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Intraductal papillary neoplasm of the
bile duct: a clinical analysis of 62 cases
and evaluation of prognostic factors
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Abstract

Objective To investigate the clinicopathological characteristics of intraductal papillary neoplasm of the bile duct
(IPNB) and the prognostic factors influencing survival in patients with malignant IPNB.

Methods A retrospective analysis was performed on the clinicopathological data and postoperative follow-up
records of 62 IPNB patients who underwent surgical treatment at the First Affiliated Hospital of Army Medical
University from September 2010 to March 2021. Clinical and pathological characteristics were compared among
patients with different histopathological grades (e.g., low-grade vs. high-grade intraepithelial neoplasia) and
anatomical subtypes (e.g., intrahepatic, extrahepatic, and diffuse types). Prognostic factors affecting survival in
malignant IPNB cases were analyzed using multivariate statistical methods.

Results Based on pathological findings, the 62 IPNB patients were categorized into three groups: low-grade
intraepithelial neoplasia (LGIN group, n=20), high-grade intraepithelial neoplasia (HGIN group, n=23), and associated
invasive carcinoma (IC group, n=19). The LGIN group exhibited a significantly lower proportion of patients with
elevated CA19-9 (>37 U/mL) compared to the other two groups (p=0.009). No statistically significant differences
were observed in demographic or perioperative parameters among the three groups. Patients in the HGIN and IC
groups demonstrated inferior overall survival rates compared to the LGIN group (p =0.007). After merging HGIN and IC
groups into a malignant cohort, the malignant group showed significantly worse overall survival than the LGIN group
(p=0.002). Multivariate Cox regression analysis identified postoperative recurrence, abdominal pain, and non-radical
surgery as independent predictors of poor prognosis in the malignant group (p <0.05). According to the modified
anatomical classification system, the 62 patients were stratified into intrahepatic (n=43), extrahepatic (n=15), and
diffuse (n=4) subtypes. The intrahepatic group had a significantly higher rate of radical resection compared to the
extrahepatic and diffuse groups (p=0.006). Surgical approaches differed markedly among subtypes: intrahepatic
cases predominantly underwent partial hepatectomy (p <0.001), whereas extrahepatic cases more frequently
required extrahepatic bile duct resection (p <0.001).
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Conclusion The modified anatomical classification system provides partial guidance for determining the optimal
surgical resection extent in IPNB patients. Radical resection demonstrates superior prognosis compared to palliative
treatment. Postoperative recurrence, abdominal pain, and non-radical surgery are identified as independent risk
factors for adverse prognosis in malignant IPNB cases. In patients with suspected IPNB, radical resection should be
pursued aggressively, especially in those presenting with abdominal pain or elevated CA19-9.

Keywords IPNB, Survival analysis, Prognosis, Malignant tumor, Pathological classification, Anatomical classification

Intraductal papillary neoplasm of the bile duct (IPNB) is
a rare tumor originating from the biliary mucosal epithe-
lium, which can occur anywhere in the biliary system. It
is characterized by bile duct dilatation, multifocal papil-
lary epithelial hyperplasia, or cystic biliary changes, with
28%-37% of cases demonstrating mucin hypersecretion
[1-3]. The pathogenesis of IPNB is associated with chronic
cholangitis induced by factors such as pancreaticobiliary
reflux, biliary stones, and Clonorchis sinensis infection,
predominantly affecting middle-aged and elderly popu-
lations [4]. IPNB exhibits an insidious onset, and clini-
cal manifestations such as jaundice and abdominal pain
may emerge when tumor progression or mucin secretion
causes biliary obstruction. According to the 2019 WHO
Classification of Digestive System Tumors [1], IPNB is
histologically categorized into three subtypes based on
cellular architectural atypia: low-grade intraepithelial
neoplasia (LGIN), high-grade intraepithelial neoplasia
(HGIN), and associated invasive carcinoma (IC). This
study included 62 IPNB patients from the First Affiliated
Hospital of Army Medical University, all confirmed by
surgical resection and postoperative pathological exami-
nation. We systematically analyzed clinicopathological
features and postoperative follow-up data to compare
distinctions in clinical characteristics among different
pathological subtypes and anatomical classifications. By
merging HGIN and IC groups into a malignant cohort,
we further identified prognostic factors influencing out-
comes in malignant IPNB patients, aiming to provide evi-
dence-based recommendations for clinical diagnosis and
therapeutic decision-making.

Materials and methods

Inclusion and exclusion criteria

Inclusion criteria: (1) Underwent either laparoscopic or
open surgical resection of lesions; (2) Postoperative path-
ological confirmation of intraductal papillary neoplasm
of the bile duct (IPNB); (3) Availability of complete pre-
operative abdominal imaging data; (4) Child—Pugh class
A or B liver function; Exclusion criteria: (1) Incomplete
clinical records; (2) Patients who did not undergo surgi-
cal resection but received endoscopic biopsy only.

