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Abstract

Background Intraductal papillary neoplasm of the bile duct (IPNB) has a wide range of histopathology and intra- and
extrahepatic tumor locations.

Methods This retrospective single-center study evaluated the clinicopathological features and long-term outcomes of 146
patients with IPNB of the liver IPNB-L) who underwent hepatic resection between January 2002 and June 2019.

Results The 146 patients included 97 (66.4%) men and 49 (33.6%) women, of mean age 64.3 + 8.0 years. Seventy-two
(49.3%) patients were incidentally diagnosed, with no specific symptoms, and 18 (12.3%) were found to have hepatolithi-
asis. Sixty-one (41.8%) and two (1.4%) patients underwent concurrent bile duct resection and pancreaticoduodenectomy,
respectively, and 130 (89.0%) underwent RO resection. Low-grade and high-grade intraepithelial neoplasia, and invasive
carcinoma were identified in 26 (17.8%), 50 (34.2%), and 70 (47.9%) patients, respectively. Five-year tumor recurrence
and patient survival rates were 8.4% and 93.9%, respectively, in patients with high-grade neoplasia; and 41.5% and 72.3%,
respectively, in patients with invasive carcinoma. CA19-9 > 37 U/mL and R1 resection were independent risk factors for
tumor recurrence and reduced survival in patients with carcinoma. The combination of hypermetabolic fluorodeoxy-glucose-
positron emission tomography (FDG-PET) or elevated CA19-9 showed a sensitivity of 91.8% and a specificity of 61.9% for
the prediction of IPNB-L with high-grade neoplasia and carcinoma.

Conclusions IPNB-L is a rare type of intrahepatic biliary neoplasm that can range histologically from benign disease to
invasive carcinoma. Surgical curability is the most important prognostic factor, thus aggressive resection is highly recom-
mended to achieve RO resection.
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Introduction

Intraductal papillary neoplasm of the bile duct (IPNB) is a
rare disease, accounting for 4-38% of all bile duct tumors.'™
In 2010 and 2019, the World Health Organization classified
IPNB as a distinct clinical and pathological entity, being
the biliary counterpart of intraductal papillary mucinous
neoplasm (IPMN) of the pancreas. > IPNB is regarded as
precursor to cholangiocarcinoma. Histologically, IPNB can
range widely and has been classified as low-grade and high-
grade intraepithelial neoplasias, and invasive carcinoma.’
The pathological features of IPNBs also differ markedly and
can include various types of intrahepatic and extrahepatic
lesions. IPNB should be differentiated from other similar
diseases, including intrahepatic and perihilar cholangiocarci-
nomas, biliary papillomatosis, biliary intraepithelial neopla-
sia, and mucinous cystic neoplasm. The clinicopathological
features of IPNB are different in patients with intrahepatic
and extrahepatic IPNBs.” The present study evaluated the
clinicopathological features and long-term outcomes of 146
patients who underwent hepatic resection for intrahepatic
IPNBs, also called as IPNB of the liver (IPNB-L).

Materials and Methods
Patient Selection

The primary purpose of this retrospective single-center
study was to assess the long-term postoperative outcomes
of patients with IPNB-L according to histological grade.
The secondary purpose was to identify a preoperative
diagnostic method that could distinguish IPNBs with high-
grade intraepithelial neoplasia and invasive carcinoma
from IPNBs with low-grade intraepithelial neoplasia.

The database of our institution was searched for patients
with IPNB-L who underwent hepatic resection between
January 2002 and December 2019. Patients with intrahe-
patic cholangiocarcinoma (ICC) of intraductal tumor growth
pattern were excluded, as were patients with extrahepatic
IPNB alone and the two patients who died within 2 months
of the operation due to non-surgical complications (unex-
pected cardiovascular and cerebrovascular event in each one
patient). Finally, the study group included 146 patients. All
patients were followed up until July 2021 or patient death.
Institutional medical records were reviewed to determine
tumor recurrence and patient survival, with the database of
the National Health Insurance Service of Korea reviewed to
confirm patient survival.

The study protocol was approved by the Institutional
Review Board of our institution (IRB No. 2021-1347),

which waived the requirement for informed consent due
to the retrospective nature of this study. This study was
performed in accordance with the ethical guidelines of the
World Medical Association Declaration of Helsinki 2013.

