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Abstract

Background: Intraductal papillary neoplasm of the bile duct (IPNB) is a specific entity for which there has been no
classification that correlates clinical presentation with patient survival. We, therefore, propose a new classification based
on radio-pathological appearance correlated with clinical findings including outcome. Methods: We retrospectively
reviewed the medical and pathological records of 103 IPNB patients who underwent curative-intent hepatic resection
between January 2008 and December 2011. A morphological classification was then created based on the presence of
(a) bile duct dilatation, (b) intraductal mass(es), (c) cystic lesion(s), and (d) macro-invasion of the liver. All clinical
parameters and survival were analyzed. Results: The median survival of IPNB patients was 1,728 days (95%CI: 1,485
to 1,971 days). The proposed classification predicted survival very well (log-rank test; p <0.01). For patients with the
cystic variant and micro-papillary IPNB, there were no tumor-related deaths within 3 years of surgery and median survival
was not reached during the follow-up. The respective median survival times for IPNBs with unilateral intrahepatic duct
dilatation, bilateral intrahepatic duct dilatation, and macro-invasion were 1,888 days (95%CI 1,118- 2,657), 673 days
(95%CI: 392- 953), and 578 days (95%CI: 285- 870). Conclusion: We propose a new classification for IPNBs which
not only provides a view of patients in terms of their radio-pathologic status but also should help in guiding planning

of surgical procedures.
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Introduction

Intraductal papillary neoplasm of the bile duct (IPNB)
is recognized as a form of bile duct tumor, characterized
by the presence of intraluminal papillary tumors with
a fine fibrovascular core (Chen et al., 2012). The term
‘intraductal papillary neoplasm of the bile duct’ is a recent
terminology. Previously, the nomenclature depended on
the dominant feature(s) such as e.g., biliary papillomatosis,
mucin-secreting bile duct adenoma, mucin-producing bile
duct tumor, or mucin-producing cholangiocarcinoma,
describe tumors similar or identical to intraductal growth
type cholangiocarcinoma. IPNB develops through the
adenoma-carcinoma sequence and usually progresses
slowly from benign (i.e., adenoma, dysplasia) to malignant
(i.e., carcinoma in situ, micro-invasion, macro-invasion)
IPNB (Aishima and Oda, 2015). According to the latest
classification of bile duct tumors, malignant IPNB
represents intraductal growth-type of intrahepatic
cholangiocarcinoma or papillary type of extrahepatic
cholangiocarcinoma (Nakanuma et al., 2015).

Unique characteristics of IPNB that differ from other

bile duct tumor include (a) multiple lesions (Kang et al.,
2013), (b) mucin production (Lee et al., 2004), (c) various
stages of invasion (Luvira et al., 2016; Jung et al., 2016)
and (d) various radio-pathological presentations (Lim
et al., 2004; Wan et al., 2013). As such, there have been
several studies attempting to describe and classify this
IPNB tumor; based on its radiological appearance and/
or its pathology (Sakamoto et al., 1997; Yeh et al., 2006;
Lim and Jang, 2010; Kim et al., 2011; Takanami et al.,
2011). In these studies, there was no correlation between
clinical presentation and survival, which represent nature
of the disease.

To achieve a better understanding of the nature of
IPNB, we propose a new classification based on its
radio-pathological appearance, correlated with its clinical
presentation and patient survival.

Materials and methods

Definition
IPNB in the current study was defined as pathologically-
confirmed papillary tumors (both benign and malignant),
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and the presence of a fibrovascular core on microscopy
(Chen et al., 2012; Nakanuma et al., 2015). According to
this definition, the intraductal- growth type of intrahepatic
cholangiocarcinoma and the papillary type of extrahepatic
cholangiocarcinoma were included (Nakanuma et al.,
2015) in the current study.

Patient Selection

This retrospective study ran between January 2008 and
December 2011. We retrospectively reviewed the medical
records of all of the patients from Srinagarind Hospital,
Khon Kaen University, who underwent curative-intent
hepatic resection for IPNB.

