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Abstract

Background: Prior to the approval of sorafenib, hepatic arterial infusion chemotherapy (HAIC)
was offered to patients with advanced hepatocellular carcinoma (HCC) in East Asia, particu-
larly Japan. According to the Japanese guidelines, HAIC is recommended as one of the treat-
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ment options in patients without extrahepatic metastasis (EHM). Methods: The present cohort
study compared the use of HAIC and sorafenib on outcomes of patients with advanced HCC.
Consecutive patients with advanced HCC who received HAIC or sorafenib as a first-line sys-
temic therapy were enrolled from 10 Japanese institutions. The primary outcomes were over-
all survival (OS) in patients with macrovascular invasion (MVI), but without EHM, and OS in
patients without both MVI and EHM. Results: Between 2009 and 2016, 2,006 patients were
enrolled (541 HAIC patients, 1,465 sorafenib patients). After propensity score matching, the
OS of patients with MVI but without EHM was significantly longer in the HAIC group compared
with the sorafenib group (10.1 vs. 9.1 months for the HAIC and sorafenib groups, respectively;
n = 170 for each group; hazard ratio [HR] 0.668; 95% confidence interval [95% Cl] 0.475-0.935;
p = 0.018). There was no significant difference in OS between patients without both MVI and
EHM (12.2 vs. 15.4 months for the HAIC and sorafenib groups, respectively; n = 76 in each co-
hort after propensity score matching; HR 1.227; 95% Cl 0.699-2.155; p = 0.475). Conclusion:
HAIC is a potential front-line treatment choice in a subpopulation of patients with advanced

HCC with MVI but without EHM. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is a leading cause of cancer-related death, with 850,000
new cases reported per year worldwide [1, 2]. Two randomized placebo-controlled phase II1
studies reported sorafenib as the first systemic agent approved for use in patients with
advanced HCC, and was the only drug used for nearly a decade [3, 4]. Recently, lenvatinib has
shown clinical benefits and been approved by the US Food and Drug Administration for use
as a front-line medication [5]. Sorafenib remains a first-line drug, and shows an improvement
in median overall survival (OS) of 2.8 months compared with placebo (10.7 vs 7.9 months;
hazard ratio [HR] 0.69; p < 0.001), despite a low response rate of 2% and limitations such as
modest survival advantages and low response rates [3, 4].

Prior to the approval of sorafenib, hepatic arterial infusion chemotherapy (HAIC) was a
common suboptimal therapy for advanced HCC in East Asia, particularly in Japan [6, 7].
Current]apanese guidelines recommend HAIC asa treatment option in patients with advanced
HCC without extrahepatic metastasis (EHM) [8]. This treatment allows direct delivery of
chemotherapeutic agents into tumors feeding hepatic arteries at increased local concen-
tration, and provides strong antitumor effects with lower systemic toxicity via a first-pass
effect in the liver [9]. In their study, Nouso et al. [10] reported the efficacy of HAIC of 5-fluo-
rouracil (5FU) and cisplatin (CDDP) foradvanced HCC with or without macrovascular invasion
(MVI) using the Nationwide Survey of Primary Liver Cancer in Japan, which collected initial
treatment data from each patient. The median OS was longer in patients who underwent HAIC
compared with those who did not receive active treatment. Several previous retrospective
studies using small sample sizes showed high response rates, with long OS and tolerable side
effects, particularly in patients with advanced HCC, including those with MVI [11-14]. The
results of the SILIUS study, which compared sorafenib plus HAIC of 5FU + CDDP versus
sorafenib in a randomized, open label, phase I1I study, showed no significant difference in OS
between the two groups. However, subanalyses of the SILIUS study indicated that sorafenib
plus HAIC showed survival benefits in patients with advanced HCC with main portal vein
invasion [15]. Arecent phase lI], randomized, open label trial in China indicated that sorafenib
plus HAIC of oxaliplatin, 5FU, and leucovorin (FOLFOX) improved OS compared with sorafenib
in patients with advanced HCC with portal vein invasion [16]. On the other hand, few studies
have directly compared sorafenib and HAIC in well-designed clinical trials using large
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numbers of advanced HCC patients with MVI. Although sorafenib plus HAIC treatment was
shown to prolong OS compared with sorafenib alone in a limited population [15, 16], the
survival benefits of HAIC directly compared with those of sorafenib have not yet been fully
clarified in patients with advanced HCC. Therefore, the present study compared the survival
outcome of HAIC and sorafenib in a real-world setting using a large retrospective cohort
treated with HAIC and sorafenib during the same period. The main objective of the present
study was to clarify the survival outcome of HAIC compared with sorafenib in patients with
advanced HCC.