Preoperative Imaging Evaluation

Routine preoperative imaging studies included abdominal and
chest computed tomography (CT), liver magnetic resonance
imaging (MRI) with magnetic resonance cholangiopancrea-
tography (MRCP), and fluoro-deoxy-glucose-positron emis-
sion tomography (FDG-PET). Diagnostic modalities for bile
duct evaluation included endoscopic retrograde cholangiopan-
creatography (ERCP), MRCP, and percutaneous transhepatic
cholangioscopy.

Surgical Procedures

The extent of hepatic resection was primarily determined by
measuring the post-surgical volume of the liver remnant, with
consideration of tumor-free resection margins and hepatic
functional reserve. Hepatic resection was classified as ana-
tomical or non-anatomical hepatectomy. Anatomical hepa-
tectomy included resection of one or more adjacent hepatic
segments along the hepatic vasculature. Patients having tumors
thought to involve the resection margins of the hilar bile duct
underwent concurrent bile duct resection (BDR), along with
caudate lobectomy.

Histologic Grading

Tissue specimens stained with haematoxylin and eosin were
reviewed by pathologists and categorized as [IPNB with low-
grade or high-grade intraepithelial neoplasia or IPNB with
invasive carcinoma, according to the World Health Organiza-
tion 2019 classification.” IPNB with low-grade intraepithelial
neoplasia was generally regarded as benign IPNBs, whereas
IPNB with high-grade intraepithelial neoplasia and invasive
carcinoma were classified as malignant IPNBs.

IPNB-L with invasive carcinoma showed various growth
patterns, similar to those of ICC, including intraductal-grow-
ing, mass-forming, periductal infiltrating, or mixed tumor
growth patterns. Although the eight edition of the American
Joint Committee on Cancer (AJCC) staging system is valid
for all ICCs except for those with intraductal growth pattern,”’
the AJCC tumor staging system was applied to all IPNB-L
patients with invasive carcinoma regardless of tumor growth
pattern.
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Postoperative Surveillance and Treatment of Tumor
Recurrence

Patients were followed up every 2—4 months during the
first year after surgery, depending on pathology and tumor
stage; thereafter, the follow-up interval was adjusted on a
case-by-case basis. For patients with malignant IPNB-L, the
interval between follow-up examinations was set at every
3-4 months for 5 years and thereafter prolonged to every
6—8 months until 10 years. The general principles of treat-
ment of ICC were applied to the patients with IPNB-L with
carcinoma.'”

Statistical Analysis

Categorical variables were compared by the chi-square test
or Fisher’s exact test. Continuous variables were compared
by Student’s t-test or analysis of variance, depending on
their distribution. Survival curves were estimated by the
Kaplan—Meier method and compared by the log-rank test.
Cox proportional hazard regression analysis was used to cal-
culate the hazard ratio (HR) and 95% confidence intervals
(CIs). A p-value <0.05 was considered statistically signifi-
cant. All statistical analyses were performed using SPSS ver-
sion 22 (IBM, New York, NY, USA) and MedCalc version
20.010 (Ostend, Belgium).

Results
Demographic Data and Clinical Characteristics

The 146 patients with IPNB-L identified in the pre-
sent study included 97 (66.4%) men and 49 (33.6%)
women. Mean patient age was 64.3 + 8.0 years (range:
37-83 years). Initial clinical manifestations were abdom-
inal pain or discomfort in 46 (31.5%), gastrointestinal
symptoms in 10 (6.9%), fever in nine (6.2%), pruritus
and jaundice in nine (6.2%). Another 72 (49.3%) had
no specific symptoms and were diagnosed incidentally.
Thirteen (8.9%) patients had undergone prior cholecystec-
tomy for gallstone diseases. In addition, 34 (23.3%) were
diagnosed with diabetes mellitus and 62 (42.5%) with
hypertension. Intrahepatic duct stones were detected in
18 (12.3%) patients at the time of IPNB-L diagnosis, with
five (3.4%) and one (0.7%) having a history of hepatitis
B and C virus infections, respectively, and three (2.1%)
having a history of Clonorchis sinensis. Twelve (8.2%)
patients with incidentally detected intraductal masses were
followed up by imaging modalities for more than 1 year
prior to operation (Supplementary Fig. 1). The median
serum concentration of carcinoembryonic antigen (CEA)
was 2.0 ng/mL (range: 0.4—-178.0 ng/mL); and the median
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Fig. 1 Relationship between preoperative serum cancer antigen 19-9
(CA19-9) concentration and histological grading of the tumor. Error
bars indicate 25-75 percentiles

