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Purpose: To evaluate the effect of postoperative adjuvant transarterial chemoembolization
(PA-TACE) on the prognosis of hepatocellular carcinoma (HCC) with macroscopic bile duct
tumor thrombus (BDTT).

Patients and Methods: This study included 109 patients who underwent RO resection for
HCC with BDTT between January 2008 and December 2017: non-TACE (48) and PA-TACE
(61). Propensity-score matching (PSM) was conducted in a 1:1 ratio. Recurrence and overall
survival (OS) rates were analyzed using the Kaplan—Meier method. Independent risk factors
were identified by univariate and multivariate Cox regression analyses. Subgroup analysis
was performed by risk-factor stratification.

Results: The recurrence rates in the non-TACE and PA-TACE groups were different at 6 months
(50.9% vs 26.9%, P=0.03) before PSM and at 6 months (59.3% vs 26.5%, P=0.02) and 12
months (81.4% vs 37.5%, P=0.022) after PSM. OS rates of the non-TACE and PA-TACE groups
were different at 6 months (74.0% vs 91.6%, P<0.001) and 12 months (61.1% vs 77.6%, P=0.01)
before PSM and at 6 months (73.0% vs 96.8%, P=0.01), 12 months (52.1% vs 89.6%, P=0.001),
and 18 months (33.8% vs 64.4%, P=0.034) after PSM. PA-TACE was an independent prognostic
factor for both recurrence and OS before and after PSM. Subgroup analysis showed that patients
with no HBV infection, tumors >5 ¢cm, macrovascular invasion, alpha-fetoprotein (AFP) >400
ng/mL, or gamma-glutamyl transferase (GGT) >150 U/L benefited significantly from PA-TACE
in terms of recurrence rates (all P<0.05). Patients with no HBV infection, multiple tumors,
tumors >5 c¢m, macrovascular invasion, or AFP >400 ng/mL benefited significantly from PA-
TACE in terms of OS (all P<0.05).

Conclusion: PA-TACE could prolong the short-term prognosis of HCC with macroscopic
BDTT and should be recommended for patients with no HBV infection, multiple tumors, tumors
>5 cm, poor differentiation, macrovascular invasion, AFP >400 ng/mL, or GGT >150 U/L.
carcinoma, bile duct tumor thrombus, transarterial
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Introduction
Bile duct tumor thrombus (BDTT) involves invasion of hepatocellular carcinoma
(HCC) into the biliary tree. The incidence rate of HCC with macroscopic BDTT has
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been reported to be 0.45-12.9%.' Although the inci-
dence is low, an increasing amount of research has focused
on BDTT in recent years. Compared with patients without
BDTT, patients with BDTT had a shorter survival time and
a higher recurrence rate. This has been proven by different
retrospective studies and meta-analyses.”*'° The median
survival of patients with BDTT is 1.6-4.3 months with
conservative management.'''?

Surgical resection is the most commonly used manage-
ment strategy, which allows radical cure of patients with
resectable HCC with BDTT. However, the high recurrence
rate after resection is a barrier to long-term survival. The
l-year recurrence rate of patients with HCC with BDTT
remains between 42.9 and 70.3% even after resection.'®'?
Therefore, postoperative adjuvant treatment for such
patients cannot be ignored.

Postoperative adjuvant transarterial chemoemboliza-
tion (PA-TACE) has been applied clinically for decades
as an anti-recurrence therapy. Some randomized clinical
trials have proven that HCC with microvascular invasion
or portal vein tumor thrombus can benefit from PA-
TACE."*'® However, whether HCC with BDTT after RO
resection could benefit from PA-TACE remains unknown.

Thus, in this study, we aimed to evaluate the short-term
effect of PA-TACE on the prognosis of patients after R0
resection.

Patients and Methods

Patient Selection
The study was conducted according to the Declaration of
Helsinki and the Ethical Guidelines for Clinical Studies,
and was approved by the institutional research ethics
committee of Mengchao Hepatobiliary Hospital of Fujian
Medical University (Approval Number:2020 077 _01). All
patients signed an informed consent form before surgery.
As some elderly patients cannot read, they sign the
informed consent by hand print instead of signature, and
their direct relatives sign the informed consent at the same
time. Patients who underwent RO resection for HCC with
BDTT between January 2008 and December 2017 at pri-
mary liver cancer big data were enrolled for in this study.'”
Data including baseline and clinical characteristics and
information on follow-up were extracted and censored on
December 31, 2019.