Patients and Methods

We set up an organizing committee to plan this retrospective study. This committee created the study
protocol, which included clinical parameters and statistical analyses, such as predefined propensity score-
matching methods and risk factors. Ethical approval was obtained from the Research Ethics Committee or
an equivalent committee at all institutions. After approval of the protocol, predefined clinical parameters
were corrected for the electronic data capture system. The study data were locked on December 10, 2018
and analyzed by an independent biostatistician (K.N.).

Study Design, Inclusion/Exclusion Criteria, and Endpoints

This retrospective cohort study was performed across 10 Japanese institutions (the Kindai University
Faculty of Medicine, the Chiba University, the National Cancer Center Hospital East, the Musashino Red Cross
Hospital, the Kanazawa University, the Kyoundo Hospital of the Sasaki Institute, the Hiroshima University
Hospital, the Sapporo Kosei General Hospital, the Iwate Medical University, and the Mitsui Memorial Hospital).
Eligible patients were those aged 20 years or older with advanced HCC who received HAIC or sorafenib
treatment. We excluded patients who received combination therapies with HAIC or sorafenib (e.g., sorafenib
combined with TACE, HAIC combined with sorafenib, sequential therapy of HAC and sorafenib, or HAIC
combined with radiation therapy). Patients who satisfied the inclusion and exclusion criteria were enrolled
consecutively and their data were entered into a dedicated database.

The predefined clinical parameters included: baseline demographic data (gender, age, etiology,
Child-Pugh class, radiological assessment, alpha-fetoprotein [AFP] levels, and treatment prior to initi-
ation of HAIC or sorafenib), HAIC regimen, initial dose of sorafenib, date of HAIC or sorafenib discontinu-
ation, reasons for discontinuation of HAIC or sorafenib, and date of death or last follow-up. In the present
study, we classified advanced HCC patients with MVI into two categories. The first category, major MVI,
was defined as any of the following findings at the time of baseline radiological assessments; Vp 3 (primary
branch portal vein invasion); Vp4 (main portal vein invasion); Vv 3 (inferior vena cava invasion); B3
(primary branch bile duct invasion); or B4 (main bile duct invasion). Minor MVI was the category of other
cases of MVL.

We subdivided the enrolled patients into four groups according to the presence or absence of MVI and
EHM: cohort 1, MVI+ and EHM-; cohort 2, MVI- and EHM-; cohort 3, MVI+ and EHM+; and cohort 4, MVI- and
EHM+. The primary endpoint of the study was comparison of OS following HAIC and sorafenib treatment in
patients with advanced HCC without EHM (cohorts 1 and 2). The preplanned secondary endpoints included
comparison of OS following HAIC and sorafenib treatment in patients with advanced HCC with EHM (cohorts
3 and 4), evaluating outcomes of HAIC between different treatment regimens, reasons for discontinuation of
both HAIC and sorafenib, and conversion rates of post-therapies to either HAIC or sorafenib.

Statistical Analysis

After data locking, we excluded patients with a Child-Pugh score >7 and started sorafenib <400 mg, and
fixed the data set of analyses. OS was calculated from the date of starting treatment to death from any cause.
The censoring date was defined as the date of the last follow-up. Time to treatment failure (TTF) was defined
as the date of starting treatment to discontinuing the treatment due to any cause. The censoring date was
defined as the date of the last follow-up.

For the primary analyses, the OS of patients in the HAIC and sorafenib groups in cohorts 1 and 2 were
compared using stratified log-rank tests in propensity score-matched samples. Propensity scores were esti-
mated using logistic regression models with the following preplanned covariates: cohort 1, MVI (major vs.
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Preregistered
2,006 pt
HAIC: 541 pt
Sorafenib: 1,465 pt

Excluded (231 pt)
—»{ Child-Pugh score >7 (165 pt)
Starting dose of sorafenib <400 mg (66 pt)

Y Y A 4 Y

Cohort 1 Cohort 2 Cohort 3 Cohort 4
(MVI+, EHM-) (MVI-, EHM-) (MVI+, EHM+) (MVI-, EHM+)
533 pt 581 pt 215 pt 446 pt
HAIC: 270 pt HAIC: 89 pt HAIC: 48 pt HAIC: 22 pt
Sorafenib: 263 pt Sorafenib: 492 pt Sorafenib: 167 pt Sorafenib: 424 pt

Fig. 1. Patient flow of the study. pt, patients.

minor), size of intrahepatic lesion (<50 vs. >50 mm), number of intrahepatic lesions (<3 vs. >3), Child-Pugh
class (A vs. B), and AFP (<400 vs. >400 ng/mL); and cohort 2, size of intrahepatic lesion (<50 vs. >50 mm),
number of intrahepatic lesions (<7 vs. >7), Child-Pugh class (A vs. B), AFP (<400 vs. >400 ng/mL), and
number of TACEs (<2 or >2). Propensity score matching was performed using nearest-neighbor matching
and 1:1 matching without replacement using caliper widths of 0.05. Covariate balance was assessed using
standardized mean differences for the propensity-matched cohorts. Kaplan-Meier plots of medians (with
95% confidence interval; 95% CI) were used to estimate OS, and HRs were estimated using Cox regression
models after propensity score matching.

