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Background: Both trans-arterial radioembolization (TARE) and conventional trans-arterial
chemoembolization (TACE) can effectively control hepatocellular carcinoma (HCC) in
patients who are not suitable for curative resection. This study compared the effectiveness
of TARE and conventional TACE as the initial trans-arterial treatment for hepatocellular
carcinoma (HCC) assessed by tumor response and clinical outcomes.
Material and Methods: Data were retrospectively analyzed the propensity score-matched
cohort for overall survival (OS), progression-free survival (PFS), and intrahepatic PFS in
patients who have received TARE or TACE as the first HCC treatment from March 2012 to
December 2017.
Results: A total of 138 patients initially treated with TARE (n = 54) or TACE (n = 84) was
included in this study. Of 138 patients, median age was 59 years and the mean follow-up
period was 27.6 months. TARE showed better OS (hazard ratio [HR] = 0.54, 95% confidence
interval [CI] = 0.31-0.92, log-rank P = 0.02), better PFS (HR = 0.51, 95% CI = 0.36-0.97,
log-rank P = 0.04), and better intrahepatic PFS (HR = 0.51, 95% CI = 0.30-0.88, log-rank
= 0.01) compared with TACE. TARE was an independent prognostic factor for OS
(adjusted HR [aHR] = 0.52, 95% CI = 0.30-0.90, P = 0.02), PFS (aHR = 0.57, 95% CI =
0.35-0.94, P = 0.03), and intrahepatic PFS (aHR = 0.49, 95% CI = 0.28-0.84, P = 0.01).
Conclusion: TARE as initial trans-arterial treatment is associated with better clinical out-
comes such as longer OS compared with TACE in patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers and is a major
cause of death globally.> HCC can be cured through hepatic resection, thermal
ablation, and liver transplantation (LT). However, most patients already have
advanced diseases such as multiple masses and portal vein invasion at the time of
diagnosis. Furthermore, it is difficult to perform a resection due to the presence of
portal hypertension, decreased liver function, proximity/invasion into adjacent
vessels, and older age with comorbidities in these patients.>® Unfortunately, less

than 30% of patients with HCC can receive curative surgery.’
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Locoregional therapies are now used globally to help
control disease in patients with advanced HCC.*'' In
randomized controlled trials (RCT), conventional trans-
arterial chemoembolization (TACE) showed better survi-
val rates compared with symptomatic treatment and has
been widely used in patients with the intermediate stage
(Barcelona Clinic Liver Cancer [BCLC]-B) not suitable
for surgery.'>'® Recently, other trans-arterial treatments
such as drug-eluting bead (DEB)-TACE and trans-arterial
radioembolization (TARE) have been widely used.'*1?
A retrospective study comparing TARE with TACE in
HCC patients with T3 stage by the United Network for
Organ Sharing (UNOS) found that patients in the TARE
group demonstrated a higher partial response and a higher
percentage of downstaging into the Milan criteria com-
pared with TACE.? Retrospective studies in patients with
unresectable HCC found that TARE demonstrated better
time to progression with less post-embolization syndrome
and fewer complications versus TACE.'®'” Although
TARE benefits better tolerability than TACE, recent guide-
lines only recommend TARE if HCC patients who are not
eligible for TACE have PVTT or large tumor size invading
two or more segments.*”"!" Although TARE can strongly
control the intrahepatic tumor, it is still not clear whether
TARE is more effective than TACE in patients with
HCC.>'®?* Two meta-analyses including RCTs did not
show a significant difference in OS between both treat-
ments except the observational subgroup analysis.”>**
TARE is not recommended in the recent international
guidelines for HCC despite its favorable tumor suppres-
sion and safety profile.®’

In the present study, we aimed to compare clinical
outcomes and safety between TARE and TACE as first-
line locoregional therapy in propensity score (PS)-matched
cohort patients with HCC. The primary outcome was OS,
and secondary outcomes were progression-free survival
(PFS) and intrahepatic PFS, and treatment-related toxicity.

Materials and Methods

Study Design

Data of the present retrospective cohort study were
reviewed for consecutive patients diagnosed with HCC
and initially treated with Y-90 TARE or TACE between
March 2012 and December 2017 at Seoul National
University Hospital (SNUH), and demographic and clin-
ical data were collected. The study was supervised by the
institutional review board of SNUH and the informed

consent was waived due to the retrospective nature with
maintained patient data confidentiality and compliance
with the Declaration of Helsinki.

