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Objective Hilar cholangiocarcinoma (HC) is invariably fatal without surgical resection. The primary aim of the
current study was to determine the safety of variable surgical resections for patient with HC and their survival
after surgical resection. In addition, prognostic factor for the overall survival was also evaluated.

Methods The study included 59 consecutive patients who were newly diagnosed with HC and underwent
surgical resections with curative intend between February 2009 and February 2017. Patients were followed up at
3 - 6 months intervals after hospital discharge. Postoperative complications and overall survival were determined.
Associations of clinicopathologic and surgeon-related factors with overall survival were evaluated through
univariate analysis and Cox regression analysis.

Results Of patients with Bismuth and Corlette (B & C) type Il (n=19) and IV (n=25) HC lesions, 33 (55.9%)
were treated with hilar resection combined with major liver resection (MLR), while the other 11 patients with
type III and [V, and those with type [ (n=8) and II (n=7) HC lesions were treated with hilar resection. The
overall surgical mortality was 5.1% and surgical morbidity was 35.6%. There was no statistical difference in the
mortality between MLR group and hilar resection group (6.1% vs. 3.8%; X*=0.703, P=0.145). The median
follow-up period was 18 months (range, 1-94 months). The 1-, 3-, 5-year survival rate was 59.3%, 36.5%, and
17.7%, respectively. The overall survival after resections was 18 months. In HC patients with B & C type [II and
[V lesions, the median survival was 23 months for hilar resection with MLR and 8 months for hilar resection
alone; the 1-, 3-, 5-year cumulative survival rate was 63.9%, 23.3%, and 15.5%, respectively for hilar resection
with MLR, and 11.1%, 0, and 0, respectively for hilar resection alone, with significant differene observed (HR,
9.902; 95% (I, 2.636-19.571, P=0.001). Four factors were independently associated with overall survival:
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preoperative serum Cal9-9 (HR, 7.039; 95% CI, 2.803-17.678, P<<0.001), histopathologic grade (HR, 4.964;
95% CI, 1.046-23.552, P=0.044), surgical margins (P=0.031), and AJCC staging (P=0.015).

Conclusions RO resection is efficacious in surgical treatment of HC. MLR in combination with caudate lobe

resection may increase the chance of RO resection and improve survival of HC patients with B & C type III and

[V lesions. Preoperatively prepared for biliary drainage may ensure the safety of MLR in most HC patients. Novel

adjuvant therapies are needed to improve the survival of HC patients with poor prognostic factors.

ILAR cholangiocarcinoma (HC), original-

ly described by Altemeier™ in 1957 and

Klatskin™ in 1965, is defined as a tumor

involving common hepatic duct at the con-
fluence of the left and the right hepatic duct. Because
the therapeutic effects of radiotherapy and chemother-
apy remain ambiguous, surgical resection is regarded
as the only therapeutic option for a potential healing.
However, the propensity of longitudinal spread and
invasion of major vascular structures of HC account
for low resectability of this malignancy. Hilar bile duct
resection has ever been regarded as the therapeutic
choice for HC, but frequent recurrence has been shown
due to positive surgical margin at the hepatic edge of
bile duct.’™ In order to obtain negative surgical margins
for long-term survival, surgical treatment for HC, espe-
cially for those of Bismuth III and IV types, has extended
to major liver resection (MLR) and vascular resection.!*
Because of the damaged liver function due to preoper-
ative obstructive jaundice in HC patients, MLR was con-
sidered to be associated with high postoperative mor-
bidity and mortality.'*”? In the current study, we review
the surgical treatments and the outcomes of patients
with HC in our hospital for the purpose to determine the
safety and survival benefit of surgical resections, and
meanwhile evaluate the prognostic significance of relat-
ed clinicopathological factors for overall survival.

PATIENTS AND METHODS

Patient selection

This study was approved by the institutional ethics com-
mittee, informed consents from patients were waived.
We reviewed all patients who underwent surgical explo-
ration for HC and included patients with newly diagnosed
HC between February 2009 and February 2017 at the
department of hepatobiliary surgery, Peking University
People’s Hospital, Beijing, China. There were 61 con-
secutive patients with HC hospitalized for potential cu-
rative surgery. Two (3.3%) patients who were deemed
unresectable according to intraoperative exploration for

encasement of main portal vein and intrahepatic metas-
tases (n=1), and peritoneal carcinomatosis (n=1) were
excluded. One received diagnostic laparoscopy and post-
operative percutaneous transhepatic biliary drainage, the
other underwent intraoperative T-tube placement. Fif-
ty-nine (96.7%) patients underwent tumor resection with
curative intent and were enrolled in this study (Figure 1).
Clinical and histopathological information were collected
from the Hospital Information System.