For secondary analyses, the OS of patients in the HAIC and sorafenib groups in cohorts 3 and 4 were
compared using stratified log-rank tests in propensity score-matched samples. The preplanned covariates
for cohorts 3 and 4 were as follows: cohort 3, MVI (major vs. minor), size of intrahepatic lesion (<50 vs. >50
mm), number of intrahepatic lesions (<3 vs. >3), Child-Pugh class (A vs. B), AFP (<400 vs. >400 ng/mL), and
number of EHM (1 vs. >2); and cohort 4, size of intrahepatic lesion (<50 vs. >50 mm), number of intrahepatic
lesions (<7 vs. >7), Child-Pugh class (A vs. B), AFP (<400 vs. >400 ng/mL), and number of EHM (1 vs. >2).
The OS of patients treated using HAIC was compared between each regimen using Cox regression models.
The reasons for discontinuation of treatments and post-therapies were summarized as numbers and
frequencies.

The significance level for the statistical analyses was set at 5% for two-sided tests. All statistical analyses
were described in the statistical analysis plan that was finalized prior to locking the database, and were
performed using SAS version 9.4 (SAS Institute, Cary, NC, USA) and Stata version 15 (StataCorp LLC, College
Station, TX, USA).

Results

Patient Flow

A total of 2,006 patients (1,465 sorafenib patients, 541 HAIC patients) with advanced
HCCwere enrolled from 10 Japanese institutions. Figure 1 shows the patient flow of the study.
We excluded patients with a Child-Pugh score >7 at baseline (n = 165) and a starting dose of
<400 mg of sorafenib (n = 66). Of the 1,775 eligible patients, 533 (30.0%), 581 (32.7%), 215
(12.1%), and 446 (26.3%) were enrolled in cohorts 1, 2, 3, and 4, respectively.
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Table 1. Baseline characteristics of patients with advanced HCC in cohort 1 (patients with MVI and without EHM)

587

Unmatched Matched

HAIC sorafenib SMD HAIC sorafenib SMD

(n=270) (n=263) (n=170) (n=170)
Mean age, years 67.1 69.0 0.210 67.3 68.9 0.175
Male gender 214 (79.3) 207 (78.7) -0.0014 141 (82.0) 130 (75.6) -0.157
HCV positive 130 (48.1) 122 (46.4) 0.035 90 (52.3) 75 (43.6) 0.175
HBV positive 62 (23.0) 56 (21.3) 0.040 35(20.3) 40 (23.3) -0.070
Alcohol abuse 40 (14.9) 32 (12.2) 0.079 29 (17.0) 20 (11.6) 0.153
Major MVI! 184 (68.1) 145 (55.1) 0.270 106 (61.6) 106 (61.6) 0.000
Size of intrahepatic lesion >50 mm?! 62 (23.2) 87 (33.1) -0.221 47 (27.3) 47 (27.3) 0.000
Number of intrahepatic lesions >3! 165 (62.0) 171 (65.0) -0.0062 114 (66.3) 114 (66.3) 0.000
Child-Pugh class Al 157 (63.1) 221 (84.0) 0.490 133 (77.3) 133 (77.3) 0.000
AFP >400 ng/mL! 142 (52.6) 134 (51.0) 0.033 98 (57.0) 98 (57.0) 0.000
Number of TACEs >0 116 (44.1) 130 (49.8) -0.114 77 (45.3) 88 (51.5) -0.124

Data are presented as the mean or n (%). AFP, alfa-fetoprotein; HAIC, hepatic arterial infusion chemotherapy; HBV, hepatitis B virus;
HCV, hepatitis C virus; MVI, macrovascular invasion; SMD, standardized mean difference; TACE, transarterial chemoembolization.
1 Major MV], size of intrahepatic lesion, number of intrahepatic lesions, Child-Pugh class, and AFP were matched in cohort 1.