Patients

HCC diagnosis was based on two dynamic imaging studies
(computed tomography [CT] or magnetic resonance imaging
[MRI]) with malignant features according to the guidelines
for HCC diagnosis.'' The index date was the closest imaging
date (CT or MRI) from the date of the first treatment.
Inclusion criteria were: (1) Age over 18 years old, (2) patients
who were diagnosed HCC in SNUH, and (3) patients who
were firstly treated with TARE or TACE. Exclusion criteria
were: (1) patients who received sorafenib or other systemic
treatment, (2) patients who had other malignancies within 2
years, (3) patients with decompensated liver cirrhosis who
have hepatic encephalopathy, hepatorenal syndrome, jaun-
dice, refractory ascites, and variceal bleeding, (4) patients
with ECOG performance status of 3 or 4, and (5) patients
with Child-Pugh classification C at the time of diagnosis. The
decision for the treatment choice was determined according
to physician preference after sufficient discussion with the
patient and experienced interventional radiologists. All
tumors including single and multifocal lesions were consid-
ered treatment. Adjuvant or following treatments were per-
formed for remnant or recurred tumors. A patient who was
received systemic treatment during follow-up period after
TARE or TACE was censored from the systemic treatment
start date.

Propensity Score Matching

PS matching was performed to reduce selection bias.
Estimated PS was generated by including influencing factors
such as age at diagnosis, sex, serum AFP, the diameter of
index tumor >5cm, and Barcelona Clinic Liver Cancer
(BCLC) stage. The nearest neighbor 1:2 matching method
was used based on patients who received TARE. A matched
cohort was created by matching patients treated with TARE
and TACE using a caliper width of 0.2 of the standard devia-
tion of the logit of the PS to directly compared the two groups.

Conventional Trans-Arterial

Chemoembolization

Five fellowship-trained interventional radiologists with 2 to
more than 20 years of experience performed the trans-arterial
procedures. TACE was performed using a previously
described method.®® Superselective TACE was routinely
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performed for all tumors. A mixture of 2—12 mL of iodized
oil (Lipiodol; Andre Guerbet, Aulnay-sous-Bios, France) and
10-50 mg of doxorubicin hydrochloride (Adriamycin RDF;
Ildong Pharmaceutical, Seoul, Korea) were seclectively
infused into the feeding vessels of the tumor depending on
tumor size. 50 mg of doxorubicin hydrochloride was dis-
solved in 2.5 mL of non-ionic contrast media (Pamiray 250,
DongKook Pharmaceutical, Seoul, Korea), and the volume
ratio of iodized oil and doxorubicin solution was 4:1. Then,
gelatin sponge particles (Gelfoam; Upjohn, Kalamazoo,
Michigan, or Cutanplast; Mascia Brunelli, Milano, Italy)
were administered into the feeding vessels, resulting in com-
plete stasis of target vessels. Patients who received TACE
treatment were hospitalized the day before the procedure and
underwent basic laboratory tests and hydration without rou-
tine prophylactic antibiotics. After the procedure, patients
rested overnight and were discharged the next day if there
were no acute complications such as post-embolization syn-
drome. Further hospitalization and antibiotics were offered
as needed. Lipiodol uptake was confirmed by non-contrast
CT within 2 weeks after TACE.

Trans-Arterial Radioembolization

Two types of *°Y-loaded microspheres (20 pm to 60 pm
[SIR-Sphere; Sirtex Medical Ltd, North
Sydney, Australia] and 20 um to 30 pm glass-based spheres
[TheraSphere; BTG International, Ottawa, Ontario, Canada])
were used in the present study, and both were administered

resin-based

using dosimetry and infusion protocols as previously
described.">2® The target perfused tissue dose was ranged
from 80 Gy to 360 Gy, and the boosted dose was defined as
over 150 Gy. The boosted dose was considered when meet-
ing the following criteria: (1) nodular tumor, (2) tumor size
larger than 5 cm, and (3) BCLC stage A/B disease. Prior to
the procedure, a lung shunt scan and simulation were per-
formed. Lung shunt scan was evaluated by celiac-mesenteric
angioscintigraphy with 99mTc macro aggregated albumin
scanning. Ten of 54 patients (18.5%) had lung shunt fraction
exciding 10% (range, 1.03—18.3%), but no radiation pneu-
monitis occurred. Thereafter, the simulation including right
hepatic, celiac, and superior mesenteric arteriography was
performed, and patients were treated within 1 to 2 weeks.

