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Abstract

Purpose To investigate short- and long-term surgical outcomes for patients with perihilar cholangiocarcinoma and vascular
invasion.

Methods Data from 249 patients who underwent perihilar cholangiocarcinoma surgery between 2000 and 2016 were retrospec-
tively analyzed. Patient evaluations included short-term surgical outcomes following vascular resection and long-term outcomes
in cases with histopathological vascular invasion.

Results Mortality was 3.6% overall; 16% for hepatic artery resections, 5.4% for portal vein resections, and 1.7% in the absence of
vascular resection (p =0.029). No between-group differences were observed in the incidence of Clavien—Dindo grade >3
complications. The factors related to perioperative mortality were hepatic artery resection (odds ratio [OR] =25.5), right
trisectionectomy (OR =13.0), and central bisectionectomy (OR = 13.8). Multivariate analysis for overall survival identified
several prognostic factors: carcinoembryonic antigen level >5 ng/mL (hazard ratio [HR] = 1.68), poor differentiation (HR =
2.39), distant metastasis (HR = 1.97), and R1 invasive resection (HR =2.13). Five-year overall survival for patients with portal
vein invasion and MOR0/1cis was 35.6%, significantly worse than the 53.4% for patients with no portal vein invasion and MOR/
Lcis but better than the 0% for patients with portal vein invasion and M1 or R1. Those with hepatic arterial invasion and MOR0/
lcis were 24.7%, significantly worse than the 53.4% for patients with no hepatic arterial invasion and MORO0/1cis but signifi-
cantly better than the 0% for patients with hepatic arterial invasion and M1 or R1.

Conclusion Short-term outcomes for patients with perihilar cholangiocarcinoma and undergoing vascular resection were poor
compared to those without vascular resection. Long-term survival in ROMO disease was more favorable; aggressive surgery is
recommended.
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HR Hazard ratio

MO Distant metastasis-negative

M1 Distant metastasis-positive

RO Negative surgical margin

Rlcis High-grade dysplasia/carcinoma in situ of the bile
duct margin

R1 Bile duct stump-positive cases with invasive cancer

oS Overall survival

PD Pancreaticoduodenectomy

PPPD  Pylorus-preserving PD

POD  Postoperative day

Introduction

In recent years, vascular resection and reconstruction negative
surgical margin (R0O) surgeries for patients with perihilar chol-
angiocarcinoma (PHC) have become acceptable in some spe-
cialized facilities and are actively performed for improving
surgical outcomes.' ™ In a clinical practice guideline, com-
bined portal vein resection (PVR) is recommended for patients
with histopathological portal vein invasion (PVI) because the
prognosis for patients treated with PVR is significantly better
than that for patients treated without resection. However, the
clinical benefits of combined hepatic arterial resection (HAR)
for patients with histopathological hepatic arterial invasion
(HAI) are controversial, with no recommendations currently
published.5 Also, as for vascular resection for PHC, surgical
morbidity and mortality numbers remain high in some
facilities.* ' Moreover, studies employing multivariate anal-
yses of both surgical mortality associated with vascular resec-
tion and outcomes in patients with vascular invasion are very
limited. Thus, the indications for and significance of vascular
resection and reconstruction for PHC remain controversial.

Therefore, this study aimed to investigate the safety and
significance of vascular resection and reconstruction for
PHC at our institute, examining both short- and long-term
surgical outcomes.

Materials and Methods
Study Design and Subjects

This study was approved by the institutional review board of
Tokyo Women’s Medical University (approval number 4328);
the need for informed consent was waived because this was a
retrospective chart review analysis. This retrospective investi-
gation involved the 249 consecutive patients who underwent
surgery for PHC at our hospital between 2000 and 2016.
There were no exclusion criteria in effect during patient selec-
tion. The short-term surgical outcomes for patients following
HAR, PVR, or no vascular reconstruction (NVR) and the
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long-term outcomes for patients with HAI, PVI, or no vascular
invasion (NVI) were examined. The median age of the pa-
tients was 70 years, and 71% were male; most patients were
classified as having tumor types greater than Bismuth III
(86%, 214/249). Right hepatectomy was performed in 41%
of the patients, and left hepatectomy was performed in 38%;
simultaneous pancreaticoduodenectomy (PD) was performed
in 3% of the patients.