Of 59 enrolled patients, 36 (61.0%) were men
and 23(39.0%) were women. The mean age of pa-
tients at the time of resection was 63.1+8.5 years
(median 63.0 years; range 38-82 years). Fifty-five
patients (55/59, 93.2%) were symptomatic, including
jaundice (n=50, 84.7%), pruritic (n=9, 15.3%), mild
to moderate upper abdominal pain (n=8, 13.6%), fe-
ver (n=5, 8.5%), and anorexia (n=2, 3.4%). Biliary
stones, chronic hepatitis B, and chronic hepatitis C was
a concomitant diagnosis in 2(3.4%), 1(1.7%), and
1(1.7%) patient, respectively.

The anatomic extent of HC involvement was
determined by the classification of Bismuth and Cor-
lette (B & C):'® type I (n=8, 13.6%); type I (n=7,
11.9%); type I A (n=7, 11.9%); type II B (n=12,
20.3%); type IV (n=25, 42.4%).

Preoperative management

All patients received Ultrasonography and dual-phase
contrast-enhanced CT examination before surgery to
evaluate local involvement and distant spread of the
tumor. Current preoperative examinations included
MRI with magnetic resonance angiography (MRA) and
magnetic resonance cholangiopancreatography (MRCP)
appended. Proximal and distal extent of the tumor in
the biliary tree was evaluated before surgery based
on results of MRCP and/or percutaneous transhepatic
cholangiography (PTC). Preoperative biliary drainage
(PBD) was either by percutaneous transhepatic biliary
drainage (PTBD) or endoscopic nasobiliary drainage
(ENBD). Preoperative portal vein embolization (PVE)
was not carried out for all patients in this study.
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‘ Patient explored with curative intent (n=61) ‘

Palliative procedure (n=2) |

‘ Resection procedure (n=59) I

[

| B&C type I and I (n=15) |

| B&C type II and IV (n=44) |

‘RO resection (n=12) H R1 resection (n=3) ‘ ‘RO resection (n=23) H R1 resection (n=14)” R2 resection (n=7)

Figure 1. Treatment protocol for 61 patients diagnosed with hilar cholangiocarcinoma.

Operations

Surgical resections we performed included hilar resec-
tion with or without partial hepatectomy. Tumor resec-
tion alone was considered sufficient for HC patients of
B & Ctype I or II lesions if abdominal exploration did
not identify vascular invasion or metastatic tumor de-
posits on liver surface. Hilar resection with concomitant
partial hepatectomy was the standard treatment for the
majority HC of B & C type I or IV whenever clinically
relevant. All patients underwent regional lymph nodes
resection, including nodes in the hepatoduodenal lig-
ament, nodes along common hepatic artery, and pos-
terior pancreaticoduodenal nodes, etc. Most patients
also underwent en-bloc resection of caudate lobe unless
tumor predominantly involved right hemi-liver with no
obvious involvement of caudate portion.

Ductal margins were assessed intraoperatively by
frozen section whenever in doubt. Bile ducts were cut
off just above the duodenum, and dissected cephalad
along with the surrounding lymphatic and nerve tissue.
Depending on the proximal extension of ductal tumor,
2 to 7 ductal stomata were left open after completing
hilar resection. Subsequently, tension-free hepaticoje-
junostomy was performed without biliary duct recon-
struction. Hepatic parenchymal dissociation was per-
formed under liver ischemia using scissors or harmonic
scalpel whenever essential at surgeon’s discretion.
During this process, we ligated small traversing vessels
and ducts. In all cases, the extent of resection was in-
traoperatively determined and verified by pathology of
frozen-section margins, and additional resection was
performed to the possible maximum extent if the bile
duct transection was positive for cancerous cells. Cau-
date lobectomy was performed as part of the left hemi-
hepatectomy or right trisectionectomy. Patients with
tumors predominantly involving right hemi-liver but no
obvious or suspicious involvement of caudate portion
did not undergo concomitant caudate resection. Portal

vein resection and reconstruction were performed only
when it adhered to and could not be freed from the tu-
mor during skeletonization. No artery and inferior vena
cava resection or reconstruction were performed for
patients in our study.

After induction of anesthesia, intravenous anti-
biotic prophylaxis was administrated for all patients
and repeated every 4 hours during operation. Closed
drains were placed in vicinity of biliary anastomosis,
and removed postoperatively when volume of drainage
was less than 5 ml per day for continuous 3 days. All
patients had nasogastric aspiration for at least 3 days.
Oral diet was initiated 3 days after operation if no in-
tra-abdominal complications.

Postoperative management and follow up
Postoperative adjuvant chemotherapy after resection
was offered to patients who did not achieve RO resec-
tion or had positive lymph node. Gemcitabine (GEM)-
based regimen was applied since 4 weeks after sur-
gery, including GEM at 1000 mg/m? on day 1 and day
8, plus oxaliplatin at 80 mg/m? on day 2 and day 9, for
28-day a cycle. In total, 10 patients (3 R1 recections;
7 R2 recections) received adjuvant chemotherapy, in-
cluding 7 patients for 2 cycles and 3 patients for 1 cy-
cle. Postoperative radiotherapy was not carried out for
patients.

All patients were followed up by clinical examina-
tions, laboratory tests and abdominal CT scans every
three months for the first two years, then every six
months for the following 3 years, and yearly thereafter.