Response Evaluation, Outcomes, and

Assessment of Toxicity
Patients were followed up at 3- to 6-month intervals with
imaging such as CT or MRI. The response was assessed by

the modified Response Evaluation Criteria in Solid
Tumors (mRECIST) criteria 2 to 3 months after the
intervention.”” CT or MRI measurement of the relevant
tumor was performed obtained in the arterial phase and did
not include any major intervening areas of necrosis.
Complete response (CR) was defined as the absence of
any intra-tumoral arterial enhancement (viable target
lesion) in all target lesions. The objective response rate
(ORR) was defined as CR plus partial response (PR), and
the disease control rate (DCR) was defined as the sum of
CR, PR, and stable disease (SD). Death was confirmed
using data from the Ministry of the Interior and Safety of
South Korea. Toxicity was classified as clinical and
laboratory and graded based on Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0.
Subgroup analyses were performed regarding no extrahe-
patic disease, large tumor (=5 cm), single tumor, and
PVTT.

Statistical Analysis

Categorical variables were analyzed using the Fisher exact
and the y* tests, and a continuous variable was analyzed
using the Mann—Whitney U-test. PFS, intrahepatic PFS,
and OS were calculated by the Kaplan—Meier survival
analysis and evaluated by the Log rank test. Univariable
and multivariable analyses were performed using the Cox
regression method, significant prognostic factors from uni-
variate analyses were analyzed using multivariable ana-
lyses to confirm their independence. All statistical analyses
14.0 (Statacorp LP,
College Station, TX) and a statistically significant

were performed using Stata/SE

P value was accepted as less than 0.05.

Results

Patient Characteristics

A total of 138 PS matched patients with HCC (TARE
group n = 54; TACE group n = 84) were included in the
present study (Figure 1). The median age was 59 years
(range 33-87) with the majority of patients being male
(83.3%) and all patients were Asians. There was no sig-
nificant clinical difference in patient characteristics
between both groups at the inclusion (Table 1). Hepatitis
B virus (HBV) infection (70.3%) was the most frequent
etiology in the entire cohort, but there was no significant
difference in etiology between the two groups. An index
tumor >5 cm occurred more frequently in the TARE group
compared with the TACE group, but there was no
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HCC patients who treated with TARE
were screened from CDW of SNUH
from Mar 2012 to Dec 2017
(n=138)

HCC patients who treated with TACE
were screened from CDW of SNUH
from Mar 2012 to Dec 2017
(n=3103)

Exclusion (n=84)
« Exposure to systemic treatment (n=19)
« Other malignancy (n=25)
« Previously treated for HCC (n=40)

Exclusion (n=2196)
» Exposure to systemic treatment (n=953)
» Other malignancy (n=225)
* Previously treated for HCC (n=1018)

TACE as initial treatment (n=907) |

Propensity score matching (1:2)

TARE as initial treatment (n=54) | |

Matched TACE (n=84) |

Figure | CONSORT flow diagram of the study.

Abbreviations: CDW, clinical data warehouse; TACE, trans-arterial chemoembolization; TARE, trans-arterial radioembolization.

significant difference between the two groups. The propor-
tion of boosted dose in the TARE group was 22/54
(40.7%). The Eastern Cooperative Oncology Group
(ECOQG) performance status, Child-Pugh class, and tumor
distribution were not significantly different between both
groups. The TACE group had more PVTT than the TARE
group, but there is no significant difference (27.8% in the
TARE group vs 39.3% in the TACE group; P = 0.13).
Various tumor stages were comparable and well balanced
between the two groups. Barcelona Clinic Liver Cancer
(BCLC) stages of patients in the present study were A, B,
or C. Serum alpha-fetoprotein (AFP) and the number of
patients who did not meet the Milan criteria at the time of
diagnosis were not significantly different between both
groups. Patient characteristics between the two groups in
the present study were well balanced in all variables.

Tumor Response

Follow-up imaging was performed within 1-3 months
after the treatment. There was no significant difference
between both groups (Supplementary Table S1). Of 137
patients, 75 (54.4%) and 42 (30.4%) patients experienced
a favorable tumor CR (57.4% in TARE vs 52.4% in
TACE; P = 0.61) and PR (29.6% in TARE vs 31.0% in
TACE; P = 0.83), respectively (Table 2). The SD response
was higher in the TARE group compared with the TACE
group (9.3% vs 2.4%; P = 0.08) and the PD response was
lower in the TARE group compared with the TACE group
(3.7% vs 13.1%; P = 0.06) without statistical significance.
There was no significant difference in CR and PR, and

ORR was also not significantly different between the two

groups. However, DCR was higher in the TARE group
compared with the TACE group without statistical signifi-
cance (96.3% vs 85.8%; P = 0.06). There was no signifi-
cant difference for the proportion of adjuvant or following
between the (P = 0.08;

treatments two  groups

Supplementary Table S2).

