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Abstract

Background No studies have yet analyzed the characteristics of recurrence after resection for intraductal papillary neoplasm of
bile duct (IPNB) based on tumor location. We analyzed the patterns, timing, and risk factors for recurrence.

Methods From 1994 to 2014, data from 103 patients who were diagnosed with IPNB were retrospectively reviewed. Among
these, 44 were extrahepatic IPNB (E-IPNB) and 59 were intrahepatic IPNB (I-IPNB).

Results CK20, pancreaticobiliary type, tumor invasion beyond ductal wall, tumor invasion to adjacent organs, and invasive
disease were more frequently found in E-IPNB than in [-IPNB (22.7 vs. 8.5%; p=0.043, 38.6 vs. 23.7%; p = 0.050, 20.5 vs.
11.9%; p<0.001, 4.5 vs. 1.7%; p<0.001 and 93.2 vs. 55.9%; p <0.001). E-IPNB has poorer 5-year recurrence-free survival
(RFS) compared to I-IPNB (51.7 vs. 91.4%; p< 0.001). There was no significant difference in the rate of initial isolated
locoregional recurrence and initial distant recurrence according to tumor location (14.6 in E-IPNB vs. 3.0% in I-IPNB; p=

0.123,19.5in E=IPNB vs. 12.0% in I-IPNB; p = 0.136). Recurrence rate according to timing was different between E-IPNB and
[-IPNB: within 1 year (33.3% vs. 83.3%; p =0.061) and 1-3 years (50.0% vs. 0%; p = 0.052). The independent prognostic factors
for RFS were tumor location (p = 0.034) and lymph node metastasis (p = 0.013).

Conclusions E-IPNB has a worse prognosis than I-IPNB. Different follow-up schedules for surveillance according to tumor
location are needed after surgery.
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Introduction

Intraductal papillary neoplasm of the bile duct (IPNB) is a rare
tumor with a wide disease spectrum ranging from benign to
malignant conditions. [IPNB shows an exophytic growth pat-
tern throughout the biliary tract. Compared with intraductal
papillary mucinous neoplasm of the pancreas (IPMN), IPNB
is more frequently associated with invasive disease.'
Previous studies reported that the 5-year survival rate ranges
from 46 to 76%*® and that the recurrence rate ranges from 13
t0 29%.>* ! Only a few studies have analyzed the patterns of
recurrence after resection’'>'* and prognostic factors for the
recurrence of [PNB.>'*1?

However, no studies have been conducted to investigate
the clinical characteristics of recurrence according to tumor
location. The primary goal of this study was to determine
whether tumor location could lead to differences in the risk
and timing of recurrence. This can be important in that it can
guide customized treatment and surveillance options through
prognostic stratification. In this regard, we investigate the re-
currence pattern and timing based on tumor location. In addi-
tion, identification of the risk factors for time to recurrence and
recurrence-free survival (RFS) was performed.

Methods
Patient Selection

From 1994 to 2014, consecutive data from 103 patients who
were diagnosed with IPNB after surgery were prospectively
collected and retrospectively reviewed from electronic medi-
cal records. One pathologist (Jang K.T.) with extensive expe-
rience in hepato-biliary disease confirmed all the reports and
findings of these 103 cases.

Preoperative Evaluation

For preoperative diagnosis, image work-up was routinely per-
formed. Typical image findings, obtained by abdominal com-
puted tomography (CT), magnetic resonance
cholangiopancreatography (MRCP), and/or endoscopic retro-
grade cholangiopancreatography (ERCP), revealed cystic or
tubular dilatations of the bile duct combined with an
intraductal mass or mucobilia. However, some cases did not
show typical image findings. Given these, we enrolled the
patients according to final pathology.

Tumor Location and Surgical Procedures
The surgical strategy was firstly established at the preopera-

tive multidisciplinary meeting, and ultimately, it was deter-
mined by confirming the extent of the tumor invasion grossly

during the operation. Bile duct resection was performed when
the proximal part of tumor was located in an extrahepatic duct
but did not invade the hepatic confluence. When the tumor
was present in the intrahepatic duct or invaded the confluence
of the hilar portion, liver resection was performed.
Pancreaticoduodenectomy (PD) was performed when the dis-
tal part of tumor extends intrapancreatic portion of bile duct.
The tumor location was defined as the location identified in
the surgical specimen. Extrahepatic IPNB (E-IPNB) was de-
fined as the tumor located at hilar portion or distal bile duct. If
the center of the tumor mass is in the liver and is present
between the left side of the right posterior portal vein and
the right side of the umbilical portion of the left portal vein,
we classified it as E-IPNB.'¢ Intrahepatic IPNB (I-IPNB) was
defined as the intrahepatic tumor not involving hilar portion.

