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Abstract We intended to investigate the clinicopathological features of intrahepatic intraductal papillary neoplasms of the bile
duct (IPNB), especially their malignant features and post-resection prognosis. Forty-three patients who met the definition of
IPNB and who underwent liver resection between January 2002 and June 2015 were selected from our institutional database of
liver resection cases. The mean age was 63.3±6.9 years and 24 were male. Hepatolithiasis was present in addition in 10 of the
patients. Left- and right-sided hepatectomies and concurrent bile duct resection (BDR) were performed in 28, 15, and 10 patients,
respectively; R0 resection was performed in 37 patients. The mean tumor diameter was 4.1±2.2 cm. Histological tumor grade
was low in 4 cases, intermediate in 6, and malignant in 33. There was no cancer-related recurrence or death in the 10 patients with
low-grade or intermediate lesions. In the 33 patients with malignant lesions, rates of tumor recurrence and overall survival were
12.5 and 96.2 % at 1 year, 36.4 and 91.3 % at 3 years, and 47.0 and 68.8 % at 5 years, respectively. Multivariate analysis showed
that R1 resection was the only prognostic factor for tumor recurrence and patient survival. BDR was performed in only 2 of 6
patients undergoing R1 resection. Intrahepatic IPNB is a rare type of biliary neoplasm that encompasses a histological spectrum
ranging from benign disease to invasive malignancy. Long-term survival was anticipated after curative resection. R1 resection
reduced survival outcomes; therefore, we suggest that concurrent BDR should be performed if the resection margin of the bile
duct is not reliably free of neoplastic involvement.
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Introduction

Intraductal papillary neoplasms of the bile duct (IPNB)
have been recently associated with certain types of

papillary tumor with malignant potential occurring in the
extrahepatic and intrahepatic bile ducts.1–3 These papillary
tumors are also known as biliary papillomatosis, papillary
adenoma, or papillary cholangiocarcinoma.4 Some features
of IPNB overlap with intrahepatic cholangiocarcinoma
(ICC) of the intraductal growth (IG) type. Because of the
imprecise definition of cases, extent of diseases, and date of
reports, the reported malignant potential of biliary
papillomatosis ranges widely from 19.5 % to as high as
83 %, with conflicting survival outcomes.5 IPNB is classi-
fied as a distinct clinical and pathological entity in the 2010
World Health Organization classification.6 These tumors
show papillary proliferation in the bile duct with or without
mucin secretion and are considered to be IPNB, the biliary
counterpart of intraductal papillary mucinous neoplasm
(IPMN) of the pancreas.6,7

In this study, we intended to evaluate the clinicopatholog-
ical features and long-term outcomes of 43 patients with IPNB
in the intrahepatic ducts.
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Materials and Methods

Definition of IPNB

According to Naito et al.8 and Jung et al.,9 intrahepatic
IPNB is defined as a tumor satisfying the following four
criteria: localization in the liver, marked dilatation of the
bile duct with intraluminal filling defects on radiological
imaging, papillary or cast-like growth of a mass predomi-
nantly within the bile ducts on gross examination, and pap-
illary or villous tumors showing fibrovascular cores under
microscopy.

Patient Selection

After an extensive search of our institutional database of liver
resection cases, 43 patients who met the above criteria for
intrahepatic IPNB were identified. They underwent liver re-
section between January 2002 and June 2015 and were
followed up until the end of 2015 or until death. Their medical
records were reviewed retrospectively after approval of the
Institutional Review Board of our institution.

Histologically, the intrahepatic IPNB tumors were mainly
well-differentiated papillary adenocarcinoma and/or a papil-
lary epithelial borderline lesion, or adenoma with fine fibro-
vascular stroma, in addition to fulfilling the IPNB criteria. The
exclusion criteria were as follows: borderline or carcinoma
composed of considerable tubulopapillary or tubular compo-
nents protruding into the lumen of the bile duct, moderately to
poorly differentiated adenocarcinoma, mucinous cystic neo-
plasm with ovarian-like stroma of the liver or biliary tract,
other types of malignant tumor showing IG, and reactive or
hyperplastic biliary epithelial lesions.10

We searched our institutional database of liver resection
cases again to identify ICC of the IG type (IG-ICC) because
this tumor entity is often confused clinically with intrahepatic
IPNB.11 We identified 62 patients with IG-ICC during the
period under review and compared themwith the patients with
intrahepatic IPNB.