Overall Survival

With a median follow-up of 27.6 months, 66 patients (TARE
group n = 18 [33.3%]; TACE group n = 48 [57.1%]) died.
The median overall survival in the TARE group was not
reached and the median overall survival in the TACE group
was 20.8 months. Patients in the TARE group (full popula-
tion) showed significantly longer overall survival compared
with the TACE group (hazard ratio [HR] = 0.54; 95% con-
fidence interval [CI] = 0.31-0.92; log-rank P = 0.02;
Figure 2A). In subgroup analyses, patients in the TARE
group showed significantly better overall survival in patients
without lymph node or distant metastases (n = 123 including
65 patients with T3 disease) than those in the TACE group
(HR 0.51; 95% CI1 0.28-0.93; log-rank P = 0.03; Figure 2B).
In patients with BCLC stage B or C (n = 103), OS in the
TARE group was significantly longer than those in the TACE
group (HR = 0.54; 95% CI = 0.30-0.96; log-rank P = 0.03;
Figure 2C). Patients in the TARE group whose largest tumor
was >5 cm (n = 110) showed significantly longer OS com-
pared with patients in the TACE group (HR =0.53; 95% CI =
0.29-0.94; log-rank P = 0.03; Figure 2D). However, there
was no statistical significance in OS between the two groups
in patients with single HCC (n = 60) than TACE (HR =0.47;
95% CI = 0.20-1.10; log-rank P = 0.08; Supplementary
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Table | Patient Characteristics
Total (n=138) TARE (n=54) TACE (n=84) P value SMD
Age, median (range) 59 (33-87) 58 (33-83) 60 (40-87) 0.82 -0.026
Male, n (%) 115 (83.3%) 45 (83.3%) 70 (83.3%) 1.00 0.000
Etiology, n (%) 0.15 -0.096
HBV 97 (70.3%) 42 (77.8%) 55 (65.5%)
HCV 12 (8.7%) 3 (5.6%) 9 (10.7%)
Alcohol 11 (8.0%) 2 3.7%) 9 (10.7%)
HBV + HCV 1 (0.7%) I (1.8%) 0 (0.0%)
HBV + Alcohol 6 (4.4%) 0 (0.0%) 6 (7.1%)
HCV + Alcohol 2 (1.4%) 0 (0.0%) 2 (2.4%)
HBV + HCV + Alcohol 1 (0.7%) I (1.8%) 0 (0.0%)
Unknown 8 (5.8%) 5 (9.3%) 3 (3.6%)
ECOG performance status, n (%) 0.53 —0.108
0 123 (89.1%) 47 (87.0%) 76 (90.5%)
| 15 (10.9%) 7 (13.0%) 8 (9.5%)
Child-Pugh score, n (%) 0.47 0.128
A 119 (86.2%) 48 (88.9%) 71 (84.5%)
B 19 (13.8%) 6 (11.1%) 13 (15.5%)
Size 2 5¢cm*, n (%) 110 (79.7%) 45 (83.3%) 65 (77.4%) 0.40 —0.149
Tumor extent, n (%) 0.53 0.108
Unilobar 85 (61.6%) 35 (64.8%) 50 (59.5%)
Bilobar 53 (38.4%) 19 (35.2%) 34 (40.5%)
PVTT, n (%) 48 (34.8%) 15 (27.8%) 33 (39.3%) 0.13 0.270
Vpl 1 (0.7%) 0 (0%) I (1.2%)
Vp2 Il (8.0%) 5 (9.3%) 6 (7.1%)
Vp3 24 (17.4%) 7 (13.0%) 17 (20.2%)
Vp4 12 (8.7%) 3 (5.6%) 9 (10.7%)
BCLC stage, n (%) 0.64 0.070
A 35 (25.4%) 13 (24.1%) 22 (26.2%)
B 48 (34.8%) 22 (40.7%) 26 (31.0%)
C 55 (39.9%) 19 (35.2%) 36 (42.9%)
TNM stage, n (%) 0.22 0.233
IA 2 (1.4%) I (1.8%) 1 (1.2%)
1B 36 (26.1%) 19 (35.2%) 17 (20.2%)
1l 19 (13.8%) 3 (5.6%) 16 (19.0%)
1A 39 (28.3%) 16 (29.6%) 23 (27.4%)
11133 24 (17.4%) 11 (20.4%) 13 (15.5%)
IVA 15 (10.9%) 3 (5.6%) 12 (14.3%)
IVB 3 (2.2%) I (1.8%) 2 (2.4%)
HKLC stage, n (%) 0.90 —0.037
| 22 (15.9%) 8 (14.8%) 14 (16.7%)
lla 1 (0.7%) 0 (0.0%) 1 (1.2%)
Ilb 49 (35.5%) 21 (38.9%) 28 (33.3%)
Illa 5 (3.6%) 3 (5.6%) 2 (2.4%)
lib 55 (39.9%) 19 (35.2%) 36 (42.9%)
IVa 1 (0.7%) 2 (3.7%) 2 (2.4%)
Vb 1 (0.7%) I (1.8%) I (1.2%)
(Continued)
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Table | (Continued).