Pathological Assessment of IPNB

According to previous reports,*'”>* IPNB was defined as a
biliary neoplasm with an exophytic nature showing papillary
mass within the biliary tree, including both intrahepatic and
extrahepatic bile ducts. It contains microscopic papillary
fronds with fine vascular cores. Based on macroscopic appear-
ance, the entire [IPNB was divided into protruding IPNB and
diffuse IPNB. The former was defined as a grossly visible
polypoid mass or sessile mass on the specimen, and the latter
was defined as a case in which the papillary tumor was seen to
extend diffusely along the bile duct. Tumors were considered
as “multifocal” if more than two discrete tumors were present
upon gross inspection. If all lesions are present in the
intrahepatic duct except the hilar portion, it is classified as I-
IPNB. In contrast, if any of the lesions were present in the hilar
portion, they were classified as E-IPNB. Invasive [IPNB was
defined as malignant tumor cells invading bile duct and/or
adjacent structures but excluding carcinoma in situ. The depth
of invasion is divided into three categories as follows: (i) tu-
mor within duct—tumor cell confined to the ductal wall; (ii)
tumor invasion beyond ductal wall—tumor passes through the
bile duct and invades the periductal soft tissue but does not
invade the surrounding hepatic parenchyma or adjacent organ
or vascular structures; and (iii) tumor invasion to adjacent
organ—tumor penetrates the bile duct and invades the sur-
rounding hepatic structures or adjacent organs.

Follow-up After Surgery and Diagnosis of Recurrence

After the operation, the follow-up test was performed once
every 3 months for the first 12 months. This included labora-
tory testing, including CA19-9 testing and imaging examina-
tions such as chest X-ray, abdominal CT, and MRCP. Follow-
up after 12 months was performed at least every 6 months.
During this period, history taking, laboratory test, and abdom-
inal CT were performed in outpatient clinic. There was no
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established indication and regimen for adjuvant concurrent
chemoradiation therapy in this study. Fluorouracil,
gemcitabine, or cisplatin-based chemotherapy regimen was
used depending on the oncologist’s preference.

Recurrence was determined by abdominal CT or biopsy.
The locoregional recurrence was defined as a newly devel-
oped lesion at the (1) bilioenteric anastomotic site, liver hilum,
common bile duct remnant, or hepatic resection margin or (2)
lymph node (LN) around previous surgical area, including
hepatoduodenal ligament. All other recurrences were classi-
fied as distant metastases. Recurrence at LN around common
hepatic artery (CHA), celiac trunk, and superior mesenteric
artery/vein (SMA/SMV) were classified as distant metastases.
Analysis of the recurrence rate and pattern was based only on
the initial site of recurrence. When two or more sites were
confirmed concurrently, they were regarded as overlapping
sites.

Statistical Analyses

Chi-square and Fisher’s exact test were used to compare cat-
egorical variables. Student’s ¢ test and Mann—Whitney test
were used for continuous variables. In univariable analysis,
p<0.1 was considered to be significant. Parameters with
p<0.1 were included in a multivariable Cox proportional
hazards regression analysis to identify the risk factors for re-
currence. Statistical significance was indicated at p <0.05 in
multivariate analysis. To calculate the overall survival rates
and cumulative probability of recurrence, Kaplan—Meier
curves were constructed, and each survival curve was com-
pared using the log-rank test. Statistical analyses were per-
formed using the PASW Statistics version 23.0 (SPSS, IBM
corp., Armonk, NY, USA).