Definitions

MLR was defined as resection of more than 3 liver seg-
ments. According to the AJCC residual tumor classifi-
cation,'™ we defined the potential curative resection as
RO in the absence of either macroscopic residual tumor
(R2 resection) or microscopic residual tumor (R1 re-
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section). The 8th edition AJCC cancer staging for hilar
cholangiocarcinoma'®*® was used for tumor staging.
Tumor grading (well, moderate, or poor differentiation)
was based on the Broder’s classification. Surgical mor-
tality was defined as death at any time during the first
hospitalization regardless of the length of time. Any
event prolonging or complicating patient recovery was
classified as surgical morbidity. Delayed gastric emp-
tying (DGE) was defined as the need for nasogastric
decompression after postoperative day 10."" Intra-ab-
dominal abscess was defined as postoperative fluid
collection treated by puncture or drainage with positive
collection culture. Pulmonary infection was defined as a
suggestive radiographic study with fever and requiring
antibiotic treatment. Sepsis was diagnosed when sys-
temic inflammatory response syndrome accompanied
with positive peripheral blood culture.™? Biliary leak
was defined as persistent drainage of bile from the
surgical drainage or from drainage of an intra-abdom-
inal collection outside biliary tree for over 3 days. [****
Infectious complications were proved bacteriologically
by positive culture. Postoperative gastrointestinal (GI)
hemorrhage was identified if hematemesis with hemo-
globin concentration drop =2 g/dL in 24 hours, evi-
dence of bleeding through nasogastric tube =200 mL,
a requirement of blood transfusion =2 units of packed
red blood cells (PRBCs) during resuscitation, or evi-
dence of peripheral circulatory impairment.™>*¢'”! post-
operative liver failure was defined as postoperatively
acquired deterioration of liver maintaining its synthetic,
excretory, and detoxifying functions, which are char-
acterized by increased international normalized ratio
(INR) and concomitant hyperbilirubinemia on or after
the fifth postoperative day.!*®

Statistical analysis

Statistical analyses were performed using SPSS (ver-
sion 13.0). All continuous variables were described as
means £ SD. The primary end point was the time from
resection to the time of cancer-related death, namely
overall survival. Patient overall survival (including sur-
gical mortality) was calculated using the Kaplan-Meier
method. Potential predictors of 1-, 3-, and 5-year
survival rates were evaluated by chi-square test or
Fisher’s exact test, as appropriate. To test the indepen-
dence of the risk factors, significant variables (P<0.05)
in the univariate analyses were entered into the Cox
regression model with likelihood ratio forward selection
criterion of P<0.05. A difference was considered sig-

nificant when P<0.05. Comparisons of patient survival
curves were made with log-rank test for independent
risk factor.

RESULTS

Preoperative management

Preoperative biliary drainage was performed in 15
patients (25.4%), including PTBD (n=14) and ENBD
(n=1). Thirteen of them underwent biliary drainage for
obstructive jaundice, and 2 patients (B & C type I) for
cholangitis. Of 13 HC patients with B & C type II and
IV who underwent preoperative biliary drainage (13/44,
29.5%), 6 were from the right side (PTBD, n=6) and
7 were from the left side (PTBD, n=6; ENBD, n=1).
After 10 - 28 days of drainage (median, 16 days), the
total serum bilirubin levels of the 15 patients dropped
to a range of 0.8 - 5.8 mg/dl (median, 1.5 mg/dl) at
surgery. No patient suffered from biliary infection after
biliary drainage.

Surgical treatment

In the current study, hilar resection and regional
lymphadenectomy were performed in all patients. The
surgical procedures and RO resection in terms of B
& C classification were listed in Table 1. Thirty-three
of 44 (75.0%) HC patients with B & C type I and IV
lesions were treated with hilar resection in combined
with hepatectomy, while those with type I and II le-
sions were all treated with hilar resection.

RO, R1 and R2 resection was achieved in 35
(59.3%), 17 (28.8%), and 7 (11.9%) patients, re-
spectively. Of 44 patients with B & C type II and 1V,
23 (52.3%) acquired RO resection. Patients with B & C
type III and IV underwent hilar resection with MLR had
more opportunity to gain negative margins (19/33,
57.6%) than those with hilar resection (4/11, 36.4%),
but the difference was not statistically significant
(x*=1.488, P=0.223). Negative surgical margins were
more frequently associated with the left-sided liver
resection (15/20, 75.0%) than the right-sided liver
resection (4/12, 33.3%) (x°=4.097, P=0.043). RO re-
sections were also more achieved in patients with B
& C type II (13/19, 68.4%) compared to those with
type IV lesions (10/25, 40.0%)(x°=1.910, P=0.167).
All hepatectomies were performed in combination with
extrahepatic bile duct resection and cholecystectomy,
except in 2 patients who had cholecystectomy before.
Twenty-four patients (24/33, 72.7%) underwent en-
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Table 1. Surgical procedures and RO resections achieved in HC patients with B & C type I -1V lesions (n=59)%