Total (n=138) TARE (n=54) TACE (n=84) P value SMD
Okuda stage, n (%) 0.90 0.097
| 110 (79.7%) 43 (79.6%) 67 (79.8%)
I 24 (17.4%) 11 (20.4%) 13 (15.5%)
1] 4 (2.9%) 0 (0.0%) 4 (4.8%)
AFP 2 200 ng/mL, n (%) 46 (33.3%) 17 (31.5%) 29 (34.5%) 0.71 0.065
Beyond the Milan criteria, n (%) 120 (87.0%) 46 (85.2%) 74 (88.1%) 0.62 0.085

Note: *Size of primary index tumor.

Abbreviations: AFP, serum alpha-fetoprotein; ECOG, Eastern Cooperative Oncology Group; HKLC, Hong Kong Liver Cancer; PVTT, portal vein tumor thrombosis;
TACE, trans-arterial chemoembolization; TARE, trans-arterial radioembolization; SMD, standardized mean difference; TNM, Tumor, nodes, metastasis.

Table 2 Best Responses of Each Group

Total TARE TACE P value
(n=137) (n=54) (n=83)

Complete response, 75 (54.4%) | 31 (57.4%) | 44 (52.4%) 0.61
n (%)

Partial response, n (%) | 42 (30.4%) 16 (29.6%) | 26 (31.0%) 0.83
Stable disease, n (%) 7 (5.1%) 5 (9.3%) 2 (2.4%) 0.08
Progressive disease, 13 (9.4%) 2 (3.7%) I (13.1%) 0.06
n (%)

Objective response 84.8% 87.0% 83.4% 0.66
rate, %

Disease control rate, % 89.9% 96.3% 85.8% 0.06

between the two groups in patients with BCLC stage
B or C (HR = 0.61; 95% CI = 0.36-1.04; log-rank P =
0.07; Figure 3C). Patients in the TARE group whose
largest tumor was >5 cm did not show significant dif-
ference in PFS compared with the TACE group (HR =
0.62; 95% CI = 0.37-1.05; 0.07;
Figure 3D). In addition, patients with a single HCC in

log-rank P =

the TARE group did not show significant difference in
PFS compared with the TACE group (HR = 0.46; 95%
CI = 0.20-1.05; log-rank P = 0.06; Supplementary
Figure S2A). However, in patients diagnosed with

Abbreviations: TACE, conventional trans-arterial chemoembolization; TARE,
trans-arterial radioembolization.

Figure S1A). In patients diagnosed with HCC with Vp3 or
Vp4 PVTT (n = 36), there is no significant difference in OS
between the two groups (HR = 0.44; 95% CI = 0.18-1.10;
log-rank P = 0.07; Supplementary Figure SI1B). After
excluding 10 patients (6 TARE and 4 TACE) who were
received any systemic treatment, OS in the TARE group

was significantly longer than the TACE group (log-rank
P =0.02, Supplementary Figure S1C). In multivariable ana-

lyses, TARE was an independent prognostic factor for OS
(adjusted HR [aHR] = 0.51; 95% CI = 0.30-0.89; P = 0.02;
Table 3).

Progression-Free Survival

Patients in the TARE group showed significantly better
PFS than those in the TACE group (HR = 0.60; 95% CI
=0.36-0.97; log-rank P = 0.04; Figure 3A). In subgroup
analyses, patients in the TARE group without lymph
node or distant metastases showed significantly better
PFS compared with the TACE group (HR = 0.58; 95%
CI = 0.34-0.99; log-rank P = 0.04; Figure 3B).
However, there was no significant difference in PFS

HCC with Vp3 or Vp4 PVTT (n=36), TARE showed
significantly better PFS than TACE (HR = 0.39; 95% CI
= 0.16-0.96; log-rank P = 0.03; Supplementary Figure

S2B). In multivariable analyses, TARE was an indepen-
dent prognostic factor for PFS (aHR = 0.58; 95% CI =
0.35-0.95; P = 0.03; Table 4).