General information
This study protocol was approved by the Ethics Com-
mittee of the First Affiliated Hospital of Army Medical

University (Third Military Medical University)(No.
KY2025084). Between September 2010 and March 2021,
62 IPNB patients meeting the aforementioned inclusion
criteria underwent surgical treatment at our institution.
Clinicopathological data, perioperative parameters, and
postoperative follow-up records were systematically col-
lected. Classification was performed according to the
2019 WHO Classification of Digestive System Tumors
and the modified anatomical classification system for
IPNB proposed by Kim [5] et al.: Intrahepatic type:
Lesions localized to intrahepatic bile ducts. Extrahe-
patic type: Lesions involving the common hepatic duct or
common bile duct. Diffuse type: Lesions spanning both
intrahepatic and extrahepatic bile ducts. The intrahepatic
IPNB subgroup was further stratified based on biliary
dilatation morphology: Ductal dilatation subtype: Char-
acterized by cylindrical or fusiform diffuse dilatation of
bile ducts with dominant lesions. Cystic subtype: Defined
by cystic mass formation accompanied by adjacent bile
duct dilatation.

All patients underwent laboratory investigations
including complete blood count (CBC), liver and renal
function tests, coagulation profiles, and tumor marker
levels. Cardiopulmonary function assessment was con-
ducted to determine fitness for anesthesia and surgical
intervention. Abdominal ultrasonography, computed
tomography angiography (CTA), and magnetic resonance
cholangiopancreatography (MRCP) were performed
to delineate tumor location, biliary duct dilatation, and
presence of biliary stones. When indicated, endoscopic
retrograde cholangiopancreatography (ERCP) or percu-
taneous transhepatic biliary drainage (PTBD) was uti-
lized for preoperative biliary decompression.

Follow-up methods

Through outpatient visits and/or telephone follow-ups,
information regarding postoperative tumor recurrence,
the time of follow-up termination, and survival status is
collected. The follow-up period extended until May 2024.
Overall survival (OS) was defined as the time interval
from the date of surgery to either the end of follow-up or
death from any cause, whichever occurred first.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics
version 24.0. Normally distributed continuous variables
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were expressed as mean+standard deviation (SD) and
analyzed with Student’s t-test or one-way ANOVA.
Non-normally distributed variables were presented as
median with interquartile range [M (Q1, Q3)] or range
[M (range)], with intergroup comparisons conducted
using Mann-Whitney U test. Categorical variables were
described as absolute numbers or percentages (%) and
compared via Chi-square test or Fisher’s exact probability
method. Survival outcomes were evaluated using Kaplan-
Meier curves with log-rank test for comparing survival
differences across treatment modalities. Prognostic fac-
tors (including pathological subtypes, radical resec-
tion status, and lymph node dissection) were assessed
through multivariate Cox proportional hazards regres-
sion model. A two-tailed p-value<0.05 was considered
statistically significant.

Results

Comparative analysis of clinicopathological features and
prognosis among IPNB pathological subtypes

The baseline characteristics of the three cohorts are
summarized in Table 1 (LGIN: n=20; HGIN: n=23;
IC: n=19). No significant intergroup differences were
observed in age (meantSD: 56.0+9.9 vs. 59.3+10.7
vs. 51.3+12.4 vyears, p>0.05) or clinical presenta-
tions. Abdominal pain was the most common preop-
erative symptom (56.5%-75.0%), followed by jaundice
(20.0%-30.4%), and then fever and vomiting(p>0.05).
Elevated serum CA19-9 (>37 U/mL) was significantly
more prevalent in HGIN (43.5%) and IC (52.6%) groups
compared to LGIN (10.0%, p=0.017). No significant dif-
ferences were noted in abnormal levels of CEA (>5 ng/
mL), ALT (>41 U/L), AST (>45 U/L), ALP (>143 U/L),
GGT (>54 U/L), TBIL (>22 pmol/L), or DBIL (>8
umol/L) (p>0.05). The preoperative CT or MRCP find-
ings of the three groups showed the following: Biliary
stones were predominantly detected in LGIN (60.0%
vs. 13.0% in HGIN vs. 21.1% in IC, p=0.002). Biliary
masses showed higher prevalence in HGIN (65.2%) and
IC (63.2%) versus LGIN (20.0%, p=0.005). Biliary duct
dilatation rates were comparable (LGIN: 85.0% vs. HGIN:
78.3% vs. IC: 73.7%, p=0.682). Surgical approaches
(partial hepatectomy, combined hepatectomy-bile duct
resection, extrahepatic bile duct resection, pancre-
aticoduodenectomy), anatomical subtypes, minimally
invasive/open surgery ratios, lymphadenectomy rates,
and mucin secretion profiles showed no intergroup dis-
parities. The overall incidence of postoperative com-
plications, including fever, bile leakage, pulmonary and
intra-abdominal infections, showed no statistically sig-
nificant differences among the three groups of patients
(p>0.05). Using the log-rank test to compare the over-
all survival rates among three groups of patients, the
Kaplan-Meier survival curve (Fig. 1) showed that the
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total survival rates of the HGIN and IC groups were sig-
nificantly lower than that of the LGIN group (P=0.007).
The Kaplan-Meier survival curve (Fig. 2) demonstrated
that the malignant cohort (HGIN+IC) had a signifi-
cantly worse overall survival rate compared to the benign
(LGIN) group (P=0.002).