Surgical Policy

PVR and HAR were only performed if invasion was sug-
gested by the intraoperative findings.

PVR was performed in 28% (69/249) of the patients, with
circular and wedge resections performed in 83% (57/69) and
17% (12/69) of the patients, respectively; interposition grafts
were not required. Ten patients undergoing circular resection
and two undergoing wedge resection also underwent simulta-
neous HAR; therefore, these cases were included in the HAR
group (Table 1). PVR was performed before hepatectomy in 15
patients, during hepatectomy in 45 patients,'" and after hepatec-
tomy in 7 patients; the order was not recorded for two patients.

HAR was performed in 8% (19/249) of the patients, in-
volving circular resection in all cases. The first two recon-
structions were performed by a general surgeon using surgical
microscope guidance, and the remaining procedures were per-
formed by a plastic surgeon also under surgical microscope
guidance. Right HAR (n = 18) was performed in 15 patients
undergoing left hepatectomies and in individual patients un-
dergoing left trisectionectomy, central bisectionectomy, and
segment 1 liver resection involving pylorus-preserving PD
(PPPD). Left HAR (n = 1) was performed in one case of right
hepatectomy and was reconstructed using the right gastric
artery. In the other 18 right HAR cases, the proper hepatic
artery was used for 7, the gastroduodenal artery for 4, the right
hepatic artery for 4, and the right gastroepiploic artery, middle
colic artery, and left hepatic artery for 1 case each. HAR was
performed during hepatectomy in 4 patients and after hepatec-
tomy in 14 patients; the order was not recorded for all patients.
All procedures were performed using end-to-end anastomosis,
without interposition grafts. Intra- or postoperative
anticoagulation therapy was not performed.

All procedures involved regional lymph node dissection,
including the pericholedochal, retroportal, cystic duct, right
celiac, posterior superior, pancreatoduodenal, and perihepatic
arterial nodes. When there was evidence of swelling, speci-
mens from the paraaortic lymph nodes were also evaluated.
Since 2005, major hepatectomy has been primarily indicated
for the majority of PHC patients. Before that, some patients
with Bismuth type 1 or 2 tumors, without vascular invasion,
underwent limited resections, depending on tumor extension
and/or patient condition.'? Until intrahepatic cholangiocarci-
noma with hepatic hilar invasion was categorized as perihilar
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Table 1 Background, surgical
morbidity, and mortality rate NVR PVR HAR p value®
comparisons among patients n=174 n=>56 n=19
undergoing NVR, PVR, and
HAR Age, years, median 70.0 69.5 67.0 0.16*
Males 126 (72%) 38 (68%) 13 (63%) 0.76
CA19.9, U/mL, median 55.5 138 353 0006
CEA, ng/mL, median 2.5 3.1 2.0 0.18*
Jaundice** 104(60%) 40 (71%) 16 (84%) 0.052
Biliary drainage 0.005°¢
ENBD 62 (36%) 31 (55%) 4 (21%) 0.009
PTBD 62 (36%) 18 (32%) 12 (63%) 0.051
WD 50 (28%) 7 (13%) 3 (16%) 0.028
PVE 11 (6.3%) 11 (20%) 1(5.3%) 0.015
Bismuth 4 54 (31%) 28 (50%) 8 (42%) 0.032
Hepatectomy type <0001°¢
R2 65 (37%) 36 (64%) 1 (5%) <0001
R3 7 (4%) 4 (7%) 0 0.50
L2 68 (39%) 13 (23%) 14 (74%) <0001
L3 5 (3%) 2 (4%) 1 (5%) 0.57
C2 5 (3%) 1 2%) 1 (5%) 0.64
other 24 (14%) 0 2 (10%) 0.003
PD 3 (2%) 4 (7%) 1 (5%) 0.066
Blood loss, mL, median 1234 1364 1580 0.058*
Operative time, min, median 389 415 520 <0001
Morbidity (CD >3) 58 (33%) 25 (45%) 9 (47%) 0.19
Vascular complications 5 (3%) 7 (13%) 5 (26%) <0001¢
Pseudoaneurysms 1 (0.6%) 0 2 (11%) 0.038
Reconstructed HA problems 0 0 2 (11%) 0.006
Intraabdominal bleeding 3(1.7%) 1(1.8%) 1(5.3%) 0.39
PV stenosis 0 1 (1.8%) 0 0.30
PV thrombus 1 (0.6%) 5 (8.9%) 0 0.004
Mortality 3 (1.7%) 3(5.4%) 3 (16%) 0.009
R 0.36°
RO 115 (66%) 35 (63%) 12 (63%) 0.86
R1 cis 22 (13%) 7 (13%) 0 0.30
R1 37 21%) 14 (25%) 7 (37%) 0.25
AJCC T3/4 88 (51%) 50 (89%) 16(84%) <0001
AJCCN1/2 76 (44%) 33 (59%) 13 (68%) 0.033
AJCCMI 19 (11%) 7 (13%) 2 (11%) 0.94

