillary

neoplasms of the bile duct (n¼ 12). Radiological or macroscopic appearance, histological grade of malignancy,

and postoperative clinical course were recorded. Immunohistochemistry for biliary or gastrointestinal markers

was performed to characterize cell phenotypes. The patients with hepatic mucinous cystic neoplasm were all

female and ranged in age from 21 to 67 years, which was significantly younger than that in the patients with

biliary intraductal papillary neoplasm. Eighteen mucinous cystic neoplasms (76%) were located in the left lobe,

with 13 (54%) in segment IV. Mucinous cystic neoplasms were significantly larger than intraductal papillary

neoplasms (median diameter: 110 vs 50mm, P¼ 0.008). In contrast to intraductal papillary neoplasms that were

all histologically malignant, 26 mucinous cystic neoplasms (90%) were adenomas, 2 (7%) were borderline

malignant, and 1 (3%) was a carcinoma in situ. Benign mucinous cystadenomas had the pure biliary

immunophenotype, whereas gastrointestinal markers including cytokeratin 20 and mucin core proteins 2, 5AC,

and 6 were more frequently expressed in borderline or malignant mucinous cystic neoplasms and biliary

intraductal papillary neoplasms. There was no mortality in the patients with mucinous cystic neoplasm,

whereas one patient with intraductal papillary neoplasm died of cancer. In conclusion, hepatic mucinous cystic

neoplasms and biliary intraductal papillary neoplasms have different clinicopathological characteristics as

evidenced by differences in the age and gender of patients, macroscopic appearance, immunophenotypes, and

grades of malignancy.
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Mucinous cystic neoplasms of the hepatobiliary
system, also called biliary cystic neoplasms, are

rare tumours usually developing within the liver.1

Clinicopathological characteristics of hepatic muci-
nous cystic neoplasm have not been elucidated
because pathological diagnostic criteria were
not clear.1 The most recent WHO classification
defined the hepatic mucinous cystic neoplasms as
a cyst-forming epithelial neoplasm, usually showing
no communication with the bile ducts, composed of
cuboidal to columnar, variably mucin-producing
epithelium, and associated with ovarian-type
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subepithelial stroma.2 Mucinous cystic neoplasms
need to be distinguished from other cystic liver
lesions including simple cysts and cystic hamarto-
mas.3 Recently, a unique biliary tumour named
intraductal papillary neoplasm of the bile duct has
been included among biliary cystic tumours.4

Biliary papillomas, biliary papillomatosis, and some
of papillary cholangiocarcinomas are included in
this category. Biliary intraductal papillary neoplasm
is considered as a biliary counterpart of intraductal
papillary mucinous neoplasms of the pancreas
based on a predominant intraductal growth, ductal
dilatation, and occasional overproduction of mu-
cin.4 A previous study revealed that cystic liver
tumours with bile duct communication share char-
acteristics with intraductal papillary neoplasms, but
not mucinous cystic neoplasms.5

There had been controversy regarding the distinc-
tion between mucinous cystic neoplasms and
intraductal papillary neoplasms until the presence
of an ovarian-like stroma was accepted as a
prerequisite for the diagnosis of mucinous cystic
neoplasms and the distinct entity of biliary intra-
ductal papillary neoplasms was proposed. Most
studies to date have likely examined both types of
cystic tumours under a single tumour entity.6–8

Similar confusion regarding pancreatic lesions ex-
isted several decades ago.9 However, two distinct
entities, pancreatic mucinous cystic neoplasms and
intraductal papillary mucinous neoplasms, are now
widely accepted.10

In this study, the clinicopathological characteris-
tics of hepatic mucinous cystic neoplasms are
compared with those of biliary intraductal papillary
neoplasms.

Patients and methods

Pathological Material

A total of 29 surgical cases of hepatic mucinous
cystic neoplasm were retrieved from the histo-
pathology files of the Institute of Liver Studies at
King’s College Hospital (n¼ 14), University of
Verona (n¼ 12), and Kanazawa University Hospital
(n¼ 3), during the period 1991–2010. Twelve cases
of cystic-type intraductal papillary neoplasm of the
bile duct were also retrieved from the histopathol-
ogy files of King’s College Hospital, Kanazawa
University Hospital, and the consultation files of
one of the authors (YZ). Four of the intraductal
papillary neoplasms were used in a previous study.5

Five surgical specimens with simple biliary cysts
and 10 liver specimens with normal bile ducts
resected for metastatic colorectal cancer were used
as controls for immunohistochemistry.