Preoperative Imaging Evaluation

Routine preoperative imaging evaluation included abdominal
and chest computed tomography (CT), liver magnetic reso-
nance imaging with cholangiopancreatography (MRCP), and
2-18F-fluoro-2-deoxy-D-glucose positron-emission tomogra-
phy (FDG-PET). The extent of hepatic resection was primar-
ily determined by the future volume of the liver remnant, with
consideration of tumor-free resection margin and hepatic
functional reserve. If the future liver remnant appeared too
small, right portal vein embolization was performed 2–
3 weeks before surgery. The process of major hepatectomy
has been described elsewhere.11,12

Modalities for bile duct evaluation included endoscopic
retrograde cholangiopancreatography (ERCP), MRCP, and
percutaneous transhepatic cholangioscopy (PTCS). For
PTCS, initial percutaneous transhepatic biliary drainage
was performed using a pigtail catheter under fluoroscopic
guidance, and the tract was dilated 2 or 3 days after drain-
age. PTCS was then performed 7 days after tract dilatation.
Cholangioscopic evaluation was performed using a
cholangioscope with external dimension 4.9 mm (FCN-
15X; Pentax, Tokyo, Japan) or 5.1 mm (FCN-1530;
Pentax), and the various mucosal appearances of the bile
duct tumors and strictures were examined. Multiple targeted
biopsies were collected using forceps (KA 1811S; Pentax)
under direct cholangioscopic visualization.5,9 PTCSwas often
helpful in determining the extent of intra- and extrahepatic
IPBN.

Surgical Procedures

Hepatic resection was classified as either anatomical or non-
anatomical hepatectomy. Anatomical hepatectomy included
resection of one or more adjacent hepatic segments along the
hepatic vasculature. When involvement of the bile duct was
seen in preoperative imaging studies or the resection margin
of the bile duct was tumor-positive in intraoperative frozen-
section biopsy, concurrent bile duct resection (BDR) was per-
formed. Regional lymphadenectomy beyond lymph node
(LN) sampling was not routinely done. If preoperative imag-
ing studies implied regional LNmetastasis or if LNmetastasis
was suspected during surgery, all resectable regional LNs in-
cluding the peripancreatic area and celiac axis were dissected.
Perioperative mortality was defined as patient death from any
cause within 1 month of surgery.

Degree of Malignancy of the Intrahepatic Bile Duct

Sections stained with hematoxylin and eosin (H&E) were
reviewed and each tumor was categorized into one of three
groups according to the degree of malignancy: adenoma (low
grade), borderline (intermediate grade), and malignant (carci-
noma in situ and high grade). Tumors with microinvasion
were categorized as malignant.

Postoperative Surveillance and Treatment of Tumor
Recurrence

Patients were followed every 2–4 months during the first year
after surgery, depending on pathology and tumor stage; there-
after, the follow-up interval was adjusted and for malignant
lesions was every 3–4 months. The general principles of treat-
ment for recurrent cholangiocarcinoma lesions were followed
for our patients with malignant IPNB, including locoregional
treatment and systemic chemotherapy.11
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Statistical Analysis

Numeric variables are presented as means with standard devi-
ations. Continuous variables were compared using Student t
test if normally distributed. Categorical variables were com-
pared using the chi-square test and Fisher’s exact test. Tumor
recurrence and patient survival rates were estimated using the
Kaplan–Meier method and compared with the log-rank test.
SPSS version 21.0 for Windows (SPSS, Chicago, IL, USA)
and Statistica version 6.0 (StatSoft, OK, USA) were used for
the analyses. Data were considered significant at p<0.05.

Results

Demographic Data and Clinical Characteristics

Of the 43 patients with intrahepatic IPNB, 24 (55.8 %) were
male. The mean age was 63.3±6.9 years (range 47–78). Initial
clinical manifestations were abdominal pain or discomfort
(n=15), gastrointestinal symptoms (n=9), and no symptoms
with incidental detection (n=16). Six patients underwent prior
cholecystectomy because of gallstone disease. Intrahepatic
duct stones were detected in 10 patients (23.3 %) at the time
of IPNB diagnosis. No patient was associated with Clonorchis
sinensis infection. The mean level of carcinoembryonic anti-
gen (CEA) was 1.9±1.3 U/mL (range 0.5–4.6); the mean level
of carbohydrate antigen (CA) 19-9 was 40.7 ±126.1 U/mL
(range 2.5–832.0).