The data in bold shows significant p value
HAR group includes patients with both HAR and PVR (n=13)

NVR no vascular resection, PVR portal vein resection, HAR hepatic artery resection, CA cancer antigen, CEA
carcinoembryonic antigen, ENBD endoscopic naso-biliary drainage, PTBD percutaneous transhepatic biliary drainage,
WD without drainage, PVE portal vein embolization, PD pancreatoduodenectomy, CD Clavien—Dindo classification, HA
hepaticartery, PV portal vein, R1-cis bile duct stump-positive cases with residual high-grade dysplasia/carcinoma in situ, R/
bile duct stump-positive cases with invasive cancer, with or without other residual cancers, AJCC American Joint

Committee on Cancer

# Kruskal-Wallis rank sum test

® Fisher’s exact test for count data (2 x 3)

¢ Fisher’s exact test for count data (3 x 3)

d Fisher’s exact test for count data (5%x3)

¢ Fisher’s exact test for count data (6 x 3)

f Jaundice, serum total bilirubin > 2.0 mg/dL
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cholangiocarcinoma, in 2014,'® patients with intrahepatic
cholangiocarcinoma underwent resection; however, these pa-
tients also had distant metastasis, such as intrahepatic metas-
tasis or distant lymph node metastasis.

Pathological Examination

Formalin-fixed paraffin-embedded tissue sections were exam-
ined histologically, according to the TNM classification sys-
tem of the American Joint Committee on Cancer'* and the
General Rules for Surgical and Pathological Studies on
Cancer of the Biliary Tract of the Japanese Society of
Biliary Surgery,'® and included observations regarding prima-
ry tumor status, lymph node involvement, and histopatholog-
ical grade. All pathological specimens were re-checked for
invasion of the hepatic artery and portal vein by a pathologist.

Adjuvant Chemotherapy

Adjuvant chemotherapy, defined as the postoperative admin-
istration of titanium silicate-1 or gemcitabine within the first
12 weeks, was performed when judged appropriate by the
attending physician in patients with lymph node metastases,
residual cancer, and good postoperative condition.

Statistics

Between-group differences in the qualitative and quantitative
variables were determined using Fisher’s exact (two-sided)
and the Kruskal-Wallis rank sum tests. Univariate and multivar-
iate analyses were performed using a logistic regression model
to determine independent predictors of hospital mortality in pa-
tients with PHC. Survival analyses were performed using the
Kaplan—Meier method, log-rank test, and Cox proportional haz-
ards model. Only factors that were significant in the univariate
analysis were used in the multivariate analysis. All statistical
analyses were performed using R, version 3.5.0 (R Foundation
for Statistical Computing, Vienna, Austria). A p value <0.05
was considered statistically significant.

Results
Short-Term Surgical Outcomes After Surgery with PVR

Three hospital deaths occurred; however, none were associated
with problems due to the actual PVR. Portal vein (PV) thrombi
occurred in five patients (Table 1). One patient with an internal
hernia had PV thrombus due to a twisted PV. He underwent
internal hernia repair and thrombectomy on postoperative day
(POD) 6. The second patient had PV thrombus associated with
the contact drain and underwent thrombectomy on POD 7. The
third patient had PV thrombus due to a twisted PV associated
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with pancreatitis on POD 6. He underwent thrombectomy and
re-reconstruction. The fourth patient developed PV thrombus
due to an unknown cause on POD 7 and was treated with anti-
coagulant therapy. The final patient developed PV thrombus
immediately after surgery, due to a narrow PV, and underwent
thrombectomy and re-reconstruction. Fortunately, all patients
were discharged on PODs 69, 36, 40, 29, and 25, respectively.