The diagnosis of mucinous cystic neoplasms was
based on the presence of an ovarian-like stroma in
the cyst wall. Cystic-type intraductal papillary
neoplasm was diagnosed on the basis of intraductal
non-invasive high papillary proliferation with

intraepithelial extension as described in previous
studies.5,11 All cases of intraductal papillary neo-
plasm showed a predominant cystic appearance on
imaging. No patients had a history of chronic
cholangiopathy such as intrahepatic stones or
primary sclerosing cholangitis.

Radiological or Macroscopic Examination

Radiological or macroscopic features were reviewed,
in particular the location (intrahepatic or hilar area;
caudate lobe, left lateral segment, left medial
segment (segment IV), or right lobe) and shape
(unilocular, multilocular, or multicystic) of the
lesion. Multilocular cysts were defined as a single
cyst with multiple spaces divided by septa or
showing a cyst-in-cyst appearance, the cyst outline
remaining smooth. The definition of multicystic
lesions was an accumulation of multiple cysts with
an indented outline producing a grape-like appear-
ance. Representative images and schema are shown
in Figure 1. The presence or absence of papillary
mural nodules was also recorded.

Pathological Examination

The pathological features assessed included histo-
logical grade of malignancy, tumour cell morphol-
ogy, presence or absence of ovarian-like stroma, and
extension into adjacent bile ducts. Histological
grading was based on the basis of the highest degree
of cytoarchitectural dysplasia with low-grade (ade-
noma), intermediate-grade (borderline malignancy),
and high-grade (carcinoma in situ).2,12,13 The pre-
sence or absence of an associated invasive cancer
was also recorded.

Immunohistochemistry

We examined cell phenotypes using nine proteins:
cytokeratin (CK) 7, CK20, mucin core protein
(MUC) 1, MUC2, MUC5AC, and MUC6 for biliary
epithelium, and oestrogen receptor, progesterone
receptor (PgR), and inhibin a for stromal cells. One
representative section selected from each case was
used for immunostaining. Immunostaining of the
nine proteins was carried out using the EnVisionþ
system (Dako Cytomation, Glostrup, Denmark). The
deparaffinized sections were microwaved in EDTA
buffer, pH 9.0, for 5min twice at a 2-min interval.
After the blocking of endogenous peroxidase by
REAL Peroxidase-Blocking Solution (Dako Cytoma-
tion), the deparaffinized sections were incubated for
1h at room temperature with primary monoclonal
antibodies: anti-CK7 (clone OV-TL 12/30; 1:200;
Dako Cytomation), anti-CK20 (clone Ks20.8; 1:100;
Dako Cytomation), anti-MUC1 (clone DF3; 1:50;
Abcam, Cambridge, UK), anti-MUC2 (clone Ccp58;
1:100; Novocastra Laboratories, Newcastle, UK),
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anti-MUC5AC (clone CLH2; 1:100; Novocastra
Laboratories), anti-MUC6 (clone CLH5; 1:100;
Novocastra Laboratories), anti-ER (clone 1D5;
1:100; Dako Cytomation), anti-PgR (clone 16; 1:40;
Novocastra Laboratories), and anti-inhibin a (clone
R1; 1:50; Dako Cytomation). The sections were then
incubated at room temperature for 1h with goat anti-
mouse immunoglobulins conjugated to a peroxi-
dase-labelled dextran polymer (EnVisionþ ; Dako
Cytomation). The reaction products were developed
by immersing the section in a 3,30-diaminobenzidine
tetrahydrochloride solution. Nuclei were lightly
counterstained with hematoxylin. The expression
was evaluated semiquantitatively according to the
percentage of positive epithelial or mesenchymal
cells in an individual lesion: 0 (negative); 1þ
(focal), 1–10%; 2þ (moderate), 11–50%; and 3þ
(marked), more than 50%. Cases with moderate or
marked expression were considered positive.

