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Comparison analysis of left-side versus right-side resection in 
bismuth type III hilar cholangiocarcinoma
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Backgrounds/Aims: Several studies report worse prognosis after left-side compared to right-side liver resection in pa-
tients with perihilar cholangiocarcinoma. In this study, we compared outcomes of left-side and right-side resections 
for Bismuth type III hilar cholangiocarcinoma and analyzed factors affecting survival. Methods: From May 1995 to 
December 2012, 179 patients underwent surgery at Samsung Medical Center for type III hilar cholangiocarcinoma. 
Among these patients, 138 received hepatectomies for adenocarcinoma with curative intent: 103 had right-side re-
sections (IIIa group) and 35 had left-side resections (IIIb group). Perioperative demographics, morbidity, mortality, and 
overall and disease-free survival rates were compared between the groups. Results: BMI was higher in the IIIa group 
(24±2.6 kg/m2 versus 22.7±2.8 kg/m2; p=0.012). Preoperative portal vein embolization was done in 23.3% of patients 
in the IIIa group and none in the IIIb group. R0 rate was 82.5% in the IIIa group and 85.7% in the IIIb group (p=0.796) 
and 3a complications by Clavien-Dindo classification were significantly different between groups (10.7% for IIIa versus 
23.3% for IIIb; p=0.002). The 5-year overall survival rate was 33% in the IIIa group and 35% in the IIIb group (p=0.983). 
The 5-year disease-free survival rate was 28% in the IIIa group and 29% in the IIIb group (p=0.706). Advanced 
T-stages 3 and 4 and LN metastasis were independent prognostic factors for survival and recurrence by multivariate 
analysis. Conclusions: No significant differences were seen in outcomes by lesion side in patients receiving curative 
surgery for Bismuth type III hilar cholangiocarcinoma. (Ann Hepatobiliary Pancreat Surg 2018;22:350-358)
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INTRODUCTION

Hilar cholangiocarcinoma (HC) is a complex, rare dis-

ease with a poor prognosis.1-5 It is a malignancy arising 

from the bifurcation of the common hepatic duct in the 

hepatic hilum.6-9 It tends to spread along the bile duct and 

occasionally extends to the liver parenchyma through the 

bile duct wall.10 

The Bismuth-Corlette classification system provides an 

anatomic description of the tumor location and longi-

tudinal extension in the biliary tree. Type I lesions involve 

the common hepatic duct (CHD) immediately below the 

confluence; type II tumors involve the CHD and extend 

to the confluence but not beyond; type IIIa masses involve 

the CHD to the confluence and extend into the main right 

hepatic duct; type IIIb lesions involve the CHD to the 

confluence and extend into the main left hepatic duct; and 

type IV tumors involve the CHD and extend past the con-

fluence involving both the right and left hepatic ducts.11 

Assessment of resectability and surgical planning are 

based on imaging findings with focused evaluation of dis-

ease infiltration along the bile ducts and vascular involve-

ment to determine the side and extent of the planned 

hepatectomy.12

Several studies report better prognosis after right-side 

compared to left-side liver resection for patients with 

HC.12-17 However, other studies show no significant differ-

ences in outcomes following right and left hepa-

tectomy.2,16,18-21 The debate is not resolved. Therefore, we 

conducted this study to compare long-term outcomes fol-
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Fig. 1. Flowchart of patients.

lowing left-side and right-side resections for Bismuth type 

III HC. We also analyzed independent prognostic factors 

for survival and recurrence.

MATERIALS AND METHODS

Patients

Between May 1995 and December 2012, a total of 312 

patients with HC were candidates for surgery at Samsung 

Medical Center, South Korea. All data were prospectively 

collected and retrospectively reviewed. Of the patients, 

179 had disease classified as type III HC based on the 

Bismuth-Corlette classification. Of these patients, 19 were 

excluded for diagnosis other than ductus adenocarcinoma, 

adenosquamous carcinoma (n=7), mucinous carcinoma 

(n=1), undifferentiated carcinoma (n=4) or intraductal 

papillary neoplasm of the bile duct (n=7). Another 22 pa-

tients were excluded because of their type of surgery: hep-

aticopancreaticoduodenectomy (n=13), central hep-

atectomy (n=1), palliative bypass surgery (n=4) or lapa-

rotomy only (n=4). The remaining 138 patients underwent 

right-side or left-side major hepatectomy for type IIIa or 

IIIb HC and were included in analyses: 103 (74.6%) re-

quired right hemihepatectomy or right trisectionectomy 

and 35 (25.4%) required left hepatectomy or left trisectio-

nectomy (Fig. 1).