The inclusion criteria for the study were as follows:
patients (1) who underwent RO resection with curative
intent for HCC and (2) in whom HCC and macroscopic

BDTT were confirmed by histopathological analysis. The
exclusion criteria for the study were as follows: patients
(1) aged <18 years; (2) with other accompanying cancers;
(3) with recurrent or metastatic HCC; (4) with a diagnosis
of combined hepatocellular carcinoma-intrahepatic cholan-
giocarcinoma (cHCC-ICC); and (5) who received anti-
cancer therapy before surgery. RO resection was defined
with
a microscopically negative margin and no recurrence

as removal of all macroscopic tumors

within two months after surgery.

Surgery

The scope of liver resection was determined on the basis
of the location and size of the tumor, liver function, and
residual liver volume. Hepatectomy includes partial resec-
tion, subsegmentectomy, segmentectomy, lobectomy, and
extended hepatectomy. The objective of the operation was
to completely remove the tumor to achieve RO resection.
When the tumor invaded the extrahepatic bile duct or the
contralateral hepatic duct, the extrahepatic bile duct was
removed or choledochotomy was performed, and intrao-
perative choledochoscopy was performed to ensure com-
plete thrombectomy.

PA-TACE

PA-TACE is recommended per the personal experience
and judgment of the physician. Initial PA-TACE was per-
formed within 1-2 months after resection. A 5-F catheter
or microcatheter was inserted into an appropriate hepatic
artery using the Seldinger technique. Hepatic angiography
was performed to ascertain the distribution of the arteries.
Chemotherapeutic agents, including cisplatin (10-30 mg),
doxorubicin hydrochloride (10 mg), and pharmorubicin
(2040 mg) were slowly injected, followed by an emulsion
of lipiodol (5-10 mL) (Lipiodol Ultrafluide, Guerbet,
AulnaySousBois, France). Individualized dosages of che-
motherapeutic agents and lipiodol were determined on the
basis of the remaining liver volume and body surface.

Postoperative Follow-Up

All patients were regularly followed up after discharge
from the hospital. Follow-up visits were scheduled once
every 2-3 months in the first 2 years, once every 6 months
from 2 to 5 years, and once every year after 5 years.
Routine follow-up tests included a liver function test,
a test to determine the serum AFP level, and abdominal
ultrasound. Contrast-enhanced computed tomography or
magnetic resonance

imaging was performed when
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recurrence was suspected. Recurrence or metastasis was
defined as the appearance of new lesions with radiologic
features of HCC, and further treatment was immediately
initiated when recurrence was confirmed.

Primary Endpoint

The primary endpoints were the recurrence rate and over-
all survival (OS) rate. Time to recurrence was defined as
the time between the date of resection to the date of
recurrence or the date of the latest follow-up, whichever
occurred first. OS was calculated from the time of resec-
tion to the date of either death or the latest follow-up.

Baseline Characteristics and Clinical

Variables of Patients

Baseline characteristics and clinical variables included
age, sex, cirrhosis, number of tumors, maximum tumor
size, macroscopic and microscopic vascular invasion,
presence of satellites and tumor differentiation, preo-
perative serum HBV DNA, serum hepatitis B surface
antigen, gamma-glutamyltransferase (GGT), alkaline
total

fetoprotein (AFP), platelet, prothrombin time, Child—

phosphatase, bilirubin, prealbumin, alpha-
Pugh grade, and Fibrosis-4 index. HBV infection was
defined as HBV DNA-positive or serum hepatitis
B surface antigen positive. Cirrhosis was confirmed
histopathologically or via clinical diagnosis. Tumor dif-
ferentiation was classified according to the Edmonson—
Steiner grade.'® BDTT was classified using Satoh
typing'® as follows: Type I, BDTT is located in the
first branch of the hepatic duct and does not reach the
confluence of the right and left hepatic ducts; Type II,
BDTT extends across the confluence of the right and left
hepatic ducts; Type III, BDTT separates from the pri-

mary tumor and is located in the common bile ducts.