Statistical Analysis

Statistical analyses were performed using the w2 or
Mann–Whitney U-test for two groups or Tukey’s test

for more than two groups. A probability of Po0.05
was considered statistically significant.

Results

Clinical Features

All patients with mucinous cystic neoplasm were
female, ranging in age from 21 to 69. They were
characterized by a higher ratio of female patients
and younger age compared to the patients with
intraductal papillary neoplasm (Table 1). Sixteen of

Figure 1 Radiological/macroscopic appearance of cystic tumours.

Table 1 Gender and age of patients with hepatic mucinous cystic
neoplasm or biliary intraductal papillary neoplasm

Mucinous cystic
neoplasm
(n¼29)

Intraductal
papillary
neoplasm
(n¼ 12)

P-value

Gender (M/F) 0/29 6/6 o0.001
Age (median, range) 45 (21–69) 62 (43–77) 0.006
Age, o50 years 16 (55%) 1 (8%) 0.016

Bold values indicate significant difference.
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29 patients (55%) with mucinous cystic neoplasm
were under 50 years, whereas 11 of 12 patients
(92%) with intraductal papillary neoplasm were
over 50 years. The three patients with borderline or
malignant mucinous cystic neoplasm were older
than the 26 patients with benign mucinous cysta-
denoma (median age, 60 vs 44, P¼ 0.049).

Radiological or Macroscopic Findings

Radiological or macroscopic findings were reviewed
for 26 patients with mucinous cystic neoplasm and
10 patients with intraductal papillary neoplasm.
There were no available records for five earlier cases
of mucinous cystic neoplasm (n¼ 3) and intraductal
papillary neoplasm (n¼ 2) and data were available
only after a partial cystectomy for one case of
mucinous cystic neoplasm. Mucinous cystic neo-
plasms were larger than intraductal papillary neo-
plasms (P¼ 0.008). The left lobe was prevalent for
both tumours, with 54% of mucinous cystic
neoplasms located in the left medial segment
(segment IV) (Table 2). In terms of the shape of the
lesion, 21 of 26 (81%) mucinous cystic neoplasms
showed multilocular cysts with septation or a
cyst-in-cyst appearance. In contrast, 8 of 10
(80%) intraductal papillary neoplasms were multi-
cystic with a grape-like appearance. The partially
excised mucinous cystic neoplasm showed a
multicystic appearance. Papillary mural nodules
were noted in all intraductal papillary neoplasms
(100%), but in only one mucinous cystic neoplasm
(4%), the one with malignant features (Po0.001).

The sensitivity and specificity of using the
appearance of multilocular cysts for the diagnosis
of mucinous cystic neoplasm were 81% and
95%, respectively. A multicystic appearance is
highly sensitive (80%) and specific (80%) for the
diagnosis of intraductal papillary neoplasm, a
multicystic appearance with mural nodules
showing 100% specificity for intraductal papillary
neoplasm.

Pathological Features

Mucinous cystic neoplasms
All mucinous cystic neoplasms had a single
layered epithelium supported by fibrous connective
tissue. Twenty-six cases (90%) were adenomas
consisting of minimally atypical biliary-type
epithelium with occasional mucin-containing cells
(Figures 2a and b). In two cases (7%), there were
atypical foci showing enlarged nuclei, nuclear
stratification, and an increased nuclear/cytoplasmic
ratio, but no cytological atypia of a carcinoma, and
the tumours were graded as borderline malignant
(Figures 2c and d). These atypical foci were
histologically flat or micropapillary, and found
incidentally by microscopic examination. The re-
maining case (3%) was of carcinoma in situ with a
marked papillary proliferation of atypical epithe-
lium forming a complex papillotubular glandular
architecture, associated with increased cellularity,
nuclear pleomorphism, and occasional mitotic fig-
ures (Figure 3). Benign or borderline components
were seen in adjacent flat areas.