In patients with borderline resectability due to limited 

remnant liver, we performed portal vein embolization to 

induce hypertrophy of the future remnant liver. Patients 

with HC usually had severe jaundice, indicating a high 

level of serum bilirubin, which could intoxicate hep-

atocytes and impair liver regeneration. Therefore, when 

serum bilirubin levels were elevated, we performed pre-

operative biliary drainage to relieve the biliary obstruction 

on the future remnant side of the liver. Percutaneous 

transhepatic biliary drainage (PTBD) was the usual route 

for initial decompression. Although PTBD insertion was 

often started in the past, ERBD (endoscopic retrograde 

biliary drainage) has been preferred recently for patient 

convenience. 

Patients were screened for carcinoembryonic antigen 

(CEA) and CA 19-9 and underwent CT scanning. We im-

plemented CT and magnetic resonance imaging (MRI) 

routinely and PET was as indicated. When recurrent dis-

ease was suspected, MRI or PET was performed.

The seventh edition of the American Joint Committee 

on Cancer (AJCC) staging system was applied and all 

samples were reviewed by an HBP-specific experienced 

pathologist. A microscopic positive resection margin (R1) 

was defined as presence of invasive carcinoma at the re-

section margin without macroscopic evidence of residual 

tumor, which was classified as R2. Carcinoma in situ 

(CIS)/high-grade dysplasia (HGD) at ductal resection mar-

gin without invasive component was considered R0. 

Statistical analysis

Overall survival (OS) was analyzed as time from the 

date of surgery until date of death or last contact. 

Disease-free survival (DFS) was measured from date of 

surgery to date of recurrence or last contact. For patients 

whose follow-up was discontinued, data from Statistics 

Korea were used.

Data were analyzed with SPSS, version 24 (IBM, New 

York, USA). Statistical significance was set as p＜0.05. 

Kaplan-Meier analysis was used to depict the overall sur-

vival and difference in survival between study groups. 

Factors found to be significant on univariate analysis for 

both OS and DFS were used for multivariate analysis by 

Cox proportional hazard model to determine the sig-

nificant prognostic value of the factors. 

RESULTS
 

Demographics and characteristics 

The demographics and characteristics of patients are in 

Table 1. Three-quarters of patients had type IIIa HC 

(n=103) and 35 had type IIIb HC. No difference was ob-
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Table 1. Clinicopathologic characteristics

All (n=138) IIIa (n=103) IIIb (n=35) p-value

Sex (male:female) 88 (63.8):50 (36.2) 68 (66):35 (34) 20 (57.1):15 (42.9) 0.416
Age (years, mean±SD) 61.8±9.0 62.1±9.2 61.0±8.1 0.523
BMI (kg/m2, mean±SD) 23.7±2.7 24±2.6 22.7±2.8 0.012
ASA class (n, %) 0.217

1 39 (28.3) 31 (30.1) 8 (22.9)
2 96 (69.6) 71 (68.9) 25 (71.4)
3 3 (2.2) 1 (1.0) 2 (2.7)

Co-morbidity (n, %)
Cardiovascular disease 44 (31.9) 35 (34) 9 (25.7) 0.408
Diabetes mellitus 33 (23.9) 22 (21.4) 11 (31.4) 0.255
Tuberculosis 8 (5.8) 6 (5.8) 2 (5.7) 1.000
Chronic liver disease 7 (5.1) 6 (5.8) 1 (2.9) 0.679
Previous abdominal surgery 18 (13.0) 13 (12.6) 5 (14.3) 0.777

