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Objective: Currently, the correlation between preoperative bilirubin level and overall survival

(OS) remains poorly defined in respectable perihilar cholangiocarcinoma (CC). The objectives of

the current study were to evaluate the outcomes of perihilar CC after resection and then to

analyze factors influencing curative resection, tumor recurrence and OS.

Methods: 115 patients with perihilar CC underwent surgical resection were retrospectively

analyzed based on clinic characteristics, operative details, tumor recurrence and long-term

survival data.

Results: The 1-, 3-, and 5-year OS rates after resection were 75.9%, 36.5%, 21.7%, whereas the

corresponding tumor recurrence rates were 29.6%, 70.8%, 85.3%, respectively. Preoperative

bilirubin level combined with liver resection, resection margin, vascular invasion and perineural

invasion, lymph node metastasis and TNM stage were found to be correlated with OS and tumor

recurrence. Multivariate analysis showed that preoperative bilirubin level together with resection

margin, perineural invasion, and TNM stage were independent predictors of OS and tumor

recurrence. Furthermore, preoperative bilirubin level was related with R0 resection, lymph node

metastasis, TNM stage and postoperative liver function recovery.

Conclusion: Preoperative bilirubin level may effectively reflect the severity of perihilar CC

and predict the OS and tumor recurrence after resection for perihilar CC patients.

Keywords: perihilar cholangiocarcinoma, surgical outcomes, predicting factors, bilirubin

level, R0 resection

Background
Cholangiocarcinoma (CC), described as malignancy that arising from the biliary

tract epithelia, is the second most common primary liver malignancy.1 CC can be

divided into intrahepatic, perihilar, or distal CC according to the tumor location in

the biliary tree. Perihilar CC is the most common CC, involving the hepatic duct

bifurcation between the second-order bile ducts and the origin of cystic duct.2,3

Complete surgical resection remains the only hope for long-term survival in

patients with perihilar CC.4 In the past 20 years, surgical management of perihilar

CC has progressed due to improvement in surgical techniques and perioperative

assessment, which offer possible chance of cure within acceptable morbidity and

mortality rates.5 However, the rates of resectability and 5-year survival from

previous reports vary widely, ranging from 28% to 94% and from 11% to 45%,

respectively.4 Currently, there are still controversies in surgical procedure for

perihilar CC, especially for types I and II perihilar CC. Furthermore, the necessity
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and method of preoperative biliary drainage to decompress

biliary obstruction are still debated.6,7

The objectives of the current study were to primarily

evaluate the outcomes of patients with perihilar CC who

underwent surgical resection in our center and then ana-

lyze risk factors influencing curative resection, tumor

recurrence and overall survival (OS).

Methods
Patients Population and Data Collection
From September 2006 to January 2015, 115 patients

underwent surgical resection and pathologically proven

perihilar CC were retrospectively reviewed in the First

Affiliated Hospital of Nanjing Medical University, China

(Supplementary Figure 1). The patients with mixed CC/

hepatocellular carcinoma were excluded. Patients who

died within post-operation 30 days were excluded (n=2).

This study was approved by the institutional review boards

of the hospital, and consent was obtained from every

patient. This study was conducted in accordance with the

Declaration of Helsinki. Patients’ records were anon-

ymized and de-identified prior to analysis.

Demographic information including sex, age and clinical

presentation were collected for each patient. Preoperative

parameters including carbohydrate antigen19-9 (CA19-9),

carcinoembryonic antigen (CEA) and preoperative bilirubin

level (prior to any biliary intervention) were also recorded.

Pathologic data included histologic grade, tumor size, TNM

stage, resection margin, lymph node metastasis, vascular and

perineural invasion were ascertained based on final patholo-

gic assessment. Pathologic tumor staging was based on the

TNM classification of American Joint Committee on Cancer

(7th edition). Extent of bile duct involvement was typed

according to the Bismuth-Corlette classification.8 Date of

last follow-up, OS and tumor recurrence were collected for

all patients.

Preoperative Evaluation and Surgical

Procedures
The location and extent of the tumor, lymph nodes and

distant metastasis, peritoneal seeding, Bismutch-Corlette

type, remnant liver volume and resectability were evaluated

according to computed tomography, or magnetic resonance.

Patients with serum bilirubin above 12 mg/dl and need to

combine liver resection routinely considered preoperative

biliary drainage (PBD). Surgical procedures were decided

according to preoperative Bismutch-Corlette type and

intraoperative exploration. Overt distant metastasis, intrahe-

patic metastasis, or peritoneal seeding were defined as non-

resectability.