Table 2. Baseline characteristics of advanced HCC patients with cohort 2 (patients without both MVI and EHM)

Unmatched Matched

HAIC sorafenib SMD HAIC sorafenib SMD

(n=89) (n=492) (n=76) (n=176)
Mean age, years 70.0 71.3 0.160 70.3 71.6 0.160
Male gender 69 (77.5) 384 (78.0) 0.013 60 (78.9) 57 (75.0) -0.094
HCV positive 51 (57.3) 303 (61.6) -0.087 42 (55.3) 45 (59.2) -0.080
HBV positive 14 (15.7) 60 (12.2) 0.102 12 (15.8) 13 (17.1) -0.035
Alcohol abuse 6 (6.7) 32 (6.5) 0.010 6(7.9) 4 (5.3) 0.106
Size of intrahepatic lesion >50 mm! 11(12.8) 66 (13.5) -0.020 11 (14.5) 16 (21.1) -0.173
Number of intrahepatic lesions >7! 51 (59.3) 219 (44.6) 0.297 46 (60.5) 44 (57.9) 0.054
Child-Pugh class A! 53 (63.9) 428 (87.5) 0.574 51 (67.1) 51 (67.1) 0.000
AFP >400 ng/mL! 34 (38.2) 167 (33.9) 0.089 32 (42.1) 32 (42.1) 0.000
Number of TACEs >21 42 (51.9) 185 (38.5) 0.272 39 (51.3) 41 (53.9) -0.053

Data are presented as the mean or n (%). AFP, alfa-fetoprotein; EHM, extrahepatic metastasis; HAIC, hepatic arterial infusion
chemotherapy; HBV, hepatitis B virus; HCV, hepatitis C virus; MVI, macrovascular invasion; SMD, standardized mean difference;

TACE, transarterial chemoembolization.

! Size of intrahepatic lesion, number of intrahepatic lesions, Child-Pugh class, AFP, and number of TACEs were matched in

cohort 2.

Outcomes of HAIC and Sorafenib Treatment in Advanced HCC Patients without EHM

Tables 1 and 2 show the unmatched and matched baseline characteristics of cohorts 1
and 2, respectively. The most frequent underlying etiology of HCC was hepatitis C virus,
followed by hepatitis B virus and alcohol abuse. Rates of Child-Pugh A were higher in the
sorafenib group compared with the HAIC group in both cohorts. After propensity score
matching, absolute values of standardized mean differences of the baseline characteristics
were smaller than 0.25, and the baseline characteristics were balanced.

Kaplan-Meier survival curves of OS in cohorts 1 and 2 (after propensity score matching)
are shown in Figure 2. Among the 340 advanced HCC patients in cohort 1, the OS in the HAIC
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Cohort 1 (MVI+, EHM-)

1.04 —— HAIC
—— Sorafenib
0.8
0.6
1%)
O
0.4
0.2
0 -
T T T T T T T T T
0 12 24 36 48 60 72 84 96
Time, months
HAIC 172 72 34 18 13 6 4 3 0
a Sorafenib 172 62 24 9 2 2 0 0 0

Cohort 2 (MVI-, EHM-)

104 —— HAIC
—— Sorafenib
0.8
0.6
(%)
o
0.4
0.2 -
04 I
T T T T T T T T T
0 12 24 36 48 60 72 84 96
Time, months
HAIC 76 28 10 3 2 2 1 0 0
b  Sorafenib 76 34 17 6 5 3 2 2 1

Fig. 2. OS of patients in cohort 1 (a) and cohort 2 (b) with advanced HCC who received HAIC and sorafenib.