Propensity-Score Matching

Propensity-score matching (PSM) was adopted to mini-
mize selection bias. Potentially confounding factors either
unbalanced in the baseline table or independent in the
multivariable Cox model were matched one-to-one using
the nearest neighbor method with a caliber of 0.2.

Statistical Analysis

Continuous variables with a normal distribution were
expressed as medians with interquartile ranges (IQR) and
compared using the Mann—Whitney U-test. Fisher’s exact

test or the chi-squared test was used for comparison of
categorical variables, as appropriate. Comparison of recur-
rence and OS curves between the non-TACE and PA-TACE
groups was performed using the Kaplan-Meier method and
tested using the Log rank test. Univariable and multivariable
Cox regression analyses were performed to identify the inde-
pendent risk factors associated with recurrence and OS.
Hazard ratios (HRs) and their 95% confidence intervals
(95% CI) were estimated using univariable and multivariable
Cox regression analyses. Potentially relevant variables (with
P < 0.2 in the univariable Cox regression analysis) were
considered for generating the multivariable Cox model
using the stepwise backward method. The forest plot of the
subgroup analysis was described with estimated HRs and
95% CIs. Data were analyzed via Rstudio using “Table 1,”

EERNT3

“survminer,” “survival,” “forestplot,” “Macthlt” packages.

Statistical significance was set at P < 0.05.

Results

Patients Characteristics

A total of 109 patients were enrolled in this study: 48 in
the non-TACE group and 61 in the PA-TACE group.
Patients with tumor size > 5 cm and macrovascular inva-
sion were more likely to receive PA-TACE; the difference
between the two groups was balanced after 1:1 PSM
(Table 1).

Recurrence and OS Rates

The median follow-up period of the whole cohort was 14.0
(7.0-27.0) months. Before PSM, the median recurrence
time of the non-TACE and PA-TACE groups was 4.0
(2.0-7.0) and 11 (5.0-17.0) months, respectively
(P=0.09) (Figure 1A). The recurrence rates in the non-
TACE and PA-TACE groups were different at 6 months
(50.9% vs 26.9%, P=0.03) (Table 2). After PSM, the
median recurrence time of the two groups was 3.0
(1.0-6.0) and 12.0 (5.5-18.0) months, respectively
(P=0.0046) (Figure 1C). The recurrence rates in the two
groups were different at 6 months (59.3% vs 26.5%,
P=0.02) and 12 months (81.4% vs 37.5%, P=0.022)
(Table 2).

Before PSM, the median OS time of the non-TACE
and PA-TACE groups was 10.5 (4.0-24.25) and 15 (11.-
0-27.0) months, respectively (P=0.18) (Figure 1B). The
OS rates of the non-TACE and PA-TACE groups were
different at 6 months (74.0% vs 91.6%, P < 0.001) and
12 months (61.1% vs 77.6%, P=0.01) (Table 2). After

Cancer Management and Research 2020:12

submit your manuscript

9185

Dove


http://www.dovepress.com
http://www.dovepress.com

Huang et al Dove

Table | Clinicopathological Characteristics of Non-TACE Group Compare with PA-TACE Group Before and After PSM

Parameters Before PSM After PSM
Non-TACE TACE P Non-TACE TACE P
(n=48) (n=61) (n=31) (n=31)
Age(years)
Mean (IQR) 51.0 [46.0, 56.0] 49.0 [45.0, 55.0] 0.564 54.0 [48.0, 59.0] 51.0 [45.5, 59.0] 0.306
Sex
Female 6 (12.5%) 11 (18.0%) 0.6 4 (12.9%) 3 (9.7%) |
Male 42 (87.5%) 50 (82.0%) 27 (87.1%) 28 (90.3%)
HBV
No 13 (27.1%) 16 (26.2%) | 9 (29.0%) 9 (29.0%) |
Yes 35 (72.9%) 45 (73.8%) 22 (71.0%) 22 (71.0%)
Cirrhosis
No 6 (12.5%) 16 (26.2%) 0.125 2 (6.5%) 7 (22.6%) 0.149
Yes 42 (87.5%) 45 (73.8%) 29 (93.5%) 24 (77.4%)
Tumor Number
Single 41 (85.4%) 44 (72.1%) 0.153 27 (87.1%) 24 (77.4%) 0.506
Multiple 7 (14.6%) 17 (27.9%) 4 (12.9%) 7 (22.6%)