Statistical Analysis
Continuous variables were expressed as mean SD or med-

ian (range). Categorical variables were expressed as num-

ber (percentage). The Student’s t-test and the χ2 test were

used to analyze continuous or categorical variables,

respectively. OS was defined as the interval between the

date of liver resection and the date of death or last follow-

up evaluation. Tumor recurrence is determined by patho-

logical diagnosis or imaging examination (CT or MRI).

OS and tumor recurrence rates were calculated using the

log-rank test. Univariate and multivariate analysis of prog-

nostic factors for survival and tumor recurrence were

performed using Cox regression hazard model. Statistical

calculations were performed using SPSS version 19.0

(Chicago, IL, USA). Statistical significance was defined

as p value of <0.05.

Results
Demographic and Clinic-Pathologic

Characteristics
A total of 115 patients who underwent surgical resection

for perihilar CC and met the inclusion criteria were iden-

tified. Baseline characteristics of the population were pre-

sented in the Supplementary Table 1. The median age of

this cohort was 60.4 years (range, 26–81 years) and male

gender predominated (n=74, 64.3%). The average preo-

perative total bilirubin was 8.2±7.9 mg/dl whereas the

number of bilirubin levels >3 mg/dL and >12 mg/dL

were 56 (48.7%) and 28 (24.3%) respectively. The number

of patients with CA19-9>39U/mL and carcinoembryonic

antigen (CEA) >4.7 ng/mL were 56 and 24, respectively.

The two main clinical symptoms were jaundice (48.7%)

and epigastric pain (40%).

The clinicopathologic characteristics of patients were

showed in Supplementary Table 2. Among them, there were

about 82 (71.3%) patients with negative tumor margin.

Vascular invasion was found in 7 patients (6.1%), while

patients with lymph node metastasis and perineural invasion

were 47.0% and 42.6%, respectively. Most tumors were TNM

stage 2 or 3 (n = 37, 32.2% and n = 58, 50.4%, respectively).

Among them, 47 patients were diagnosed as type IV, 17 as

type IIIa and 27 as type IIIb while only 21 patients were

diagnosed as type II and 3 as type I of perihilar CC.
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Operative Procedure and Curability
The rates of R0 resection for the different surgical proce-

dures in various types of perihilar CC were showed in

Supplementary Table 3. 115 patients underwent resection

and the rate of R0 resection was 71.3%. The R0 resection

rate in types I and II was 100% and 71.4%, respectively.

There was no statistical difference in R0 resection rate

between type IIIa (82.4%) and type IIIb (74.1%) (P =

0.716). There was lower R0 resection rate in type IV

(63.8%) than other types of tumor. In terms of the surgical

procedures, the types I and II patients were more likely to

undergo bile duct resection, whereas combined major

hepatectomy were more common in types III and IV

patients. The rate of R0 resection was higher in patients

underwent combined liver resection than those underwent

segmental bile duct resection in types III and IV patients

(72% vs 55.6%).

Overall Survival and Prognostic Factors

Analysis
The 1-, 3- and 5-year OS rates were 75.9%, 36.5%, 21.7%,

respectively (Figure 1A). Preoperative total bilirubin level

combines liver resection, resection margin, vascular invasion

and perineural invasion, lymph node metastasis, and TNM

stage were found to be correlated with OS upon univariate

analysis (Table 1). The 1-, 3- and 5-year OS rates of patients

with R0 resection were 88.6%, 46.4%, 29.7%, while non-R0

resection was 45.5%, 13.4%, 0%, respectively (Figure 1B).

Patients with low preoperative bilirubin level were found to

have significantly better OS rate than patients with high

preoperative bilirubin level (Figure 1C). Furthermore, the

OS rate was significantly better for patients without vascular

invasion (P=0.032) and perineural invasion (P=0.015),

absence of lymph node metastasis (P < 0.001), and early

TNM stage (P <0.001) (Figure 1D–F). The OS rates accord-

ing to the Bismuth-Corlette classification were not found to

show significant statistical difference. Patients who under-

went combined liver resection had significantly better OS

than patients without combined liver resection in types III

and IV tumors (P=0.049). However, patients with combined

caudate lobectomy during hepatectomy have similar OS

compared to those without caudate lobectomy. Otherwise,

there was no difference in OS observed in terms of CA19-9

level, tumor size and differentiation. In our multivariate

analysis, preoperative high bilirubin level (HR 2.34,

P=0.012), positive resection margin (HR 2.79, P= 0.003),

perineural invasion (HR 2.42, P=0.008), and TNM stage

(HR 4.67, P=0.013) were found to be independent prognos-

tic factors of OS (Table 1).