Comparison of clinicopathological characteristics of IPNB
patients based on modified anatomical classification
According to the modified anatomical classification,
patients were divided into three groups: intrahepatic
type (43 cases), extrahepatic type (15 cases), and diffuse
type (4 cases). Their clinical characteristics are summa-
rized in Table 2. No statistically significant differences
were observed among the three groups in demographic
data (age, clinical presentation) or laboratory results
(CA19-9, CEA, total bilirubin et al.) (p >0.05). The radical
resection rates for intrahepatic, extrahepatic, and diffuse
types were 93.0% (40/43), 66.7% (10/15), and 50.0% (2/4),
respectively. The intrahepatic group had a significantly
higher radical resection rate (p=0.006). Intrahepatic
type predominantly underwent hepatectomy (p <0.001).
Extrahepatic and diffuse types required higher rates of
extrahepatic bile duct resection (p<0.001). Extrahepatic
type showed a higher lymph node dissection rate com-
pared to intrahepatic type (p=0.044). The diffuse type
had a higher overall complication rate (e.g., fever, bile
leakage, pulmonary/abdominal infections) compared to
the intrahepatic type (p=0.038). No significant differ-
ences in overall survival rates were observed among the
three anatomical subtypes (p>0.05) (Fig. 3).

Survival analysis of the malignant cohort (HGIN +1C
Groups, n=42)

The median follow-up duration was 45 months (95% CI:
37.3-71.5), with a median overall survival (OS) of 57
months (95% CI: 42.8-71.2) and a 5-year survival rate of
41.4%. Univariate Cox regression analysis identified ele-
vated CA19-9 levels, postoperative recurrence, abdomi-
nal pain, and non-radical surgery as significant predictors
of poor prognosis (P<0.05). These variables were subse-
quently incorporated into multivariate analysis, which
confirmed postoperative recurrence, abdominal pain,
and non-radical surgery as independent risk factors for
adverse outcomes (P<0.05, Table 3).

Recurrence

In this study, postoperative recurrence occurred in 11
patients at different sites with varying frequencies. The
specific recurrence patterns were as follows: Bilioen-
teric anastomosis: 6 cases (54.6%), Liver parenchyma:
5 cases (45.5%), Intra- and extrahepatic bile ducts: 3
cases (27.3%), Duodenum: 3 cases (27.3%), Other sites
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Table 1 Comparison of clinical characteristics among LGIN, HGIN, and IC groups

LGIN(n=20) HGIN(n=23) IC(n=19) Statistical value Pvalue

Age(years) (mean, SD) 56.0+9.9 59.3+10.7 513+124 2776 0.070
Sex (%)

Male 6(30.0%) 9(39.1%) 9(47 4%) 1.242 0.538

Female 14(70.0) 14(60.9%) 10(52.6%)
Manifestations (%)

Abdominal pain 15(75.0%) 13(56.5%) 11(57.9%) 1.860 0.395

Fever 6(30.0%) 2(8.7%) 4(21.1%) 3.171 0.201*

Vomiting 1(5.09%) 3(13.0%) 1(5.3%) 1.106 0.610*

Jaundice 4(20.0%) 7(30.4%) 5(25.8%) 0.652 0.717*
CA19-9>37U/mL (%) 2(10.0%) 10(43.5%) 10(52.6%) 9212 0.009*
CEA>5ng/mL (%) 2(10.0%) 2(8.7%) 1(5.3%) 0.495 1.000*
ALT>41U/L (%) 11(55.0%) 10(43.5%) 9(47 4%) 0.580 0.748
AST>45U/L (%) 10(50.0%) 11(47.8%) 7(36.8%) 0.786 0.675
ALP>143U/L (%) 10(50.0%) 13(56.5%) 10(52.6%) 0.187 0911
GGT>54U/L (%) 15(75.0%) 21(91.3%) 12(63.2%) 4.846 0.101*
TBIL>22umol/L (%) 10(50.0%) 9(39.1%) 7(36.8%) 0.811 0.667
DBIL>8umol/L (%) 8(40.0%) 10(43.5%) 7(36.8%) 0.192 0.909
Modified anatomical classification (%) 5395 0.208*

Intrahepatic 15(75.0%) 13(56.5%) 15(78.9%)