Table 2 Radiological/macroscopic features of hepatic mucinous cystic neoplasms and biliary intraductal papillary neoplasms

Mucinous cystic
neoplasm (n¼26)a

Intraductal papillary
neoplasm (n¼ 10)a

P-value

Size (median, range) 110mm (25–250) 50mm (25–140) 0.008

Location
Intrahepatic 24 (92%) 9 (90%) 0.825
Hilar 2 (8%) 1 (10%)

Lobe or segmentb

Caudate lobe 1 (4%) 1 (10%) 0.777
Left lateral segment 5 (21%) 3 (30%)
Left medial segment 13 (54%) 3 (30%)
Right lobe 5 (21%) 3 (30%)

Shape
Unilocular 3 (11%) 1 (10%) o0.001
Multilocular 21 (81%) 1 (10%)
Multicystic 2 (8%) 8 (80%)

Papillary mural nodule
Presence 1 (4%)c 10 (100%) o0.001
Absence 25 (96%) 0

a
No record available in five old cases (three mucinous cystic neoplasms and two intraductal papillary neoplasms).

b
Two mucinous cystic neoplasms in hilar tissue could not be further located.

c
Carcinoma in situ case.
Bold values indicate significant difference.
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An ovarian-like stroma consisting of cellular
spindle cells was easily and relatively diffusely
identified in all cases. In the case of carcinoma
in situ, the stroma was also noted in papillary areas
(Figure 3). Haemosiderin deposition was noted in 13
cases, cholesterol clefts in nine cases, and small foci
of calcification in five cases. Features suggestive of
ductal communication such as the presence of
peribiliary glands in the cyst wall or the presence
of hepatic parenchyma entrapped in the interlocular
septa were not identified.

Comparison with intraductal papillary neoplasms
All intraductal papillary neoplasms showed exten-
sive papillary proliferation of atypical epithelium
within the cystic space (Figures 4a and b). Ten cases
of intraductal papillary neoplasms (83%) were
graded as carcinoma in situ, and the remaining
two case had foci of invasion (microinvasive
mucinous carcinoma in one and invasive tubular

adenocarcinoma in the other). In all intraductal
papillary neoplasms, bile duct communication was
evidenced by the presence of intraepithelial neo-
plasms within adjacent bile ducts, or the presence of
peribiliary glands in the cyst wall (Figures 4c and d).
No ovarian-like stroma was found in any cases of
intraductal papillary neoplasm (Table 3).

Immunohistochemistry

Normal bile ducts
Normal bile ducts had the immunophenotype CK7þ/
CK20�/MUC1�/MUC2�/MUC5AC�. MUC6 was ex-
pressed in peribiliary glands in two cases.

Simple cysts
The surface epithelium of simple cysts showed the
immunophenotype CK7þ /CK20�/MUC1�/MUC2�/

Figure 2 Histopathology of hepatic mucinous cystic neoplasms. Benign mucinous cystadenomas show a single layered biliary-type
epithelium (a) with occasional foci of mucin-containing cells (b). Borderline tumours exhibit cellular atypia such as nuclear enlargement
and stratification (c, d). Original magnification: a, b, d, � 400; c, �200.
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MUC6�. MUC5AC expression was observed in one
case (20%).

Mucinous cystic neoplasms
All benign mucinous cystadenomas (n¼ 26) showed
the biliary immunophenotype CK7þ/CK20�/
MUC2�/MUC5AC�/MUC6� (Figure 5). The expres-
sion of MUC2 and MUC5AC was focally observed in
11 and one adenoma, respectively (less than 2% of
tumour cells). Gastrointestinal markers such as
CK20, MUC2, MUC5AC, and MUC6 were more
frequently expressed in borderline or malignant
tumours than benign mucinous cystadenomas (all,
Po0.001) (Table 4 and Figures 5). MUC2 and
MUC5AC were expressed in all borderline and
malignant cases. MUC2 positivity was restricted to
goblet cells. Moderate to marked expression of
MUC1 was observed only in the carcinoma in situ
case (Figure 5). Regarding the ovarian-like
stroma, ER, PgR, and inhibin a were expressed in
19 (67%), 27 (93%), and 6 (20%) cases, respectively
(Figure 3c).

