World J Surg (2016) 40:2229-2236
DOI 10.1007/500268-016-3583-1

@ CrossMark

Significant Improvement in OQutcomes of Patients
with Intrahepatic Cholangiocarcinoma after Surgery

Tomoaki Yoh' - Etsuro Hatano' - Takahiro Nishio' - Satoru Seo' -
Kojiro Taura' - Kentaro Yasuchika' - Hideaki Okajima’ - Toshimi Kaido' -

Shinji Uemoto’

Published online: 2 June 2016
© Société Internationale de Chirurgie 2016

Abstract

Background The prognosis of intrahepatic cholangiocarcinoma (ICC) remains poor despite improvements in
treatment and post-operative clinical management. We review our experiences and evaluate our current surgical
approaches by comparing patients from two consecutive treatment periods.

Methods One hundred forty-four patients who underwent hepatectomy for ICC between 1993 and 2014 were divided
into groups that received treatment before (n = 65, first period) and after 2006 (n = 79, second period), when new
treatment options such as adjuvant chemotherapy and multimodal therapy for recurrence were introduced. Clini-
copathological characteristics and survival outcomes were compared between the groups.

Results First-period patients exhibited more advanced tumor characteristics, including larger tumors, higher
serum carbohydrate antigen 19-9 levels, and vascular invasion. Median overall survival (OS) durations of the
first- and second-period groups were 21.4 and 57.7 months, respectively (p < 0.001); corresponding median
disease-free survival (DFS) durations were 12.2 and 16.6 months, respectively (p = 0.027). Multivariate analysis
found an independent association of the treatment time period with OS and DFS. Notably, second-period patients
with N1 disease achieved a longer OS and DFS (median OS time: 12.4 and 26.0 months, p = 0.0018, and
median DFS: 4.7 and 10.7 months p = 0.019, respectively). Among recurrent patients (first, » = 50 and second,
n = 44), second-period patients had a significantly longer survival after recurrence (8.0 vs. 22.3 months,
p < 0.001).

Conclusion ICC patients, particularly those with N1 disease, achieved significant survival improvements that
were partly attributable to patient selection, adjuvant chemotherapy, and multimodal treatment after
recurrence.

Introduction

Intrahepatic cholangiocarcinoma (ICC), which arises from
the second or further peripheral biliary tree branches, is the
second-most common type of primary liver cancer after
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hepatocellular carcinoma (HCC) [1, 2]. Surgical resection
is considered the only curative treatment for ICC. How-
ever, the respective 5-year overall survival (OS) and
postsurgical recurrence rates of 15-40 % [3-7] and
50-60 % [3, 8, 9] are unsatisfactory.

Recently, the clinical management of ICC has improved
following advances in surgical techniques and preoperative
imaging modalities and the introduction of effective
chemotherapy regimens. We previously reported the sig-
nificance of fluorine-18 fluorodeoxyglucose positron
emission tomography (‘*FDG-PET) [10] and adjuvant
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chemotherapy [11] for ICC management. '*FDG-PET is
predictive of lymph node metastasis and ICC recurrence
after surgical resection and is useful for identifying patients
at high risk for recurrence [10]. Additionally, after several
studies, adjuvant gemcitabine chemotherapy effectively
treated patients undergoing curative resection for advanced
ICC [11], and gemcitabine-based systemic chemotherapy
for unresectable biliary tract cancer is widely considered
effective [12—14].

ICC is a rare entity, and therefore randomized clinical
trials have been difficult to conduct. Although previous
reports suggested improvements in the outcomes of
patients with ICC [15, 16], it remains unclear whether these
recent medical developments have influenced the survival
outcomes of such patients. The aim of the present study
was to review our experiences and evaluate the potential
beneficial effects of our current surgical approaches by
comparing cohorts from 2 consecutive time periods during
a 22-year overall period at a single-center specializing in
hepatobiliary surgery.

