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Purpose: The efficacy of entecavir (ETV) versus tenofovir (TDF) on the prognosis of hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC) patients who underwent FOLFOX-hepatic arterial infusion chemotherapy (HAIC) remains unclear. In this study, we
compared the outcomes between ETV and TDF in HBV-related advanced HCC patients who underwent FOLFOX-HAIC.
Methods: A total of 683 patients diagnosed with HBV-related HCC who underwent FOLFOX-HAIC and received TDF or ETV
between January 2016 and December 2021 were included. Overall survival (OS), progression-free survival (PFS), HBV reactivation,
and liver function of patients were compared between the ETV and TDF groups by propensity score matching (PSM).

Results: In the PSM cohort, for all patients and patients with > 4 cycles of FOLFOX-HAIC, the median OS in the ETV group (15.2
months, 95% CI: 13.0-17.4 months; 16.6 months, 95% CI: 14.8-18.5 months; respectively) was shorter than that in the TDF group
(23.0 months, 95% CI: 10.3-35.6 months; 27.3 months, 95% CI: 16.5-NA months; p=0.024, p=0.028; respectively). The median PFS
in the ETV group (8.7 months, 95% CI: 7.9-9.5 months; 8.9 months, 95% CI: 8.0-9.8 months; respectively) was also shorter than that
in the TDF group (11.8 months, 95% CI: 8.0—15.6 months; 12.7 months, 95% CI: 10.8—14.6 months; p=0.036, p=0.025; respectively).
The rate of HBV reactivation in the ETV group was higher than that in the TDF group (12.3% vs 6.3%, p=0.040; 16.5% vs 6.2%,
p=0.037, respectively). For liver function, the rate of ALBI grade that remained stable or improved in the ETV group was lower than
that in the TDF group (44.6% vs 57.6%, p=0.006; 37.2% vs 53.8%, p=0.019, respectively).

Conclusion: Compared with ETV, TDF was associated with a better prognosis, lower proportion of HBV reactivation, and better
preservation of liver function in advanced HBV-HCC patients who underwent FOLFOX-HAIC, especially those who received > 4 cycles.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the third reason of cancer-related mortality
worldwide.! Hepatitis B virus (HBV) infection is the major risk factor for HCC, especially in Asia, and can drive
carcinogenesis in the human genome through integrations.> Moreover, a high HBV virus load has been considered as an
independent risk factor for the progression of HCC.? Several studies have shown that antiviral treatment is associated
with the improved prognosis of HBV-related HCC patients who underwent various antitumor treatments.”° Antiviral
treatment is important for HBV-related HCC patients.
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For advanced-stage HCC, hepatic artery infusion chemotherapy (HAIC) may be an optional treatment that can improve
therapeutic efficacy. It has been reported that compared with sorafenib, HAIC using the FOLFOX regimen had better
survival in advanced HCC, even with a high intrahepatic tumor burden.'® FOLFOX-HAIC also significantly improved
overall survival in patients with unresectable hepatocellular carcinoma whose largest diameter was >7 cm compared with
transarterial chemoembolization (TACE)."" When combined with immunotherapy or targeted therapy, FOLFOX-HAIC
could also improve the prognosis of patients.'*'* For HBV-related HCC patients who underwent FOLFOX-HAIC, antiviral
treatment was reported to be associated with less HBV reactivation and longer overall survival.'”

At present, both entecavir (ETV) and tenofovir (TDF) are recommended as first-line antiviral drugs because of their
similarly high efficacy and low rate of adverse events and resistance.'®'” Several studies have compared the effect of
ETV and TDF on prognosis after hepatectomy and ablation, but the results were controversial.'® ' Similarly, the
efficacy of ETV vs TDF therapy on the prognosis of HBV-related HCC patients who underwent FOLFOX-HAIC
remains unclear.

Therefore, in this study, we aimed to compare the outcomes between entecavir and tenofovir in HBV-related
advanced-stage HCC patients who underwent FOLFOX-HAIC.

Materials and Methods

Patients

In this study, we retrospectively analyzed patients with a diagnosis of hepatitis B-related HCC who received FOLFOX-
HAIC and were treated with either ETV or TDF for chronic hepatitis B (CHB). Patient data was obtained from a database
of 2924 consecutive patients from January 2016 to December 2021 at Sun Yat-sen University Cancer Center (SYSUCC).

Patients were eligible for the study if they met the following inclusion criteria: (1) aged 18 years or older; (2)
diagnosed with unresectable HBsAg-positive HCC; (3) Child—Pugh grade A or B; (4) initially received FOLFOX-HAIC
at SYSUCC; and (5) initially treated with either TDF or ETV for CHB. The diagnosis of HCC was based on pathology or
noninvasive criteria according to the American Association for the Study of Liver Diseases (AASLD) guidelines.??
Unresectability was confirmed by hepatobiliary surgeons after multidisciplinary review and defined as the inability to
achieve RO resection due to multifocal liver disease, extensive vascular involvement, distant metastasis, insufficient
functional liver remnant, or a combination of these factors.