Intraductal papillary neoplasms
The expression of CK7 was decreased in two cases: a
very focal expression in one case and no expression
in the other. Intestinal markers (CK20 and MUC2)
were expressed in 2 (17%) and 5 (42%) cases,
respectively. Gastric markers (MUC5AC and MUC6)
were expressed in most cases. Moderate to marked
expression of MUC1 was observed in 6 (50%) cases,
including invasive cases. No expression of ER, PgR,
and inhibin a was seen in any cases.

Comparison between mucinous cystic neoplasms
and intraductal papillary neoplasms
The expression of CK7 was less common in
intraductal papillary neoplasms, whereas the ex-
pression of MUC1, MUC2, MUC5AC, and MUC6
was significantly more common in intraductal
papillary neoplasms (Table 4). The expression of
gastrointestinal markers was similarly common in
borderline or malignant mucinous cystic neoplasms
and intraductal papillary neoplasms. In contrast,
benign mucinous cystadenomas had a pure biliary
immunophenotype. Moderate to marked expression
of MUC1 was only observed in malignant cases in
both types of tumours.

Recurrence

Follow-up data were reviewed for 24 patients with
mucinous cystic neoplasm and 12 patients with
intraductal papillary neoplasm. No records were
available for five earlier cases of mucinous cystic
neoplasm. All the patients with mucinous cystic
neoplasm were treated surgically, and none died of
this tumour (follow-up period, 1–132 months,
median 47 months). Eighteen (75%) patients were
treated by single surgical resection. Two (8%)
patients, including the one with the carcinoma in
situ, first underwent a partial cystectomy with
fenestration in referring hospitals before undergoing
a complete excision. One additional patient (4%)
underwent a left hepatectomy for a large tumour
predominantly in segment IV. Parts of the tumour
remained in the right lobe, but have not changed in

Figure 3 A carcinoma in situ case of hepatic mucinous cystic neoplasm. (a) There is papillary proliferation of atypical epithelium with
fibrovascular cores. Ovarian-like stroma is noted (arrow). (b) Nuclear enlargement with occasional foci of loss of polarity is seen. (c)
Immunostaining for the progesterone receptor reveals a stroma positive for progesterone receptor in fibrovascular cores of the papillary
lesion. Original magnification: a, �100; b, c, � 400.
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appearance or size over a follow-up period of 6 years
and 9 month. The remaining three (13%) patients
(all benign cases) were radiologically found to have

a recurrent mucinous cystic neoplasm (5 months, 7
years, and 8 years and 7 months after the first
operation). Interestingly, one recurrent mucinous

Figure 4 Histopathology of biliary intraductal papillary neoplasms. (a) There is a papillary tumour in the cystic space. (b) The tumour
consists of large atypical cells with occasional intracytoplasmic mucin. (c) An intraductal extension of the tumour is noted in a large bile
duct. Arrows indicate non-neoplastic biliary epithelium. (d) Peribiliary glands are seen in the cyst wall (arrow). Original magnification:
a, c, � 20; b, � 400; d, �100.

Table 3 Pathological features of hepatic mucinous cystic neoplasms and biliary intraductal papillary neoplasms

Mucinous cystic
neoplasm (n¼ 29)

Intraductal papillary
neoplasm (n¼ 12)

P-value

Grading
Adenoma 26 (90%) 0 o0.001
Borderline 2 (7%) 0
Malignancy 1 (3%) 12 (100%)

Ductal communication
Presence 0 12 (100%) o0.001
Absence 29 (100%) 0

Ovarian-like stroma
Presence 29 (100%) 0 o0.001
Absence 0 12 (100%)

Bold values indicate significant difference.
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cystic neoplasm had increased in size at the time of
pregnancy. All resected recurrent tumours were
cystadenoma without malignant transformation.

All patients with intraductal papillary neoplasm
except one were treated by complete surgical
resection. No recurrence has been observed during
a median follow-up period of 44 months. A
complete resection was impossible in the remaining
patient with a widely invasive tumour. This patient
died of Budd–Chiari syndrome due to carcinoma
invasion into vena cava.