Before surgery, all patients were evaluated for
resectability; using cross-sectional imaging, including
computed tomography, and magnetic resonance imaging.
All surgical procedures were planned to achieve at least all
gross tumor removal. The area of lymph node dissection
depended on the side of hepatic resection. For right-sided
hepatectomy, lymph node dissection was performed
by removing all soft tissue around the hepatoduodenal
ligament (station 12), along the common hepatic artery
(station 8) and the highest peri-pancreatic lymph node
(station 13). For left-sided hepatectomy, the connective
tissue around the lesser omentum and the left gastric
artery (station 7) were additionally dissected. In order
to determine the status of lymph node involvement, the
number of harvested lymph nodes per patient had to be at
least 4 nodes in patients on whom lymph node dissection
was performed. All surgical specimens were sent to the
Department of Pathology for pathological diagnosis and
staging. After the surgery, patients were followed-up to
determine either tumor recurrence and death.

Proposed morphological classification

Our classification for IPNB was based on (a)
preoperative imaging and (b) the pathological findings
of surgical specimens. The IPNB were categorized into 5
classes: Class I —classical intrahepatic IPNB (i.e., presence
of an intraductal tumor with unilateral intrahepatic duct
dilatation); Class II — extrahepatic IPNB (i.e., presence
of an intraductal tumor with bilateral intrahepatic duct
dilatation); Class III — cystic variant (i.e., cystic tumor
with a papillary tumor inside and the presence of bile
duct communication); Class IV — micro-papillary lesion
(i.e., disproportional bile duct dilatation in the absence
of any discernible tumor); and, Class V — Macroinvasion
(i.e., presence of a mass-forming tumor incorporate with
intraductal tumor) (Figure 1)

Interpretation of preoperative imaging and pathologic
specimens

We invited a radiologist (K.S.) to review the
preoperative imaging and classify the tumor morphology.
She was blinded to the pathologic descriptions of the
tumors but was aware that the patients had IPNB before
interpretation. The interpretations of imaging included:
(a) appearance of the intraductal mass; (b) unilateral or
bilateral intrahepatic bile duct dilatation; (c) intrahepatic
cyst-forming lesion; (d) intrahepatic mass-forming lesion;
and, (e) if possible, growing type of the intraductal tumor
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(i.e., polypoid or cast-like). The radiologic images were
interpreted on medical-grade monitors using a picture
archiving and communication system (FujiFilm Medical
Systems, Synapse).

Photographs of the resected specimens, and pathology
reports were available in all cases. One surgeon (V.L.1)
reviewed the picture of the surgical specimen to classify
the IPNB. He was blinded to the gross description by a
senior pathologist (C.P.) documented in the previously
prepared pathological reports. (C.P. is an subspecialized
expert in the hepatobiliary system and pancreas with more
than 25 years’ experience.) The pathological descriptions
and their respective classification were the gold standard
and the radiological description was correlated to it.

Ethical consideration

The Institutional Review Board (IRB), Office of
Human Research Ethics, Khon Kaen University, reviewed
and approved the present study (HE591032).

Statistical analysis

Survival analysis was performed using the
Kaplan-Meier analysis. Patients who died from other
causes or had perioperative death (defined as death within
30 days after surgery) were censored from the analysis.
Comparisons among groups were analyzed using a
log-rank test. The data are presented as medians (min:
max), or as counts and percentages. A P-value of < 0.05
was considered to be statistically significant. All statistical
analyses were performed using STATA version 10.

Results

Clinical and pathologic characteristics

Between January 2008 and December 2011, 103
patients underwent hepatic resection for IPNB. According
to our classification, most common of the tumors were Class
I (n=48, 46.6%). There was one patient with intraductal
mass (Class I) based on the pathologic description but
no mass detected (Class IV) on cross-sectional imaging.

The clinical and pathological variables are summarized
in Table 1. The mean age at diagnosis was 59.3(% 9.0)
years. The mean age of the patients with a Class II tumor
was lower than the others. The male to female ratio was 2
to 1 (males 68; females 35). The serum levels of the liver
enzymes and tumor markers were comparable among
classes except for serum alkaline phosphatase which was
significantly elevated in Class I, and serum CA19-9 which
was significantly elevated in Class V

Most of the patients in each class underwent right-sided
hepatectomy except for Class I'V. The majority of patients
(79.6%) received regional lymph node dissection. Of
these, the overall incidence of lymph node involvement
was 17.1%. There was no lymph node involvement in
Class III tumors. The proportion of malignant [IPNB was
84.5%. All Class II and Class V tumors were malignant
IPNB.