Results

Demographic and Clinicopathological Features
According to Tumor Location (All 103 IPNBs)

Among 103 patients, 49 were males and 54 were females with
a median age of 64 years. Forty-four were diagnosed as E-
IPNB and 59 were diagnosed as I-IPNB. RO resection was
done in 99 (96.1%). The size of tumor was smaller in E-
IPNB than in [I-IPNB (3.3+2.3 cm vs. 5.5£4.9 cm; p=
0.009). The mean value of total bilirubin (T.Bil), alanine ami-
notransferase (ALT), and aspartate aminotransferase (AST)
were higher in E-IPNB than in [-IPNB (1.5+1.4 vs. 0.8+
0.5 mg/mL; p=0.006, 53.3+60.3 vs. 24.7+21.0 U/L;
p<0.001 and 62.5+102.9 vs. 28.7£22.3 U/L; p=0.004).
Among 44 cases of E-IPNB, 1 case (2.3%) of low or interme-
diate grade dysplasia, 2 cases (6.8%) of high-grade dysplasia,
and 41 cases (93.2%) of invasive IPNB were observed. In 59
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cases of I-IPNB, low or intermediate grade dysplasia was
observed in 23 cases (39.0%), high-grade dysplasia in 3 cases
(5.1%), and invasive IPNB in 33 cases (59.9%). CK20,
pancreaticobiliary type, tumor invasion beyond ductal wall,
tumor invasion to adjacent organs, and invasive disease were
more frequently found in E-IPNB than in [-IPNB (22.7 vs.
8.5%; p=0.043, 38.6 vs. 23.7%; p =0.050, 20.5 vs. 11.9%;
p<0.001, 4.5 vs. 1.7%; p<0.001 and 93.2 vs. 55.9%;
p<0.001).

Among the 59 I-IPNBs, 31 occurred at left lobe and 21
occurred at right lobe. There was significant difference in
proportion of patients undergoing extrahepatic bile duct resec-
tion and major hepatectomy between E-IPNB versus [-IPNB
(97.7% vs. 10.2%; p<0.001 and 56.8% vs. 64.4%;
p<0.001). Among the 44 E-IPNBs, 8 (18.2%) patients
underwent bile duct resection with hepaticojejunostomy and
10 patients (22.7%) underwent PD. Among 59 I-IPNBs,
segmentectomy, bisementectomy, and major hepatectomy
were performed in 4 (6.8%), 14 (23.7%), and 40 (67.8%)
patients, respectively.

Demographic and Clinicopathological Features
According to Tumor Location (74 Invasive IPNBs)

We performed further analysis of invasive IPNB by tumor
location and summarized it in Table 1. The size of tumor
was significantly smaller in E-IPNB than I-IPNB (3.3+2.4
vs. 3.5+2.6; p=0.009). The mean values of T.bil, ALT,
AST, and CA19-9 were significantly higher in E-IPNB than
I-IPNB (1.6 £ 1.4 vs. 0.8 £0.6 mg/mL; p =0.008, 53.8 + 63.5
vs. 26.6 £23.8 U/L; p<0.001, 48.8 £54.0 vs. 29.1 £19.5 U/
L; p=0.030 and 76.7£145.3 vs. 50.6+£190.9 U/L; p=
0.054). Although no significant difference was found, tumor
multiplicity, MUC1, lymph node metastasis, and positive re-
section margins occurred more frequently in E-IPNB than in I-
IPNB (90.2 vs. 78.8%; p=0.201, 24.4 vs. 18.2%; p=0.519,
9.8 vs. 6.1%; p=0.563 and 7.3 vs. 3.0%; p =0.624).