Tumor Size(cm)
<5cm 30 (62.5%) 16 (26.2%) <0.001 13 (41.9%) 13 (41.9%) I
>5cm 18 (37.5%) 45 (73.8%) 18 (58.1%) 18 (58.1%)

Satellite Nodules
No 24 (50.0%) 21 (34.4%) 0.149 17 (54.8%) 10 (32.3%) 0.124
Yes 24 (50.0%) 40 (65.6%) 14 (45.2%) 21 (67.7%)

Differentiation

I+l 9 (18.8%) 13 (21.3%) 0.928 3(9.7%) 7 (22.6%) 0.3
N+v 39 (81.2%) 48 (78.7%) 28 (90.3%) 24 (77.4%)
Capsule
No 26 (54.2%) 24 (39.3%) 0.178 14 (45.2%) 10 (32.3%) 0.434
Yes 22 (45.8%) 37 (60.7%) 17 (54.8%) 21 (67.7%)
Mvi
No 9 (18.8%) Il (18.0%) [ 5 (l6.1%) 5 (16.1%) |
Yes 39 (81.2%) 50 (82.0%) 26 (83.9%) 26 (83.9%)
Mavi
No 41 (85.4%) 41 (67.2%) 0.0498 24 (77.4%) 24 (77.4%) |
Yes 7 (14.6%) 20 (32.8%) 7 (22.6%) 7 (22.6%)
Satoh
| 26 (54.2%) 30 (49.2%) 0.746 16 (51.6%) 15 (48.4%) |
11+l 22 (45.8%) 31 (50.8%) 15 (48.4%) 16 (51.6%)
AFP(ng/mL)
<400 24 (50.0%) 29 (47.5%) 0.951 10 (32.3%) 17 (54.8%) 0.124
>400 24 (50.0%) 32 (52.5%) 21 (67.7%) 14 (45.2%)
TBIL(umol/L)
<342 31 (64.6%) 40 (65.6%) | 22 (71.0%) 21 (67.7%) |
>34.2 17 (35.4%) 21 (34.4%) 9 (29.0%) 10 (32.3%)
(Continued)
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Table | (Continued).
Parameters Before PSM After PSM
Non-TACE TACE P Non-TACE TACE P
(n=48) (n=61) (n=31) (n=31)

ALP(U/L)
<150 22 (45.8%) 23 (37.7%) 0.509 14 (45.2%) 14 (45.2%) |
>150 26 (54.2%) 38 (62.3%) 17 (54.8%) 17 (54.8%)

GGT(U/L)
<150 11 (22.9%) 9 (14.8%) 0.399 8 (25.8%) 4 (12.9%) 0.335
>150 37 (77.1%) 52 (85.2%) 23 (74.2%) 27 (87.1%)

PALB(mg/L)
<170 17 (35.4%) 20 (32.8%) 0.933 Il (35.5%) Il (35.5%) |
>170 31 (64.6%) 41 (67.2%) 20 (64.5%) 20 (64.5%)

PLT(x1049/L)
<100 4 (8.3%) 4 (6.6%) | 2 (6.5%) 3 (9.7%) |
>100 44 (91.7%) 57 (93.4%) 29 (93.5%) 28 (90.3%)

PT(s)
<I3 28 (58.3%) 41 (67.2%) 0.45 16 (51.6%) 20 (64.5%) 0.44
>3 20 (41.7%) 20 (32.8%) 15 (48.4%) Il (35.5%)

Child-Pugh
A 43 (89.6%) 55 (90.2%) | 29 (93.5%) 27 (87.1%) 0.668
B 5 (10.4%) 6 (9.8%) 2 (6.5%) 4 (12.9%)