group was significantly longer than that of the sorafenib group (Fig. 2a; HAIC, 10.6 months
[95% CI 9.1-14.3] vs. sorafenib, 9.1 months [95% CI 6.8-12.0]; HR 0.667 [95% CI 0.475-
0.935]; p = 0.018). The median TTF for HAIC and sorafenib in cohort 1 was 2.8 months (95%
CI 2.4-3.0) and 2.5 months (95% CI 1.8-2.9), respectively (HR 0.957 [95% CI 0.772-1.185];
p = 0.683). In contrast, there was no significant difference between HAIC and sorafenib
treatmentin cohort 2 (Fig. 2b; HAIC, 12.2 months [95% C19.9-16.5] vs. sorafenib, 15.4 months
[95% C19.7-19.1]; HR 1.227 [95% CI 0.699-2.155]; p = 0.475). The median TTF for sorafenib
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Events, n/N MST, months HR (95% Cl) p value
Method Sorafenib  HAIC Sorafenib HAIC HR Sor. vs HAIC  (interaction)
|
|
Overall 138/172  131/172 9.1 10.6 —a— 0.67 (0.48, 0.94)
Age U 0.824
Smaller than or equal to average 61/76 63/85 95 123 e 0.70 (0.33, 1.49)
Larger than average 77/96 68/87 89 96 [ | 0.79 (0.40, 1.54)
Sex } 0.985
Male 103/130 106/141 9.5 1.3 }—.—\{ 0.74 (042, 1.31)
Female 35/42 25/31 6.9 94 F i T { 0.73 (0.25, 2.12)
HCV ! 0.595
No 82/97 60/82 87 10.6 I—I—:—| 0.64 (0.31, 1.34)
Yes 56/75 71/90 10.0 10.7 ] 0.84 (042, 1.68)
HBV ! 0.366
No 105/132 107/137 9.4 9.9 }—I—%{ 0.85 (0.49, 1.47)
Yes 33/40 24/35 6.1 154 } L T { 0.45(0.13, 1.58)
Alcohol ! 0.765
No 120/152  105/142 838 9.9 '_.—:—| 0.72 (0.42, 1.26)
Yes 18/20 26/29 11.8 14.6 k - { 0.88(0.27, 2.89)
MVI ! 0.639
Minor 56/66 53/66 10.0 154 }—.—t—{ 0.68 (0.34, 1.35)
Major 82/106 78/106 84 9.6 }—I‘—{ 0.86 (0.41, 1.79)
Diameter 1 0.839
<50 mm 102/125 91/125 9.1 123 e 0.68 (0.33, 1.41)
>50 mm 36/47 40/47 8.7 9.6 I—I:—I 0.76 (0.37, 1.55)
Number of tumors | 0.770
<3 48/58 40/58 109 16.3 P 0.69 (0.31, 1.52)
>3 90/114 91/114 8.2 9.9 }—I:—{ 0.80 (0.42, 1.54)
Child-Pugh score type 1 0.668
A 108/133 100/133 11.0 123 e 0.72 (0.39, 1.34)
B 30/39 31/39 45 8.8 k i : | 0.56 (0.21, 1.48)
AFP | 0513
<400 61/74 58/74 137 123 P 0.90 (0.43, 1.90)
>400 77/98 73/98 6.1 10.0 }—I—H 0.64 (0.33,1.27)
Number of TACEs I 0.770
0 70/83 76/93 89 10.1 e 0.68 (0.35, 1.29)
>1 67/88 54/77 94 13.0 I—I—:—I 0.79 (035, 1.76)
T T f L N —
a 0.1 0.5 1 15 2 3
Events, n/N MST, months HR (95% Cl) p value
Method Sorafenib HAIC Sorafenib HAIC HR Sor. vs HAIC (interaction)
|
|
Overall 56/76 47/76 154 12.2 }—1.—{ 1.23 (0.70, 2.16)
Age 1 0.113
Smaller than or equal to average 28/38 22/40 154 182 |—q—| 0.96 (0.42, 2.16)
Larger than average 28/38 25/36 16.3 12.0 H = 2.53 (1.04, 6.16)
Sex ! 0.459
Male 41/57 37/60 154 122 ! = 1.55(0.79, 3.06)
Female 15/19 10/16 10.9 14.6 f = ] 0.89 (0.24, 3.28)
1
HCV | 0.692
No 24/31 21/34 16.3 122 —- 1.47 (0.68, 3.20)
Yes 32/45 26/42 14.1 13.1 .—:.—‘ 1.15 (0.44, 2.97)
HBV I 0.595
No 47/63 41/64 141 122 [ 1.22 (0.65, 2.31)
Yes 9/13 6/12 17.5 25.7 } l - ] 1.98 (0.38, 10.43)
Alcohol ! 0.843
No 52/72  43/70 154 12.2 [ — 1.38 (0.72, 2.65)
Yes 4/4 4/6 16.4 14.7 } I ] 1.16 (0.24, 5.69)
. |
Diameter 0.666
<50 mm 45/60 39/65 15.9 131 }_l_.—{ 1.41 (0.68, 2.94)
>50 mm 11/16 8/11 9.1 9.8 }_P_{ 1.06 (0.37, 3.08)
Number of tumors 1 0.774
<7 24/32 17/30 19.0 14.7 — . 1.53 (0.62, 3.76)
>7 32/44  30/46 109 120 — e 1.28 (0.58, 2.82)
Child-Pugh score type ! 0.669
A 37/51 32/51 19.0 149 }—F.—{ 1.28 (0.61, 2.67)
B 19/25 15/25 11.0 10.3 = 1.68 (0.60, 4.70)
AFP i 0609
<400 31/44 33/44 17.5 14.7 '_:_._| 1.47 (0.67, 3.23)
>400 25/32 14/32 9.7 9.8 .—".—. 1.07 (0.44, 2.65)
Number of TACEs | 0.358
<2 24/35 26/37 17.5 111 . 1.73 (0.80, 3.76)
>2 32/41 21/39 13.9 14.6 }—-‘—{ 0.97 (0.37, 2.55)
T T . T LI ——
b 01 04 2 4 6 10