serum concentration of carbohydrate antigen 19-9 (CA19-
9) was 12.5 U/mL (range: 0.6-567.9 U/mL). The relation-
ship between serum CA19-9 concentration and histologi-
cal grade is shown in Fig. 1.

Preoperative Imaging Findings

All patients underwent preoperative radiological exami-
nations, including abdominal ultrasonography, abdomi-
nal CT scan, and MRCP; 45 (30.8%) were evaluated by
ERCP; 11 (7.5%) were evaluated by percutaneous tran-
shepatic cholangioscopy; and 118 (80.8%) were evalu-
ated by FDG-PET. MRCP was useful for determining the
gross sizes of the involved intraductal lesions, enabling
the extent of hepatic resection to be determined before
surgery. Of the 118 (80.8%) patients evaluated by FDG-
PET scanning, 95 (80.5%) showed hypermetabolic FDG
uptake (Table 1).

Surgical Procedures and Oncological Curability

All patients underwent hepatic resection with or without
concurrent BDR. The extent of liver resection is sum-
marized in Table 2. Sixty-one (41.8%) and two (1.4%)
patients underwent concurrent BDR and pancreaticoduo-
denectomy, respectively, to obtain tumor-free bile duct
resection margins. Six (4.1%) patients underwent right
hepatectomy after preoperative portal vein embolization.
Of the 146 patients, 143 (97.9%) underwent anatomi-
cal hepatic resection, with only three (2.1%) undergoing
non-anatomical hepatic resection. Resection was curative
(RO resection) in 130 (89.0%) patients (Table 3), with the
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Table 1 Clinicopathological findings according to histological tumor grades in patients with IPNB-L

Histological grade

Low-grade intraepithe- High-grade intraepi-

lial neoplasia

thelial neoplasia

Invasive carcinoma

Case no 26 (17.8%) 50 (34.2%) 70 (47.9%)
Clinical findings Age (years) 64.9+7.4 64.9+8.1 63.6+8.3
Sex: male:female 20:6 28:22 49:21
AST (U/L) 32.5+36.2 40.3+55.0 41.7+48.6
ALT (U/L) 27.2+31.2 44.7+67.4 47.1+61.3
ALP (U/L) 93.4+479 140.7+136.6 153.2+158.0
GGT (U/L) 63.1+65.4 137.3+185.4 206.8 +234.9
Total bilirubin (mg/dL) 0.69+0.36 0.85+0.81 1.04+1.23
CEA (ng/mL) 29+38 2.8+6.3 52+21.6
CA19-9 (U/mL) 16.6+23.2 134.2+808.9 63.2+148.6
CA19-9 (U/mL)> 37 U/mL (n) 3of 21 (14.7%) 10 of 50 (20.0%) 22 of 70 (31.4%)
Hypermetabolic FDG-PET uptake (n) 8 of 21 (14.3%) 33 of 37 (89.2%) 54 of 60 (90%)
Pathological findings Mean tumor size (cm) 32428 4.0+23 3.0+2.0
Multiple tumors (n) 1(3.9%) 5 (10.0%) 7 (10.0%)
Mucin pool formation (n) 0 2 (4.0%) 5(7.1%)
Hepatic parenchyma invasion (n) 0 0 21 (30.0%)
Lymphovascular invasion (n) 0 0 6 (8.6%)
Perineural invasion (n) 0 0 13 (18.6%)
Lymph node metastasis (n) 0 0 6 (8.6%)
Intrahepatic duct stone formation (n) 3(11.5%) 5(10.0%) 10 (14.3%)
Resection margin tumor involvement (n) 2 (7.7%) 4 (8.0%) 10 (14.3%)