Methods
Patients

One hundred fifty-six ICC patients (excluding combined
ICC-HCC patients) initially underwent hepatectomy with
curative intent at Kyoto University Hospital, Kyoto, Japan
between 1993 and 2014. Twelve patients with histological
para-aortic lymph node metastases (a type of distant metas-
tasis) were excluded. Finally, 144 patients were enrolled in
this retrospective study and categorized according to whe-
ther they underwent hepatectomy during the first (February
1993-December 2005; n = 65) or second period (January
2006-January 2014; n = 79), as several advances in clinical
ICC management occurred at our institute around 2006.
Image diagnosis, including multi-detector computed
tomography, was introduced in 2006, and "*FDG-PET data
accumulation was established in 2007 [10]. Additionally,
therapeutic systemic chemotherapy combined with surgical
treatment (i.e., adjuvant chemotherapy and gemcitabine-
based chemotherapy after recurrence) was introduced in
2006. Regarding adjuvant chemotherapy, gemcitabine
hydrochloride and tegafur—gimeracil-oteracil-potassium
(S-1) were authorized for use in Japanese patients with bil-
iary tract cancer in 2006 and 2007, respectively, and are
currently used for selected patients. Post-operative adjuvant
chemotherapy was principally indicated for stage II-IV
tumors, according to the American Joint Committee on
Cancer/International Union Against Cancer (AJCC/UICC)
classification, seventh edition [17]. Neoadjuvant
chemotherapy was not considered in this study.
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Data collection

Clinicopathologic data, including sex, age, hepatitis virus
markers, liver function (e.g., Child—Pugh classification),
and primary tumor characteristics were collected. Treat-
ment-related variables (e.g., surgical procedures including
lymphadenectomy, chemotherapy) were also determined.
Primary tumor characteristics and resection margins were
ascertained from final pathologic assessments. Operative
mortality was defined as death within 30 days of surgery or
during the same admission period. Morbidity was evalu-
ated using the Clavien-Dindo classification [18]. Patients
underwent regular postsurgical clinical follow-ups to
evaluate blood chemistry and tumor markers (e.g., carbo-
hydrate antigen 19-9 [CA19-9] and carcinoembryonic
antigen), routine computed tomography examinations at
3—6-month intervals, and magnetic resonance imaging or
"EDG-PET as needed. Recurrence diagnoses were entirely
based on imaging studies and tumor markers. Follow-up
data were updated in January 2015. The study protocol was
approved by the Ethical Committee of the Graduate School
of Medicine, Kyoto University. Written informed consent
was obtained from all study participants.

Surgery

Patients who were able to undergo macroscopically curative
resection, with a Child—Pugh grade of A or B and future liver
remnant volume >30 % of the whole liver, were indicated
for surgical treatment. Preoperative portal vein embolization
was considered when the future liver remnant volume was
<30 % of the whole liver in patients with an undamaged
liver, or <40 % in those with a damaged liver. Procedure
type was defined according to the hepatic anatomy and
resection terminology, as proposed by the International
Hepato-Pancreato-Biliary Association in 2000 [19]. Major
and minor hepatectomy were defined as bisectionectomy or
more and sectionectomy or less, respectively. Extended
hepatectomy was defined as the removal of >5 segments.

We routinely sampled para-aortic lymph nodes to
determine surgical indications. Regional lymphadenectomy
around the hepatoduodenal ligament was routinely per-
formed except for patients with poor conditions and those
preoperatively diagnosed with HCC or other diseases.
Intra-operative findings indicated the necessity of extended
lymphadenectomy around the celiac trunk or hepatogastric
ligament. The pathological lymph node status was defined
as follows: NO, negative lymph node metastasis; N1: pos-
itive lymph node metastasis; and Nx: uncertain lymph node
status. Residual tumor status was defined as follows: RO
resection, N0 macroscopic or microscopic tumor remaining;
R1 resection, microscopically positive surgical margins;
and R2 resection, not all gross tumors removed.
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Treatment strategy for recurrent patients

Treatments were determined according to the initial recurrence
pattern. Surgery was initially considered as a loco-regional
therapy for selective patients with intrahepatic or extrahepatic
recurrences. Patients with synchronous intrahepatic and extra-
hepatic recurrences and those with recurrences in multiple
extrahepatic organs were treated with systemic chemotherapy,
but not surgery. Radiofrequency ablation therapy was only
performed in patients who refused surgery.