Bismuth and Corlette type of HC

RO resection

Surgical procedures Sub-total
Type I Type II Type Ia Type IIb Type IV rate(%)
Hilar resection alone 8 (8) 7 (4) 2 (1) 3(2) 6 (1) 26 (16) 61.5
Hilar resection + MLR 33 (19) 57.6
Left hemihepatectomy 0 0 0 7(7) 6 (4) 13 (11) 84.6
Left trisectionectomy 0 0 0 2 (1) 5(3) 7 (4) 57.1
Right hemihepatectomy 0 0 4 (1) 0 5(0) 9 (1) 11.1
Right trisectionectomy 0 0 1(1) 0 2 (2) 3 (3) 100.0
Central liver resection 0 0 0 0 1 (0) 1 (0) 0
Total 8 (8) 7 (4) 7 (3) 12 (10) 25 (10) 59 (35) 59.3

SNumbers in parentheses indicate the number of patients who achieved RO resection.

MLR, major liver resection; HC, hilar cholangiocarcinoma.

bloc resection of caudate lobe. Portal vein reconstruc-
tion was performed in 2 (4.1%) patients, and no other
vascular reconstruction was performed in our series.

Operative mortality and morbidity
Of 59 HC patients, 3 died in the immediate postsurgi-
cal course, yielding a surgical mortality of 5.1% (3/59).
Two patients died of lung infection and postsurgical
liver failure respectively after MRL, and 1 patient died
of biliary infection after hilar duct resection (3.8%).
The mortality difference between MRL and hilar duct
resection was not statistically significant (x*=0.703,
P=0.145). All deaths were related to severe postsurgi-
cal complications.

Surgical morbidity occurred in 45.5% (15/33)
HC patients who underwent MLR and in 23.1% (6/26)

HC patients who underwent hilar resection (x°=3.893,
P=0.048), yielding an overall morbidity rate of 35.6%
(21/59). The detailed complications of the hilar re-
section and MLR were listed in Table 2. Five patients
with biliary leak required ultrasound guide therapeutic
percutaneous puncture catheter drainage (UG-TPPCD),
of which two patients received reoperation to investi-
gate and repair the hepaticojejunostomy. There was no
drainage and reoperation in patients of hilar resection.
The MLR patients had significantly higher overall com-
plications of biliary leak (x’=7.804, P<0.01) and more
procedure of UG-TPPCD (x?=5.173, P<0.05) compared
with hilar resection patients.

Patients’ survival
The median follow-up period was 18 months (range,

Table 2. Mortality and morbidity after surgical resections in 59 patients with hilar cholangiocarcinoma

Postoperative outcomes Hilar resection (n=26) Hilar resection and MLR(n=33) X P value
Mortality (n, %) 1(3.8) 2 (6.1) 0.703* 0.145
Morbidity (n, %) 6 (23.1) 15 (45.5) 3.893 0.048
Biliary leak 1(3.8) 11 (33.3) 7.804 0.005
Perihepatic abscess 0 (0) 2 (6.1) 1.603* 0.205
Liver failure 0 (0) 2 (6.1) 1.603* 0.205
Sepsis 1(3.8) 2 (6.1) 0.703%* 0.145
Pneumonia 1(3.8) 2(6.1) 0.703* 0.145
GI hemorrhage 0 (0) 1 (3.0) 0.788* 0.375
DEG 2(7.7) 0 (0) 2.583* 0.108
Cardiac asthma 1(3.8) 0 (0) 1.269%* 0.260
Hepaticojejunostomy 0 (0) 2(6.1) 1.603* 0.205
UG-TPPCD 0 (0) 6(18.2) 5,173%* 0.023
Reoperation 0 (0) 3(9.1) 2.448* 0.118

* statistical analyses by Fisher’s exact test. MLR, major liver resection; GI, gastrointestinal; DEG, delayed gastric
emptying; UG-TPPCD, ultrasound guide therapeutic percutaneous puncture catheter drainage.
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1-94 months). The 1-, 3-, 5-year cumulative survival
rate was 59.3%, 36.5%, and 17.7%, respectively. The
median survival after resections was 18 months. Of
59 patients with HC in the current study, 42 deaths
(71%) were recorded, 24 in patients who underwent
hilar resection with MLR (57.1%), and 18 in patients
who underwent hilar resection alone (42.9%). The
median survival was 22 months for hilar resection
with MLR patients and 12 months for hilar resection,
with no significant difference (x°=2.015, P=0.156). In
patients with HC of B & C type II and IV, the median
survival was 23 months for patients who underwent
hilar resection with MLR and 8 months for patients who
underwent hilar resection. The 1-,3-,5-year cumulative
survival rates for the hilar resection with MLR patients
group was 63.9%, 23.3%, and 15.5%, respectively;
and the same for the hilar resection patients group
was 11.1%, 0, and 0, respectively, with significant dif-
ference observed (HR=9.902; 95% CI, 2.636-19.571,
x*=10.084, P=0.001).