Short-Term Surgical Outcomes After Surgery
with HAR

Three HAR-related hospital deaths occurred. Obstruction of
the reconstructed vessel occurred in two patients. The patient
underwent segment 1 resection with PPPD, as well as HAR of
the right hepatic and middle colic artery. The next patient
underwent left hepatectomy, with liver segment 1 and bile
duct resection, and HAR of the right and proper hepatic artery.
These reconstructions were performed by a general surgeon,
not a plastic surgeon. Subsequently, HAR was performed by
plastic surgeons at our institute. The final patient underwent
central bisectionectomy with PVR (wedge) and HAR of the
posterior section and proper hepatic artery. Once reconstruct-
ed, but after hepaticojejunostomy, the anastomoses were in-
jured due to excessive tension by a second surgeon and re-
anastomosis was impossible. Eventually, these three patients
died on PODs 43, 5, and 15, respectively.

Background, Surgical Morbidity, and Mortality Rates
Among NVR, HAR, and PVR Patients

NVR was required in 174 patients (70%), whereas 56 patients
(22%) underwent PVR and 19 (8%) underwent HAR (8%,
Table 1).

Right hepatectomy was more commonly performed in the
PVR group than in the NVR or HAR groups, and left hepatec-
tomy was more commonly performed in the HAR group than
in the NVR or PVR groups. Blood losses and operative times
were higher in the HAR group than in the NVR and PVR
groups. The rate of T3/T4 Tclassifications and N1/2
Nclassifications were significantly higher in the PVR and
HAR groups than in the NVR group. The mortality rate was
highest in the HAR group (16%), followed by the PVR (5.4%)
and NVR (1.7%) groups. The rates of pseudoaneurysm forma-
tion and reconstructed HA problems were higher in the HAR
group than in the NVR group. The incidence of PV thrombus
was higher in the PVR group than in the NVR group. The
overall incidence of vascular-related complications was signif-
icantly higher in the HAR and PVR groups than in the NVR
group.

Multivariate analysis showed that HAR (odds ratio [OR] =
25.5), right trisectionectomy (OR =13.0), and central
bisectionectomy (OR =13.8) were independent prognostic
risk factors for perioperative mortality (Table 2).
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Long-Term Surgical Outcomes in Patients
with Vascular Invasion

Of the 249 patients, 140 (56%) died from the original disease
and 34 (14%) from other causes; at the last follow-up, 11
patients (4%) had survived with recurrence and 64 (26%) were
alive and disease-free.

NVIwas observed in 129 patients (52%), whereas PVI was
observed in 85 patients (34%) and HAI in 35 (14%,
Supplemental Table 1, the HAI group includes patients with
both HAI and PVI (n =27)). In a comparison among the three
groups, PVI and HAI were associated with more advanced
disease than was NVL

The 5-year OS rates were 45.8, 21, and 14.5% in the NVI,
PVI, and HAI groups, respectively. Multivariate analysis
showed that carcinoembryonic antigen level (OR =1.68),
poor differentiation (OR =2.39), distant metastasis (OR =
1.97), and residual invasive cancer (R1, OR =2.13) were in-
dependent prognostic risk factors of OS (Table 3). The PVI
and HAI rates were similar.

Stratification was performed using factors that were signif-
icant in the multivariate analysis and clinically easy-to-use
(Fig. 1). The 5-year survival rate in patients with PVI, distant
metastasis-negative (M0), and negative or high-grade
dysplasia/carcinoma in situ surgical margins (R0/1cis) was
35.6%, which was significantly worse than the 53.4% for

Table 2  Univariate and multivariate analyses of hospital mortality in patients undergoing surgery for perihilar cholangiocarcinoma