Discussion

The clinicopathological findings characteristic of
hepatic mucinous cystic neoplasms can be summar-
ized as follows: (1) patients are female and range
widely in age; (2) multilocular cysts with septation
or a cyst-in-cyst appearance are distinctive; (3) 90%
of cases are histologically benign; (4) a gastrointest-
inal immunophenotype seems important to the
histological progression; and (5) although local
recurrence rarely occurs, at times years after surgery,

Figure 5 Immunohistochemistry in hepatic mucinous cystic neoplasms. Cytokeratin (CK) 7 expression is observed in a benign
cystadenoma. Expression of CK20, mucin core protein (MUC)2, MUC5AC, and MUC6 is noted in borderline tumours. MUC1 is expressed
on apical membrane of a malignant mucinous cystic neoplasm. Original magnifications: all, � 400.

Table 4 Results of immunohistochemistry

Normal bile
duct

(n¼10)

Simple
cyst

(n¼5)

Mucinous
cystic neoplasm

(n¼ 29)

Intraductal
papillary
neoplasm
(n¼12)

P-valuea Mucinous cystic neoplasm P-valueb

Benign
(n¼26)

Borderline to CIS
(n¼3)

CK7 10 (100%) 10 (100%) 29 (100%) 10 (83%) 0.276 26 (100%) 3 (100%) Identical
CK20 0 0 2 (7%) 2 (17%) 0.703 0 2 (67%) 0.002
MUC1 0 0 1 (3%) 6 (50%) 0.002 0 1 (33%) 0.185
MUC2 0 0 2 (7%) 5 (42%) 0.025 0 2 (67%) 0.002
MUC5AC 0 1 (20%) 3 (10%) 12 (100%) o0.001 0 3 (100%) o0.001
MUC6 2 (20%)c 0 2 (7%) 10 (83%) o0.001 0 2 (67%) 0.002

CIS, carcinoma in situ.
a
Between MCN and IPNB.

b
Between benign and borderline to CIS.

c
Expression in peribiliary glands.
Bold values indicate significant difference.
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the prognosis is excellent. There has been contro-
versy regarding the distinction between
hepatic mucinous cystic neoplasms and biliary
intraductal papillary neoplasms, but this study
reveals clinicopathological differences that are
sufficient to support that these tumours are two
distinct entities.

In the largest study of pancreatic mucinous cystic
neoplasm to date, 155 of 163 (95%) patients were
female, and ranged in age from 16 to 82.14 These
demographic data are similar to those for hepatic
mucinous cystic neoplasm, except for rare cases of
pancreatic cystadenoma occurring in men. Almost
all pancreatic mucinous cystic neoplasms (97%)
were located on the left side (the body-tail) of the
pancreas.14 Hepatic mucinous cystic neoplasms
were similarly common on the left side (75%). The
postoperative survival rate was excellent for both
hepatic and pancreatic mucinous cystic neoplasms,
with no mortality recorded in both studies.

However, there are several pathological differ-
ences between hepatic and pancreatic mucinous
cystic neoplasms. The proportion of malignant
tumours was higher in pancreatic cases. Of 163
patients with pancreatic mucinous cystic neo-
plasms, 118 (72%) were adenomas, 17 borderline
neoplasms (10.5%), 9 carcinomas in situ (5.5%), and
19 were invasive carcinomas (12%).14 Lüttges et al15

reported that MUC2 expression in pancreatic muci-
nous cystic neoplasm was confined to goblet cells,
which were numerous in borderline or malignant
cases, but rare in adenomas. This is in line with our
results in hepatic mucinous cystic neoplasms. In
contrast, MUC5AC and CK20 were expressed in the
majority of pancreatic mucinous cystic neoplasms
irrespective of the grade of dysplasia,15,16 which
differs markedly from the immunophenotype found
in our study.