Patient survival
There was 1 post-operative death (0.97%), leaving 102
patients being evaluated for long-term outcomes. With a
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Figure 1. Photograph of Preoperative Imaging and Surgical Specimens of Intraductal Papillary Neoplasm of the
Bile Duct according to Class. (a, b) Class [; classical intrahepatic IPNB. CT scan image (a) and photograph of a cut
section of surgical specimen (b) show intraductal polypoid mass with unilateral intrahepatic bile duct dilatation. (c, d)
Class II; extrahepatic IPNB. MR image (c) and photograph of a cut section of surgical specimen (d) show intraductal
polypoid mass of common hepatic duct with bilateral intrahepatic bile duct dilatation. (e, f) Class III; cystic variant.
CT scan image (e) and photograph of a cut section of surgical specimen (f) show cystic dilatation of intrahepatic bile
duct with intra-cystic papillary growth of posterior section of right lobe of the liver. (g, h) Class IV; micro-papillary.
MR image (e) and photograph of a cut section of surgical specimen (f) show intrahepatic bile duct dilatation of left
lobe of the liver without visible intraductal mass. (i, j) Class V; macro-invasion. CT scan image (i) and photograph
of a cut section of surgical specimen (j) show intraductal papillary tumor with invasion of nearby liver parenchyma
forming mass lesion
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Table 1. Clinicopathologic Characteristics According to Class of IPNB

Clinicopathologic variables Class 1 Class 2 Class 3 Class 4 Class 5
(n=48) (n=10) (n=5) (n=14) (n =26)

1.Age

<60 30 (62.5%) 8 (80.0%) 1 (20.0%) 6 (42.9%) 8 (30.8%)

>60 18 (37.5%) 2 (20.0%) 4 (80.0%) 8(57.1%) 18 (69.2%)
Mean £Standard deviation 58.6+ 8.7 543+73 61.6+12.6 59.6£9.7 61.9+ 8.6
2. Gender

Male 34 (70.8%) 7 (70.0%) 3 (60.0%) 7 (50.0%) 17 (65.4%)

Female 14 (29.2%) 3 (30.0%) 2 (40.0%) 7 (50.0%) 9 (34.6%)
3. Liver enzymes Median (min: max) n =45 n=7 n=>5 n=14 n=25

AST (IU/L) 29 (17:303) 66 (29:169) 27 (15:105) 42 (21:281) 33 (21:163)

ALT (IU/L) 35 (11:429) 39 (31:128) 39 (16:196) 52 (4:521) 26 (11:176)

ALP (IU/L) 135(50:817) 400 (164:604) 114 (58:266) 158 (77:451) 163 (85:809)
4. Tumor markers Median (min: max) n=39 n=7 n=>5 n=_8 n=21

CA 19-9(pg/ml) 17 (0:1000) 17 (2:1000) 14 (1:433) 26 (1:245) 257 (1:1000)
5. Hepatectomy

Right/ Extended right 27 (56.3%) 6 (60.0%) 3 (60.0%) 6 (42.9%) 17 (65.4%)

Left/ Extended left 21(43.7%) 4 (40.0%) 2 (40.0%) 8 (57.1%) 9 (34.6%)
6.LN status in LND group n=34 n=10 n=4 n=10 n=24

Negative 30 (88.2%) 8 (80.0%) 4 (100.0%) 9 (90.0%) 17 (70.8%)

Positive 4 (11.8%) 2 (20.0%) 0 (0.0%) 1 (10.0%) 7 (29.2%)
7.Level of invasiveness

Benign IPNB 8 (16.7%) 0 (0.0%) 2 (40.0%) 6 (42.9%) 0(0.0%)

Malignant IPNB 40 (83.3%) 10 (100.0%) 3 (60.0%) 8 (57.1%) 26 (100.0%)
8.Resection margin status

Free 24 (50.0%) 7 (70.0%) 5 (100.0%) 7 (50.0%) 12 (46.2%)

Not Free 24 (50.0%) 3 (30.0%) 0 (0.0%) 7 (50.0%) 14 (53.8%)

Table 2. Multivariate Analysis of the Factors affecting

Overall Survival of IPNB

100

050

p <0.001

Factors Crude Adjusted HR p
HR (95%CI) value
Class of IPNB 0.023
I 1.0 1
1I 2.7 24 (1.1-5.5)
I 0.3 0.5(0.1-3.4)
v 0.5 0.6 (0.1-2.5)
v 2.7 23(1.2-44)
Level of invasiveness 0.499
Benign IPNB 1.0 1
Malignant IPNB 32 1.5(0.4-5.3)
Lymph node metastasis 0.005
No 1.0 1
Yes 34 27(14-52)

median follow-up time of 2,394 days, the median survival
time was 1,728 days (95%CI: 1,485 to 1,971 days). The
respective 1-, 3-, and 5-year overall survival was 86.3%
(95%CI: 77.9-91.6), 63.7% (95%CI:53.6.0-72.2), and
44.8% (95%CI:35.0-54.2).