Abbreviations: /PNB-L, intraductal papillary neoplasm of the bile duct of the liver; AST, aspartate transaminase; ALT, alanine transaminase;
ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; CEA, carcinoembryonic antigen; CA 19-9, carbohydrate antigen C19-9; FDG-
PET, fluoro-deoxy-glucose-positron emission tomography

Table 2 Extent of surgical

resection

other 16 (11.0%) patients having tumor-positive resection
margins (R1 resection). Sites of tumor-positive resection
margins included the distal bile duct or remnant liver

Extent of hepatectomy

Hepatectomy alone

Hepatectomy with Hepatec-

BDR* tomy with
PD*
Right hepatectomy 21 (14.4%) 28 (19.2%)
Left hepatectomy 44 (30.1%) 27 (18.5%) 2 (1.4%)
Right trisectionectomy 2 (1.4%)
Central bisectionectomy 1 (0.7%) 32.1%)
Right anterior sectionectomy 4(2.7%)
Right posterior sectionectomy 4(2.7%)
Left medial sectionectomy 2 (1.4%) 1 (0.7%)
Left lateral sectionectomy 4 (2.7%)
Segmentectomy and partial hepatectomy 3(2.1%)

Abbreviations: BDR, bile duct resection; PD, pancreaticoduodenectomy

* Including concurrent caudate lobectomy in the majority of patients

hepatic duct in 11 patients who had undergone hepatec-
tomy with BDR, and the hilar bile duct in five patients who
had undergone hepatectomy alone (Supplementary Fig. 2).
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Histopathological Findings

Histologic grading of IPNB-L showed low-grade intraepi-
thelial neoplasia in 26 (17.8%) patients, high-grade intraep-
ithelial neoplasia in 50 (34.2%), and invasive carcinoma
in 70 (47.9%), with mean tumor diameters of 3.2 +2.8,
4.0+2.3 cm, and 3.0 +2.0 cm, respectively (p=0.013).
Mucin pool formation was detected in seven (4.8%) patients,
and multiple tumors in 13 (8.9%). The clinicopathological
findings according to the histological grades are summarized
in Table 1.

Of the 70 IPNB-L patients with invasive carcinoma, 41
(58.6%), 17 (24.3%), and eight (11.4%) had well-, moder-
ately, and poorly differentiated tumors, respectively, with
the grade of tumor differentiation being unclassified in four
(5.7%) patients due to the nature of microinvasive tumors.

Tumor Recurrence and Patient Survival

Of the 26 patients with low-grade intraepithelial neoplasia
followed up for a median 79 months, only one showed tumor
recurrence at 94 months. Four of the 50 patients with high-
grade intraepithelial neoplasia, all of whom had undergone
RO resection, showed tumor recurrence during a median fol-
low-up period of 48 months. By contrast, of the 70 patients
with invasive carcinoma, 32 patients, including seven of the
10 patients who had undergone R1 resection, showed tumor
recurrence during a median follow-up period of 47 months
(p<0.001; Fig. 2A).

Two patients in the low-grade intraepithelial neoplasia
groups died of causes other than IPNB recurrence after
96 months and 158 months, respectively.

The 1-, 3-, 5-, and 10-year patient survival rates were
100%, 100%, 100% and 88.9%, respectively, in the low-grade
intraepithelial neoplasia group; 96.0%, 93.9%, 93.9%, and
82.8%, respectively, in the high-grade intraepithelial neopla-
sia group; and 100%, 87.0%, 72.3%, and 49.3%, respectively,
in the invasive carcinoma group (p =0.003; Fig. 2B).

Risk Factor Analysis for Postoperative Outcomes

Because only one patient in the low-grade intraepithelial
neoplasia group experienced IPNB recurrence and none
died of IPNB recurrence-associated causes, this group
was excluded from risk factor analysis.

The 1-, 3-, 5-, and 10-year tumor recurrence rates in
the high-grade intraepithelial neoplasia group were 2.0%,
4.2%, 8.4%, and 16.8%, respectively (Fig. 2A). Univariate
analysis showed that serum CA19-9> 37 U/mL (p=0.042)
and mucin pool formation (p <0.001) were significantly
associated with tumor recurrence, but neither was signifi-
cant on multivariate analysis. Only mucin pool formation
(p=0.004) was significantly associated with patient survival

on univariate analysis, but not on multivariate analysis
(Table 3).