Extrahepatic 5(25.0%) 8(34.8%) 2(10.5%)

Diffuse 0(0.0%) 2(8.7%) 2(10.5%)
Imaging data

Biliary dilatation (%) 17(85.0%) 18(78.3%) 14(73.7%) 0.820 0.682*%

Biliary stones (%) 12(60.0%) 3(13.0%) 4(21.1%) 12.284 0.002

Biliary masses (%) 4(20.0%) 15(65.2%) 12(63.2%) 10.646 0.005
Mucin secretion (%) 5(25.0%) 7(30.4%) 4(21.1%) 0.523 0.822
Treatment Modality (%) 0617 0.832*

Palliative 3(15.0%) 3(13.0%) 4(21.1%)

Radical 17(85.0%) 20(87.0%) 15(78.9%)
Lymphadenectomy (%) 1(5.0%) 6(26.1%) 4(21.1%) 3572 0.169*
Preoperative Diagnosis: IPNB (%) 3(15.0%) 6(26.1%) 4(21.1%) 0.820 0.682*
Surgical approach (%) 0.982 0.630*

Laparoscopic surgery 2(10.0%) 4(17.4%) 4(21.1%)

Open surgery 18(90.0%) 19(82.6%) 15(78.9%)
Resection Site (%) 9417 0.104*

Partial hepatectomy 14(70.0%) 9(39.1%) 11(57.9%)

Combined hepatectomy-bile duct resection 2(10.0%) 7(30.4%) 7(36.8%)

Extrahepatic bile duct resection 4(20.0%) 5(1.7%) 1(5.3%)

Pancreaticoduodenectomy 0(0.0%) 2(8.7%) 0(0.0%)
Complications (%) 1.797 0.407

Fever 5(25.0%) 2(8.7%) 3(15.8%)

Bile leakage 1(5.0%) 2(8.7%) 0(0.0%)

Pulmonary infection 2(10.0%) 1(4.3%) 2(10.5%)

Abdominal infection 0(0.0%) 2(8.7%) 3(15.8%)

Incision infection 0(0.0%) 0(0.0%) 1(5.3%)

Hepatic and renal dysfunction 0(0.0%) 2(8.7%) 2(10.5%)

Total 8(40.0%) 9(39.1%) 11(57.9%)

LGIN Low-grade intraepithelial neoplasia, HGIN High-grade intraepithelial neoplasia, /C Associated invasive carcinoma
*Fisher’s exact test
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Table 2 Comparison of clinical characteristics among intrahepatic, extrahepatic, and diffuse subtypes

Intrahepatic (n=43) Extrahepatic(n=15) Diffuse(n=4) Statistical value Pvalue

Age(years) (mean, SD) 549+11.3 589+104 53.5+159 0.766 0.470%
Sex (%) 2407 0.314*
Male 14(32.6%) 8(53.3%) 2(50.0%)
Female 29(67.4%) 7(46.7%) 2(50.0%)
Manifestations (%)
Abdominal pain 28(65.1%) 8(53.3%) 3(75.0%) 0.962 0.670*
Fever 10(23.3%) 2(13.3%) 0(0.0%) 1.057 0.649*%
Vomiting 2(4.7%) 2(13.3%) 1(25.0%) 3473 0.111*
Jaundice 11(25.6%) 4(26.7%) 1(25.0%) 0.229 1.000*
CA19-9>37U/mL (%) 14(32.6%) 6(40.0%) 2(50.0%) 0.904 0.739*
CEA>5ng/mL (%) 3(7.0%) 2(13.3%) 0(0.0%) 1.016 0.714*
ALT>41U/L (%) 18(41.9%) 9(60.0%) 3(75.0%) 2.593 0.285*%
AST>45U/L (%) 19(44.2%) 8(53.3%) 1(25.0%) 1.050 0.631*
ALP>143U/L (%) 20(46.5%) 11(73.3%) 2(50.0%) 3.283 0.234*
GGT>54U/L (%) 33(76.7%) 13(86.7%) 2(50.0%) 2446 0.285*%
TBIL>22umol/L (%) 16(37.2%) 9(60.0%) 1(25.0%) 2774 0.288*
DBIL>8umol/L (%) 15(34.9%) 9(60.0%) 1(25.0%) 3212 0.210*
Pathological subtypes (%) 5.395 0.208*
LGIN 15(34.9%) 5(33.3%) 0(0.0%)
HGIN 13(30.2%) 8(53.3%) 2(50.0%)
IC 15(34.9%) 2(13.3%) 2(50.0%)
Imaging data
Biliary dilatation (%) 34(79.1%) 12(80.0%) 3(75.0%) 0373 1.000%
Biliary stones (%) 14(32.6%) 4(26.7%) 1(25.0%) 0.229 0.897*
Biliary masses (%) 20(46.5%) 8(53.3%) 3(75.0%) 1.239 0.585*
Mucin secretion (%) 13(30.2%) 2(13.3%) 1(25.0%) 1.660 0.383*
Treatment Modality (%) 8.959 0.006*
Palliative 3(7.0%) 5(33.3%) 2(50.0%)
Radical 40(93.0%) 10(66.7%) 2(50.0%)
Lymphadenectomy (%) 5(11.6%) 6(40.0%) 0(0.0%) 5.762 0.044*
Preoperative Diagnosis: IPNB (%) 12(27.9%) 1(6.7%) 0(0.0%) 3.364 0.151*
Surgical approach (%) 3.823 0.171*
laparoscopic surgery 7(16.3%) 1(6.7%) 2(50.0%)
open surgery 36(83.7%) 14(93.3%) 2(50.0%)
Resection Site (%) 54926 0.000*
Partial hepatectomy 34(79.1%) 0(0.0%) 0(0.0%)
Combined hepatectomy-bile duct resection 9(20.9%) 3(20.0%) 4(100.0%)
Extrahepatic bile duct resection 0(0.0%) 10(66.7%) 0(0.0%)
Pancreaticoduodenectomy 0(0.0%) 2(13.3%) 0(0.0%)
Complications (%) 6.032 0.038*
Fever 6(14.0%) 3(20.0%) 1(25.0%)
Bile leakage 1(2.3%) 2(13.3%) 0(0.0%)
Pulmonary infection 4(9.3%) 1(6.7%) 0(0.0%)
Abdominal infection 3(7.0%) 2(13.3%) 0(0.0%)
Incision infection 0(0.0%) 0(0.0%) 1(25.0%)
Hepatic and renal dysfunction 2(4.7%) 0(0.0%) 2(50.0%)
Total 16(37.2%) 8(53.3%) 4(100.0%)