Risk Factors Analysis for Perihilar CC

Recurrence
The 1-, 3- and 5-year tumor recurrence rates were 29.6%,

70.8%, 85.3%, respectively (Figure 2). The most common

recurrence site was intrahepatic local recurrence (91.4%).

From our univariate analysis, total bilirubin level combined

with liver resection, resection margin, perineural invasion,

lymph node metastasis, and TNM stage were associated with

perihilar CC recurrence (Table 1). Preoperative high bilirubin

level (HR 2.07, P=0.029) along with positive resection mar-

gin (HR 3.52, P <0.001), perineural invasion (HR 3.31,

P=0.001), and late TNM stage (HR 4.37, P=0.017) were

independent predictors of tumor recurrence (Table 1).

Analysis was also performed focused on patients who devel-

oped early (within 1 year) recurrence (n=32). In the multi-

variate analysis, preoperative high bilirubin level (HR 3.42,

P=0.007) and lymph node metastasis (HR 7.47, P=0.008)

were independent predictors of early tumor recurrence after

surgery (Table 2).

Preoperative Bilirubin Level Was an

Effectively Predictor for Prognostic

Outcomes of Perihilar CC
On Univariate analysis, our results showed that preopera-

tive bilirubin level was significantly associated with OS

and tumor recurrence. Preoperative high bilirubin level

(>12 mg/dl) was an independent predictors of OS and

tumor recurrence after surgery (Table 1). The 1-, 3- and

5-year OS rates of patients with low preoperative bilirubin

level were 87.5%, 46.9%, 37.5%, while high preoperative

bilirubin level was 53.6%, 13.9%, 0%, respectively.

Patients with high preoperative bilirubin level were

found to have significantly higher early tumor recurrence

than patients with lower preoperative bilirubin level. Our

further analysis showed that high bilirubin level was

related with lower R0 resection, more lymph node metas-

tasis and advanced TNM stage. In turn, higher preopera-

tive bilirubin level was found in those patients with R1

resection or lymph node metastasis or high TNM stage

(Table 3). Furthermore, preoperative level of bilirubin was

associated with postoperative liver function recovery

(Supplementary Figure 2). However, the PBD did not

affect OS and tumor recurrence after resection for perihilar

CC patients.
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Discussion
In this project, we analyzed risk factors influencing cura-

tive resection, tumor recurrence and OS of perihilar CC

after liver surgery. Our results showed that lymph node

metastasis, perineural invasion, high preoperative bilirubin

level, combine liver resection and positive resection

* P<0.001

* P=0.013

* P<0.001

* P=0.004

* P<0.001

B

DC

E F

A

Figure 1 The overall survival rates in patients with perihilar CC. (A) Overall survival, (B) the status of resection margin (R0), (C) preoperative bilirubin level, (D) perineural

invasion, (E) lymph node metastasis and (F) tumor stage (N= 115). *P<0.05.
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margin were important prognostic factors for perihilar CC

after resection. In our cohort, 47.0% (54 of 115) of patients

had lymph node metastasis, which had higher tumor recur-

rence rate and lower overall survival rate than those

patients without lymph node metastasis. These results

were similar with those reported in the literature.9,10,11

Aoba T et al research showed that the number of lymph

node metastasis was an important prognostic factor in

perihilar CC Italian multicenter analysis showed that an

LNR (the number of positive lymph nodes divided by the

total number of harvested nodes) exceeding 0.20 was the

independent prognostic factor for OS in N1 perihilar CC

patients.12 Furthermore, perineural invasion was also

reported to be independent prognostic factor.13,14 In our

study, 48 (42.3%) of patients have perineural invasion,

which was confirmed as an independent prognostic factor

of OS and tumor recurrence after surgery for perihilar CC

patients.

Recently, more evidence showed that surgical proce-

dure affected the outcomes of perihilar CC. Surgical radi-

cal excision (R0 resection) was still the only chance of

a potential cure for perihilar CC.15,16 Our result also con-

firmed that positive resection margin was independent

prognostic factor on tumor recurrence and OS after resec-

tion for perihilar CC. The 1-, 3- and 5-year OS rates of

patients with R0 resection were 88.6%, 46.4%, 29.7%,

while non-R0 resection were 45.5%, 13.4%, 0%, respec-

tively. R0 and R1 resection resulted in early tumor

Table 1 Univariate and Multivariate Analysis for OS and Tumor Recurrence

Characteristic OS Tumor Recurrence

Univariate Multivariate Univariate Multivariate

P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI) P Value HR (95% CI)

Age ≥60 0.163 1.39 (0.88–2.20) 0.326 1.26 (0.79–.02)