Preoperative laboratory results
Hb (g/dL, mean±SD) 12.4±1.4 12.4±1.3 12.2±1.5 0.465
Albumin (g/dL, mean±SD) 3.8±0.4 3.8±0.4 3.8±0.4 0.901
Bilirubin (mg/dL, mean±SD) 2.4±3.6 2.2±1.9 3.3±6.3 0.317
CEA (ng/mL, mean±SD) 2.7±2.9 2.4±2.1 3.8±4.8 0.184
CA19-9 (U/mL, mean±SD) 1519.2±7404.8 1286.8±7890.8 2238.9±5693.1 0.125

Preoperative biliary drainage (n, %) 94 (68.1) 71 (68.9) 23 (65.7) 0.834
PVE (n, %) 24 (17.4) 24 (23.3) 0 0.001
Caudate lobectomy (n, %) 122 (87.8) 89 (86.4) 33 (94.3) 0.358
Vascular resection (n, %) 20 (14.5) 18 (17.5) 2 (5.7) 0.102
Operating time (min, mean±SD) 428.2±90.9 429.8±95.2 423.4±78.1 0.722
EBL (ml, mean±SD) 841.2±554.8 854.9±598.0 408.3 0.624
Transfusion (n, %) 54 (39.1) 41 (40.2) 13 (37.1) 0.842
Postoperative hospital stay 

(days, mean±SD)
19.8±15.3 19.6±14.5 20.5±17.6 0.771

T stage (n, %) 0.916
1 18 (13.0) 14 (13.6) 4 (11.4)
2 102 (73.9) 76 (73.8) 26 (74.3)
3 16 (11.6) 11 (10.7) 5 (14.3)
4 2 (1.4) 2 (1.9) 0

Size of tumor (mm, mean±SD) 28.28±12.1 28.2±12.3 28.4±11.5 0.944
Lymph node metastasis (n, %) 41 (29.7) 31 (32.3) 10 (31.3) 1.000
Differentiation (n, %) 0.862

Well 20 (14.5) 16 (15.5) 4 (11.4)
Moderate 74 (53.6) 54 (52.4) 20 (57.1)
Poor 32 (23.2) 23 (22.3) 9 (25.7)

Resection margin (n, %) 0.796
R0 115 (83.3) 85 (82.5) 30 (85.7)
R1/2 23 (16.7) 18 (17.5) 5 (14.3)

Complications (n, %)
1 18 (13.0) 14 (13.6) 4 (11.4) 1.000
2 20 (14.5) 15 (14.6) 5 (14.3) 1.000
3a 23 (16.7) 11 (10.7) 12 (34.3) 0.002
3b 3 (2.2) 3 (2.9) 0 0.571

In-hospital mortality (n, %) 2 (1.4) 2 (1.9) 0 1.000
Adjuvant therapy (n, %) 31 (22.5) 24 (23.3) 7 (20.0) 0.816

served between the two groups in sex, age, ASA class, 

comorbidities, preoperative lab data or frequency of pre-

operative biliary drainage. However, patients with type 

IIIa HC had higher BMI (24±2.6 in the IIIa group and 

22.7±2.8 in the IIIb group; p=0.012) and received portal 

vein embolization more frequently (n=24, 23.3% in the 
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Table 2. Pattern of recurrence of IIIa and IIIb disease

All (n=138) IIIa (n=103) IIIb (n=35) p-value

Number of recurrence (n, %) 92 (66.2) 67 (65.0) 25 (71.4) 0.540
Isolated locoregional recurrence (n,%) 32 (23.2) 27 (26.2) 5 (14.3) 0.171
Locoregional recurrence (n, %) 40 (29.0) 33 (32.0) 7 (20.0) 0.202

Local LN (n, %) 2 (1.4) 2 (1.9) 0 1.000
Local anastomosis site (n, %) 23 (16.7) 18 (17.5) 5 (14.3) 0.796
Hepatic vessels 11 (8.0) 11 (10.7) 0 0.065
Pancreas head 2 (1.4) 2 (1.9) 0 1.000

Distant metastasis (n, %) 59 (42.8) 41 (39.8) 18 (51.4) 0.242
Liver 30 (21.7) 22 (21.4) 8 (22.9) 1.000
Lung 15 (10.9) 9 (8.7) 6 (17.1) 0.208
Colon 2 (1.4) 1 (1.0) 1 (2.9) 0.444
Chest wall 3 (2.2) 2 (1.9) 1 (2.9) 1.000
Supraclavicular LN 1 (0.7) 1 (1.0) 0 1.000
Abdomen wall 1 (0.7) 1 (1.0) 0 1.000
Small bowel 1 (0.7) 1 (1.0) 0 1.000
Pleura 1 (0.7) 1 (1.0) 0 1.000

Fig. 2. Survival analysis for all patients. (A) Overall survival, (B) Disease-free survival. 