Intrahepatic Progression-Free Survival

Patients in the TARE group showed significantly better
intrahepatic PFS than those in the TACE group (HR =
0.51; 95% CI = 0.30-0.88; 0.01;
Figure 4A). In subgroup analyses, patients in the

log-rank P =

TARE group showed significantly better intrahepatic
PFS in patients without lymph node or distant metas-
tases than those in the TACE group (HR = 0.48; 95% CI
= 0.27-0.87; log-rank P = 0.01; Figure 4B). The TARE
group showed significantly better intrahepatic PFS in
patients with BCLC stage B or C than the TACE
group (HR = 0.50; 95% CI = 0.28-0.90; log-rank P =
0.02; Figure 4C). In addition, TARE showed signifi-
cantly better intrahepatic PFS in patients whose largest
tumor was >5 cm compared with TACE (HR = 0.51;
95% CI = 0.29-0.91; log-rank P = 0.02; Figure 4D). In
patients with a single HCC, there was no significant
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Figure 2 Comparisons of OS between patients initially treated with TARE and TACE in (A) the entire study population (n = 138), (B) patients without lymph node and distant
metastases (n = 123), (C) patients whose BCLC stage at diagnosis was stage B or C (n = 103), and (D) patients with tumor diameter 25 cm before the first treatment (n = 110).
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; TACE, trans-arterial chemoembolization; OS, overall survival; TARE, trans-arterial radioembolization.

difference in intrahepatic PFS between the two groups
(HR = 0.46; 95% CI = 0.20-1.08; log-rank P = 0.07;
Supplementary Figure S3A). However, in patients who
diagnosed HCC with Vp3 or Vp4 PVTT (n = 36), TARE
showed significantly better intrahepatic PFS than TACE

Table 3 Univariable and Multivariable Analyses for Overall Survival

(HR = 0.40; 95% CI = 0.16-0.995; log-rank P = 0.04;
Supplementary Figure S3B). In multivariable analyses,

TARE was an independent prognostic factor for intrahe-
patic PFS (aHR = 0.49; 95% CI = 0.28-0.85; P = 0.01;
Table 5).

Univariable Multivariable*
HR 95% ClI P value aHR 95% CI P value
Age 260 1.37 0.84-2.23 0.20
Male 0.44 0.25-0.78 0.005 0.40 0.23-0.72 0.002
Cirrhosis 1.50 0.78-2.86 0.22
ECOG 0 0.64 0.31-1.35 0.25
BCLC stage B or C 2.32 1.18-4.54 0.02 1.37 0.66-2.83 0.30
Largest tumor diameter 25cm 1.22 0.65-2.29 0.53
PVTT 3.38 2.34-6.25 <0.001 3.46 2.04-5.90 <0.001
TARE 0.54 0.31-0.92 0.02 0.52 0.30-0.90 0.02

Note: *Adjusted for male, BCLC stage B or C and PVTT.

Abbreviations: aHR, adjusted HR; BCLC, Barcelona Clinic Liver Cancer; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular
carcinoma; HR, hazard ratio; PVTT, portal vein tumor thrombosis; TARE, trans-arterial radioembolization.
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Figure 3 Comparisons of PFS between patients initially treated with TARE and TACE in (A) the entire study population (n = 138), (B) patients without lymph node and
distant metastases (n = 123), (C) patients whose BCLC stage at diagnosis was stage B or C (n = 103), and (D) patients with tumor diameter = 5 cm before the first
treatment (n = 110).

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; TACE, trans-arterial chemoembolization; PFS, progression-free survival; TARE, trans-arterial radioembolization.

TOXiCit)’ pain (16.7%) was the most frequently reported immediate
Data for toxicities are presented in Supplementary Table 3. symptom in the TARE group. Immediate low-grade (1

Fever/chill (60.7%) was the most frequently reported or 2) clinical toxicity was significantly more frequent in
immediate symptom in the TACE group, and abdominal the TACE group than the TARE group (P < 0.001).