Clinical Outcomes

The median follow-up time of all enrolled patients was 52 (1—
185) months. Following resection, concurrent chemoradiation
therapy (CCRT) was performed in three E-IPNBs and chemo-
therapy in one I-IPNB. The 5-year overall survival (OSR) and
disease-free survival (DFS) rates of all 103 cases were 80.8%
and 75.2%, respectively (Fig. 1a, b). Figure 1c, d shows sig-
nificant difference in 5-year OSR and DFS between E-IPNB
and [-IPNB (68.6 vs. 89.0%; p=0.009, 51.7 vs. 91.4%;
p<0.001). Regarding 74 cases diagnosed as invasive IPNB,
the 5-year recurrence rate in E-IPNB and [-IPNB was found to
be 51.2% and 15.2%, respectively (p =0.033).
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Table 1 Demographic and
clinicopathological features of E-IPNB (n=41) I-IPNB (7 =33) p value
invasive IPNB (n = 74) according
to tumor location Age (years, mean + SD) 66.6+7.9 63.5+9.1 0.379
Gender (male:female, N) 22:19 21:12 0.387
BMI (kg/m?, mean + SD) 232436 23426 0.910
Size of tumor (cm, mean + SD) 33+24 35+2.6 0.009
Symptoms (N, %)
Abdominal pain 14 (34.1) 14 (42.4) 0.465
Jaundice 11 (26.8) 1(3.0) 0.006
Fever 9 (22.0) 2 (6.1) 0.098
Abnormal liver function 7(17.1) 2(9.1) 0.318
Indigestion 0(0) 2(6.1) 0.195
Based on screening 14 (34.1) 13 (39.4) 0.641
T.Bil (mg/mL, mean + SD) 1.6+1.4 0.8+0.6 0.008
ALT (U/L, mean + SD) 53.8+63.5 26.6+23.8 <0.001
AST (U/L, mean + SD) 48.8+54.0 29.1+19.5 0.030
CEA (ng/mL, mean + SD) 2.1+14 3.8+12.1 0.337
CA19-9 (U/mL, mean + SD) 76.7+145.3 50.6 £190.9 0.054
GB stones (N, %) 4(9.8) 6(18.2) 0.326
CBD stones (N, %) 4(9.8) 30.1) 0.622
Intrahepatic duct stones (&, %) 4(9.8) 4(12.1) 0.516
Clonorchiasis (N, %) 4(9.8) 6 (18.2) 0.326
Mucin production (N, %) 10 (24.4) 13 (39.4) 0.166
Morphological appearance (N, %) 0.165
Protruding IPNB 40 (97.5) 29 (87.8)
Diffuse IPNB 1(2.5) 4(12.2)
Tumor number (N, %) 0.201
Single 4(9.8) 7(212)
Multifocal 37 (90.2) 26 (78.8)
MUCI (N, %) 10 (24.4) 6 (18.2) 0.519
MUC2 (N, %) 10 (24.4) 9(27.3) 0.778
MUCSAC (N, %) 15 (36.6) 13 (39.4) 0.804
MUCS6 (N, %) 3(73) 5(15.2) 0.326
CK7 (N, %) 11 (26.8) 8(24.2) 0.800
CDX2 (N, %) 16 (39.0) 13 (39.4) 0.974
CK20 (N, %) 9(22.0) 5(15.2) 0.458
Histological subtype (N, %)
Pancreaticobiliary 16 (39.0) 9(27.3) 0.288
Intestinal 16 (39.0) 16 (48.5) 0.483
Gastric 6 (14.6) 4(12.1) 0.515
Oncocytic 0 (0) 3.1 0.084
Depth of invasion (I, %) 0.916
Within duct® 30 (73.1) 24 (72.8)
Beyond ductal wall 9 (22.0) 8(24.2)
Invasion to adjacent organs 2(4.9) 1(3.0)
Lymph node metastasis (N, %) 4(9.8) 2 (6.1) 0.563
Margin status 0.624
RO 38 (92.7) 32 (97.0)
RI1/R2 3(7.3) 13.0)
Adjuvant treatment 4(9.8) 0 (0) 0.124

BMI body mass index, ALT alanine aminotransferase, AST aspartate transaminase, 7.Bi/ total bilirubin, CEA
carcinoembryonic antigen, CA79-9 cancer antigen 19-9, GB stones gallbladder stones, CBD stones common bile
duct stones, MUC! mucin 1, MUC2 mucin 2, MUC5AC mucin 5AC, MUC6 mucin 6, CK cytokeratin, CDX

caudal type homeobox

#Includes carcinoma in situ
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Time to Initial Recurrence

Among the 74 cases diagnosed as invasive IPNB, recurrences
occurred in 24 (32.4%) patients. The estimated cumulative
probability of recurrence is shown in Fig. 2a. Among the 24
patients with recurrence, 11 (45.8%) experienced recurrence
within 1 year, 20 (83.3%) within 3 years, and 23 (95.8%)
within 5 years.