IIIa group and n=0 in the IIIb group; p=0.001).

Surgical outcome

No difference was observed between the two groups in 

caudate lobectomy, vascular resection, operating time, 

EBL, transfusion, postoperative hospital stay, T stage, size 

of tumor, LN metastasis, differentiation, resection margin, 

in-hospital mortality, or adjuvant therapy. Postoperative 

complications were classified according to Clavien-Dindo 

classification. More 3a complications such as wound de-

hiscence, intra-abdominal fluid collection, ascites and 

ileus were seen with type IIIa than type IIIb HC 

(p=0.002). 

Pattern of recurrence

Patterns of recurrence are in Table 2. No difference was 

seen between the two groups in number of recurrences 

(65% in the IIIa group vs. 71.4% in the IIIb group; 

p=0.540) or isolated locoregional recurrence (26.2% in the 

IIIa group vs. 14.3% in the IIIb group; p=0.171), locore-

gional recurrence (32% in the IIIa group vs. 20% in the 

IIIb group; p=0.202), or distant metastasis (39.8% in the 
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Table 3. Factors influencing survival 

Variables 

Univariate analysis Multivariate analysis

HR
95% confidence 

intervals
p-value HR

95% confidence 
intervals

p-value

Age ≥62 1.130 0.762-1.677 0.543
Sex (female) 1.176 0.780-1.772 0.440
BMI ＞24 1.190 0.796-1.778 0.396
ASA 2, 3 1.134 0.728-1.766 0.577
Cardiovascular disease 1.254 0.825-1.908 0.290
Diabetes mellitus 1.051 0.663-1.665 0.832
Tuberculosis 0.475 0.174-1.293 0.145
Chronic liver disease 1.452 0.672-3.138 0.343
Previous abdominal surgery 1.246 0.707-2.196 0.446
CEA ＞5 0.726 0.228-2.307 0.587
CA19-9 ＞37 1.302 0.840-2.018 0.237
TB ＞1.5 1.497 1.003-2.233 0.048 1.208 0.774-1.884 0.405
Hb ＜13.6 1.250 0.697-2.241 0.454
Albumin ＜3.5 1.187 0.773-1.823 0.433
PVE 0.689 0.398-1.196 0.185
Preop biliary drainage 1.239 0.807-1.904 0.328
IIIb 0.995 0.628-1.576 0.983
Vascular resection 1.507 0.880-2.581 0.135
Operation time ＞390 min 0.870 0.578-1.309 0.505
EBL ≥600 1.423 0.947-2.137 0.089
Transfusion 0.995 0.975-1.015 0.611
Caudate lobectomy 0.671 0.386-1.165 0.156
T stage ≥3 2.119 1.233-3.641 0.007 2.755 1.566-4.847 ＜0.001
Tumor size ≥20 mm 1.476 0.993-2.193 0.054
LN metastasis 2.319 1.509-3.566 ＜0.001 0.432 0.270-0.694 0.001
Poorly differentiated 1.000 0.999-1.000 0.364
Positive resection margin 1.721 1.051-2.818 0.031 1.235 0.707-2.158 0.459
Complications ≥3 1.081 0.662-1.767 0.755
POD ＞20 0.869 0.486-1.553 0.635
Adjuvant therapy 1.521 0.971-2.384 0.067

IIIa group vs. 51.4% in the IIIb group; p=0.242). 

Survival outcomes

Median survival duration for all patients was 36 

months. The 5-year overall survival rate was 33% while 

the corresponding disease-free survival rate was 28% (Fig. 

2A, B). Differences were not significant. The 5-year over-

all survival rates were 33% for type IIIa HC and 35% for 

type IIIb HC, (p=0.983). The 5-year disease-free survival 

rates were 28% for type IIIa HC and 29% for type IIIb 

HC (p=0.706) (Fig. 3A, B).