The 1-year survival data were available in 50
patients, including 28 from the MLR group with 19
(19/28, 67.8%) alive, and 22 from the hilar resection
group with 10 (10/22, 45.5%) alive. The overall 1-year
cumulative survival rates for the two patients groups
were 46% and 24%, respectively.

The 3-year survival data were available in 44 pa-
tients, including 25 from the MLR group with 6 (6/25,
24%) alive, and 19 from the hilar resection group with
4 (4/19, 21%) alive. The 1-, 3-year cumulative surviv-
al rates were 48% and 25% for MLR group, and 26%
and 21% for hilar resection group, respectively.

The 5-year follow-up data was available in 17 pa-
tients from MLR group and 14 patients from hilar resec-
tion group. Of 17 patients in MLR group, there were 3
(17.6%) patients alive. The 1-, 3-, and 5-year cumula-
tive survival rates were 41%, 18% and 18%, respective-
ly for the MLR group (follow-up time: mean, 25.9+4.5
months; median, 22 months), and 21%, 14%, and 14%,
respectively for the hilar resection group (follow-up time:
mean, 21.4+7.6 months; median, 8 months).

Analysis of prognostic factors

Based on the univariate correlation analyses of patient’s
clinical characteristics, surgeon-related factors and pa-
thology-related factors to survival (Table 3, 4, and 5),
preoperative serum Cal19-9>1000 U/mL (1-year sur-
vival: x’=18.252, P=0.001; 3-year survival: x’=4.216,
P=0.04), preoperative serum CEA>=4.7 ng/mL

(1-year survival: x’=5.884, P=0.015), positive surgical
margin (5-year survival: x’=4.375, P=0.036), moderate
or poor histopathologic grade (3-year survival: x*=6.69,
P=0.01; 5-year survival: x’=6.069, P=0.014), lymph
node metastasis (3-year survival: x’=4.998, P=0.025)
and high AJCC stage (1-year survival: x*’=8.981,
P=0.003; 3-year survival: x°=5.807, P=0.024) were
significantly associated with poor survival. Multivariate
Cox regression analyses for survival demonstrated that
the preoperative Ca-199, histopathologic grading, surgi-
cal margin and AJCC staging were independent predic-
tive factors for survival (Table 6, Figure 2).

DISCUSSION

In this retrospective study, we analyzed the out-
comes of surgical therapy of consecutive 59 patients
with HC who underwent hilar resection, and when need-
ed, hepatectomy and portal vein resection, in order to
evaluate the efficiency and safety of surgical therapeutic
strategy. The follow-up period of this study was up to 8
years. We demonstrated a 5-year cumulative survival
rate of 17.7% with a median survival of 18 months in
HC patient. These outcome data were comparable to
the published studies from other hepatobiliary centers,
where the reported 5-year cumulative survival rates
were between 11% and 43%, and the median survival
time ranged from 16 months to 40 months,**3"

The analysis of independent prognostic factors
in the current study revealed that preoperative serum
Cal9-9, histopathologic grade, surgical margin status,
and AJCC staging were associated with overall survival.
Among the above four factors, surgical margin was the
only one that can be modified by surgeons to achieve
survival benefit. Surgeons should make every effort to
obtain negative margins. Many authors have also re-
garded negative surgical margin as one of the import-
ant prognostic factors.*7' In our study, 59.3% of
patients achieved RO resection, the median survival of
these patients was 23 months and 5-year survival rate
was 31.3%, while for those without RO resection, the
median survival was 19 months and the 5-year surviv-
al was 0. No patients with R2 resection survived over
1 year and the median survival of R2 patients was 7
months. The difference was statistically significant on
Cox regression analysis.

Several studies have revealed that local resection
with partial hepatectomy increased the chance of RO
resection and subsequently improved survival.?°3'3?! In
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Table 3. Univariate analyses of patient-related risk factors for 1-,3-, and 5-year survival rates®

163

1-year survival

3-year survival

5-year survival

Variables rate (n=50) P/ Xiogon rate (n=44) P/ Xiogran rate (n=31) P/ Xiogran

Gender 0.547/0.363 0.071/3.267* 0.097/2.747*
Male 61.3% (31) 31.3% (29) 23.8%/(21)
Female 52.6% (19) 6.7% (15) 0 (10)

Age (years) 0.291/1.116 0.051/3.799* 0.124/2.360*
=65 68.8% (16) 6.3% (16) 0 (9)
<65 52.9% (34) 32.1% (28) 22.7% (22)

Hypertension 0.658/0.196 0.415/0.664* 0.436/0.607*
Yes 62.5% (16) 30.8% (13) 25.0% (8)
No 55.9% (34) 19.4% (31) 13.0% (23)

Diabetes Mellitus 0.925/0.009* 0.910/0.013* 0.528/0.398"
Yes 60% (5) 25% (4) 0(2)
No 57.8% (45) 22.5% (40) 17.2% (29)

Chronic hepatitis 0.093/2.819* 0.839/0.041* 0.661/0.192*
Yes 0(2) 0(2) 0 (1)
No 60.4% (48) 23.8% (42) 16.7% (30)