FIB-4
<3.25 27 (56.2%) 38 (62.3%) 0.659 15 (48.4%) 16 (51.6%) I
>3.25 21 (43.8%) 23 (37.7%) 16 (51.6%) 15 (48.4%)

Note: The bold text means P<0.05.
Abbreviations: AFP, alpha-fetoprotein; ALP, alkaline phosphatase; FIB-4, Fibrosis-4 index; GGT, gamma-glutamyltransferase; HBV, hepatitis B virus; IQR, interquartile range;
MaVI, macrovascular invasion; MVI, microvascular invasion; PA-TACE, postoperative adjuvant transarterial chemoembolization; PALB, prealbumin; PLT, platelet; PSM,
propensity-score matching; PT, prothrombin time; TBIL, total bilirubin.

PSM, the OS time of the two groups was 9.0 (4.0-14.0)
and 17.0 (12.0-31.5) months, respectively (P=0.0068)
(Figure 1D). The OS rate in the two groups was different
at 6 months (73.0% vs 96.8%, P=0.01), 12 months (52.1%
vs 89.6%, P=0.001), and 18 months, respectively (33.8%
vs 64.4%, P=0.034) (Table 2).

Risk Factors Associated with Recurrence

and OS

Multivariate analysis showed that GGT > 150 U/L and PA-
TACE were independent prognostic factors for recurrence
both before and after PSM; GGT > 150 U/L (HR=3.233,
95% CI=1.353-7.723, P=0.008 before PSM and
HR=2.908, 95% CI=1.071-7.9, P=0.036 after PSM) and
PA-TACE (HR=0.537, 95% CI=0.313-0.921, P=0.024
before PSM and HR=0.319, 95% CI=0.156-0.655,
P=0.002) (Tables 3 and 4).

For OS, multivariate analysis showed that multiple
tumors (HR=3.409, 95% CI=1.609-7.223, P=0.001), macro-
vascular invasion (HR=4.947, 95% CI=2.321-10.542,
P=<0.001), AFP > 400 ng/mL (HR=2.376, 95%
CI=1.289-4.382, P=0.006), and PA-TACE (HR=0.266,
95% CI1=0.133-0.529, P<0.001) were independent risk fac-
tors before PSM (Table 3), whereas satellite nodules
(HR=2.976, 95% CI=1.124-7.884, P=0.028), macrovascular
invasion (HR=2.917, 95% CI=1.138-7.48, P=0.026), AFP >
400 ng/mL (HR=2.688, 95% CI=1.13-6.394, P=0.025), and
PA-TACE (HR=0.177, 95% CI=0.068-0.46, P<0.001) were
independent risk factors after PSM (Table 4).

Subgroup Analysis

Subgroup analysis showed that patients who were not
infected with HBV (HR=0.312, 95% CI=0.103-0.948,
P=0.04), had tumor size > 5 cm (HR=0.351, 95%
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Figure | (A) Comparison of recurrence rate between the PA-TACE and non-TACE groups before PSM. (B) Comparison of overall survival rate between the PA-TACE and
non-TACE groups before PSM. (C) Comparison of recurrence rate between the PA-TACE and non-TACE groups after PSM. (D) Comparison of overall survival rate between

the PA-TACE and non-TACE groups after PSM.

CI=0.157-0.784, P=0.011), macrovascular invasion
(HR=0.175, 95% CI=0.041-0.746, P=0.018), AFP >
400 ng/mL (HR=0.345, 95% CI=0.156-0.765,
P=0.009), or GGT > 150 U/L (HR=0.556, 95%
CI=0.316-0.977, P=0.041) benefited from PA-TACE on
recurrence significantly (Figure 2), whereas patients who
infected with HBV (HR=0.029, 95%

were not

CI=0.003-0.347, P=0.001), had multiple
(HR=0.189, 95% CI=0.044-0.807, P=0.025), tumor
size¢ > 5 cm (HR=0.315, 95% CI=0.143-0.692,
P=0.004), macrovascular invasion (HR=0.212, 95%
CI=0.063-0.708, P=0.012), or AFP > 400 ng/mL
(HR=0.351, 95% CI=0.169-0.728, P=0.005) benefited

from PA-TACE on OS significantly (Figure 3).