Statistical analysis

Using the Kaplan—Meier method, overall survival (OS) was
calculated from the date of surgery to the date of death or end of
follow-up; disease-free survival (DFS) was calculated with the
date of death or recurrence as the terminal event; and survival
after recurrence (SAR) was calculated from the date of recur-
rence to the date of death or end of follow-up. Survival was

Table 1 Patient and clinicopathologic characteristics

compared according to time period using the generalized
Wilcoxon test. Prognostic factors for survival were identified
through multivariate Cox proportional hazards models with
stepwise selection; variables that were identified as significant
(p < 0.1) in a univariate analysis were placed in a multivariate
model. Continuous variables were expressed as medians (ran-
ges) and compared using the Mann—Whitney U test. Categor-
ical variables were compared using ¢” tests. All analyses were
2-sided, and differences were considered significant at a p value
<0.05. Statistical analyses were performed using JMP ver. 12.1
software (SAS Institute, Inc., Cary, NC, USA).

Results
Patient characteristics

Table 1 presents the characteristics of 144 patients who
underwent curative intent hepatectomy. Although second-

Variable First period Second period p value
N =65 N=179

Age 63 (26-78) 68 (32-84) 0.014*
Gender (male) 33 (51 %) 52 (66 %) 0.068
HBs Ag (+) 305 %) 4(5 %) 0.90
HCV Ab (+) 6 (9 %) 10 (13 %) 0.51
Liver cirrhosis 7(11 %) 15(19 %) 0.17
Child—pugh class B 2 (3 %) 709 %) 0.15
CA19-9 levels (U/ml) 116 (0-29,682) 41.9 (0-12,607) 0.0055%*
CEA levels (ng/ml) 2.3 (0-18.3) 2.8 (0-116.6) 0.48
Maximum tumor diameter (cm) 5.0 (1.0-10.5) 4.0 (1.0-14.0) 0.020*
Vascular invasion 28 (43 %) 51 (65 %) 0.0099*
Major vascular invasion 10 (15 %) 15 (19 %) 0.57
Multiple tumor 19 (29 %) 18 (23 %) 0.38
Lymph node metastasis 0.038**

NO 41 (63 %) 51 (65 %)

N1 23 (35 %) 19 (24 %)

Nx 12 %) 9 (11 %)
Biliary invasion 27 (42 %) 30 (38 %) 0.66
Major biliary invasion 11 (17 %) 13 (16 %) 0.94
Serosal invasion 15 (23 %) 10 (13 %) 0.10
Poorly differentiated 8 (12 %) 9 (11 %) 0.87
Adjuvant chemotherapy 0 (0 %) 46 (58 %) <0.001*

When comparing NO and N1 disease, there was no significant difference between the groups (p = 0.27) are highlighted in bold. However, when
comparing NO and Nx, or N1 and Nx disease, there was significant difference between the groups (p = 0.035 and p = 0.011, respectively)

Hbs-Ag hepatitis-B virus soluble antigen; HCV-Ab hepatitis-C virus antibody; CA79-9 carbohydrate antigen 19-9; CEA carcinoembryonic
antigen; NO negative for nodal metastasis; N/ positive for nodal metastasis; Nx nodal metastasis status undetermined

* Significant difference (p < 0.05)

** Proportion of patients with Nx was significantly higher in the second period; that of patients with NO or N1 was comparable between the first

and second periods
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period patients were older than first-period patients, there
were no significant intergroup differences in terms of sex
ratios and the number of patients with hepatitis-B surface
antigen or hepatitis-C antibody positivity. Liver function,
defined according to the presence of liver cirrhosis or
Child—Pugh classification, was comparable between the
groups. Regarding tumor characteristics, patients in the
first period had significantly larger tumors, higher serum
CA19-9 levels, and less frequent vascular invasion. Sec-
ond-period patients more frequently had an Nx nodal sta-
tus; however, a proportion of patients with NO or N1
disease were comparable. Moreover, a proportion of
patients with major vascular or biliary invasion were also
comparable. Forty-six patients, all in the second-period
group, underwent adjuvant chemotherapy.