T-Bil 0.650/0.206" 0.510/0.435" 0.432/0.618"
>2 mg/dL 66.7% (44) 21.1% (38) 17.9% (28)
<2 mg/dL 56.8% (6) 33.3% (6) 0 (3)

Preoperative Ca19-9 0.001/18.252 0.040/4.216* 0.124/2.360*
>1000 U/mL 7.7% (13) 0 (11) 0 (9)
<1000 U/mL 75.7% (37) 30.3% (33) 22.7% (22)

CEA 0.015/5.884" 0.336/0.925" 0.432/0.618*
>4.7 ng/mL 0 (4) 0(3) 0 (3)
<4.7 ng/mL 63.0% (46) 24.4% (41) 17.9% (28)

B&C type (1 st) *
I
o
m
v
B&C type (2nd) *
I and T
I and IV
B&C type (3rd) *
m
v
B&C type (4th) *
Ma
b
Drainage
Yes
No
Chemotherapy
Yes
No

57.1% (7)
85.7% (7)
50% (14)
54.5% (22)

71.45 (14)
52.8% (36)

50.0% (14)
54.5% (22)

33.3% (6)
62.5% (8)

46.2% (13)
62.2% (37)

90.0% (10)
50.0% (40)

0.493/0.470*

0.230/1.439

0.793/0.069*

0.298/1.083"

0.314/1.012

0.053/3.8717%

33.3% (6)
33.3% (6)
23.1% (13)
15.8% (19)

33.3% (12)
18.8% (32)

23.1% (13)
15.8% (19)

16.7% (6)
28.6% (7)

10.0% (10)
26.5% (34)

30.0% (10)
17.6% (34)

0.277/1.183*

0.309/1.033"

0.610/0.2617

0.626/0.238"

0.280/1.167*

0.400/0.708"

20.0% (5)
33.3% (3)
11.1% (9)
14.3% (14)

25.0% (8)
13.1% (23)

11.1% (9)
14.3% (14)

0 (5)
25.0% (4)

16.7% (6)
16.0% (25)

25.0% (8)
13.6% (22)

0.609/0.261*

0.436/0.607"

0.829/0.047*

0.264/1.250"

0.969/0.002"

0.468/0.527*

$ Numbers in parentheses represent the number of patients who completed follow-up of the corresponding year in that

category. *B & C type 1st, 2nd, 3rd, and 4th represent four combination patterns of B & C types. *by Fisher’s exact test.
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Table 4. Univariate analyses of surgeon-related factors for 1-, 3-, and 5-year survival rates of HC patients®

Hepatic ischemia 0.738/0.112% 0.910/0.013% 0.402/0.703*
Yes 50.0% (4) 25.0% (4) 33.3% (3)
No 58.7% (46) 22.5% (40) 14.3% (28)

Estimated blood loss 0.724/0.124 0.681/0.169* 0.562/0.337*
>2000 ml 53.8% (13) 18.2% (11) 22.2% (9)
<2000 ml 59.5% (37) 24.2% (33) 13.6% (22)

Transfusion (units) 0.520/0.414" 0.460/0.547" 0.527/0.399*
not applied 61.3% (31) 25.0% (28) 10.0% (20)
1-3 55.6% (9) 28.6% (7) 50.0% (4)
>3 50.0% (10) 11.1% (9) 14.3% (7)

Type of resection 0.111/2.538 0.819/0.052* 0.803/0.062*
Hilar resection+MLR  67.9% (28) 24.0% (25) 17.6% (17)
Hilar resection 45.5% (22) 21.1% (19) 14.3% (14)

Vascular resection 0.817/0.054* 0.438/0.602* NA
Yes 50.0% (2) 0(2) 0 (0)
No 53.3% (48) 23.8% (42) 16.1% (31)

Surgical margin status 0.059/3.577% 0.104/2.702% 0.036/4.375*
RO 65.5% (29) 30.8% (26) 31.3% (16)
R1 60.0% (15) 14.3% (14) 0 (11)
R2 16.7% (6) 0 (4) 0 (4)

$ Numbers in parentheses represent the number of patients who completed follow-up of the corresponding year in that
category. * by Fisher’s exact test; NA=not applicable.

Table 5. Univariate analyses of pathology-related factors for 1-, 3-, and 5-year survival rates of HC patients®

Histopathologic grade 0.925/0.009% 0.010/6.690" 0.014/6.069*
Well 60.0% (5) 75.0% (4) 66.7% (3)
Moderate & poor 57.8% (45) 17.5% (40) 11.5% (26)

Perineural invasion 0.726/0.123 0.290/1.144% 0.592/0.287*
Yes 55.0% (20) 13.3% (15) 12.5% (8)
No 60.0% (30) 27.6% (29) 17.4% (23)

Hepatic invasion 0.084/2.993 0.290/1.144* 0.889/0.020*
Yes 41.2% (17) 13.3% (15) 16.7% (12)
No 66.7% (33) 27.6% (29) 15.8% (19)