tumors

Table 2 Recurrence Rate and Overall Survival of Non-TACE Group Compare with PA-TACE Groups Before and After PSM

Time | Before PSM After PSM
Recurrence Rate Overall Survival Rate Recurrence Rate Overall Survival Rate
Non- PA- P Non- PA- P Non- PA- P Non- PA- P
TACE TACE TACE TACE TACE TACE TACE TACE
6 mo 50.9% 26.9% 0.03 | 74.0% 91.6% <0.001 | 59.3% 26.5% 0.02 73.0% 96.8% 0.01
I12mo | 67.5% 42.7% 0.12 | 61.1% 77.6% 0.0l 81.4% 37.5% 0.022 | 52.1% 89.6% 0.001
18 mo | 67.5% 61.8% 0.73 | 49.7% 56.6% 0.55 81.4% 60.0% 0.303 | 33.8% 64.4% 0.034
24 mo | 67.5% 72.2% 0.87 | 46.4% 51.5% 0.52 81.4% 71.4% 0.602 | 33.8% 59.0% 0.155

Note: The bold text means P<0.05.
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Clinicopathological factors HR(95%CI) P
Overall - 0.64(0.385-1.092) 0.103
Age

<50 —— 0.835(0.397-1.756) 0.634
>50 Hl— 0.502(0.236-1.066) 0.073
Sex
Female HE— 0.319(0.077-1.316) 0.114
Male i 0.74(0.422-1.298) 0.294
HBV
No Lo 0.215(0.052-0.894) 0.035
Yes i 0.71(0.39-1.292) 0.263
Cirrhosis
No — 2.799(0.349-22.452) 0.333
Yes HE— 0.589(0.334-1.037) 0.067
Tumor Number
Single i 0.684(0.387-1.211) 0.193
Multiple HE— 3.54(0.434-28.878) 0.229
Tumor Size
<5cm —— 1.108(0.522-2.35) 0.79
>5¢cm Ll 0.351(0.157-0.784) 0.011
Satellite Nodules
No Hl— 0.484(0.212-1.079) 0.076
Yes —— 0.764(0.366-1.593) 0.472
Differentiation
1+ —.——— 1.004(0.247-4.058) 0.995
H+1V HE— 0.599(0.34-1.055) 0.076
Capsule
No i 0.575(0.259-1.28) 0.175
Yes i 0.648(0.321-1.306) 0.225
Mvi
No — 0.962(0.268-3.46) 0.953
Yes Hi— 0.577(0.324-1.028) 0.062
Mavi
No - 0.691(0.379-1.258) 0.227
Yes - 0.175(0.041-0.746) 0.018
BDTT type
| i 0.658(0.322-1.342) 0.25
1+ i 0.609(0.279-1.329) 0.213
AFP
<400ug/L —— 1.15(0.559-2.364) 0.704
>400ug/L i 0.345(0.156-0.765) 0.009
Thil
<34.2umol/L HE— 0.579(0.313-1.072) 0.082
>34.2umol/L —— 0.811(0.305-2.158) 0.675
ALP
<150U/L i 0.735(0.333-1.623) 0.446
>150U/L Hi— 0.494(0.236-1.032) 0.061
GGT
<150U/L - 0.489(0.089-2.705) 0.413
>150U/L Hi— 0.556(0.316-0.977) 0.041
PALB
<170ug/L —— 0.722(0.265-1.966) 0.524
>170ug/L Hi— 0.616(0.324-1.136) 0.121
PLT
<100x10"9/L - 0.306(0.039-2.381) 0.258
>100x10"9/L i 0.677(0.395-1.193) 0.158
PT
<13s i 0.741(0.378-1.452) 0.382
>13s Hi— 0.48(0.2-1.154) 0.101
Child-Pugh
A i 0.65(0.379-1.114) 0.117
B — 1(0.141-7.099) 1
FIB-4
<3.25 HE— 0.616(0.313-1.121) 0.16
>3.25 —— 0.693(0.305-1.574) 0.381
1 2 3 4
<--PA-TACE better-- --Non-TACE better-->
Figure 2 Subgroup analysis of recurrence.
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Clinicopathological factors
Overall
Age
<50
>50
Sex
Female
Male
HBV
No
Yes
Cirrhosis
No
Yes
Tumor Number
Single
Multiple
Tumor Size
<5cm
>5cm
Satellite Nodules
No
Yes
Differentiation
1+11
HI+IV
Capsule
No
Yes
MvI
No
Yes
Mavi
No
Yes
BDTT type
|
11+
AFP
<400ug/L
>400ug/L
Thil
<34.2umol/L
>34.2umol/L
ALP
<150U/L
>150U/L
GGT
<150U/L
>150U/L
PALB
<170ug/L
>170ug/L
PLT
<100x10"9/L
2100x10"9/L
PT
<13s
>13s
Child-Pugh
A
B
FIB-4
<3.25
>3.25