Sex (female) 0.458 0.84 (0.52–1.34) 0.385 0.81 (0.50–.31)

PBD 0.195 1.44 (0.83–2.48) 0.089 1.60 (0.93–2.75)

Bismuth type

(III-IV vs I-II)

0.185 1.50 (0.82–2.74) 0.253 1.44 (0.77–2.68)

Bilirubin (>3mg/dL) 0.005 2.26 (1.28–4.01) 0.002 2.55 (1.41–4.63)

Bilirubin (>6mg/dL) 0.005 2.13 (1.26–3.61) 0.011 2.00 (1.17–3.41)

Bilirubin (>12mg/dL) <0.001 3.55 (2.04–~6.18) 0.012 2.34 (1.21–4.54) <0.001 3.29 (1.89–5.71) 0.029 2.07 (1.08–3.97)

CEA ≥4.7 U/mL 0.354 1.35 (0.71–2.57) 0.686 1.14 (0.59–2.20)

CA19-9≥39U/mL 0.261 1.60 (0.70–3.65) 0.333 1.54 (0.64–3.71)

CL (types III and IV) 0.709 1.15 (0.55–2.38) 0.646 1.19 (0.57–2.46)

Liver resection

(types III and IV)

0.049 0.45 (0.20–1.00) 0.024 0.40 (0.18–0.88)

Positive tumor margin <0.001 3.57 (2.20–5.80) 0.003 2.79 (1.42–5.49) <0.001 3.29 (2.01–5.40) <0.001 3.52 (1.74–7.14)

Tumor size ≥2 cm 0.330 1.36 (0.73–2.55) 0.249 1.45 (0.77–2.71)

Differentiation

Moderate vs well 0.121 1.63 (0.88–3.02) 0.206 1.49 (0.80–2.75)

Poor vs well 0.143 2.03 (0.79–5.26) 0.488 1.45 (0.51–4.12)

Vascular invasion 0.032 2.35 (1.08–5.16) 0.955 1.03 (0.32–3.29)

Perineural invasion 0.015 1.78 (1.12–2.83) 0.008 2.42 (1.26–4.65) 0.017 1.78 (1.11–2.87) 0.001 3.31 (1.68–6.55)

Lymph node metastasis <0.001 2.64 (1.65~–4.22) <0.001 2.55 (1.57–4.12)

TNM stage

(III–IV vs I–II)

<0.001 3.85 (2.17–6.85) 0.013 4.67 (1.38–15.87) <0.001 3.49 (1.94–6.31) 0.017 4.37 (1.30–

14.71)
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recurrence rates of 15.0% and 60.6%, respectively.

Furthermore, bile duct resection combined with hepatic

resection has been widely accepted for the treatment of

perihilar CC and can effectively increase the rate of R0

resection and long-term OS.16–18 In our study, we also

demonstrated that combined with hepatectomy was found

* P<0.001

* P=0.016

* P<0.001

* P=0.001

* P=0.001

BA

DC

FE

Figure 2 Tumor recurrence rates in patients with perihilar CC. (A) Overall survival, (B) the status of resection margin (R0); (C) preoperative bilirubin level; (D) perineural

invasion; (E) lymph node metastasis; and (F) tumor stage (N= 115). *P<0.05.
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to be an important prognostic factor of OS and tumor

recurrence for types III and IV perihilar CC. The above

results suggested that to types III and IV tumors, combine

with liver resection should be performed to achieve higher

R0 resection and increase long-term OS. However, for

types I and II perihilar CC, there were still controversies

regarding whether major hepatic resection can improve

survival. Some paper reported that single bile duct resec-

tion was enough for types I and II tumors and there was no

significant difference in survival between combine with

hepatectomy and bile duct resection alone.19 However,

other data suggested that bile duct resection combined

with hepatectomy in types I and II perihilar CC might

contribute to the improvement of R0 resection and survival

rate.20,21 In our study, all of 3 type I patients underwent to

bile duct resection and the R0 resection rate was 100%.