Microvascular invasion 0.738/0.112 0.051/3.799* 0.437/0.604"
Yes 61.1% (18) 6.3% (16) 9.1% (11)
No 56.3% (32) 32.1% (28) 20.0% (20)

Lymph node metastases 0.075/3.178 0.025/4.998* 0.272/1.209*
Yes 42.1% (19) 5.6% (18) 6.7% (15)
No 67.7% (31) 34.6% (26) 25.0% (16)

AJCC staging 0.003/8.981* 0.024/5.807* 0.312/1.022*
I 78.6% (14) 38.5% (13) 22.2% (9)
o 66.7% (9) 37.5% (8) 25.0% (4)
m 63.2% (19) 11.8% (17) 15.4% (13)
v 0(8) 0 (6) 0 (5)

§ Numbers in parentheses represent the number of patients who completed follow-up of the corresponding year in that
category. * by Fisher’s exact test.
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Table 6. Multivariate Cox regression analysis of associated prognostic factors in HC patients
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Factors P value Wald x? Hazard ratio 95% CI
Preoperative Ca19-9 (<1000 U/mL vs. =1000 U/mL) <0.001 17.255 7.039 2.803-17.678
Histopathologic grade (well vs. moderate / poor) 0.044 4.068 4.964 1.046-23.552
Surgical margins (RO) 0.031 6.939 Reference -
(R1) 0.292 1.113 2.051 0.254-1.509
(R2) 0.033 4.529 3.190 1.096-9.287
AJCC staging (I) 0.015 10.459 Reference -
(m) 0.984 <0.001 0.988 0.314-3.113
(1m) 0.105 2.634 2.463 0.829-7.315
(V) 0.004 8.239 7.091 1.861-27.017
CEA (<4.7 ng/mL vs. =4.7 ng/mL) 0.609 0.262 0.700 0.179-2.736
Lymph node metastasis (negative vs. positive) 0.862 0.030 1.078 0.464-2.505
Preoperative Serum Cal19-9 Surgical Margin Status of Hilar
A Level and Survival B Cholangiocarcinoma and Survival
Ca19-9 Margin
1.0+ Logeran=29-213, P<0.001 1<1000U/mL 1.09 4 Logoranmc=11.042, P<0.05 RO
T1>1000U/mL N R R
<1000U/mL- T
20.81 20.81 R2
2 censored £ + RO-censored
a =1000U/mL- 9 + R1-censored
0.6 censore £ 0.6 R2-censored
a a
2 0.4 £ 0.4
2 Z
3 3
¥ 0.2 ¥ 0.2
0.0+ 0.0+
0 20 40 60 80 100 0 20 40 60 80 100
Time after operation(months) Time after operation(months)
Histopathological Grade of Hilar AJCC Staging of Hilar
C Cholangiocarcinoma and Survival ) o D Cholangiocarcinoma and Survival
Differentiation Staging
1.0q — Hiog-ran=3-685, P<0.05 J'Imoltlierate/poor 1.0 1. Logram=22:970, P<0.001 TNstage I
| Mwe
moderate/poor- | ﬂggageg
0.8 — censored 0.8 I JStgggIV
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Figure 2. Kaplan-Meier survival curve analyses on the overall cumulative survival of HC patients after surgeries.

A. Stratified by preoperative serum Ca19-9 level. The median survival in patients with Ca 19-9>1000 U/mL was 7 months.
B. Stratified by surgical margin. The median survival in RO patients was 23 months. No patients with R2 resection survived
over 1 year and the median survival in R2 patients was 7 months. C. Stratified by histopathologic grade. The median sur-
vival for patients with well differentiated carcinoma was 60 months, while for patients with moderate and poor differentia-
tion was 17 months. D. Stratified by AJCC staging. The median survival in patients with stage I, II, Il was 30 months, 26

months, 13 months, respectively. No patients with stage IV survived over 1 year and the median survival was 8 months.

hilar resection alone (36.4%). Although the difference
of RO resection rates between the two groups was not
significant (P=0.223), the hilar resection with MLR

our study, 57.6% patients with HC of B & C type II and
IV who underwent hilor resection with MLR gained neg-
ative margins, which was higher than those underwent
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group demonstrated a significantly increased survival
compared to the hilar resection group (P=0.001). In
addition, negative surgical margins were more frequent-
ly encountered among patients who underwent left
hemihepatectomy or trisectionectomy than correspond-
ing right hepatectomy (75.0% vs 33.3%, P=0.043).
This difference was probably associated with the low
performance rate of concomitant caudate lobe resec-
tion with right-sided liver resection (25%), while all left
hemiheatectomy were accompanied with caudate lobe
resections. Cheng et a/'** suggested that liver resection
with total caudate lobectomy was significantly associat-
ed with more opportunity to achieve curative resection
and offered a long-term survival opportunity for patients
with hilar cholangiocarcinoma of B & C type II and IV.
Therefore, these data indicated that MLR combinated
with caudate lobe resection, as an aggressive surgical
approach, was an effective means of improving survival
for HC patients of B & C type II and IV. Although MLR
with hilar resection was accepted as standard treat-
ment of B & C type I and 1V, the role of MLR for B & C
type I and II was still controversial. There is a need
for multicentric prospective randomized controlled trials
to validate the optimal treatment strategy for HC of B &
C type I and II. B3