The cumulative probability of recurrence in E-IPNB was
significantly higher than in I-IPNB (51.2% vs. 15.2%;
p=0.033) (Fig. 2b). Among the 24 patients with recurrence,
there was difference in the recurrence rate within 1 year be-
tween the E-IPNB and I-IPNB with marginal significance
(33.3% vs. 83.3%; p=0.061). The recurrence rate during the
follow-up period ranging from 1 to 3 years between the E-
IPNB and I-IPNB was also different (50% vs. 0%; p = 0.052).
There was no significant difference between recurrence rates
of E-IPNB and I[-IPNB during the follow-up period ranging
from 3 to 5 years (16.7% vs. 16.7%; p = 0.749).

Among 18 E-IPNBs with recurrence, six (33.3%) experi-
enced recurrence within 1 year, 15 (83.3%) within 3 years, and
18 (100%) within 5 years. Of six I-IPNBs with recurrence,
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five (83.3%) experienced recurrence within 1 year. The re-
maining one patient experienced recurrence 67 months
(5.6 years) after surgery. Among five recurred I-IPNB patients
within a year, there were one (20%) patient with tumor mul-
tiplicity, three (60%) patients with MUCI, two (40%) patients
with lymph node metastasis, and one (20%) patient with pos-
itive resection margins. Regarding tumor markers such as
CA19-9, the value for each of the five patients was lower than
the average of 33 invasive I-IPNBs, 50.6 £190.9 U/mL.
Invasion beyond ductal wall and macroscopically diffuse type
IPNBs were found in four (80%) patients, respectively.
Contrary to the results of invasive I-IPNB, all six cases with
early recurrence within 1 year of invasive E-IPNB were pro-
truding IPNB.

Analysis of Initial Recurrence Site

Table 2 presents the initial recurrence site in 74 cases diag-
nosed as invasive IPNB. There was no significant difference
in the rate of initial isolated locoregional recurrence and initial
distant recurrence according to tumor location (14.6 in E-
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Fig. 2 Estimated cumulative probability of recurrence in 74 cases diagnosed as invasive IPNB a overall and according to b tumor location and ¢ lymph
node metastasis

IPNB vs. 3.0% in I-IPNB; p=0.123, 19.5 in E=IPNB vs. differentiation of structures around the bile duct by tumor loca-
12.0% in I-IPNB; p =0.136). tion can affect the way the tumor spreads and recurs. Indeed, in

Of the 24 patients with recurrence, no significant difference  the case of cholangiocarcinoma (CCC), intrahepatic CCC and
in the median time to recurrence was found between patients  extrahepatic CCC have been widely known to have different
with isolated locoregional recurrence and those with distant  clinicopathological characteristics.”* %> However, there is no

recurrence (21.0 vs. 7.0 months; p = 0.496). definition of IPNB according to location by WHO
classification.”® Only a few studies have reported the recur-
PRS rence patterns of IPNB by location. Of these, Choi et al.’s in-

vestigation concluded that there is no need for other treatment
The 1-, 2-, and 3-year post-recurrence survival (PRS) rates ~ methods depending on location.” Despite the lack of statistical
were 67.8%, 26.1%, and 26.1%, respectively, and the median significance due to the small sample size, it should be noted that
PRS time was 16.0 months. After diagnosis of recurrence, one  invasive disease and LN involvement were more frequently
(14.3%) of the seven patients with isolated locoregional recur-  observed in the extrahepatic duct in this study. In the current
rence and six (60.0%) of the 12 patients with distant recur-  study, the location of the tumor was found to be an independent
rence underwent palliative chemotherapy. Median PRS time  factor associated with recurrence of the tumor. To our knowl-
was not significantly different between patients with isolated  edge, this is the first study to demonstrate differences in the
locoregional recurrence and those with distant recurrence  prognosis of IPNB according to the location of the tumor.
(24.0 vs. 15.0 months; p =0.587). There was no significant  Although no significant difference was found, tumor multiplic-
difference in median PRS time according to tumor location  ity, MUCI, lymph node metastasis, and positive resection mar-
(20.0 months in E-IPNB vs. 10 months in I-IPNB; p=0.323)  gins occurred more frequently in invasive E-IPNB than in in-
and palliative treatment (16.0 months in palliative treatment  vasive I-IPNB. In fact, all of the four factors just mentioned

vs. 14 months in no palliative treatment; p = 0.440). have been reported as poor prognostic factors in previous
studies.>® %1526 OFf course, further evidence should be accu-
Risk Factors for Time to Recurrence mulated, but it is expected to be clinically useful to consider

different approaches to treatment and surveillance for IPNB
In multivariable analysis, E-IPNB (hazard ratio [HR]=3.041,  according to tumor location, as in the case of CCC.