The 1-, 3-, 5-, and 10-year tumor recurrence rates in
the carcinoma group were 12.9%, 28.5%, 41.5%, and
54.4%, respectively (Fig. 2A). Univariate analysis revealed
that CA19-9>37 U/mL (p=0.033), perineural invasion
(»p=0.005), and R1 resection (p =0.015) were significantly
associated with tumor recurrence, with CA19-9 > 37 U/
mL (HR=2.17; p=0.040) and R1 resection (HR =2.92;
p=0.016) remaining significantly associated with tumor
recurrence on multivariate analysis. Both univariate
and multivariate analyses showed that CA19-9>37 U/
mL (HR=2.43; p=0.032) and R1 resection (HR =4.74;
p=0.001) were significantly associated with patient survival
(Table 4).

The median post-recurrence survival period after RO
resection was 30 months, and the median overall patient
survival period after R1 resection was 39 months (p=0.595;
Fig. 3), indicating that the prognostic impact of R1 resection
was similar to postoperative tumor recurrence.

Preoperative Prediction of Diagnosis of High-grade
Intraepithelial Neoplasia and Invasive Carcinoma

Preoperative finding was found unable to differentiate
patients with high-grade intraepithelial neoplasia and inva-
sive carcinoma from those with low-grade intraepithelial
neoplasia (Table 1). Of the 118 patients who underwent
preoperative FDG-PET, 21 (17.8%) had IPNB-L with low-
grade intraepithelial neoplasia (benign IPNB-L group) and
97 (82.2%) had IPNB-L with high-grade intraepithelial neo-
plasia or invasive carcinoma (malignant IPNB-L group).

Hypermetabolic FDG-PET uptake was detected in 8 of
the 21 (38.0%) benign IPNB-L lesions and 87 of the 97
(89.7%) of the malignant IPNB-L lesions (p <0.001). Serum
CA19-9 concentration was > 37 U/mL in 3 of 21 (14.7%)
patients with benign IPNB-L lesions and 27 of 97 (27.8%)
with malignant IPNB-L lesions (p =0.272). A receiver oper-
ating characteristic curve analysis for predicting malignant
IPNB-L revealed that a CA19-9 cutoff of 37 U/mL had a
sensitivity of 25.8% and a specificity of 90.5%, with area
under the curve of 0.604 (p=0.110; Supplementary Fig. 3).

The combination of hypermetabolic FDG-PET uptake
and/or serum CA19-9 > 37 U/mL was detected in 89 of 97
(91.8%) patients with malignant IPNB-L. By contrast, the
combination of non-hypermetabolic FDG-PET uptake and
serum CA19-9 <37 U/mL was detected in 13 of 21 (61.9%)
patients with benign IPNB-L. The combination of hypermet-
abolic FDG-PET uptake and/or CA19-9 concentration > 37
U/mL had a sensitivity of 91.8%, a specificity of 61.9%, a
positive predictive value of 91.8%, and a negative predictive
value of 61.9% for the preoperative prediction of malignant
IPNB-L.
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Discussion

IPNB, proposed as a new disease entity in 2010 WHO clas-
sification,” has been reported sporadically around the world
and shown to be a precursor of invasive carcinoma."!"!? The
incidence of IPNB is higher in Far East Asian countries than
in Western countries.'>!# IPNB accounts for 9.9-30% of bile

@ Springer

duct tumors in Asian countries, compared with 7-11%
in Western countries.®!” Analysis of our institutional data-
base found that IPNB-L accounted for approximately 13%
of intrahepatic bile duct tumors undergone hepatic resection.

Accurate preoperative diagnosis of IPNB-L is usually
difficult in clinical practice. The most common clinical
manifestations observed in patients with IPNB-L in the
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Table 4 (continued)