The 5-year overall survival rates for the two groups ex-

tended hepatectomy vs. simple hepatectomy were 40% for 

extended hepatectomy and 25% for simple hepatectomy 

(p=0.057). Overall survival was better for patients with 

extended hepatectomy, although this difference was not 

significant. Disease-free survival rates were 32% for ex-

tended hepatectomy and 23% for simple hepatectomy with 

no significant differences. The 5-year overall survival 

rates were 34% for the two groups extended hepatectomy 

with caudate lobectomy (CL) vs. 31% for simple hep-

atectomy without CL (p=0.153) while the corresponding 

disease-free survival rates were 29% and 23% (p=0.660). 

Differences were not significant (Fig. 4A, B). 

According to the resection margin status, 115 (8.33%) 

patients had R0 resection. The 5-year overall survival rate 

was 36% following R0 resection and 18% after R1 or R2 

resection (p=0.029). The 5-year disease-free survival rates 

were 29% for patients who had R0 resection and 22% for 

patients with positive resection margins (p=0.625) (Fig. 

5A, B).
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Table 4. Factors influencing recurrence

Variables 

Univariate analysis Multivariate analysis

HR
95% confidence 

intervals
p-value HR

95% confidence 
intervals

p-value

Age ≥62 1.113 0.739-1.678 0.609
Sex (female) 1.280 0.839-1.954 0.252
BMI ＞24 1.324 0.875-2.002 0.184
ASA 2, 3 0.674 0.437-1.039 0.074
Cardiovascular disease 1.173 0.758-1.816 0.472
Diabetes mellitus 0.785 0.473-1.301 0.347
Tuberculosis 0.668 0.271-1.648 0.381
Chronic liver disease 1.466 0.637-3.371 0.368
Previous abdominal surgery 1.406 0.794-2.492 0.243
CEA ＞5 1.443 0.523-3.983 0.479
CA19-9 ＞37 1.312 0.836-2.060 0.238
TB ＞1.5 1.340 0.887-2.026 0.165
Hb ＜13.6 0.885 0.508-1.540 0.665
Albumin ＜3.5 0.951 0.596-1.518 0.835
PVE 0.625 0.346-1.126 0.118
Preop biliary drainage 1.120 0.724-1.732 0.612
IIIb 1.092 0.690-1.730 0.707
Vascular resection 1.427 0.792-2.572 0.237
Operation time ＞390 min 0.751 0.492-1.147 0.186
EBL ≥600 1.409 0.929-2.137 0.106
Transfusion 0.994 0.961-1.028 0.705
Caudate lobectomy 0.872 0.473-1.607 0.661
T stage ≥3 2.015 1.152-3.527 0.014 2.580 1.441-4.621 0.001
Tumor size ≥20 mm 1.733 1.145-2.622 0.009 1.751 1.143-2.683 0.010
LN metastasis 2.183 1.397-3.411 0.001 2.331 1.469-3.699 ＜0.001
Poorly differentiated 1.000 0.999-1.001 0.724
Positive resection margin 1.153 0.651-2.040 0.626
Complications ≥3 1.001 0.597-1.678 0.996
POD ＞20 0.700 0.379-1.293 0.255
Adjuvant therapy 1.344 0.837-2.158 0.221

DISCUSSION

Advanced HC is a significant therapeutic challenge for 

biliary surgeons, as negative margin (R0) resection with 

minimizing postoperative mortality offers the only chance 

for long-term survival.20,22-33 Many studies recommend 

right-side hepatectomy as the resectional procedure for 

perihilar cholangiocarcinoma13-18 because right trisectio-

nectomy is a more common and easier procedure. Another 

reason for the recommendation is an anatomical consid-

eration because the left hepatic duct is longer than the 

right hepatic duct.18 It leads to better long-term outcomes 

in the right group with a lower incidence of local 

recurrence.12 However, recent studies show no significant 

difference between right hepatectomy and left hepa-

tectomy. The length of the bile duct resected in right hep-

atectomies is similar to the length in left hepatectomies 

and shorter than in left hepatic trisectionectomies.18 Our 

study showed the same result. As the result of improved 

surgical skills, R0 resection rate between two groups 

makes no odds.