The proposed classification predicted survival very
well (p<0.001) (Figure 2). For patients with Class III and
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Figure 2. Kaplan-Meier Survival Curve of IPNB Patients
Treated by Hepatic Resection Stratified by Class of IPNB

IV tumors, there were no tumor-related deaths within 3
years of the surgery and the median survival time was
not reached during the follow-up period. The respective
median survival time for Class I, I and V was 1,888 days
(95%CI 1,118-2,657), 673 days (95%CI: 392- 953), and
578 days (95%CI: 285- 870).

We carried out a univariate analysis of 9 variables for
determining factors affecting overall survival of IPNB.
Several factors were significant prognostic factors for



overall survival, including Class of IPNB, lymph node
metastasis, and level of invasiveness. The significant
prognostic factors determined by univariate analysis were
then further analyzed via a multivariate analysis. The
analysis revealed that lymph node metastasis and Class
of IPNB were significant prognostic factors (Table 2).

Discussion

We have proposed the classification of IPNB, based on
radiologic and pathologic findings. This classification very
well predicted survival of the patients. The classification
is quite simple; we propose classifying IPNB showing
unilateral or bilateral intrahepatic bile duct dilatation
rather than as polypoid or cast-like lesions. Differentiation
of the polypoid lesion from the cast-like lesion by
preoperative imaging is somewhat difficult. We found a
high discordant rate (data no shown) between radiologic
interpretation and the gross pathologic description when
attempting to discriminate between polypoid and cast-like
lesions, whereas there was only one discordant finding in
the proposed classification.

Intrahepatic intraductal IPNB is the most common
type of IPNB. It represents “intraductal papillary neoplasia
in the liver”, the original term of IPNB, which was
described since 2001(Chen et al., 2001). Therefore, we
set intrahepatic intraductal IPNB as Class I, the reference
class, even though this class is not the most benign one.
The surgical procedure for this class is hemi-hepatectomy.
Cholangioscopy, either intraoperatively or per-orally,
should be performed only for the lesion proximity to the
hepatic hilum.

In Northeast Thailand, most of the patients present
for care at a late stage of IPNB, when macro-invasion
of the liver is usually already present (Luvira et al.,
2016). We, therefore, created Class V for this group of
patients. The serum CA19-9 level, which reflects tumor
burden and level of invasiveness (Luvira et al., 2016),
was significantly increased in this class. As reported, RO
resection is significantly related with better survival of
patients with IPNB(Luvira et al., 2016); since this class
can be diagnosed preoperatively and has a high rate of
lymph node involvement. Taken together, regional lymph
node dissection may provide some benefit for the patients
in this class. The surgical procedure we recommended
for this class is hemi-hepatectomy and regional lymph
node dissection.

Evidence suggests that IPNB of the extrahepatic
bile duct has a more aggressive nature and higher rate
of invasion than intrahepatic lesions (Choi et al., 2010;
Nakanuma et al., 2015; Luvira et al., 2016). All Class II
tumors in our study were malignant IPNB and had a short
survival period. The survival of patients with bilateral
intrahepatic bile duct dilatation was not different from
those with intrahepatic mass-forming lesions. Further
studies are required to explain the heterogeneity between
intrahepatic and extrahepatic IPNB. Since the rate of
lymph node involvement was quite high in this class,
therefore the surgical procedures we recommended for
this class are extended hemi-hepatectomy, extrahepatic
bile duct resection, complete caudate lobectomy and
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regional lymph node dissection. For IPNB involving both
lobes of the liver (biliary papillomatosis), employing a
strategy of initial resection before liver transplantation is
recommended. In this case, extrahepatic bile duct should
be carefully evaluated for any papillary lesion during the
first operation because IPNB located at this area had high
rate of malignancy according to our result.