&

Multivariate analysis

Patient survival
Univariate analysis

Multivariate analysis

Univariate analysis

Case no Tumor recurrence

Grouping

Parameters

Springer

p-value

Hazard ratio 95% CI

5-year rate  p-value

p-value

Hazard ratio 95% CI

p-value

5-year rate

0.001

<0.001

0.016

0.015

Surgical curability

82.1%
20.0%

37.1%
73.3%

60
10

RO resection

1.97-11.49

4.74

1.22-7.04

2.92

R1 resection

0.907

0.370

8th AJCC tumor stage

72.9%
62.5%
85.7%
66.7%

39.1%
37.5%
33.3%
80.0%

49
8
7

1A
1B

3B

Abbreviations: /PNB-L, intraductal papillary neoplasm of the bile duct of the liver; AJCC, American Joint Committee on Cancer

present study were abdominal pain, acute cholangitis, and
obstructive jaundice, although about half of these patients
did not present with any specific symptoms. Intrahepatic
duct dilatation was the most frequent abnormal finding on
preoperative imaging in patients with [IPNB-L. Patients lack-
ing an intraductal mass on ultrasonography or CT scan were
initially diagnosed with the conditions such as benign bil-
iary stricture, intrahepatic stone or clonorchiasis. ERCP is
useful in diagnosis of IPNB-L, with characteristic findings
including multiple filling defects and serrated irregularities
of the bile duct walls. However, copious mucin production
hinders opacification of the entire biliary tract, especially
within the intrahepatic bile ducts, resulting in suboptimal
evaluation of the tumor extent.'®* MRCP appears to be the
most useful imaging modality to delineate the actual extents
of IPNB-L." Therefore, patients in our center have routinely
undergone MRCP for evaluation of nearly all liver tumors
involving the intrahepatic bile ducts.

The extent of IPNB varies widely, resulting in various
classifications.?*2* For example, a Korean multi-center
study proposed that IPNB could be radiologically classified
into three types.?’ In the extrahepatic type, the main lesions
are confined to the common bile duct and common hepatic
duct. Patients with this type were intentionally excluded
from the present study because this type is not regarded
as IPNB-L. In the intrahepatic type, the main lesions are
located at the periphery beyond the first confluence of the
intrahepatic duct. Most patients in the present study had
this type. In the diffuse type, the main lesions are located
throughout the intrahepatic and extrahepatic ducts. A small
number of patients in the present study who had undergone
hepatectomy with BDR might be classified as this type of
lesion. In practice, it is difficult to define radiological types
based solely on imaging findings, not only because the mor-
phology and extent of dilated bile ducts are highly variable,
but also because the microscopic extent of mucosal lesions
is much wider than their macroscopic extent, as determined
by gross findings.

Of the IPNB-L lesion in the present study, 82.2% were
regarded to be malignant, whereas only 17.8% were con-
sidered to be benign. IPNBs that differ in malignant poten-
tial can be ultimately diagnosed as low-grade or high-grade
intraepithelial neoplasia, or invasive carcinomas,’ indicating
that the spectrum of IPNB represents a continuum of intra-
ductal neoplastic progression along the adenoma—carcinoma
sequence. Thus, IPNB-L should not be regarded as a benign
disease with malignant potential but as a premalignant lesion
with high malignant potential.>*

In practice, it is difficult to differentiate benign from
malignant IPNB-L based on morphological imaging using
CT and MRI. Of the benign and malignant IPNB-L groups
in the present study, 38.0% and 89.7%, respectively, showed
hypermetabolic FDG-PET uptake. High expression of serum
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CA19-9 was closely associated with malignant IPNB-L. The
combination of hypermetabolic FDG-PET uptake and/or
CA19-9>37 U/mL showed a sensitivity of 91.8%, a speci-
ficity of 61.9%, a positive predictive value of 91.8%, and
a negative predictive value of 61.9% in the prediction of
malignant IPNB-L. A Japanese study reported that maxi-
mum standardized uptake values (SUVmax) of FDG-PET
were significantly higher in patients with invasive IPNB and
papillary ICC than in patients with non-invasive IPNB.%
Based on the diagnostic importance of FDG-PET, nearly
all patients with liver mass in our center have been routinely
evaluated by FDG-PET during the past 10 years. However,
in the present study, we did not provide FDG-PET SUV-
max to define whether to be hypermetabolic or not because
the reports of FDG-PET taken before year 2010 provided
only simple description on hypermetabolic uptake instead of
SUVmax. Our additional retrospective analysis revealed that
the cutoff values of SUVmax for diagnosing hypermetabolic
uptake in IPNB-L were greater than 3.0 (unpublished data).