Findings of Preoperative Imaging Studies

All patients underwent radiological examinations including
abdominal ultrasonography, abdominal CT scan, and MRCP;
23 patients were evaluated using ERCP; and 8 were evaluated
by preoperative PTCS. Detailed imaging findings are summa-
rized in Table 1. Both MRCP and PTCS were useful to deter-
mine the gross extents of the involved lesions, by which the
extents of resection were decided before operation. PTCS en-
abled us to identify involvement of the first-order intrahepatic
duct or hilar duct confluence portion in 3 patients; thus, they
were indicated for concurrent bile duct resection.

Surgical Procedures

Tumors were located in the left liver in 28 patients and right
liver in 15; their operations were resection of the involved
liver with or without concurrent BDR. The extents of liver
resection are summarized in Table 2. BDR was performed
concurrently in 10 patients (23.3 %). One patient underwent
right hepatectomy after preoperative portal vein embolization.
Curative resection (R0 resection) was performed in 37 patients
(86.1 %), and another 6 patients had tumor cell-positive

resection margins (R1 resection), mainly at the resected bile
duct margins. Concurrent BDR was performed in only 2
(33.3 %) of the 6 patients who underwent R1 resection.
There was no case of perioperative mortality.

Pathological Findings

Among the 43 patients reviewed, 10 were diagnosed patho-
logically with benign lesions (low and intermediate grades) of
intrahepatic IPNB, and the other 33 had malignant lesions
including intraductal papillary adenocarcinoma or intraductal
papillary mucinous adenocarcinoma (Fig. 1). The tumor was
confined within the bile duct in 23 patients (69.7 %), and the
other 10 had periductal or hepatic parenchymal invasion.

Table 1 Imaging studies in 43 patients with intrahepatic intraductal
papillary neoplasm of the bile duct

Findings No. (%)

Liver computed tomography (n= 43)

Intraductal mass or papillary lesion 30 (69.8)

Duct dilatation 20 (48.1)

Ductal stricture 5 (11.1)

Intraductal stone 4 (14.8)

Magnetic resonance imaging (n= 43)

Intraductal mass or papillary lesion 25 (58.1)

Duct dilatation 15 (34.9)

Ducal stricture 8 (18.6)

Intraductal stone 5 (11.6)

Endoscopic cholangiography (n = 23)

Missing duct 4 (17.3)

Filling defect 9 (39.1)

Duct dilatation 9 (39.1)

Ductal stricture 4 (17.3)

Percutaneous transhepatic cholangioscopy (n= 8)

Biopsy suggesting malignancy 4 (50.0)

Intraductal lesion involving the hilar duct confluencea 3 (37.5)

Intrahepatic duct stone removal 2 (25.0)

a Indicating concurrent bile duct resection

Table 2 Extents of resection

Extents No. (%)

Left hepatectomy 20 (46.5)

Left hepatectomy+ S1 resection 1 (2.3)

Left hepatectomy+ S1 resection +BDR 6 (14.0)

Left lateral sectionectomy 1 (2.3)

Right hepatectomy 10 (23.3)

Right hepatectomy+S1 resection +BDR 4 (9.3)

Right posterior sectionectomy 1 (2.3)

S1 caudate lobe, BDR bile duct resection

1370 J Gastrointest Surg (2016) 20:1368–1375



These 33 patients were further classified into three groups of
high-grade tumor (n=7), microinvasive carcinoma (n=9),
and invasive carcinoma (n=17). The mean tumor diameter
was 4.1±2.2 cm (range 2.0–11.2). Only 1 patient had regional
LN metastasis (Table 3).

Comparison of the Clinicopathological Features of Benign
and Malignant Lesions

There were no significant differences between the patients
with benign (n=10) and malignant (n=33) lesions in age,
preoperative tumor markers including total bilirubin, or in
tumor size. However, the patients with malignant lesions
tended to have a higher incidence of mucin pool formation
(Table 4).