Fig. 3. Subgroup analyses of patients in cohort 1 (a) and cohort 2 (b) with advanced HCC who received HAIC

and sorafenib.
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was significantly longer than that of HAIC in cohort 2 (HAIC: 2.7 months [95% CI 2.2-3.6];
sorafenib: 4.9 months [95% CI 3.0-6.8]; HR 1.563 [95% CI 1.126-2.165]; p = 0.007). Figure 3
shows subgroup analyses of cohorts 1 and 2. The improvement in OS with HAIC was main-
tained in all subgroup analyses in patients with advanced HCC with MVI (cohort 1, Fig. 3a).

HAIC and Sorafenib Outcomes in Patients with Advanced HCC with EHM

The baseline characteristics of cohorts 3 and 4 are shown in online supplementary Tables
1 and 2 (for all online suppl. material, see www.karger,com/doi/10.1159/000508724), re-
spectively. Among 215 patients with advanced HCC in cohort 3, 167 (77.7%) received so-
rafenib. In cohort 4, the majority of patients (424 of 446, 95.1%) also received sorafenib.
While obvious imbalances were observed between the two groups in both cohorts, we com-
pared the OS between HAIC and sorafenib treatment after propensity score matching (on-
line suppl. Fig. 1). OS following HAIC treatment was significantly longer than that following so-
rafenib treatment in cohort 3 (online suppl. Fig. 1A; HAIC, 6.5 months [95% CI 4.7-9.5] vs.
sorafenib, 5.3 months [95% CI 3.7-5.8]; HR 0.500 [95% CI 0.250-1.000]; p = 0.046). The
median TTF for HAIC and sorafenib was 2.6 months (95% CI 1.3-3.2) and 2.0 months (95%
CI 1.33.5), respectively (HR 0.820 [95% CI1 0.527-1.275]; p = 0.374). On the other hand, there
was no significant difference between HAIC and sorafenib treatment in cohort 4 (online suppl.
Fig. 1B; HAIC, 6.3 months [95% CI 1.7-10.9] vs. sorafenib, 9.0 months [95% CI 4.2-11.8]; HR
1.125 [95% CI 0.434-2.915]; p = 0.808). The median TTF was also similar for HAIC and
sorafenib (HAIC: 2.3 months [95% CI 0.9-2.7]; sorafenib: 2.3 months [95% CI 1.1-3.9]; HR
1.094 [95% CI 0.566-2.114]; p = 0.789).

Subgroup Analyses of Patients with Advanced HCC According to MVI

Online supplementary Table 3 indicates subgroup analyses of advanced HCC patients
with MVI and the absence or presence of EHM (cohort 1 and 3). The median OS for HAIC was
significantly longer in those with minor MVI and VP <3 in cohort 1 compared with sorafenib.
On the other hand, the median OS for HAIC was significantly longer in those with major MVI
and in the VP >3 population in cohort 3 compared with sorafenib.

Comparison of Outcomes of HAIC between Each Regimen

We compared the outcomes of the HAIC regimens between 5FU + CDDP, 5FU + interferon
(IFN), and CDDP alone. Among the 429 patients who received HAIC in the present study,
64.3% (276 patients), 18.6% (80 patients), and 15.9% (68 patients) received 5FU + CDDP,
5FU + IFN, and CDDP alone, respectively. Online supplementary Figure 2 shows Kaplan-Meier
curves of OS in patients with advanced HCC who received HAIC in the present study. The
median OS values for patients receiving 5FU + CDDP, 5FU + IFN, and CDDP alone were 10.5
(95% CI 9.2-12.3), 12.0 (95% CI1 9.0-14.6), and 7.8 (95% CI 6.3-12.1) months, respectively
(p=0.759; online suppl. Fig. 2A). Analysis of the subpopulation of patients with advanced HCC
with MVI and without EHM showed median OS values for patients receiving 5FU + CDDP, 5FU
+ IFN, and CDDP alone of 10.5 (95% CI 8.9-12.9), 11.2 (95% CI 8.5-16.5), and 7.8 (95% CI
6.3-14.0) months, respectively (p = 0.948; online suppl. Fig. 2B). Multivariate analyses
confirmed that each HAIC regimen had no impact on survival in the present cohort (online
suppl. Tables 4 and 5).