Short-term outcomes after hepatectomy

Table 2 summarizes short-term outcomes after hepatec-
tomy. Major hepatectomy [first period, n = 26 (40 %) and
second period, n = 27 (34 %)] and extended hepatectomy
[n =33 (51 %) and n = 34 (34 %), respectively] were
most common, and no significant intergroup differences in
surgical procedures were observed. Lymphadenectomy was
less frequent in the second period [n = 64 (98 %) and
n =70 (89 %), p = 0.023]. Lymphadenectomy was not
performed in 3 patients with preoperatively diagnosed
HCC, 6 patients with poor liver function, and 1 elderly

Table 2 Perioperative outcome

First period  Second period p value
N =65 N=179
Resection margin 0.58

RO 52 (80 %) 66 (84 %)

R1 13 (20 %) 13 (16 %)

Hepatectomy 0.095

Minor hepatectomy 6 (9 %) 18 (23 %)

Partial resection 3(5 %) 9 (12 %)
Segmentectomy 0 (0 %) 1 (0 %)
Sectionectomy 365 %) 8 (11 %)

Major hepatectomy 26 (40 %) 27 (34 %)

Extended hepatectomy 33 (51 %) 34 (43 %)
Lymphadenectomy 64 (98 %) 70 (89 %) 0.023*
Vascular reconstruction 14 (22 %) 11 (14 %) 0.23
Biliary reconstruction 27 (42 %) 22 (28 %) 0.084
Morbidity 34 (52 %) 36 (46 %) 0.57

Class /11 19 (29 %) 23 (29 %)

Class III/VI 15 (23 %) 13 (16 %)

Mortality 4 (6 %) 4 (5 %) 0.78

RO negative margin; R/ positive margin
* Significant difference (p < 0.05)
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patient. Biliary [n = 27 (42 %) and n = 22 (28 %)] and
vascular reconstruction [n =14 (22 %) and n =11
(14 %), respectively] was performed aggressively in both
groups. Regarding pathology, the residual tumor statuses
were RO in 118 patients [n = 52 (80 %) and n = 66
(84 %)] and R1 in 26 patients [n = 13 (20 %) and n = 13
(16 %)]; R2 was not observed. Mortality was observed in
eight patients [n =4 (6 %) and n =4 (5 %)], with no
significant intergroup difference. Seventy patients experi-
enced post-operative complications [z = 34 (52 %) and
n = 36 (46 %)]; the groups did not differ significantly in
terms of the frequency of Clavien—-Dindo grade III/VI
disease [n = 15 (23 %) and n = 13 (16 %), respectively,
p = 0.57].

Survival analysis

The overall median observation time was 26.1 (range:
0-264) months, with values of 21.4 and 29.2 months in the

(a) 1.0 Overall Survival
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3
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3
0.2 First Period Group
0.0 — 7
0 12 24 36 48 60
No at risk Time (months)
Early Period Group 65 46 31 23 19 17
Late Period Group 79 66 47 37 31 26
(b) 1.0 Disease Free Survival
© 0.8
2 P=0022
e
@ 0.6-
g
= Second Period Group
S 0.4+
3
E 4
3
O 0.2
E Early Period Group
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0 12 24 36 48 60
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Early Period Group 65 32 17 13 11 10
Late Period Group 79 44 27 22 18 18
Fig. 1 Overall survival (OS; a) and disease-free survival (DFS; b)
according to treatment during 2 consecutive time periods. Overall,
significantly better OS and DFS (a: p < 0.001, and b: p = 0.022;
generalized Wilcoxon test) were achieved during the second period
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first and second periods, respectively. Of the 144 ICC
patients, the median survival time (MST) and 1/3/5 year
survival rates were 30.9 months and 78/48/38 %, respec-
tively, whereas the median DFS time and 1/3/5 year sur-
vival rates were 13.8 months and 53/28/24 %, respectively.
Both OS and DFS were significantly better in the second-
period group than in the first-period group (OS: MST, 21.4
and 57.7 months, p < 0.001, DFS: MST, 11.5 vs.
16.6 months, p = 0.022, respectively; Fig. 1).