LGIN Low-grade intraepithelial neoplasia, HGIN High-grade intraepithelial neoplasia, /C Associated invasive carcinoma
*Fisher’s exact test
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Fig. 3 Kaplan-Meier survival curves stratified by anatomical subtypes (Intrahepatic, Extrahepatic, Diffuse)

(including abdominal wall, retroperitoneum, lung, adre-
nal gland): 3 cases (27.3%).

Discussion

The pathogenesis of IPNB remains unclear. Previous
studies suggest associations between IPNB and chronic
biliary inflammation induced by factors such as bili-
ary stones and prolonged pancreaticobiliary reflux,
which promote biliary epithelial hyperplasia [6]. In this
study, 19 patients (30.6%) exhibited concomitant biliary
stones. This pathological condition may induce cholesta-
sis through mechanical obstruction, leading to recurrent
chronic inflammatory responses in the bile duct wall.
Persistent inflammatory microenvironments can stimu-
late reactive oxygen species (ROS) generation, subse-
quently causing oxidative DNA damage and epigenetic
alterations, ultimately driving abnormal proliferation and
dysdifferentiation of biliary epithelial cells. The incidence
of IPNB is significantly higher in Asian countries com-
pared to Western populations, potentially attributable
to the elevated prevalence of biliary stone disease and
Clonorchis sinensis infections in these regions [7-10].
Choi [11] et al. reported no statistically significant differ-
ences in biliary stone coexistence among IPNB patients
based on tumor location (common bile duct, hilar
region, or intrahepatic bile ducts). In contrast, Han [12]
et al. observed lower intrahepatic stone rates in malig-
nant intrahepatic IPNB subgroups. Our study revealed

no significant differences in biliary stone detection rates
across anatomical subtypes. However, marked disparities
were noted among pathological subtypes, with the LGIN
group demonstrating higher stone prevalence (60.0%)
compared to HGIN (13.0%) and IC (21.1%) groups (p <
0.05). The precise mechanisms underlying these associa-
tions require further investigation.

IPNB predominantly occurs in individuals aged 50-70
years. While previous studies report a male predomi-
nance [4], our cohort included 24 males and 38 females,
potentially influenced by the limited sample size. The
clinical manifestations of IPNB are non-specific and cor-
relate with lesion location and biliary obstruction sever-
ity [6, 13]. In this study, among the 62 included patients,
62.9% (39 cases) presented with abdominal pain, while
other symptoms included obstructive jaundice, fever,
and recurrent cholangitis. In IPNB patients, abdominal
pain arises from multiple causes, including coexisting
bile duct stones, cholangitis, and elevated biliary pressure
due to tumor cells secreting large amounts of mucus into
the bile ducts [8]. Jaundice in these patients is primar-
ily caused by mucus accumulation within the bile ducts,
with secondary factors including acute biliary obstruc-
tion from tumor tissue detachment or concurrent bile
duct stones.