According to the high prevalence of cholangiocarcinoma
in our region (Bridgewater et al., 2014; Luvira et al.,
2016) we applied an aggressive surgical attitude to
resect all biliary dilatation suspected of being a bile
duct tumor. Some patients, therefore, underwent liver
resection who presented with disproportionate dilatation
of the bile duct without any visible mass or point of
obstruction. This group includes micro-papillary lesions
which cannot be identified by cross-sectional imaging
with or without excessive mucin production (Lim et
al., 2008). In the current study, this type had the lowest
rate of malignancy among all 5 classes, perhaps because
of its low tumor burden. There were, however, some
cases with micro-invasion, so in an endemic area for
cholangiocarcinoma, liver resection for patients with
disproportional bile duct dilatation in the absence of
discernible tumor may be reasonable (Nakanuma et al.,
2002). When no sizable intraductal mass is found during
preoperative imaging, the actual extent of the tumor
should be evaluated by direct cholangioscopy, either
intraoperatively or per-orally (Han and Lee, 2004; Lee et
al., 2004; Kim et al., 2011). So the surgical procedures for
this class include cholangioscopy and hemi-hepatectomy.

IPNB includes the concept “biliary disease of the
pancreatic counterpart” as the counterpart of intraductal
papillary mucinous neoplasm of pancreas (IPMN-P).
IPMN-P has been classified into (a) main-duct type, which
is more aggressive and has a higher rate of malignancy,
and (b) branch-duct type, which has a lower rate of
malignancy (Tanaka et al., 2012). Most of the reported
IPNB seem to correspond to the main-duct type [IPMN-P.
There have been many attempts to identify a ‘branch
duct’ IPNB (Nakanuma and Sato, 2012). Some authors
proposed a cystic variant of IPNB that has a radiologic
appearance similar to branch duct IPMN-P, and may
be a biliary counterpart of branch duct IPMN-P (Lim
et al., 2011; Takanami et al., 2011; Katabathina et al.,
2016). Our findings show that the rate of malignancy
of the Class III tumor was low compared with Classes
I, IT and V. The survival of this class is far better than
the conventional IPNB (Class I); however, it cannot be
concluded that the cystic variant of IPNB is the biliary
counterpart of branch duct IPMN-P because it remains
uncertain which part of the biliary system corresponds to
the branch duct of the pancreas. There have been some
reported cases of IPNB involving only peribiliary gland
(Nakanishi et al., 2011); those may correspond to branch
duct IPMN-P. A diverticulum-like appearance on imaging
would be expected in such cases (Lim et al., 2011). So
far, according to the lower rate of malignancy and less
aggressive nature, it is safe to say that at least some of
the cystic variants of IPNB might be a counterpart of the
branch duct type of IPMN-P. Regarding treatment of this
class, although there is a role of non-surgical approach for
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small branch duct type IPMN-P, we recommend surgical
resection in all medically fit patients with Class III IPNB
because of its high rate of malignancy (more than 50
percent) and its very good outcome after surgery. Since
there was very low rate of lymph node involvement in this
class, therefore, routine lymph node dissection may not
necessary. Our result showed that all cases in this class
achieved surgical-free margin owning to limited extent
of the disease. Therefore the main surgical procedure for
this class is hemi-hepatectomy. There is minimal role of
intraoperative cholangioscopy and routine lymph node
dissection.

To the best of our knowledge, this is the first study to
show the clinical status and survival of patients correlated
with their radio-pathologic classification. There were
some limitations that should, however, be considered.
First, the retrospective nature may introduce a bias.
While most of the radiology and pathology data were
recorded prospectively, the classification was performed
retrospectively. Second, there was quite a small sample
size for some classes. Finally, the nature of IPNB in
Southeast Asia may differ from other parts of the world
(Luvira et al., 2016).

We have proposed a new classification for IPNB
(intraductal papillary neoplasm of the bile duct). This
classification does not only provide a view of the nature
of the patients in terms of their radio-pathologic status
but also guide planning of surgical procedure. The cystic
variant of IPNB and the micro-papillary lesions have
a better prognosis and lower rate of malignancy than
the classical intrahepatic intraductal IPNB, whereas
the extrahepatic intraductal mass and the intrahepatic
macro-invasive lesions are more aggressive in nature.
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