Table 4 Univariable and Multivariable Analyses for Progression-Free Survival

Univariable Multivariable*
HR 95% CI P value aHR 95% CI P value

Age 260 I.15 0.74-1.80 0.53

Male 0.57 0.33-0.99 0.05 0.52 0.30-0.92 0.02
Cirrhosis 1.07 0.62-1.85 0.81

ECOG 0 0.64 0.29-1.42 0.27

BCLC stage B or C 0.66 0.33-1.32 0.24

Largest tumor diameter 25cm 2.16 1.19-3.93 0.01 1.57 0.88-2.82 0.13
PVTT 2.70 1.72-4.24 <0.001 2.73 1.74-4.29 <0.001
TARE 0.60 0.36-0.97 0.04 0.57 0.35-0.94 0.03

Note: *Adjusted for male, largest tumor diameter 25c¢m, and PVTT.
Abbreviations: aHR, adjusted HR; BCLC, Barcelona Clinic Liver Cancer; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular
carcinoma; HR, hazard ratio; PVTT, portal vein tumor thrombosis; TARE, trans-arterial radioembolization.
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Figure 4 Comparisons of intrahepatic PFS between patients initially treated with TARE and TACE in (A) the entire study population (n = 138), (B) patients without lymph
node and distant metastases (n = 123), (C) patients whose BCLC stage at diagnosis was stage B or C (n = 103), and (D) patients with tumor diameter 25 cm before the first
treatment (n = 110).

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; TACE, trans-arterial chemoembolization; PFS, progression-free survival; TARE, trans-arterial radioembolization.

However, high-grade (3 or 4) clinical toxicity was not  group than the TARE group without statistical significance
significantly different between the two groups (P = 0.24). (P = 0.08). Patients who had the MELD score of 10 or
High grade (3 or 4) elevated transaminase and hyperbilir- more were significantly frequent in the TACE group than
ubinemia were more frequently observed in the TACE those in the TARE group (P = 0.02).

Table 5 Univariable and Multivariable Analyses for Intrahepatic Progression-Free Survival

Univariable Multivariable*
HR 95% ClI P value aHR 95% CI P value

Age 260 1.33 0.82-2.14 0.24

Male 0.49 0.28-0.86 0.0l 0.44 0.25-0.79 0.006
Cirrhosis 1.38 0.74-2.57 031

ECOG 0 0.68 0.32-1.43 0.31

BCLC stage B or C 2.49 1.27-4.88 0.008 1.62 0.79-3.33 0.18
Largest tumor diameter 25cm 1.26 0.68-2.36 0.46

PVTT 3.44 2.13-5.59 <0.001 2.96 1.77-4.96 <0.001
TARE 0.51 0.30-0.88 0.02 0.49 0.28-0.84 0.01

Note: *Adjusted for male, BCLC stage B or C, and PVTT.
Abbreviations: aHR, adjusted HR; BCLC, Barcelona Clinic Liver Cancer; Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular
carcinoma; HR, hazard ratio; PVTT, portal vein tumor thrombosis; TARE, trans-arterial radioembolization.
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Discussion

Results from the present PS-matched study in 138 HCC
patients initially treated with TARE or TACE showed that
initial TARE treatment achieved better median OS (not
reached vs 20.8 months; P = 0.02) through a favorable
intrahepatic tumor control (HR = 0.60; P = 0.01) than
initial TACE treatment. TARE as an initial treatment for
HCC was an independent prognostic factor for OS, PFS,
and intrahepatic PFS (aHR = 0.51, 0.58, and 0.49, respec-
tively). Furthermore, TARE showed significantly less low-
grade (1 or 2) clinical toxicity (P < 0.001) and better
hepatic function (P = 0.02) after the treatment than
TACE in treatment-related adverse events. Although
tumor response did not show a statistically significant
difference between two groups, it should be considered
that the tumor response can be underestimated considering
the characteristics of persistent enhancement on CT in
early period after TARE. The present study showed that
TARE has an association with better clinical outcomes
than TACE in patients newly diagnosed with HCC.

Treatment selection at the start of treatment is critical for
tumor control. In addition, patients in the TARE group with
a boosted dose were included in the present study. A recent
retrospective study reported that TARE with a boosted dose
in patients with large HCC showed a favorable tumor
response.”® A recent subgroup analysis of the SARAH trial
reported that high tumor absorbed dose was associated with
better overall survival (14.1 months vs 6.1 months; P <
0.001) and tumor absorbed dose was significantly higher in
patients with disease control than those with progressive
disease (121 Gy vs 85 Gy; P =0.02) in patients with inoper-
able locally advanced HCC. Future studies are warranted to
elucidate the optimal radiation dose and indication of TARE
to maximize the therapeutic effect.”” Therefore, TARE can
be more suitable to effectively control HCC compared with
TACE at the start of treatment, especially when treated with
a boosted dose.