However, the rate of R0 resection in type II patients who

underwent bile duct resection was only 68.4%, which

significantly lower than the type II patients who underwent

bile duct resection combined with hepatectomy. It was also

even lower than types III and IV tumors. These results

suggested that segmental bile duct resection should be

offered only to type I patient, whereas bile duct resection-

combined hepatectomy might contribute to the improve-

ment of R0 resection and survival rate in type II perihilar

CC. Due to the contiguity and close anatomical relation-

ship between the caudate lobe and the perihilar bile duct,

some centers suggested combined resection of the caudate

lobe for the treatment of perihilar CC. Several studies

showed that combined caudate lobectomy was an

Table 2 Risk Factor for Early Recurrence of Hilar CC (Within 1 Year)

Characteristic Univariate Multivariate

P Value HR (95% CI) P Value HR (95% CI)

Bismuth types (III-IV vs I-II) 0.432 1.47 (0.56–3.81)

Liver resection (type III or IV) 0.141 0.45 (0.15–1.30)

Serum bilirubin (>3mg/dL) 0.019 3.61 (1.23–10.57)

Serum bilirubin (>6mg/dL) 0.008 3.50 (1.39–8.83)

Serum bilirubin (>12mg/dL) <0.001 4.78 (2.08–10.91) 0.007 3.42 (1.40–8.37)

Positive tumor margin <0.001 5.12 (2.49–10.52)

Vascular invasion 0.245 2.03 (0.62~–6.66)

Perineural invasion 0.229 1.53 (0.76–3.07)

Lymph node metastasis 0.002 3.34 (1.54–7.24) 0.008 7.47 (1.71–32.63)

TNM stage (III–IV vs I–II) 0.010 3.51 (1.35–9.13)

Table 3 Perioperative Bilirubin Level Was Related with Lymph Node Metastasis and R0 Resection

Characteristic Bilirubin Level (mg/dL) Bilirubin Level (mg/dL)

Mean±sd P ≤12 >12 P

R0 resection Yes 7.07±7.62 0.029 51 16 0.046

No 11.04±8.05 14 12

Perineural invasion No 7.52±7.78 0.379 37 14 0.651

Yes 8.98±8.08 28 14

Lymph node metastasis No 6.37±7.91 0.032 36 9 0.045

Yes 9.87±7.60 29 19

TNM I–II 5.75±7.03 0.031 27 5 0.033

III–IV 9.46±8.09 38 23
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independent prognostic factor and increased the rate of R0

resection and OS21–24. However, our results showed that

combined caudate lobectomy did not increase the rate of

R0 resection and OS in the cohort. The possible reason

was that most of types III and IV tumors underwent

hepatectomy including caudate lobectomy.

Currently, the role and necessity of preoperative biliary

drainage for types III and IV perihilar CC and the optimal

preoperative bilirubin level is still a matter of debate.6,7,25 The

morbidity and mortality after hepatectomy were higher in

patients with obstructive jaundice than in patients with normal

bilirubin levels.25 Multicenter European study also showed

that high preoperative total bilirubin level (≥3mg/dL) was

significantly associated with increased complications after

major hepatectomy for perihilar CC.7 Therefore, PBD has

been widely performed to reverse the cholestasis-associated

risk of liver and renal failure after resection.26–28 There are

still controversies regarding the necessity of PBD since it can

be associated with an increase in procedure-related adverse

events.29 A recently published meta-analysis revealed that

PBD seems to be associated with higher postoperative mor-

bidity and increases the risk of wound infections.30 Another

multicenter retrospective study showed that PBD did not

decrease postoperative morbidity and mortality in perihilar

CC.7 Furthermore, PBD did not impact the long-term prog-

nosis of perihilar CC after surgical resection. There was no

significant difference in OS and tumor recurrence rates

between the patients with or without underwent PBD.31

Currently, the correlation between preoperative bilirubin

level and OS remains poorly defined. In this study, our results

showed that patients with high preoperative bilirubin level

was found to have lower OS and higher tumor recurrence

rates than the patients with lower preoperative bilirubin level.

Our further analysis also demonstrated that high bilirubin

level was related with lower R0 resection, more lymph node

metastasis and advanced TNM stage. The above results sug-

gested that preoperative bilirubin level may effectively reflect

the severity of perihilar CC and as an important prognostic

factor after surgery for perihilar CC patients in some extent.

Furthermore, the PBD could not rescue the negative effect of

high preoperative bilirubin levels to long-term survival and

tumor recurrence. The possible reason may be PBD do not

change the existed fact of preoperative high bilirubin level

although the bilirubin levels can be decreased after PBD.

In conclusion, complete surgical resection, including

hepatic resection, can result in long-term survival in the

patients with perihilar CC．Pathological factors such as

advanced TNM stage, lymph node and perineural invasion

were independent predictors of OS and tumor recurrence.

Preoperative bilirubin level may effectively reflect the

severity of perihilar CC and as an independent prognostic

factors on OS and tumor recurrence after resection for

perihilar CC patients.

Abbreviations
CC, cholangiocarcinoma; OS, overall survival; CA19-9,

antigen19-9; PBD, biliary drainage.
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