Reasons for Discontinuation of Treatments and Post-Therapies

Among429 patients who received HAIC treatment, 256 (50.7%) and 111 (25.9%) patients
discontinued treatment due to disease progressionand adverse events, respectively. Likewise,
among 1,346 patients who received sorafenib and satisfied the eligibility criteria, 822 (61.1%)
and 399 (29.6%) patients discontinued treatment due to disease progression and adverse
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Table 3. Cause of treatment

. . _ o
discontinuation (incidence rate Bligla B ([ =25/78), 0 ()

>2%) HAIC sorafenib
(n=429) (n=1,346)

Any adverse event 111 (25.9) 399 (29.6)
Catheter-related adverse events 27 (6.7) 0
Liver failure 20 (4.7) 77 (5.7)
General disorders 3(0.7) 49 (3.6)
Rash 0 30(2.2)
Catheter occlusion 10 (2.3) 0
Hand-foot-skin syndrome 0 30 (2.2)
Anorexia 1(0.2) 28 (2.1)
Renal failure 9(2.1) 9(0.7)
Abdominal pain 9(2.1) 2(0.1)

events, respectively. Table 3 shows the reasons for the discontinuation of treatments due to
adverse events in both the HAIC and sorafenib groups. The most common reasons for discon-
tinuing HAIC treatment were liver failure (4.7%), catheter occlusion (2.3%), renal failure
(2.1%),and abdominal pain (2.1%). A total of 27 patients (6.7%) discontinued HAIC treatment
due to catheter-related adverse events. On the other hand, the most common reasons for
discontinuation of sorafenib treatment were liver failure (5.7%), general disorders (3.6%),
rash (2.2%), hand-foot-skin reaction (2.2%), and anorexia. Online supplementary Tables 6,
7, 8, and 9 show the post-treatments after HAIC or sorafenib in cohorts 1, 2, 3, and 4, respec-
tively (both unmatched and matched cohorts). In cohort 1, the conversion rates from HAIC to
sorafenib and sorafenib to HAIC were 23.5 and 24.2%, respectively (matched cohort). The
median post-treatment survival of HAIC to sorafenib and sorafenib to HAIC were 12.0 months
(95% CI16.0-18.0) and 10.2 months (95% CI 8.4-14.2), respectively. Similarly, 19.7 and 18.3%
of cohort 2 patients were converted from HAIC to sorafenib, and sorafenib to HAIC, respec-
tively. The median post-treatment survival times of HAIC to sorafenib and sorafenib to HAIC
were 18.9 months (95% CI 4.4-40.5) and 10.6 months (4.0-19.8), respectively.

Discussion

The primary outcome of the present study showed that HAIC treatment had greater
survival benefits compared with sorafenib in patients with advanced HCC with MVI (without
EHM; cohort 1). On the other hand, there was no significant difference in OS between HAIC
and sorafenib treatment in patients without MVI and EHM (cohort 2). To the best of our
knowledge, this is the first study to demonstrate that HAIC treatment significantly prolonged
0S compared with sorafenib treatment in a subpopulation of patients with advanced HCC in
a multicenter large retrospective cohort in a real-world setting, analyzed by an independent
biostatistician according to a predefined analyses plan. We believe that our results demon-
strate that HAIC isa more suitable treatment strategy than sorafenib in advanced HCC patients
with MVI, but without EHM.

The present retrospective study subdivided patients with advanced HCC into four groups
according to the absence or presence of both MVl and EHM. As far as we knew, only few trials
evaluated the outcomes of advanced HCC in this way. In addition to the results of cohort 1, we
also found that HAIC conferred a significantly better survival benefit in patients with both
MVI and EHM (cohort 3). In advanced HCC patients with EHM, but without MVI (cohort 4),
the OS of HAIC was not significantly longer than that of sorafenib. Although our cohort had
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treatment selection biases between HAIC and sorafenib in both cohort 3 and 4 (cohort 3,
HAIC: 48 patients, sorafenib: 167 patients; cohort 4, HAIC: 22 patients, sorafenib: 424
patients), HAIC might have potential as a treatment choice in advanced HCC patients with
MVI, no matter whether EHM was absent or present.