Although a total cohort analysis revealed the achieve-
ment of significantly better OS and DFS in the second-
period group, these results were influenced by patient

selection bias. Accordingly, we conducted a multivariate
analysis and observed that the second-time period was
independently associated with better OS and DFS (OS:
hazard ratio [HR] = 0.49, 95 % confidence interval [CI]:
0.31-0.78, p =0.0018; DFS: HR = 0.66, 95 % CI:
0.43-0.98, p = 0.042; Table 3). These results suggest that
ICC patients who underwent surgery during the second
period achieved better survival outcomes, regardless of
disease progression.

To assess whether these treatment improvements pro-
vided survival benefits within specific subgroups, patients
were further stratified according to significant prognostic

Table 3 Univariate and multivariate analysis of overall and disease-free survival

Variables Overall survival Disease-free survival
Multivariate Multivariate
Univariate p  HR (95 % CI) )4 Univariate p  HR (95 % CI) P
Age <65 0.97 - 0.16 -
>65
Sex Male 0.91 - 0.48 -
Female
Liver cirrhosis Absence 0.31 - 0.59 -
Presence
Child-Pugh grade A 0.95 - 0.34 -
B
CA19-9 <37 0.010* Ref 0.034* Ref
>37 1.39 (0.91-2.15)  0.13 1.12 (0.76-1.69) 0.56
Tumor diameter <5 cm 0.55 0.057 1.01 (0.70-1.60) 0.78
>5cm
Vascular invasion Absence 0.056 Ref 0.14 -
Presence 1.29 (0.81-2.07) 0.28
Major vascular invasion  Absence 0.36 - 0.62
Presence
Tumor number Solitary <0.001%* Ref <0.001* Ref
Multiple 2.27 (1.40-3.61)  0.0011* 2.39 (1.50-3.77)  <0.001*
Nodal status NO <0.001* Ref 0.0018* Ref
NI 2.07 (1.30-3.29)  0.0025* 1.74 (1.14-2.64) 0.011%*
Nx 1.90 (0.71-4.31)  0.18 1.50 (0.61-3.17) 0.35

Tumor differentiation Well/moderate 0.59

0.012%* Ref

Poorly 1.46 (0.80-2.51) 0.21
Biliary invasion Absence 0.082 Ref 0.41 -

Presence 1.41 (0.86-2.28) 0.17
Major biliary invasion Absence 0.062 Ref 0.17 -

Presence 1.31 (0.72-2.30)  0.37
Resection margin RO 0.067 Ref 0.0018%* Ref

R1 1.86 (1.10-3.02)  0.023* 2.24 (1.36-3.57) 0.0019%*
Time period First 0.0019%* Ref 0.015* Ref

Second 0.49 (0.31-0.78)  0.0018* 0.66 (0.43-0.98) 0.042%*

* Significant difference (p < 0.05)

** Variables significant (p < 0.1) in the univariate analysis were placed into a multivariate model
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Table 4 Comparison in median overall and disease-free survival (months) among patients with resected intrahepatic cholangiocarcinoma,

stratified according to significant prognostic factors

Variables Overall survival Disease-free survival
First Second p valuet First Second p valuef

Nodal status NO 34.7 +f 0.046* 15.9 29.3 0.15

N1 124 26 0.0012%* 4.7 10.7 0.017*
Tumor number Solitary 26.5 85.6 0.0014* 15.9 26.9 0.026*

Multiple 12.8 16.6 0.43 4.7 4.7 0.88
Resection margin RO 232 70.3 0.0035%* 14.5 22.6 0.095