Besides surgical margin status, preoperative se-
rum CA19-9 level was another independent predicting
factor for survival in the current study. Many reports
have also showed the association between higher
preoperative serum CA19-9 level with significant dis-
mal prognosis, which may be related to fast tumor
growth.32%%”1 juntermanns et al. revealed that serum
CA19-9 and CEA levels were associated with tumor
stage, meanwhile HC patients with highly elevated se-
rum CA19-9 and CEA had a worse survival and higher
unresectability.P®

The histopathological grade is a measure of bio-
logical aggressiveness of HC. In our study, well differ-
entiated HC was associated with higher 5-year survival
rate (66.7%) compared with moderately/poorly differ-
entiated HC (11.5%)(P=0.014). This association has
been demonstrated previously in literatures! 23 26 39411
and suggests that surgical resection may be of limited
efficacy in patients with biologically aggressive disease.
Similarly, AJCC cancer stage was demonstrated to be
an independent prognostic factor in our study. The 7%
edition staging system of HC can be useful in strati-
fying outcomes.?® 3! 371 Results of our study showed
that HC patient with above-mentioned poor prognostic

factors had a dissatisfactory survival even though af-
ter aggressive surgical resection. Adjuvant therapies
should be investigated urgently to improve the unfa-
vorable situation.

Recently there is increasing evidence
that suggests the dismal prognosis of intraoperatively
determined nodal metastases. In the current study,
the 3-year survival rate was 34.6% in node-negative
patients compared with 5.6% in patients with regional
nodal metastases (P=0.025). The predicting role of
locoregional nodal involvement was statistically signif-
icant in univariate analysis, but failed to demonstrate
an independent prognostic value in the Cox regression
analysis. Locoregional lymph node involvement is not
as a comprehensive determinant for survival as AJCC
cancer stage system. Further evaluation on prognostic
value of regional lymph node status is needed before
come to a conclusion.

As MLR combined with caudate lobectomy is of-
ten necessary for RO resection in order to acquire long
term survival, the safety of surgery should always be
considered. The surgical survival benefits have to be
balanced with operative risks. In the current patients
cohort, the mortality rate was 5.1% and the morbidity
rate was 35.6%, which are well within the ranges of
mortality rate (0%-12% ) and morbidity rate (14%-
81% ) as other institutions reported.?%?32>4144461 gar-
ous surgical complications, especially biliary leak, were
more frequently occurred in patient who underwent
hepatectomy compared to those underwent hilar re-
section (P=0.048), and the patients with MLR more
frequently took UG-TPPCD for postoperative abdomi-
nal collections compared to those with hilar resection.
There were no significant differences in mortality, oth-
er postoperative complications (including postoperative
liver failure), and reoperation between the two groups.
In contrast, some studies demonstrated that postoper-
ative liver failure and its associated mortality were re-
lated to hepatic resection.'”*) Two managements are
commonly carried out to decrease the risk of liver fail-
ure. One is preoperative biliary drainage (PBD). Some
reports highlighted the effectiveness of biliary drainage
in HC patients who required radical hepatectomy.>%*"
However, many published evidence showed PBD did
not improve the short-term outcome after MLR in HC
patients.*>* Kennedy TJ et al. proposed that PBD for
future liver remnant (FLR) appeared to improve the
outcome if the predicted volume of FLR is < 30%."!
Whether to choose PTBD or ENBD remains controver-

[19, 20, 41-43]
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sial. In the absence of guidelines for this issue, we
strongly recommend PBD before MLR. Preoperative
total bilirubin levels should be <2 mg/dL and the bili-
ary infection should be thoroughly controlled when MLR
operation is scheduled. The other solution that can im-
prove perioperative outcomes of HC patients with MLR
is preoperative portal vein embolization (PVE).*"?%>"]
PVE is usually performed in patients with normal liver
when the FLR is <25% of the total liver volume and
in patients with damaged or cirrhotic livers when the
FLR is <40% of the total liver volume. In our study, no
patients underwent PVE according to the criteria. Fur-
ther investigations are needed to determine its clinical
value.

In conclusion, hilar resection with MLR, as an ag-
gressive surgical strategy for HC, has an acceptable
safety profile, and delivers a good chance of long-term
survival. Nevertheless, there is still necessity to im-
prove the 5-year survival. In the absence of effective
adjuvant therapies for HC in the current era, knowl-
edge of the prognostic factors for survival can improve
the decision-making and guide the patient selection.
According to our analyses on independent prognostic
factors, surgical margin status is the only one that
can be modified by surgeons for achieving better out-
comes. Besides, for independent prognostic factors in
HC patients that are not modifiable, such as elevated
serum Cal9-9, or poor histopathological differentia-
tion, additional treatment strategies should be investi-
gated to achieve preferable survival.
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