Our results concur with the findings from previous small sample size prospective and
retrospective studies that compared HAIC and sorafenib treatment in patients with advanced
HCC with MVI and showed that the OS and objective response of HAIC were significantly
better than that of sorafenib [17-20]. In a recent retrospective study in China, Lyu et al. [21]
reported that HAIC of FOLFOX improved OS compared with sorafenib in a large number of
patients with advanced HCC, including more than 50% with MVI. MVI is commonly found
during the natural clinical course of HCC, and its occurrence reduces patient survival. The
growth pattern of MVI is predominantly characterized by invasion from intrahepatic nodules
that progresses toward the central trunk (i.e., from a branch of the portal vein to the main
portal vein, or from the hepatic vein to the inferior vena cava) [22, 23]. This highlights that
MVI of HCC is a unique disease phenotype that should not be regarded as typical metastasis
of other malignancies. Taken together, HAIC, which delivers high concentrations of anticancer
agents directly to the liver, represents a specific and beneficial treatment approach for
advanced HCC patients with MVI.

Three randomized controlled trials conducted in Japan and China compared sorafenib
plus HAIC and sorafenib [15, 16, 24]. The primary outcome of the phase III trial from China
concluded that combined treatment with HAIC and sorafenib dramatically improved OS in
patients with advanced HCC and portal vein invasion, irrespective of the presence of EHM
[16]. The subanalysis of the SILIUS trial from Japan also confirmed that HAIC has additive
effectiveness to sorafenib, which is standard systemic therapy, in advanced HCC patients with
main portal invasion [15]. Taken together, it is assumed that sorafenib plus HAIC has bene-
ficial effects, particularly in patients with advanced HCC with MVl and EHM, due to the additive
effect of both treatments, as HAIC and sorafenib affect systemic and intrahepatic lesions with
MVI, respectively. However, it remains controversial whether the clinical outcomes of HAIC
plus sorafenib are more beneficial than those of HAIC monotherapy in advanced HCC patients
with MVI, but without EHM. The outcomes of these trials did not evaluate the treatment
outcome of HAIC monotherapy, since HAIC and sorafenib were not directly compared [15,
16]. The majority of patients suffer specific harmful adverse events during sorafenib therapy,
such as hand-foot-skin reaction, rash, or hypertension [3, 4, 25]. A comparison of HAIC plus
sorafenib with HAIC is required in future clinical trials using a subpopulation of patients with
advanced HCC with MVI, but without EHM.

Over the past decades, various regimens and technical approaches of HAIC have been
reported from East Asia, particularly Japan [10-13, 15, 16, 19, 21, 24, 26]. However, standard-
ization of the methodology of HAIC has not yet been established. For example, the port system
is necessary for the 5FU + CDDP regimen due to continuous injection of 5FU for 120 h [15].
On the other hand, a CDDP monotherapy regimen could be conducted by the temporary
insertion of a catheter to hepatic arteries each time [24]. Subgroup analyses of the present
study compared three common regimens of HAIC in a Japanes population. From our results,
we were unable to identify the most beneficial HAIC regimen. Although not common in Japan,
HAIC of FOLFOX is a major regimen in China [16, 21]. Standardization of the methodology of
HAIC is essential to generalize HAIC from a local treatment strategy used in East Asia to a
treatment used worldwide. The results from our study as well as other studies indicate that
combined use of 5FU and platinum-containing drugs may be the optimum HAIC regimen.

In 2016, the REFLECT trial demonstrated that lenvatinib was non-inferior to sorafenib in
terms of OS. Furthermore, lenvatinib increased progression-free survival, time to progression,
and objectiveresponse [5]. Lately, lenvatinib, a second tyrosine kinase inhibitor, with potential
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for being applied as first-line therapy, has been approved and used widely all over the world
for advanced HCC [27, 28]. In 2019, atezolizumab combined with bevacizumab for first-line
treatment of patients with advanced HCC prolonged OS and progression-free survival
compared with sorafenib, according to the results of IMbrave 150, which was a global phase
III study [29]. The IMbrave 150 results may be practice-changing in the front-line setting of
advanced HCC management. Since treatment strategies of advanced HCC will dramatically
change in the near future, HAIC should be performed for more targeted subgroups of advanced
HCC patients. We believe that our study could inform the selection of the population who
would benefit the most, such as advanced HCC patients with MVI who fail to respond to the
new front-line agent.

In conclusion, HAIC is a potential front-line treatment choice in a subpopulation of pa-
tients with advanced HCC with MVI, but without EHM. Lenvatinib, a second tyrosine kinase in-
hibitor as first-line therapy, has been approved worldwide for advanced HCC [5]. In addition,
HAIC plus sorafenib may represent an alternate treatment option in patients with advanced
HCC with MVL. Since practice changes in the treatment of advanced HCC will occur in the near
future, further studies will be required to find a role for HAIC in new treatment strategies for
advanced HCC. Standardization of the methodology of HAIC is also required to generalize
HAIC as a standard therapy for patients with advanced HCC worldwide.
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