R1 8.1 254 0.075 33 10.7 0.062

n
+

Generalized Wilcoxon test

Significant difference (p < 0.05)
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Fig. 2 Overall survival (OS; a) and disease-free survival (DFS; b)
according to treatment during 2 consecutive time periods in patients
with N1 disease. Overall, significantly better OS and DFS (a:
p = 0.0018, and b: p = 0.019; generalized Wilcoxon test) were
achieved during the second period

factors identified through a multivariate analysis (Table 4).
Notably, patients with N1 disease, a known significant
prognostic factor, achieved significantly better OS and DFS
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More than 50 % patients remained alive; 5-year survival rate of 58 % among patients with NO disease

in second period (OS: MST: 12.4 and 26.0 months,
p = 0.0012; DFS: MST: 4.7 and 10.7 months, p = 0.017,
respectively; Fig. 2). In contrast, patients with multiple
tumors did not obtain a survival benefit in second period
(OS: MST: 12.8 and 16.6 months, p = 0.43, DFS: MST:
4.7 and 4.7 months, p = 0.88, respectively). Patients with
an RI resection status achieved a longer OS and DFS,
although these differences were only marginally significant
(OS: MST: 8.1 and 25.4 months, p = 0.075; DFS: MST:
3.3 and 10.7 months, p = 0.062).

Treatment and survival of recurrent patients

During follow-up, 94 (72 %) of the 130 patients remaining
alive postoperatively (excluding 6 who died from other
diseases without recurrence) developed recurrences,
including 50 patients before 2006 (82 %) and 44 patients
after 2006 (59 %, p = 0.0034). First- and second-period
patients with N1 disease, multiple tumors, and R1 resection
had comparable recurrence rates [N1: n = 20 (95 %) and
n = 14 (82 %), p = 0.20; multiple tumor: n = 15 (100 %)
and n=13 (93 %), p = 0.29; Rl resection: n = 10
(100 %) vs. n=11 (92 %), p = 0.35, respectively].
Table 5 presents initial recurrence patterns and treatments.
Twenty-seven (29 %) patients developed intrahepatic
recurrences [first, n = 13 (26 %) and second, n = 14
(32 %)]; 36 (38 %) had extrahepatic recurrences [n = 19
(36 %) and n = 17 (39 %), respectively]; and 31 (33 %)
had both types [ =18 (32 %) and n = 13 (30 %),
respectively]. The groups did not differ significantly
regarding the initial recurrence site (p = 0.75).
Multimodal treatment, including surgery for selected
patients, was performed continuously, regardless of time
period. More second-period patients underwent gemc-
itabine-based chemotherapy [n = 37 (84 %)], and only 3
received best supportive care. The median time to recur-
rence was 9.6 (range: 0.4-173.3) months [first, 8.8
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Table 5 Initial recurrence site and treatments for recurrent patients in the 2 time periods

Total First period Second period
N =94 N =150 N =44
Initial recurrence site
Intrahepatic 27 (29 %) 13(26 %) 14 (32 %)
Extrahepatic 36 (38 %) 19 (36 %) 17 (39 %)
Intra and extra hepatic 31 (33 %) 18 (32 %) 13 (30 %)
Treatment™
Systemic chemotherapy 62 (66 %) 24 (48 %) 38 (86 %)
Gemcitabine-based chemotherapy 46 (49 %) 9 (18 %) 37 (84 %)
Surgery 14 (15 %) 9 (18 %) 5 (11 %)
Radiotherapy 21 (22 %) 11 (22 %) 10 (23 %)
Microwave coagulation therapy/radiofrequency ablation 4 (4 %) 2 (4 %) 2 (7 %)
Intra-arterial therapy 8 (9 %) 5 (10 %) 3 (7 %)
Best supportive care 15 (24 %) 12 (24 %) 3 (7 %)

* Patients who underwent treatment other than best supportive care overlapped

1.0 Survival After Recurrence
©
2 081 ;
> | P =0.0036
=]
0 0.6
(0]
= 1
g 0.4+ Second Period Group
E 4
3 0.2
E First Period Group
0.0 T T T T T T T T T 1
0 12 24 36 48 60