95% confidence interval [CI] 1.086-8.509; p = 0.034) and LN Among the 74 cases diagnosed as invasive IPNB, the 5-
metastasis (HR =3.818, 95% CI 1.322-11.025; p=0.013) year recurrence rate of E-IPNB was 51.2% in the current
were independent prognostic factors for RFS (Table 3).  study. Given this recurrence rate, which cannot be ignored, it
Figure 2b, ¢ presents the cumulative probability of recurrence ~ is meaningful to seek a treatment to reduce the recurrence after
over time for each independent risk factor. surgery. However, it was difficult to verify the oncologic ef-

fect of adjuvant treatment because it was only performed on

four E-IPNBs. Future studies that can demonstrate oncologic

Discussion effects through adjuvant local treatment should be conducted.
Analysis of the recurrence pattern and timing is important

IPNB is a disease that can occur anywhere in the biliary tract, in that it can infer the clinical characteristics of the primary
including in the intrahepatic and extrahepatic bile duct. The  tumor and effectively establish the follow-up strategy. Studies
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Table 2 Initial recurrence site

after resection according to tumor ~ First recurrence site

E-IPNB (n=41) LIPNB (n=33) All cases (n=74)

location (74 cases of invasive

IPNB) Locoregional recurrence

Isolated

With distant metastasis
Distant recurrence

Liver

Peritoneum

Retroperitoneal lymph node

Lung

PTBD insertion site

Wound site

Other lymph node

10 (24.4; 55.5) 2 (6.0;33.4)° 12 (16.2; 50.0)°
6 (14.6; 33.3)* 13.0;16.7)° 7(9.5;29.2)°
4(9.8;22.2)° 1(3.0;16.7)° 5(6.7; 20.8)°

8 (19.5; 44.5) 4 (12.0; 66.6)° 12 (16.2; 50.0)°
1(24;55) 1 (3.0;16.7)° 2(2.6;8.4)
2(5.1; 11.6) 1(3.0;16.7)° 3(4.0; 12.4)°
1(24;55) 2(6.0;33.4)° 3 (4.0; 12.4)°
1(24;55) 0 (0; 0)° 1(14;42)°
124,557 0(0; 0)° 1(14;42)°
1(24;55)7 0(0; 0)° 1(14;42)°
1(24;55)7 0(0; 0)° 1(14;42)°

PTBD percutaneous transhepatic bile drainage

#Values in parentheses represent percentage of all 41 patients; percentage of 18 patients with recurrence

®Values in parentheses represent percentage of all 33 patients; percentage of 6 patients with recurrence

¢ Values in parentheses represent percentage of all 74 patients; percentage of 24 patients with recurrence

on the timing of recurrence can be particularly helpful in de-
termining the optimal surveillance period and interval after
curative resection. However, recurrence timing of [IPNB has
been analyzed by only one study, > and no established follow-
up guideline exists for after surgery. In the NCCN guidelines
for CCC, it is recommended that follow-up inspections be
performed at 6-month intervals for at least 2 years after resec-
tion, regardless of the location of the cancer.?” The present
study provides an analysis of the recurrence rate within 1 year
and the timing of recurrence according to tumor location. The
plateau of the RFS curve in overall IPNB was observed within
5 years and the rate of early recurrence was high. In fact,
nearly half of the patients with recurrent IPNB experienced
recurrence within 1 year. Among these, it was confirmed that
I-IPNB was more closely related to early recurrence. With
marginal significance, I-IPNB had a higher recurrence rate
than E-IPNB within 1 year (83.3% vs. 33.3%; p=0.061). It
is interesting that invasion beyond ductal wall and macroscop-
ically diffuse type IPNBs were found in four (80%) of the five
patients with early recurrence in invasive I-IPNBs, respective-
ly. Both of these factors are notable in that they are related to

tumor invasiveness. In particular, it has been reported in a
retrospective study that diffuse IPNB has a worse prognosis
than other protruding types (5 years survival rates—20.8%
vs.70.7%; p =0.010)."> By contrary, all six cases with early
recurrence within 1 year of invasive E-IPNB were protruding
IPNB. Perhaps this may be related to differences in the way
the tumor spreads due to the anatomical structure that depends
on the location of the tumor. In the future, it will be necessary
to verify statistically them through a large cohort study.