Relatively low preoperative diagnosis rate of IPNB
(6.7% in our cohort) reflects the diversity of its imag-
ing manifestations and the complexity of diagnosis,
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Table 3 Univariate and Multivariate Cox Regression Analysis of Prognostic Factors in 42 Malignant Cases (HGIN +1C Groups)

Variables Univariate Analysis Multivariate Analysis
Cases(%) p value HR(95%Cl) p value HR(95%Cl)
Age =65 years 10(23.8%) 0.636 1.24(0.51-3.03)
Male 18(42.9%) 0.145 0.5(0.2-1.27)
Abdominal pain 24(57.1%) 0.015 3.02(1.24-7.36) 0017 3.05(1.22-7.61)
Vomiting 4(9.5%) 0.077 2.67(0.9-7.93)
Jaundice 12(28.6%) 0.610 0.77(0.28-2.1)
Asymptomatic 14(33.3%) 0.074 0.43(0.17-1.09)
CA19-9>37U/mL 20(47.6%) 0.024 2.68(1.14-6.28) 0.202 1.84(0.72-4.67)
CEA>5ng/mL 3(7.1%) 0.537 0.53(0.07-3.96)
ALT>41U/L 9(45.2%) 0.837 0.92(0.41-2.07)
AST>45U/L 8(42.9%) 0.761 1.13(0.51-2.54)
ALP>143U/L 23(54.8%) 0.075 2.22(0.92-5.32)
GGT>54U/L 33(78.6%) 0311 1.79(0.58-5.51)
TBIL>22umol/L 6(38.1%) 0.698 1.18(0.51-2.76)
DBIL>8umol/L 7(40.5%) 0.903 1.05(0.45-2.46)
Modified anatomical classification (%)
Intrahepatic 28(66.7%) Reference
Extrahepatic 10(23.8%) 0.298 1.62(0.65-4.05)
Diffuse 4(9.5%) 0.101 3.66(0.78-17.28)
Biliary dilatation (%) 32(76.2%) 0.517 1.43(0.49-4.22)
Biliary masses (%) 27(64.3%) 0.872 0.93(0.4-2.17)
Mucin secretion (%) 11(26.2%) 0612 1.28(0.5-3.27)
Radical surgery (%) 35(83.3%) 0.019 0.32(0.12-0.83) 0.026 0.30(0.11-0.87)
Lymphadenectomy (%) 10(23.8%) 0387 0.65(0.24-1.74)
Laparoscopic surgery 8(19.0%) 0.384 0.58(0.17-1.97)
Resection Site (%)
Partial hepatectomy 20(47.6%) Reference
Combined hepatectomy-bile duct resection 14(33.3%) 0.335 1 62(0 61-4.29)
Extrahepatic bile duct resection 6(14.3%) 0.068 61(0.93-7.3)
Pancreaticoduodenectomy 2(4.8%) 0.869 1. 19( 15-9.46)
Postoperative recurrence 11(26.2%) 0.030 2.59(1.1-6.1) 0.030 2.72(1.11-6.72)

HR Hazard Ratio, C/ Confidence Interval, HGIN High-grade intraepithelial neoplasia, /C Associated invasive carcinoma

potentially leading to interpretive variability among
radiologists. In this study, we employed a comprehen-
sive diagnostic approach based on multimodal imaging
rather than relying on a single modality. Our standard
diagnostic pathway involves the combined use of at least
two of the following: color Doppler ultrasound, contrast-
enhanced CT, and MRI (including MRCP). For cases
with high clinical suspicion, endoscopic methods such
as ERCP or EUS are further utilized for auxiliary diag-
nosis and tissue acquisition. In our cohort, 57 patients
(90%) underwent contrast-enhanced CT, 53 (85%) under-
went MRI, and 45 (72%) underwent ultrasound, reflect-
ing our multi-modal diagnostic strategy. Despite this,
significant overlap exists between the imaging features
of IPNB and those of cholangiocarcinoma or stones.
Therefore, achieving a definitive preoperative diagnosis
remains challenging even with combined modalities. This
explains the suboptimal overall diagnostic rate in our
series and underscores the need for future integration of

more specific tumor markers or molecular imaging tech-
niques to improve diagnostic accuracy.