No at risk Time (months)

Early Period Group 50 20 12 8 8 8

Late Period Group 44 30 15 10 8 S

Fig. 3 Survival after recurrence SAR according to treatment during
2 consecutive time periods. Among 94 patients with recurrent
disease, significantly better SAR was achieved during the second
period (p = 0.0036; generalized Wilcoxon test)

(0.4-173.3) months and second, 9.1 (0.8-69.3) months;
p = 0.71]. SAR was significantly better in the second
period than in the first period (MST, 8.1 vs. 22.3 months,
p = 0.0036; Fig. 3).

Discussion

The present study demonstrates improvements in long-term
prognosis for patients with ICC who underwent hepatec-
tomy during the last decade. Significantly better OS and
DFS were achieved during the second period versus the
first period. Several potential factors might have influenced
this long-term outcome, including (1) patient selection, (2)
adjuvant chemotherapy, and (3) combined multimodal

treatment and developed systemic chemotherapy for
recurrent patients.

Both OS and DFS improved significantly over time,
possibly because of intergroup differences in background
characteristics (e.g., tumor characteristics). Although the
total patient analysis was influenced by patient selection
bias, we demonstrated the significance of treatment
improvements through a multivariate analysis; specifically,
adjuvant chemotherapy and multimodal treatment com-
bined with developed systemic chemotherapy might have
conferred survival benefits upon recurrent patients. A
recent large nationwide study demonstrated the signifi-
cance of adjuvant chemotherapy for patients with ICC
[20, 21] and suggested that surgery with adjuvant
chemotherapy is a promising treatment strategy, which is
consistent with our data. Furthermore, a significantly better
SAR might have influenced OS, given the high recurrence
rate of this disease. The introduction of gemcitabine-based
chemotherapy improved the prognosis of unresectable bil-
iary tract cancer [12, 13], and a recent study reported the
significance of aggressive multimodal treatment for recur-
rent patients [16]. Together with improved systemic
chemotherapy, more effective multimodal treatments might
contribute to improvements in SAR and OS.

The poor post-operative prognosis of patients with ICC
is likely multifactorial and might associate with the fact
that many patients present with advanced disease. We have
demonstrated significant improvements in OS and DFS for
patients with N1 disease, which is considered the poorest
[3-6] prognostic factor. Our treatment strategy, which
includes routine lymphadenectomy, adjuvant chemother-
apy, and multimodal treatment for recurrent patients, sig-
nificantly affected the outcomes of patients with N1
disease. Preoperative predictions of the nodal status could
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promote the effectiveness of further therapies such as
neoadjuvant therapy. In contrast, patients with multiple
tumors and poor differentiation exhibited no improve-
ments. In particular, multiple tumors were independently
associated with early death and recurrence. Multiple
tumors might therefore be a more accurate morphological
indicator of biological tumor behavior and independent
survival factor, as reported previously [7, 22, 23].
Regarding presence, the prognostic weight of multiple
tumors was not large in the AJCC/UICC, seventh edition
[17]. Our results suggest that new strategies or treatment
options should be considered for patients with multiple
tumors.

The present study has several limitations, including the
retrospective design and consequent analytical limitations.
Additionally, patient selection bias existed between the
consecutive time frames; notably, multivariate and sub-
group analyses of patients revealed better survival among
those in the second group, especially those with N1 disease
or vascular invasion. We cannot definitively conclude the
specific reasons for this improvement. Undoubtedly,
patient selection and improved treatment options were the
largest contributors to positive outcomes not only among
overall patients, but also among patients with N1 disease.

In conclusion, this present study demonstrates signifi-
cant improvements in the prognosis of ICC. Particularly,
the prognosis of patients with N1 disease improved sig-
nificantly. However, the presence of multiple tumors
remains a poor prognostic factor after surgery, and efforts
to overcome this factor will be addressed in future.
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