Of the five patients with early recurrence in invasive I-
IPNBs, one developed at a month, one at 3 months, two at
7 months, and one developed at 12 months. This was detected
through our surveillance process conducted every 3 months
during the first year. Although studies using large samples
should be further conducted, these findings may support the
need for at least 1 year of close observation after resection of I-
IPNB. By contrary, among the recurrent E-IPNB, the recur-
rence rate after 1 year was 66.7%. In addition, 50% of recur-
rent E-IPNB experienced recurrence during the follow-up pe-
riod ranging from 1 to 3 years. Therefore, it is necessary to
consider the mandatory surveillance for at least 3 years after

Table 3 Univariable and
multivariable analysis of
prognostic factors associated with

Univariable analysis Multivariable analysis

recurrence-free survival (74 cases HR 95% Cl1 p HR 95% CI p

of invasive IPNB) value value
Sex (M:F) 2.466 0.921-6.603 0.072 2483 0.952-6.475 0.063
BMI (=22.5) 0.436 0.300-1.111 0.098 0.615 0.239-1.581 0.313
Tumor location (E-IPNB:I-IPNB) 3.077 1.092-8.671 0.019 3.041 1.086-8.509 0.034
Pancreaticobiliary type (yes:no) 2.846 1.027-7.890 0.041 1.049 0.389-2.829 0.924
Depth of invasion (beyond ductal 4.442 1.474-13.384 0.006 1342 0.426-4.228 0.615

wall) (yes:no)

Lymph node metastasis (yes:no) 12.895  1.143-117.711  0.005 3.818 1.322-11.025 0.013
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resection of E-IPNB. Given the differences in recurrence
timing according to tumor location, it is reasonable to apply
different follow-up policies to E-IPNB and I-IPNB,
respectively.

However, there has not yet been any study on whether
palliative treatment can actually improve survival outcome
after relapse. In the current study, small sample sizes failed
to draw a solid conclusion about the effectiveness of palliative
treatment compared with no treatment (median PRS time—
16.0 months vs. 14 months; p =0.440). Nonetheless, if the
efficacy of palliative therapy is proven in subsequent studies,
detection of recurrence may give an opportunity to provide
palliative care at an appropriate time. Further studies should
particularly demonstrate the oncologic benefits of local con-
trol for patients with isolated locoregional recurrence.

LN metastasis as well as tumor location were found to be
independent prognostic factors for RFS in this study. From an
oncologic point of view, lymph node involvement has tradi-
tionally been accepted as a clinical indicator to predict prog-
nosis, because it indicates poorer biologic behavior as well as
the potential for subsequent metastasis by cancer cells remain-
ing in LNs.”® In two previous studies, LN involvement was
revealed as an independent risk factor for survival® and re-
currence of malignant IPNB.'” This was also identified as an
independent risk factor for recurrence in the present study.
But, no one has identified the prognostic significance of
lymph node dissection. In this regard, validating whether
lymphadenectomy for IPNB can lead to oncologic benefits
remains a challenge.

This study has some limitations. First, no established adju-
vant treatment might have acted as bias for recurrence analy-
sis. The chemotherapy regimen was determined by the oncol-
ogist’s preference. Second, small sample size of patients with
recurrence makes it difficult to draw solid statistical conclu-
sion about recurrence timing according to tumor location. This
is related to the tendency to increase the model instability as
the number of events per variable is smaller. Multicenter large
cohort studies are needed to establish a more detailed and
specific follow-up schedule according to tumor location of
IPNB.

Conclusions

Tumor location proved to be an independent predictor of re-
currence of IPNB. E-IPNB has a worse prognosis than I-
IPNB. Of the recurrent E-IPNB, two-thirds have recurrence
after 1 year. By contrary, I-IPNB has higher tendency of early
recurrence within 1 year. Different surveillance policies ac-
cording to tumor location are needed in patients undergoing
surgery for IPNB.
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