No. Mortality Univariable analysis Multivariable analysis
Odds ratio (95% CI) p value Odds ratio (95% CI) p value
Period 2000-2008 132 4 (3.0%) 1.0 (ref) 0.60
2009-2016 117 5(4.3%) 1.43 (0.37-5.89)
Age <75 years 189 7 (3.7%) 1.0 (ref)
>75 years 60 2 (3.3%) 0.90 (0.13-3.83) 0.89
Sex M 177 5(2.8%) 1.0 (ref)
F 72 4 (5.6%) 2.02 (0.49-7.87) 0.30
Jaundice No 89 2 (2.2%) 1.0 (ref)
Yes 160 7 (4.4%) 1.99 (0.47-13.6) 0.40
Drainage WD 60 1 (1.7%) 1.0 (ref)
ENBD 96 3(3.1%) 1.90 (0.24-39.0) 0.58
PTBD 92 5(5.4%) 3.39 (0.53-65.8) 0.27
PVE No 226 8 (3.5%) 1.0 (ref)
Yes 23 1 (4.3%) 1.24 (0.07-7.22) 0.84
Bismuth 4 No 159 3 (1.9%) 1.0 (ref)
Yes 90 6 (6.7%) 3.71 (0.95-18.0) 0.068
PVR 0 180 5(2.8%) 1.0 (ref)
69 4 (5.8%) 2.15(0.52-8.38) 0.26
HAR 0 230 6 (2.6%) 1.0 (ref) 1.0 (ref)
Yes 19 3 (16%) 7.0 (1.38-29.3) 0.010 25.5 (2.95-297) 0.004
Hepatectomy R2 102 2 (2.0%) 1.0 (ref) 1.0 (ref)
R3 11 2 (18%) 11.1 (1.22-102) 0.023 13.0 (1.39-125) 0.017
L2/3 103 1 (1.0%) 0.49 (0.02-5.20) 0.56 0.13 (0.004-1.96) 0.17
CB 7 2 (29%) 20.0 (2.07-199) 0.006 13.8 (1.03-161) 0.031
Other 26 2 (7.7%) 4.17 (0.48-36.2) 0.16 2.45 (0.20-24.5) 0.43
PD No 241 8 (3.3%) 1.0 (ref)
Yes 8 1 (12.5%) 4.16 (0.21-27.8) 0.21
Blood loss <1500 mL 160 3 (1.9%) 1.0 (ref)
> 1500 mL 89 6 (6.7%) 3.78 (0.97-18.3) 0.065
Surgery time <480 min 182 4 (2.2%) 1.0 (ref)
>480 min 67 5(7.5%) 3.59 (0.92-14.9 0.063

CI confidence interval, WD without drainage, ENBD endoscopic naso-biliary drainage, PTBD percutaneous transhepatic biliary drainage, PVE portal
vein embolization, PVR portal vein resection and reconstruction, HAR hepatic artery resection and reconstruction, R2 right hepatectomy, R3 right
trisectionectomy, L2 left hepatectomy, L3 left trisectionectomy, CB central bisectionectomy, PD pancreatoduodenectomy
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Table 3 Univariate and multivariate analyses of overall survival in patients with perihilar cholangiocarcinoma