PP

1 2 3 4

HR(95%Cl)
0.683(0.385-1.212)

0.87(0.364-2.079)
0.595(0.269-1.313)

4.197(0.497-35.412)
0.542(0.291-1.011)

0.029(0.003-0.347)
1.441(0.731-2.841)

1.908(0.229-15.914)
0.638(0.324-1.188)

0.701(0.361-1.362)
0.189(0.044-0.807)

1.479(0.606-3.61)
0.315(0.143-0.692)

0.833(0.168-4.144)
0.506(0.242-1.057)

1.059(0.252-4.445)
0.624(0.332-1.17)

0.902(0.416-1.957)
0.54(0.229-1.273)

2.199(0.419-11.544)
0.562(0.302-1.046)

0.663(0.33-1.329)
0.212(0.063-0.708)

0.867(0.359-2.094)
0.52(0.243-1.11)

1.45(0.535-3.925)
0.351(0.169-0.728)

0.533(0.257-1.106)
0.981(0.378-2.541)

0.379(0.13-1.111)
0.801(0.39-1.642)

0.281(0.029-2.742)
0.713(0.39-1.303)

0.418(0.153-1.142)
0.911(0.446-1.862)

0.26(0.046-1.47)
0.777(0.419-1.44)

0.68(0.332-1.391)
0.618(0.229-1.662)

0.637(0.342-1.186)
1.08(0.24-4.865)

0.761(0.359-1.61)
0.602(0.244-1.485)

0
<--PA-TACE better-- --Non-TACE better-->

Figure 3 Subgroup analysis of overall survival.

P
0.193

0.754
0.198

0.187
0.054

0.001
0.292

0.55
0.157

0.295
0.025

0.39
0.004

0.824
0.07

0.937
0.142

0.794
0.159

0.352
0.069

0.247
0.012

0.751
0.091

0.465
0.005

0.091
0.968

0.077
0.554

0.275
0.271

0.089
0.799

0.128
0.422

0.29
0.34

0.155
0.92

0.474
0.271
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Discussion

Generally, tumor recurrence is classified into early and late
recurrence according to a cutoff interval of 2 years. More
than 70% of tumor recurrences occur within 2 years of
surgical resection.”” One of the main reasons for the high
early recurrence rate is the presence of invisible intrahe-
patic metastases before surgery, which are difficult to
remove completely through surgical resection. For this
reason, many radical surgeries do not achieve ‘“radical
cure;” hence, postoperative adjuvant therapy has great
clinical significance in these patients.

PA-TACE is a widely used anti-recurrence therapy in
the clinic setting. In terms of local treatment, the con-
centration of chemotherapeutic drugs in the liver is
100-400-fold higher than that in the whole body; this is
because hepatic artery perfusion results in considerably
higher concentrations than those achieved via oral
administration or intravenous injection. The accumula-
tion of drugs in HCC lesions due to TACE resulted in
5-10-times higher drug concentrations in tumor areas
than in normal liver tissue.”’ There have been many
previous studies on PA-TACE. Xie et al*' suggested
that PA-TACE significantly improves the prognosis of
low-risk patients. Gao’s study** showed that PA-TACE
was beneficial for patients with high-risk factors. Tong’s
research® indicated that single, postoperative, adjuvant
TACE was beneficial for selected patients, such as
patients with stage I with tumors sized <5 cm (low-
risk) or those with high preoperative serum alpha-
fetoprotein levels or positivity for alpha-fetoprotein on
pathological analysis (high-risk). In contrast, Jiang et al**
reported that postoperative adjuvant TACE does not
improve OS or reduce recurrence in HCC patients.
However, whether patients with HCC with macroscopic
BDTT can benefit from PA-TACE after RO resection
remains unknown. To our knowledge, this was the first
study to investigate the clinical value of PA-TACE for
HCC accompanied by macroscopic BDTT.