Survival Outcomes and Risk Factor Analysis

Nine of the 10 patients with benign intrahepatic IPBN
remained alive during a mean follow-up period of 44 months.
One patient who had undergone R0 resection of a right hepa-
tectomy with BDR for a 4-cm lesion was diagnosed with de

Fig. 1 Photographs of resected
liver specimens. a Resected left
liver specimen with intraductal
papillary neoplasm. b This low-
grade dysplasia lesion has no
hepatic parenchymal invasion and
no lymphovascular emboli (H&E,
×100). c Resected left liver
specimen showing a well-
differentiated intraductal papillary
adenocarcinoma with mucinous
ductal rupture and mucin pool
formation. d Resected right liver
specimen showing intraductal
papillary adenocarcinoma with
extension to the subepithelial
connective tissue and
lymphovascular invasion

Table 3 Pathological
findings Findings No. (%)

Tumor location

Left liver 28 (65.1)

Right liver 15 (34.9)

Tumor size 4.1 ± 2.2 cm

Tumor number

Single 42 (97.7)

Multiple 1 (2.3)

Histological grade

Invasivea 17 (39.5)

Microinvasivea 9 (20.9)

High gradea 7 (16.3)

Intermediate grade 6 (13.9)

Low grade 4 (9.4)

Lymphovascular invasion

Present 2 (4.6)

Absent 41 (95.4)

Perineural invasion

Present 2 (4.6)

Absent 41 (95.4)

Resection margin status

Tumor cell-positive 6 (13.9)

Tumor cell-negative 37 (86.1)

a Classified as malignancy

Table 4 Comparison of clinicopathological features of patients with
benign and malignant lesions of intraductal papillary neoplasms of the
intrahepatic bile duct

Parameter Benign lesion
group (n = 10)

Malignant lesion
group (n= 33)

p value

Age (years) 60.6 ± 6.9 64.1 ± 6.8 0.182

Total bilirubin (mg/dL) 1.3 ± 1.2 1.2 ± 1.3 0.682

CEA (U/mL) 1.4 ± 0.8 2.0 ± 1.3 0.149

CA 19-9 (U/mL) 24.3 ± 29.2 45.6 ± 143.2 0.854

ALP (IU/L) 202.3 ± 301.7 211.9 ± 232.1 0.157

Tumor size (cm) 2.6 ± 2.0 3.4 ± 2.3 0.265

Mucin pool formation (n) 1 (10.0 %) 6 (18.2 %) 0.284

LN metastasis (n) 0 1 (3.0 %) 0.991

CEA carcinoembryonic antigen, CA 19-9 carbohydrate antigen C19-9,
ALP alkaline phosphatase, LN lymph node
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novo cancer of the pancreas tail with multiple hepatic metas-
tases at 9 months after surgery; thus, postoperative survival
period was 15 months.

In the 33 patients with malignant intrahepatic IPBN, the
mean follow-up period was 53 months. During that period,
tumors recurred in 12 patients, the recurrences being
intrahepatic, extrahepatic, or both. The sites of extrahepatic
recurrence were lung (n=2), bone (n=2), stomach (n=1),
abdominal wall (n=1), and peritoneal seeding (n=2). All
these patients underwent recurrence treatments including sys-
temic chemotherapy and radiotherapy. Their tumor recurrence
rates were 12.5% after 1 year, 36.4% at 3 years, and 47.0% at
5 years; their overall survival rates were 96.2 % at 1 year,
91.3 % at 3 years, and 68.8 % at 5 years (Fig. 2).

There was no tumor recurrence or patient death in 6 pa-
tients with IPNB of high grade. The tumor recurrence and
patient survival rates were 11.1 and 100% at 1 year, 44.4
and 85.7 % at 3 years, and 63.0 and 51.4 % at 5 years in 9
patients with microinvasive carcinoma; and 17.6 and 93.8 %
at 1 year, 37.4 and 85.9 % at 3 years, and 44.4 and 77.3 % at
5 years in 17 patients with invasive carcinoma, respectively
(p= 0.203 for tumor recurrence and p= 0.120 for patient
survival).