Preoperative laboratory findings in IPNB patients are
non-specific, primarily manifesting as abnormal liver
function tests and hyperbilirubinemia. Existing studies
indicate that patients with concurrent biliary obstruc-
tion and cholangitis may exhibit elevated AST, ALT, TBil,
DBil, GGT, and ALP levels — a pattern corroborated by
varying degrees of elevation observed in our cohort [14].
While no tumor biomarkers currently demonstrate suf-
ficient diagnostic or prognostic utility for IPNB, pre-
operative elevations in CEA and CA19-9 are frequently
detected. In this study, 8.1% (n = 5) and 35.5% (1 = 22)
of patients showed CEA > 5 ng/mL and CA19-9 > 37 U/
mL, respectively. However, both markers exhibit limited
sensitivity and specificity for IPNB diagnosis. Notably,
CA19-9 elevation may correlate with mucin-induced
obstructive jaundice but cannot independently determine
tumor malignancy or grade [15]. Fuks [16] et al. revealed
paradoxically higher serum CEA levels in simple hepatic
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cysts compared to papillary cystic neoplasms, suggest-
ing CEA has no diagnostic value for IPNB. Furthermore,
cholestasis, cholangitis, and obstructive jaundice may all
elevate serum CA19-9 [17]. Despite its diagnostic limi-
tations, CA19-9 demonstrates prognostic significance.
Youn [18] et al. identified CA19-9 > 37 U/mL as an inde-
pendent risk factor for tumor recurrence and reduced
survival in malignant IPNB. Beyond conventional mark-
ers, emerging evidence suggests tumor-associated glyco-
proteins are overexpressed in mucinous IPNB compared
to simple cysts, indicating potential diagnostic value for
mucin-producing subtypes [16].

IPNB exhibits significant malignant potential, and
radical resection demonstrates superior prognosis over
palliative treatment [19]. Therefore, radical resection is
strongly recommended for eligible patients. Studies con-
sistently report worse long-term survival in HGIN and
IC subtypes compared to LGIN, underscoring the critical
importance of early malignancy detection [20-22]. Cur-
rent clinical guidelines advocate surgical intervention for
all IPNB cases to prevent disease progression, with post-
operative 5-year survival rates ranging from 68% to 80%
[23]. Our study revealed a 100% 5-year survival rate in
the LGIN group versus 41.4% in HGIN/IC patients. We
note that the 5-year overall survival rate for malignant
IPNB in our study (41.4%) is considerably lower than the
rate reported by Kubota et al. in 2014 (84%). We have
carefully considered several key factors that may account
for this discrepancy. Differences in Cohort and Follow-
up: Our study had a relatively small sample size (malig-
nant IPNB, # = 42) and a median follow-up of 45 months,
which may be insufficient for precise estimation of 5-year
survival, particularly for assessing long-term outcomes.
In contrast, the study by Kubota et al. included a larger
cohort with longer follow-up. Impact of Treatment Strat-
egy: In our cohort, 7 patients (16.6%) underwent pal-
liative resection rather than radical resection. The poorer
prognosis in this subgroup may lower the overall survival
rate. This underscores the critical importance of pursuing
RO radical resection whenever feasible. Tumor Biological
Heterogeneity: The study by Kubota et al. clearly dem-
onstrated that pancreatobiliary-type IPNB has a signifi-
cantly worse prognosis than intestinal or gastric types.
Regrettably, limited by our sample size, we were unable
to adequately validate the independent prognostic impact
of different histologic subtypes in our multivariate analy-
sis. Our cohort may have included a higher proportion of
aggressive subtypes (e.g., pancreatobiliary type), which
could be an underlying biological reason for the lower
survival rate.

Surgical strategies should be tailored according to
Kim [4] et al’s modified anatomical classification sys-
tem. Intrahepatic IPNB: Segmentectomy or lobectomy
was predominantly performed for localized lesions.
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Intrahepatic IPNB with extrahepatic involvement:
Combined hepatic resection and extrahepatic bile duct
resection. Distal extrahepatic IPNB: Pancreaticoduode-
nectomy for lesions involving the distal bile duct. Hilar
IPNB: Hepatic resection with bile duct resection or selec-
tive bile duct segmentectomy based on tumor extent.

The recurrence site and frequency data from this
study indicate that the bilioenteric anastomosis and the
liver parenchyma are common sites of recurrence fol-
lowing IPNB surgery. This finding underscores the criti-
cal importance of ensuring a negative bile duct margin
during the initial radical resection and imposes higher
demands on anastomotic technique. Recurrence in the
liver parenchyma may suggest a risk of micrometastasis
via portal venous or lymphatic pathways, which can aid
in formulating more targeted postoperative monitoring
and adjuvant therapy strategies. Given the propensity of
IPNB for mucosal spreading, intraoperative frozen sec-
tion analysis is mandatory to ensure negative resection
margins, as margin positivity is an independent risk fac-
tor for recurrence and reduced survival [6, 24, 25]. Chang
[26] et al., through analyzing tumor spread patterns in
papillary extrahepatic cholangiocarcinoma, proposed
an optimal surgical margin of 16 mm. The necessity of
routine lymphadenectomy remains controversial. Jar-
nagin [27] et al. recommend systematic regional lymph-
adenectomy for hilar and distal bile duct IPNB, whereas
Luvira [20] et al. reported significantly lower 5-year
overall survival rates in node-positive patients, though
lymphadenectomy itself conferred no survival benefit.
For patients with unresectable lesions, surgical contrain-
dications, or refusal of surgery, palliative options include:
biliary drainage (percutaneous or endoscopic), radiofre-
quency ablation (RFA), argon plasma coagulation, Che-
motherapy, Photodynamic therapy. Delaney [28] et al.
successfully treated an 87-year-old IPNB patient using
endoscopic RFA, demonstrating its safety and efficacy in
select cases. However, long-term oncological outcomes,
thermal injury risks, biliary stricture incidence, and chol-
angitis rates require further validation through large-
scale studies [29].