Although the current study includes patients with
extrahepatic HCC lesions and/or PVTT, the TARE group
demonstrated better OS and PFS, which can be explained
by powerful intrahepatic tumor control. Particularly, the
intrahepatic progression of HCC is a common cause of
HCC-related death in Asia, trans-arterial therapies such as
TACE or TARE are widely used in practice even if
patients were initially diagnosed with HCC and PVTT or

30-33

extrahepatic metastasis. Moreover, several Asian

guidelines recommend TACE or TARE when patients

have HCC with vascular invasion,''**® and some studies

supported that both TACE and TARE can be safely con-
ducted in patients with PVTT.>”* Therefore, TARE as
initial treatment might affect the better clinical outcome
when patients have more advanced disease at diagnosis.

Since TARE is a type of local radiotherapy, it can have
systemic effects as conventional radiation therapy.
Irradiated cells transfer signals to non-irradiated cells,
which affects induction of p53 from non-irradiated cells
or expression of various cytokines.*' These immune-
modulating effects outside the field of radiotherapy are
affected by the dose of radiation, the types of signals,
and the activation of various innate immune cells. In
addition, the irradiated tumor cells act as an immunogenic
hub to affect the tumor microenvironment. Anti-tumor
immune responses from the irradiated tumor cells can
mediate an abscopal effect outside of the treatment field.
TARE can trigger complex tissue responses that can sys-
temically suppress tumor growth. However, these mechan-
isms are potential explanations. More studies are needed to
prove the systemic effects of TARE in the future.

In the present study, TARE showed better intrahepatic
PFS than TACE as initial treatment. A prospective rando-
mized study also confirmed that the TARE group had
a longer time to progression (TTP) than the TACE
group.* However, OS was comparable between the two
groups in the prospective study, unlike our study. That
study had an insufficient number of patients to analyze
(TARE group n = 24; TACE group n = 21) and patients
who received LT were censored in the study. In addition,
patients in the TARE group had worse liver function (more
Child-Pugh class B or C) before the treatment than those in
the TACE group (58% in the TARE group vs 24% in the
TACE group) and the proportion of preserved liver function
evaluated by MELD score after the treatment was higher in
the TARE group than the TACE group in the present study.
It is well known that TARE has superior tolerability and
toxicity compared with TACE.** A systematic review for the
cost-effectiveness of TARE reported that treatment is more
cost-effective in patients with higher stages of HCC.** Thus,
the present study suggests that TARE may outperform
TACE, and a randomized controlled study with large sample
size is warranted to clarify this issue.

Previous systematic reviews comparing TARE to
TACE failed to prove the superiority of TARE in OS.
A meta-analysis of 3 randomized trials reported that
TARE and TACE showed similar outcomes in unresect-
able HCC.?* Limitations of the study were that OS was not
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the main endpoint of all RCT, sample size was small with
the high heterogeneity (45, 25, and 28 patients), and there
was no data for adjuvant or following treatment. The other
meta-analysis which included 9 observational studies and
2 RCTs reported that 2-year OS in TARE was significantly
longer than TACE only in the observational subgroup.**
Limitations of that study were heterogeneity, a few RCTs,
technical diversity among different centers, and the diver-
sity of human ethnicity. On the other hand, the present
study has strengths despite a retrospective study. 1) SNUH
is the center performing large amounts of TARE and
TACE in South Korea, which reduces the technical diver-
sity and technicians were well experienced. 2)
Superselective TACE and TARE were routinely performed
to enhance therapeutic effect and reduce complications. 3)
This study included patients treated with boosted dose
TARE. It might be effective in large HCCs.?® 4) Patients
included in the study were all Asians. It can reduce hetero-
geneity from the diversity of human ethnicity. Thus,
a randomized controlled study focused on OS with large
sample size is warranted to clarify this issue.

Our study has several limitations. First, the current study
is a retrospective study; however, we performed PS-
matching to overcome the limitations of the retrospective
design. No significant differences were observed in patient
characteristics between the two groups. Second, standar-
dized mean differences of some variables were over 0.1 in
the patient characteristics (Table 1). Although it is generally
accepted that a standardized difference of <0.1 is negligible,
the cut-off is not universally established.*> Moreover, since
the present study was focused on age, sex, serum AFP, the
largest index tumor, and BCLC stage, differences in those
variables were negligible. Therefore, patient characteristics
between the two groups were considered as well matched.

In conclusion, patients initially diagnosed with HCC and
underwent TARE as their first treatment had better OS, PFS,
and intrahepatic PFS with less toxicity compared with TACE.
In addition, TARE as an initial treatment for HCC was an
independent prognostic factor for OS, PFS, and intrahepatic
PFS. Thus, TARE is associated with better clinical outcomes
as initial trans-arterial treatment compared with TACE in
patients with HCC. To confirm these findings, a randomized
controlled study with a large sample size is warranted.
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