Univariate Multivariate
n 0os p value® Hazard ratio (95% CT) p value®
2 years 5 years
Period 20002008 132 60.3 325 0.98
2009-2016 117 58.8 333
Age, years <75 189 59.3 323 0.63
>75 60 60.5 36.4
Sex Male 177 58.5 282 0.037 1.0
Female 72 62.0 453 0.81 (0.56-1.17) 0.26
CA19-9, U/L <38 83 757 51.8 <0.001 1.0
>38 166 51.4 235 1.47 (0.99-2.17) 0.057
CEA, ng/mL <5 204 66.0 38.1 <0.001 1.0
>5 44 31.2 11.4 1.68 (1.10-2.56) 0.016
Preoperative jaundice No 89 69.4 453 0.006 1.0
Yes 160 543 26.4 1.19 (0.67-2.10) 0.56
Type of drainage WD 60 63.3 40.2 0.031 1.0
ENBD 96 65.5 42.0 0.96 (0.50-1.84) 091
PTBD 92 51.5 21.6 1.02 (0.51-2.05) 0.94
Bismuth 1-3 159 63.4 373 0.013 1.0
4 90 52.7 252 0.96 (0.69-1.35) 0.82
PVE No 226 59.2 334 0.98
Yes 23 63.6 30.0
Hepatectomy 0.83
R2 102 63.1 30.2
R3 11 51.9 41.6
L2 95 58.7 342
L3 8 46.9 0
CB 7 57.1 57.1
other 26 57.0 36.7
PD No 241 59.5 327 0.41
Yes 8 62.5 62.5
PVI No 136 73.1 44.7 <0.001 1.0
Yes 113 43.1 19.3 1.46 (0.52-4.14) 0.48
HAI No 214 63.4 36.0 <0.001 1.0
Yes 35 36.4 16.0 1.30 (0.79-2.13) 0.31
Blood loss, mL <1500 160 67.1 379 0.014 1.0
>1500 89 46.1 249 1.24 (0.88-1.74) 0.22
Surgery time, min <480 182 62.5 36.4 0.075
>480 67 51.9 24.5
Histology pap 25 84.0 58.6 <0.001 1.0
tubl,2 186 60.5 32.1 1.33 (0.66-2.66) 0.42
tub3 29 34.5 19.2 2.39 (1.09-5.25) 0.030
other 8 43.8 14.6 1.82 (0.60-5.54) 0.29
AJCC T 8th 12 129 74.0 454 <0.001 1.0
3/4 120 43.8 19.9 1.14 (0.38-3.41) 0.81
AJCC N 8th 0 127 74.5 45.1 <0.001 1.0
77 47.8 26.7 1.34 (0.92-1.95) 0.12
2 45 373 5.06 1.34 (0.82-2.20) 0.24
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Table 3 (continued)

Univariate Multivariate
n (0N p value® Hazard ratio (95% CI) p value®
2 years 5 years
AJCC M 8th 0 221 63.3 36.7 <0.001 1.0
28 28.8 4.11 1.97 (1.19-3.26) 0.008
Residual cancer RO 162 66.7 42.8 <0.001 1.0
R1 cis 29 68.5 31.8 1.24 (0.73-2.11) 0.42
R1 58 35.6 8.00 2.13 (1.44-3.17) <0.001
Clavien—Dindo classification <2 157 63.4 40.6 <0.001 1.0
>3 92 52.8 20.2 1.32 (0.94-1.85) 0.11
Adjuvant chemotherapy Absent 145 54.1 325 0.20
Present 103 67.1 34.1

The data in bold shows significant p value

OS overall survival, CA cancer antigen, CEA carcinoembryonic antigen, C/ confidence interval, WD without drainage, ENBD endoscopic naso-biliary
drainage, PTBD percutaneous transhepatic biliary drainage, PVE portal vein embolization, R2 right hepatectomy, R3 right trisectionectomy, L2 left
hepatectomy, L3 left trisectionectomy, CB central bisectionectomy, PD pancreatoduodenectomy, PV/ histopathological portal vein invasion, HA/
histopathological portal vein invasion, AJCC American Joint Committee on Cancer, R0 curative margin-free resection, RI-cis bile duct stump-
positive cases with residual high-grade dysplasia/carcinoma in situ, R/ bile duct stump-positive cases with invasive cancer with or without any other
residual cancer

*Log-rank test

® Cox proportional hazards model

Fig. 1 Overall survival rates, (%) *p<0.05
based on the presence or absence **p<0.001
of histopathological portal vein

invasion (PVI, aPVI) in patients 100 —pes--mm

—— A:aPVIMORO0/1cis
B: PVIMORO0/1cis
C: PVIM1 or R1

with distant metastasis-negative
(MO) tumors, and negative or ;
high-grade dysplasia/carcinoma Ty
in situ surgical margins (R0/1cis), 80 ‘ !
distant metastasis-positive (M1), : -
or bile duct stump-positive cases :
with invasive cancer (R1). The

median survival time was not de- 60 3
termined for NPVIMORO/1cis oo

patients but was 31 months in i, R,
PVIMORO/1cis patients and P ey *
16 months in PVIMI or R1 40 s U
patients.*p < 0.05, **p < 0.001.