Univariate analysis showed that significant risk factors for
tumor recurrence were CA 19-9, perineural invasion, and R1
resection; and R1 resection for patient survival (Table 5). In
multivariate analysis, R1 resection was the only prognostic
factor for tumor recurrence and patient survival (Fig. 3,
Table 6).

Overlap of Intrahepatic IPNB and IG-ICC

After comparing the 62 patients showing IG-ICC with the 33
patients with intrahepatic malignant IPNB, 9 (27.3 %) of the
33 were also classified as IG-ICC. The profiles of the majority
of the ICC group have been published previously.11

The 62 patients with IG-ICC were divided into IPNB
(n=9) and non-IPNB (n=53) groups. There was almost no
difference between these groups in tumor size (4.3±2.9 vs.

3.7±1.8 cm; p=0.325), predominant well differentiation (100
vs. 86.8 %; p=0.053), absence of lymphovascular and peri-
neural invasion (11.1 vs. 13.2 %; p=1.0), tumor recurrence
rate (at 3 years, 31.3 vs. 27.2 %; p=0.727), or patient survival
rate (at 3 years, 66.7 vs. 71.1%; p=0.655). The exception was
performance of concurrent BDR (55.6 vs. 20.8 %, respectively;
p=0.027).

Discussion

IPNB has been reported sporadically around the world13,14

and has been considered as a precursor lesion of
cholangiocarcinoma.1 IPNB was proposed as a new disease
entity because of striking similarities to IPMN of the pancreas,
where the disease entity and clinicopathological features are
well established.15 However, preoperative diagnosis of
intrahepatic IPBN is usually difficult in practice. The common
clinical manifestations of patients with intrahepatic IPNB are
recurrent abdominal pain, repeated episodes of acute
cholangitis, and obstructive jaundice, as found in the present
study.

The common abnormal finding in imaging studies in pa-
tients with intrahepatic IPNB was intrahepatic duct dilatation.
When intraductal masses were not detected on ultrasonogra-
phy or CTscan, theywere often diagnosed to be biliary stones,
clonorchiasis, or benign biliary strictures. ERCP may be use-
ful in making the diagnosis of intrahepatic IPNB, whose char-
acteristic findings are multiple small filling defects and serrat-
ed irregularity of the bile duct wall. On cholangiography, dif-
fuse bile duct dilatation and amorphous filling defects in the
bile duct are characteristic. However, a large amount of mucin
secretion and obstruction by the tumor prevent complete
opacification of the entire biliary tract. As a result, ERCP
evaluation of the precise extent of ductal involvement is often
suboptimal.16

Cholangioscopic evaluation provided detailed information
on the extent of IPNB and enabled the appropriate surgical
treatment to be provided. PTCS evaluation has some advantages

Fig. 2 Tumor recurrence (a) and
overall patient survival (b) curves
in the 33 patients with malignant
lesions
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over conventional radiological imaging: it may visualize the bile
duct mucosa directly and detect small or subtle mucosal lesions
that are not evident on direct cholangiograms. Because small
papillary lesions may not be detected using conventional radio-
logical methods, these undetected lesions, usually remote from
the main tumor, may be the foci of recurrence. We prefer PTCS
to peroral cholangioscopy because the latter examination in-
volves the difficult use of the remote-controlled baby scope,
making the technique inferior to PTCS for complete evaluation
of the intrahepatic duct. PTCS examination is therefore an in-
dispensable preoperative procedure for determining treatment
modality and the appropriate extent of resection in intrahepatic

IPNB. It is also useful in patients with mucin-producing lesions
because mucin is observed as filling defects on direct
cholangiography.16,17

Intrahepatic IPNB should not be regarded as a benign dis-
ease with low malignant potential but as a premalignant lesion
with high malignant potential. In the present study, low-grade
intrahepatic IPNB was rather rare and the majority of
intrahepatic IPNB cases were high-grade IPNB, and invasive
IPNB with minimal and considerable invasion. IPNB with
different malignant potentials can be ultimately diagnosed as
adenoma, borderline tumor, non-invasive carcinoma, or inva-
sive carcinoma,8 leading to the conclusion that the spectrum of

Table 5 Univariate risk factor
analysis for tumor recurrence and
patient survival in 33 patients
with malignant lesions