Our study showed that there were significant differences
in recurrence rates and OS between the non-TACE and PA-
TACE groups within 6 months after resection, and after
PSM, these differences were observed for a duration of 12
months, although the differences faded gradually thereafter.
Multivariate analyses confirmed that PA-TACE was an inde-
pendent prognostic factor for recurrence and OS. Hence, we
believe that PA-TACE could confer short-term survival ben-
efits in HCC patients with macroscopic BDTT. This

phenomenon was also observed in a previous study.>>°

The following may be the reasons for this phenomenon:
(1) the different cycles of PA-TACE had diverse clinical
benefits, and (2) the long-term survival after recurrence
was affected by the treatment after recurrence also.

In this study, a high GGT level was another independent
risk factor for recurrence. The relationship between high
GGT levels and early recurrence has been reported, and
this relationship may be based on the following mechan-
isms: (1) high GGT levels may induce DNA instability,
leading to tumor formation; and (2) GGT may be associated
with the degree of malignancy of HCC (in terms of vascular
invasion, tumor metastasis, or poor tumor differentiation).?’
Most patients in our cohort had elevated GGT levels, poor
differentiation, and a high microvascular invasion incidence,
consistent with the results of previous study.?” However, the
correlation between GGT levels and BDTT needs to be
explored further.

The subgroup analysis in our study showed that
patients could significantly benefit from PA-TACE in
prolonging the time to recurrence if they had no HBV
infection, cirrhosis, a tumor size >5 c¢cm, poor differentia-
tion, macrovascular invasion, AFP levels > 400 ng/mL,
or GGT levels >150 U/L. Patients without an HBV
infection, multiple tumors, a tumor size >5 cm, macro-
vascular invasion, or AFP levels >400 ng/mL benefited
from PA-TACE in terms of OS. HBV infection has been
commonly regarded as a low-risk factor, while cirrhosis,
tumor size >5 cm, poor differentiation, macrovascular
invasion, high AFP levels, and high GGT levels have
been regarded as high-risk factors. In the PA-TACE
group of this study, both the time to recurrence and OS
were significantly prolonged in patients with no HBV
infection compared with those in patients with HBV
infection. The reason for this difference is that TACE
might induce HBV re-activation,”® which increases the
risk of HCC recurrence and counteracts the partial anti-
recurrence effect of PA-TACE. Consequently, there was
no obvious survival benefit in patients with HBV infec-
tion. Regarding high-risk factors, different studies®’ 2
have reported that patients with a tumor size >5 cm,
multiple tumors, high AFP levels, high GGT levels, or
macrovascular invasion could benefit from PA-TACE,
consistent with our results. Based on the abovemen-
tioned information, we thought it might be inappropriate
to judge whether patients could benefit from PA-TACE
by classifying patients into high- and low-risk groups.
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It is difficult to conduct a randomized controlled trial
due to the low incidence of BDTT. This retrospective
study had several limitations. First, it was difficult to
avoid selection bias, although propensity-score matching
was conducted. Second, due to the lack of imaging data for
some patients, it was impossible to judge whether the
BDTT was separated from the primary lesion; therefore,
we were unable to distinguish between type II and type 111
BDTT. Third, the lack of data on PA-TACE cycles and
antiviral therapy precluded further subgroup analysis.

Conclusion

In summary, PA-TACE could improve the short-term prog-
nosis of patients with HCC with macroscopic BDTT after
RO resection. PA-TACE
selected patients with no HBV infection, multiple tumors,

should be recommended for

tumor size >5 cm, macrovascular invasion, AFP levels
>400 ng/mL, or GGT levels >150 U/L.
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hepatitis B virus; HCC, hepatocellular carcinoma; IQR,
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