The post-resection prognosis has been reported better
in patients having IPNB-L with invasive carcinoma than in
those with usual ICC.>**26 The results of the present study
found that the 5-year tumor recurrence rate was 41.5%, and
the 5-year patient survival rate was 72.3%.

The carcinogenesis mechanism of IPNB is still poorly
characterized. An European multicenter study assessed
common oncogenic pathways.?’” Molecular and immunohis-
tochemical analysis revealed mutated KRAS, overexpres-
sion of TP53 and loss of p16 in low-grade intraepithelial

Years after R1 resection or recurrence

neoplasia, whereas loss of SMAD4 was found in late
phases of tumor development. Alterations of HER2, EGFR,
B-catenin and GNAS were rare events. Patients with IPNB
showed a slightly better overall survival than patients with
cholangiocarcinoma. The development of IPNB follows an
adenoma-carcinoma sequence that correlates with the step-
wise activation of common oncogenic pathways.?” These
mechanisms may be associated less aggressive tumor biol-
ogy of IPNB-L, compared with ICC.

High serum concentration of CA19-9 and R1 resection
were independent risk factors for both tumor recurrence
and reduced patient survival. Furthermore, the median post-
recurrence survival period after RO resection was found to
be 30 months, whereas the median overall patient survival
period after R1 resection was 39 months. The major com-
ponents of tumor staging, such as tumor size and number,
were not significant prognostic factors in the present study.
These findings suggest that the tumor biology of IPNB-L
with invasive carcinoma is similar to that of ICC with intra-
ductal tumor growth, being less invasive than usual ICC.
Therefore, surgical RO resection is highly recommended as
the first-choice treatment for patients with IPNB-L without
distant metastasis. Five patients in the present study who
underwent hepatectomy alone had tumor-positive hilar bile
duct margins. Had these patients undergone concurrent
BDR, the likelihood of achieving RO resection would likely
have increased. Even if concurrent BDR does not guarantee
RO resection, we still recommend performing concurrent
BDR because tumor progression at the level of the proximal
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bile duct is often intractable. Additional caudate lobectomy
during BDR, along with hepatectomy to remove the primary
tumor, helps to secure tumor-free bile duct resection mar-
gins, as in resection for perihilar cholangiocarcinoma. Two
patients in the present study underwent concurrent pancrea-
ticoduodenectomy to achieve RO resection because the distal
bile duct resection margins were repeatedly tumor-positive
on frozen-section biopsies even after deep excavation of the
intrapancreatic bile duct.?®

Regional lymphadenectomy is an important compo-
nent of surgical procedures for malignant IPNB-L, as for
ICC. In the present study, only 8.6% of IPNB-L patients
with carcinoma were positive for lymph node metastasis.
This relatively low proportion may be attributed to the less
aggressive biological behavior of IPNB-L with invasive car-
cinoma and partially to the lack of sufficient lymph node
sampling. The absence of enlarged lymph nodes at the hepa-
toduodenal ligament and celiac axis may be responsible for
the lack of sufficient lymph node sampling. Nevertheless,
to avoid tumor under-staging, patients with IPNB-L should
routinely undergo extensive lymph node dissection, similar
to patients with ICC.?**" This is especially necessary for
IPNB-L patients with hypermetabolic uptake on FDG-PET
and/or high serum concentration of CA19-9, such that the
extent of lymph node dissection in these patients should be
the same as for usual ICC.

The present study had several limitations, including a ret-
rospective design and inclusion of data from a single center.
Long-term tumor recurrence could not be fully assessed
because some patients were lost to follow-up. However,
their survival outcomes could be determined completely,
based on data collected through the national health insur-
ance database in Korea. In addition, this study only included
patients with IPNB-L; thus, patients with extrahepatic [IPNB
were not assessed. FDG-PET SUVmax was not available
in a considerable number of patients, thus a cutoff value
for diagnosing hypermetabolic uptake was not calculated.
The tumor size was based on the pathology reports, thus the
sizes of the IPNB and invasive carcinoma portions were not
assessed separately.

In conclusion, IPNB-L is a rare type of biliary neoplasm
that can range histologically from benign disease to invasive
carcinoma. Surgical curability is the most important prog-
nostic factor, thus aggressive surgery should be performed
to achieve RO resection.
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