PVI, presence of histopathologi- 35.6%
cal portal vein invasion; aPVI,
absence of histopathological por-
tal vein invasion; M1, distant | i
metastasis; RO, negative surgical O

20

margin; Rlcis, high-grade o 4 0% i
dysplasia/carcinoma in situ of the : : : : : :
bile duct rr}a.rgm; R1, b.ile fiuct 0 10 20 30 40 50 60
stump-positive cases with inva- Month
sive cancer, with or without any
other residual cancer; NS, not
significant Tumor type Number at risk 2 years 5 years
aPVIMORO/1cis 99 76 38
PVIMORO/1cis 56 28 14
PVIR1 or M1 30 9 0
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those with absence of PVI (aPVI) and MORO0/1cis and signif-
icantly better than the 0% of patients with PVI, distant
metastasis-positive (M1), or bile duct stump-positive cases
with invasive cancer (R1). Similarly, the 5-year survival rate
in patients with HAIMORO/1cis was 24.7%, which was sig-
nificantly worse than the 53.4% for those with absence of
hepatic arterial invasion (aHAI) and MORO/1cis and better
than the 0% of those with HAIM1 or R1 (»p <0.001).

The 5-year OS was not significant in patients with
PVIMORO/1cis, with or without PVR, or in those with
HAIMORO/1cis, with or without HAR; there were no long-
term survivors of HAIMORO/1cis who underwent HAR
(Supplemental Figs. 1 and 2).

Discussion

Our study indicated that the short-term outcomes for patients with
vascular resection were poor, compared with those notundergoing
vascular resection. The long-term survival of patients following
vascular invasion was more favorable in ROMO disease, although
neither PVInor HAI was associated with significant differences in
OS in the multivariate analysis.

Insufficient numbers of reports incorporating multivariate
analyses have been published to determine a relationship be-
tween vascular resection and postoperative mortality follow-
ing PHC surgery.” '® Similarly, reports on the significance of
vascular invasion'” '® (hepatic artery'® or PV® ' ) on sur-
gical outcomes are also lacking. Therefore, this study exam-
ined these issues.

Among recent reports describing >20 PVRs for PHC, ex-
cluding ones at the same facility, some suggest that PVR does
not influence surgical mortality, * ' 2" 2 but a few indicate
that it does.” 2> Even in some systematic reviews, different
results have been reported regarding whether PVR does
not?*2° or does?” 2® affect mortality. In addition, PV thrombus,
one of the important complications after PVR, has been reported
to occur in 0-9.5% of cases.* & 7 2°33 In the current study,
hospital deaths were not due to problems arising in the recon-
structed PV portion, despite five patients (7.2%) developing PV
thrombus after PVR. Based on techniques associated with liver
transplant surgery, 6-0 Prolene sutures have been used to prevent
PV thrombus formation since 2016, although such thrombus
formation seems to be common in high-volume centers. PVR
seems to be a relatively safe procedure in facilities with surgeons
having adequate experience™ * ' 2" 3, however, more atten-
tion is necessary to prevent postoperative vascular
complications.

In recent studies that have included >20 HARs associated
with PHC surgeries, excluding those occurring at the same facil-
ity, the associated mortality rate is 2.0-9.1%." > ' 3*° Some of
the available reports, including systematic reviews, indicate that
HAR does not seem to be related to surgical mortality, '® 3 but
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others suggest that it is.>* ** Nagino et al., in their largest case
series,' and others™ ® ' state that major hepatectomies involving
HAR and PVR can be performed by experienced surgeons and
yield acceptable mortality rates. Facilities where many HARs
have been performed also seem to have fewer vascular compli-
cations and reduced mortality." ** The mortality rate associated
with HAR, in our series, was 15.7% (3/19), which was higher
than in those reports.” > ' **¢ Our series included two patients
who underwent reconstructions performed by a general surgeon,
and the obstructions occurred in the reconstructed section. It is
inferred that this surgeon may have had insufficient experience
with microscopic surgery. Following those deaths, HARs were
performed exclusively by plastic surgeons. After excluding the
HARSs performed by the general surgeon, the mortality rate for
HARSs performed by plastic surgeons, in our series, was 5.9%
(1/17); this result is similar to the results reported by other
authors 1 2 17- 3436

The authors believe that vascular resection is contraindicated in
cases where RO resection cannot be contemplated for vascular
invasion, cases in which adequate vessel length cannot be secured
for vascular reconstructions in future remnant livers, and in cases
where reconstruction is difficult even using vascular grafts for
extensive resections.