Parameter Tumor recurrence Patient survival

Case no. At 3 years (%) p value At 3 years (%) p value

CA 19-9 0.045 0.132

<37 U/mL 26 24.4 95.3

≥37 U/mL 7 71.4 65.8

Hepatic parenchymal invasion 0.263 0.754

No 10 27.8 91.7

Yes 23 50.0 77.5

Mucin pool formation 0.978 0.436

No 27 41.7 81.8

Yes 6 98.2 100

Lymphovascular invasion 0.691 0.329

No 31 35.7 89.2

Yes 2 50.0 50

Perineural invasion 0.048 0.245

No 31 30.6 85.8

Yes 2 100 100

Tumor size 0.986

<4 cm 21 33.8 91.7 0.935

≥4.0 cm 12 40.0 78.4

Resection margin <0.001 0.002

Tumor cell-negative 27 15.2 87.5

Tumor cell-positive 6 100 81.8

Fig. 3 Tumor recurrence (a) and
overall patient survival (b) curves
in the 33 patients with malignant
lesions according to surgical
curability of R0 and R1 resections
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IPNB represents a continuum of intraductal neoplastic pro-
gression. The progression from benign to malignant disease
may follow the adenoma–carcinoma sequence.

Recent studies have revealed striking similarities between
IPNB and pancreatic IPMN.18 In both organs, these neo-
plasms arise within the ductal system and show a predomi-
nantly intraductal growth pattern macroscopically and papil-
lary proliferation with delicate fibrovascular cores.19

However, there are several differences between IPNB and
IPMN; one important difference is with respect to mucin hy-
persecretion. Mucin is macroscopically identifiable in most
cases of IPMN but in only one third of IPNB cases.7,13,20

Furthermore, mucin pool formation was observed in only 7
of 43 cases (16.3 %) in the present study.

Because patients with intrahepatic IPNB have a better
prognosis than patients with usual ICC,3,10,21 surgical resec-
tion is regarded as the first-choice treatment for patients with
intrahepatic IPNB without distant metastasis. Early and accu-
rate diagnosis is therefore important in this disease entity. In
the present study, the only reliable prognostic factor was sur-
gical curability for tumor recurrence and patient survival; thus,
the extent of resection should be assessed accurately before
and during surgery. Jarnagin et al.22 have recommended re-
gional lymphadenectomy for tumors localized in the hilum or
distal bile duct. LN metastasis is less common in patients with
malignant intrahepatic IPNB than in usual ICC. In the present
study, the main reason for R1 resection was the presence of
microscopically residual tumor at the hilar bile duct margins.
Considering that only 2 of 6 patients with R1 resection
underwent concurrent BDR, we emphasize the role of intra-
operative frozen-section biopsy. If the BDR margins are not
reliably free of IPNB, we suggest concurrent BDR should be
performed because it decreases the possibility of R1 resection.

There are many similarities in the clinicopathological man-
ifestation and prognostic outcomes of malignant intrahepatic
IPNB and IG-ICC, as shown in the present study. In a
Japanese multi-center study, 81.8 % (126 of 154) of biliary
tract carcinomas of papillary growth and IG-ICC fulfilled the
criteria for IPNB.10 This proportion is much greater than our
finding of 14.5 % (9 of 62), implying that it would be in-
creased by thorough pathological review of our ICC cases.
In the Japanese study, the majority of high-grade and invasive

IPNBs contained foci of moderately differentiated adenocar-
cinoma within the intraductal papillary tumor,10 suggesting
that a majority of IG-ICC could be regarded as of IPNB line-
age and that clinically detectable IPNBs are already a malig-
nant papillary lesion.

There are some limitations to our study. First, this was a
retrospective, single-center study. Second, the sample size was
not large enough for reliable analysis of survival. Multi-center
studies should be performed to identify reliable prognostic
factors and to clarify tumorigenesis.

We conclude that intrahepatic IPNB is a rare type of biliary
neoplasm and encompasses a histological spectrum ranging
from benign disease to invasive malignancy. Long-term sur-
vival is anticipated after curative resection, even in patients
with malignant intrahepatic IPNB. Since R1 resection reduces
survival outcomes, we suggest that concurrent BDR should be
performed if the BDR margin is not reliably free of neoplastic
involvement.
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