Based on the morphological features of epithelial cells
and supportive immunohistochemical staining (e.g., for
MUCI1, MUC5AC, MUC2, CDX2), IPNB was classified
into pancreatobiliary, intestinal, gastric, and oncocytic
types. Among these, the pancreatobiliary type was the
most common, followed by the intestinal, gastric, and
oncocytic types. The coexistence of two or more subtypes
within a single tumor was frequently observed, and the
predominant subtype (constituting > 50% of the tumor)
was assigned as the final classification for each case.
Pancreatobiliary and gastric type IPNBs were more fre-
quently associated with high-grade intraepithelial neo-
plasia (HGIN) and invasive carcinoma, demonstrating a
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more aggressive biological tendency. In contrast, intesti-
nal type IPNB was more commonly found in cases with
low-grade intraepithelial neoplasia (LGIN). It is less
aggressive, has a lower propensity for invasion, and, when
malignant transformation occurs, often presents as col-
loid carcinoma, correlating with a relatively better overall
prognosis. Research by Kubota [23] et al. indicates that
epithelial cell type may be an important factor in assess-
ing malignancy potential. No statistically significant cor-
relation was observed between histologic subtypes and
the modified anatomical classification. Various histologic
subtypes could be found in tumors from different ana-
tomical locations.

The Kaplan-Meier survival curves in our study demon-
strated significantly inferior overall survival in the malig-
nant cohort (HGIN + IC groups) compared to the LGIN
group (p = 0.002), aligning with findings by Krawczyk
[19] et al. showing superior prognosis in IPNB patients
without invasive carcinoma (5-year survival: 100% vs.
22.2%). Our analysis revealed a 5-year survival rate of
41.4% for malignant IPNB cases. Multivariate Cox regres-
sion identified postoperative recurrence, abdominal pain,
and non-radical resection as independent predictors of
adverse prognosis (p < 0.05). Other studies suggest addi-
tional prognostic determinants [22, 30, 31]. Anatomic
factors: Extrahepatic/hilar location. Molecular markers:
IPNB-NM subtype, pancreatobiliary phenotype, high
MUC1/CEA expression, low MUC5AC. Pathological fea-
tures: Advanced histologic grade, tumor infiltration. Sur-
gical outcomes: Positive resection margins (R1), lymph
node metastasis. Youn [18] et al. confirmed R1 resection
as an independent risk factor for recurrence and mortal-
ity. Uemura [32] et al., through multivariate analysis of 83
resected IPNB cases, showed that lymph node metasta-
sis (HR, 5.78; p = 0.002) and bile duct margin status with
carcinoma in situ (HR, 5.10; p = 0.002) were independent
prognostic factors, whereas MUC6 expression showed
only a marginal influence on prediction of prognosis.
For a disease with diverse biological behaviors like IPNB,
particularly for indolent subtypes such as low-grade
intraepithelial neoplasia (LGIN), the median follow-up
of 45 months in this study is indeed insufficient to accu-
rately assess its 5-year long-term survival outcomes. This
limitation may lead to an overestimation of survival rates
in patients with indolent tumors like LGIN. The current
findings primarily reflect mid-term prognosis. To obtain
more conclusive survival analysis data, multicenter, large-
scale clinical studies with a follow-up period of no less
than 5 years are required. IPNB is a lesion with consider-
able molecular heterogeneity, and molecular markers—
such as the expression of MUC1 and MUC5AC, as well
as mutations in genes like KRAS and GNAS—are becom-
ing increasingly critical for its precise biological subtyp-
ing, risk stratification, and prognosis prediction. As a
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retrospective analysis focusing on clinicopathological
and imaging features, our study indeed did not include
systematic molecular profiling data, which represents a
major limitation.

This study compared the clinical characteristics of
IPNB patients with different pathological subtypes and
anatomical classifications. In terms of prognosis, malig-
nant cohort (HGIN+IC groups) had relatively shorter
survival periods. Postoperative recurrence, abdominal
pain, and non-radical surgery were significantly associ-
ated with poor prognosis in malignant IPNB patients.
In principle, all suspected IPNB patients require surgi-
cal treatment. However, due to the low incidence and
preoperative diagnostic rates, there is no unified stan-
dard for surgical approaches across medical centers. The
small overall sample size in this study, combined with
the fact that some IPNB patients in clinical practice did
not undergo surgery (making pathological confirmation
impossible), may introduce bias into the results. Multi-
center, prospective RCT studies are needed to generate
high-quality evidence for guiding clinical practice and
ultimately improving outcomes for IPNB patients.
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