Of interest, only one (3%) hepatic mucinous
cystic neoplasm was malignant, a rate quite low
compared with previous reports. Studies not using
the ovarian-like stroma as a diagnostic criterion
found the ratio of malignant cases of biliary cystic
tumours to be 21–26%.6,7 Ovarian-like stroma was
less commonly observed in the malignant cases in
these studies.6,7 Presumably, cases of cystic-type
intraductal papillary neoplasm were included in the
malignant groups in these studies, given that almost
all cases of biliary intraductal papillary neoplasm
were at least carcinoma in situ. However, even in
studies restricted to cystic tumours with ovarian-
like stroma, 17–19% of tumours were malignant.17,18

One possible explanation for this discrepancy is that
owing to recent advances in imaging modalities,
patients in this study were diagnosed at a younger
age; patients with malignant hepatic and pancreatic
mucinous cystic neoplasms were older than those
with benign cystadenomas.14,18 This may stress the
importance to treat patients with hepatic mucinous
cystic neoplasm at a young age to reduce the risk of
malignant transformation.

This study suggested that hepatic mucinous cystic
neoplasms and biliary intraductal papillary neo-
plasms can differ in radiological or macroscopic
appearance. Lim et al19 also reported that intraduc-
tal papillary neoplasms more commonly show
peripheral bile duct dilatation than mucinous cystic
neoplasms. However, the clinical diagnosis of
biliary cystic lesions remains challenging, due to
other hamartomatous and developmental cystic
lesions with or without cholangiocarcinoma, which
may mimic mucinous cystic neoplasms.20 In addi-
tion, about 10% of hepatic mucinous cystic neo-
plasms manifest as unilocular cystic lesions, which
are difficult to differentiate from solitary simple
cysts. Interestingly, two hepatic mucinous cystade-
noma in this study appeared as unilocular cyst
radiologically, but small intramural cysts were
identified on macroscopic examination of the
resected specimen and therefore categorized as
multilocular cysts in this study. Further develop-
ment of radiological modalities will be needed to
detect such small mural cysts.

Two major pathways have been suggested for
biliary carcinogenesis. More commonly, biliary
intraepithelial neoplasia (biliary dysplasia) evolve
into cholangiocarcinoma usually manifesting as an
infiltrative tubular adenocarcinoma.11,21 The other
pathway, intraductal papillary neoplasm to invasive
cancer, is characterized by a potential progression to
both mucinous carcinoma and papillotubular carci-
noma, the expression of gastrointestinal markers
even in early lesions (adenomas), and a more
favourable postoperative prognosis.11,22 This study
suggested that mucinous cystic neoplasm may be a
tumour precursor through another route character-
ized by the least aggressive clinical course and by
expression of gastrointestinal molecules during the
carcinogenetic process.

Regarding the location of biliary cystic tumours,
most mucinous cystic neoplasms arise in the liver,
except for rare tumours in the gallbladder or
common bile duct.6,17 Biliary intraductal papillary
neoplasm can arise in both extrahepatic and
intrahepatic bile ducts, but most cyst-forming
tumours affect hilar or intrahepatic bile ducts.5 In
our experience, the incidence of hepatic mucinous
cystic neoplasm is higher than that of biliary
intraductal papillary neoplasm in European coun-
tries. In contrast, biliary intraductal papillary neo-
plasm is more commonly seen in Asian countries
partly because of a higher incidence of hepatolithia-
sis or Clonorchiasis infection,11,23 whereas hepatic
mucinous cystic neoplasm is extremely rare in
Japan.

The origin of hepatic and pancreatic mucinous
cystic neoplasms has not been elucidated. Mucinous
cystic neoplasms may develop from endodermal
immature stroma or primary yolk cells implanted
during embryogenesis.24,25 The prevalence of hepa-
tic mucinous cystic neoplasm in segment IV may
support an implant origin because hamartomatous
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lesions commonly develop in segment IV.26,27 The
expression of oestrogen receptor or PgR in ovarian-
like stroma also supports a putative role for female
hormones in the tumorigenesis.28

In conclusion, hepatic mucinous cystic neo-
plasms and biliary intraductal papillary neoplasms
have different clinicopathological characteristics as
evidenced by differences in the age and gender of
patients, macroscopic appearance, immunopheno-
types, and grades of malignancy. It is rational to use
the presence of ovarian-like stroma to differentiate
hepatic mucinous cystic neoplasms from biliary
intraductal papillary neoplasms.
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