Our primary outcome was no significant difference in 

survival between patients with right and left hemihepa-

tectomy. The long-term results were similar for patients 

with negative margin resections in a right group (82.5% 

had R0 resection for 35% 5-year overall survival rate) and 

a left group (85.7% had R0 resection for 39% 5-year 

overall survival rate). 

For patients undergoing extended and simple hep-

atectomy, significantly more patients in the extended right 

hepatectomy group were obese (p=0.005), lost a lot of 

blood in the operation (p=0.014) and had a transfusion 
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Fig. 3. Comparison of outcomes between IIIa and IIIb. (A) Overall survival, (B) Disease-free survival.

Fig. 4. Comparison of outcomes between extended hepatectomy with caudate lobectomy and simple hepatectomy without caudate 
lobectomy. (A) Overall survival, (B) Disease-free survival.

(p=0.008) and caudate lobectomy (p≤0.001) and R0 re-

section (p=0.038) compared to patients undergoing right 

hepatectomy. Significantly more patients with extended 

left hepatectomy had a lot of blood loss in the operation 

(p=0.038) and had a transfusion and R0 resection 

(p=0.006) compared to patients with left hepatectomy. 

The extended hepatectomy group had excellent negative 

margin resections. Due to gaps in operating skills, operat-

ing times ＞300 (min), EBL ＞600 ml and transfusion 

counts were high before 2010. 

Significantly more patients had recurrence at the hep-

atic vessel compared to extended hepatectomy (p=0.009). 

More patients with simple hepatectomy without caudate 

lobectomy had recurrence at the hepatic vessel compared 

to patients with extended hepatectomy with caudate lobec-

tomy (p=0.025). 
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Fig. 5. Comparison of outcomes between R0 resection and R1 or R2 resection. (A) Overall survival, (B) disease-free survival.

In univariate analysis, total bilirubin ＞1.5 (hazard ratio 

[HR]: 1.497, p=0.048), T stage ≥3 (HR: 2.119, p=0.007), 

LN metastasis (HR: 2.319, p＜0.001) and positive re-

section margin (HR: 1.721, p=0.031) had a significant im-

pact on overall survival. In multivariate analysis, ad-

vanced T stage ≥3 (HR: 2.755, CI: 1.566-4.847, p
＜0.001) and LN metastasis (HR: 0.432; 95% CI: 

0.270-0.694; p=0.001) were significant prognostic factors 

for survival (Table 3).

Similarly, advanced T stage ≥3 (HR: 2.015, p=0.014), 

tumor size ≥20 mm (HR: 1.733, p=0.009) and LN meta-

stasis (HR: 2.183, p=0.001) were independent prognostic 

factors associated with recurrence on univariate analysis. 

By multivariate analysis, T stage ≥3 (HR: 2.580, CI: 

1.441-4.621, p=0.001), tumor size ≥20 mm (HR: 1.751, 

CI: 1.143-2.683, p=0.010), and LN metastasis (HR: 2.331, 

CI: 1.469-3.699), p＜0.001) were prognostic factors of re-

currence (Table 4).

Extended hepatectomy, which includes caudate lobec-

tomy, is regarded as a standard procedure because in most 

cases, tumors are close to the caudate lobe B1.34-40 

However, our study did not find significant differences in 

survival outcome or pattern of recurrence. In this study, 

the R0 rates were not significantly different following ex-

tended hepatectomy or simple hepatectomy, which might 

be the main reason for the results. Therefore, a clear cau-

date lobectomy is not necessary by preoperative imaging 

examination, R0 resection may be possible without cau-

date lobectomy.

This study had several limitations. First, it was a retro-

spective study, so we depended on the completeness of 

medical records for our analysis. Second, all patients were 

from a single institution, which limits the generalizability 

of our results.

In conclusion, the results from this study suggested no 

difference in outcomes following surgery according to in-

volved side. The main reason for the results appeared to 

be the lack of difference in the R0 rate between the two 

groups. Therefore, determining an optimal surgical plan 

through accurate image review is important to improve 

survival outcomes by raising the R0 resection rate on both 

sides.
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