Inprevious reports, the factors predictive of survival associated
with PHC surgery include microscopic vascular invasion, RO
resection,* '° lymph node metastasis,* ® ' " histology,”* Tstage
>3,% and adjuvant chemotherapy.'” Both PVI and HAI were ex-
cluded as prognostic factors in some studies™ ' ' '® but not in
all.' 2° The present study showed that both PVI and HAI had
similar impacts on OS.

There are several reports indicating that the 5-year survival
rate after PVR for PHC is 22.8-59%.> * % 21 3% 3740 I these
reports, the post-PVR survival rate was reported to be inferior to
that for patients not undergoing PVR but better than for cases that
are unresectable®” 30; in other reports, no differences were ob-
served in the survival rates of PVR and non-PVR cases.> * ' 3*
Regarding PVI, Nakanishi et al. reported a S5-year OS of 11.2% in
patients with main or contralateral branch invasion, which was
significantly worse than the 43% for patients with ipsilateral
branch PV.*° The median survival time for patients with vascular
invasion (including HAI) was reported to be 8.9-38 months.*
241 Our results also show that the 5-year OS of PVIMORO
patients was significantly worse than for aPVIMORO patients
but significantly better than for PVIM1 or R1 patients (Fig. 2);
the 5-year OS was not significant in PVIMORO0/1cis patients,
with or without PVR (Supplemental Fig. 1).

Regarding HAI, Nagino et al. reported a 5-year survival
rate of 22.6% for 50 consecutive cases of patients with HAI
undergoing HAR (1 =27).' Matsuyama et al. reported that the
5-year survival rate and median survival time for patients with
HAI and undergoing HAR (n=20) were 0% and
38.1 months.!” In the current study, the 5-year OS for
HAIMORO/1cis patients was significantly worse than that for
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Fig. 2 Overall survival rates, (%)
based on the presence or absence

of histopathological hepatic artery

*p<0.05
**p<0.001

invasion (HAI, aHAI) in patients
with distant metastasis-negative
(MO) tumors, with negative or
high-grade dysplasia/carcinoma
in situ surgical margins (R0/1cis),
distant metastasis-positive (M1),
or bile duct stump-positive cases
with invasive cancer (R1). The
median survival time was not de-
termined for aHAIMORO/ L cis pa-
tients but was 31 months in
HAIMORO/Icis patients and

7.5 months in HAIMI or R1 pa-
tients. *p <0.05, **p <0.001.
HALI, presence of histopathologi-
cal hepatic artery invasion; aHAI,
absence of histopathological he-
patic artery invasion; M1, distant
metastasis; RO, negative surgical
margin; Rlcis, high-grade 0
dysplasia/carcinoma in situ of the

100

80

60

20

A: aHAIMORO/1cis
B: HAIMORO/1cis
C: HAIM1 or R1

0%

bile duct margin; R1, bile duct
stump-positive cases with inva-
sive cancer, with or without any
other residual cancer; NS, not
significant Tumor type
aHAIMORO/cis
HAIMORO/1cis

HAIM1 or R1

patients with aHAIMORO/1cis but better than for those with
HAIMI1 or R1. However, the 5-year OS in patients with HAI
and HAR (n = 8) was 0%. The reason for the absence of long-
term survivors of this type, in our series, is probably the few
patients with HAI who underwent HAR (n =8); all of our
patients had at least one negative prognostic factor, such as
lymph node metastases (n=15), invasive R1 disease (n=23),
high preoperative carcinoembryonic antigen levels (n = 1), or
postoperative peritoneal dissemination by percutaneous
transhepatic biliary drainage (n=1).

Limitations

This study has some limitations. This was a single-institution,
retrospective study, and involved patient data collected over
15 years. During this period, patient management protocols,
such as diagnostic modalities, perioperative management pro-
cedures, biliary drainage use, surgical indications, and surgical
device use, changed drastically.

Conclusions

Vascular resection for PHC can be performed relatively safely
in specialized facilities. However, our data indicate that short-

Number at risk

99
23
12

20 30 40 50 60

Month

2 years 5 years
76 38
11 3

2 0

term outcomes in cases involving vascular resection were poor
compared with those not involving vascular resection. The
long-term survival of patients with vascular invasion was more
favorable for patients with ROMO disease. Aggressive surgery
should be performed, where possible, in selected patients.
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