Patients who met the following criteria were excluded: (1) treated with at least one other local antitumor treatment,
including hepatectomy, ablation, liver transplantation, TACE, and radiotherapy before FOLFOX-HAIC; (2) less than 2 cycles
of FOLFOX-HAIC; (3) negative test for HBsAg; (4) treated with neither TDF nor ETV, including lamivudine, telbivudine,
clevudine and other antiviral drugs, or combined with other antiviral treatments; (5) initiation of ETV or TDF therapy within 1
week after FOLFOX-HAIC or within 1 month before FOLFOX-HAIC; (6) younger than 18; (7) coinfection with hepatitis
C virus; (8) history of other malignancies or nonmalignant severe illness; and (9) Child—Pugh grade C.

Finally, a total of 683 patients who were treated with either ETV (n=522) or TDF (n=161) were included in the
analysis (Figure 1). This study was approved by the ethics committee of Sun Yat-sen University Cancer Center (Protocol
code: B2022-238-01).

Antiviral Treatment
In the Entecavir group, patients received entecavir 0.5mg orally every day. On the contrary, patients in the Tenofovir
group took tenofovir disoproxil fumarate 0.3g daily. All patients were suggested to continue treatment with ETV or TDF
during antitumor treatment.

FOLFOX-HAIC Procedure

FOLFOX-HAIC was performed every 3 weeks and was administered as follows: a catheter/microcatheter was placed in
the main feeding hepatic artery of the tumor. Then, FOLFOX-based chemotherapy was delivered into the liver in order
via a HAIC pump through the catheter/microcatheter: oxaliplatin, 130 mg/m?, for 3 hours; leucovorin, 400 mg/m?, for 2
hours; fluorouracil, 400 mg/mz, bolus at hour 5; and 2400 mg/m2 over 46 hours.'*** FOLFOX-HAIC was repeated until
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Patients with hepatocellular carcinoma who received hepatic artery
infusion chemotherapy from January 2016 to December 2021 at
Sun-Yat Sen university Cancer Center (n=2924)

2241 patients were excluded:

Treated with at least one other local anti-tumor
treatment before HAIC (n=1672);

Less than 2 cycles of HAIC (n=245),

HBsAg negative(n=79),

Treated neither with TDF nor ETV or involved with other
antiviral treatment (n=120);

Initiation of ETV or TDF therapy within 1 week after
HAIC or within 1 month before HAIC (n=63);

Under the age of 18 (n=4),

| 683 patients were enrolled | Coinfection with hepatitis C virus (n=35);
History of other malignancies or non-malignant severe
iliness (n=21);
l l Child-Pugh grade C (n=2).
Entecavir group (n=522) | | Tenofovir group (n=161) |

1 propensity score matching (1:3)

| |

Entecavir group (n=408) | | Tenofovir group (n=158) |

Figure | Flowchart of enrolled patients.

intolerable adverse events was observed, until the patients refused to accept the treatment, or until the patients could not
benefit from it, which was confirmed by the MDT panel.

During the treatment of HAIC, patients may be combined with systemic treatment including the anti-PDL1/PD1 or
tyrosine kinase inhibitor due to the needs of the treatment and patients’ option. The details were showed in the

Supplementary Table 1.

Baseline Characteristics, Outcomes and Follow-Up

Baseline characteristics, including age, sex, diabetes, hypertension, platelet (PLT) count, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), albumin (ALB), total bilirubin (TBil), prothrombin time (PT), alpha fetoprotein
(AFP), protein induced by vitamin K absence or antagonist-Il (PIVKA-II), HBV-DNA, cirrhosis, tumor number,
tumor size, macrovascular invasion (MVI), metastasis, Child—Pugh class, albumin to bilirubin score (ALBI grade) before
the first treatment, cycles of FOLFOX-HAIC, and antitumor regimen, were collected and analyzed. Cirrhosis was
diagnosed based on ultrasound (US), computerized tomography (CT), or magnetic resonance imaging (MRI). The
tumor size was defined as the maximum diameter of the tumor. Macrovascular invasion was defined as invasion of
hepatic vein and its branches, the portal vein and its branches, or inferior vena cava.

The primary outcomes were overall survival (OS), which was defined as the time from first treatment to death
regardless of any cause, and progression-free survival (PFS), which was defined as the time from the first treatment until
progression or death from any cause. PFS was evaluated according to the Response Evaluation Criteria in Solid Tumors
(RECIST). The secondary outcomes were the rate of HBV reactivation and liver function after FOLFOX-HAIC. HBV
reactivation was defined as a more than 10-fold increase in the serum HBV-DNA level compared with the nadir (lowest
value) level for patients with detectable viral load or a greater than 200 IU/mL HBV-DNA level for patients with
undetectable viral load during follow-up.>®'® ALBI grade, which performed at least as well as the Child—Pugh class and
is known as a simple, evidence-based, objective, effective method of assessing liver function in HCC, was used to
evaluate liver function in our study.*

All patients were suggested to continue treatment with ETV or TDF as before. Serum AFP levels, serum HBV-DNA
levels, and liver function tests were inspected at the end of each cycle. Contrast-enhanced CT or MRI was performed 1
week after every 2 cycles to evaluate tumor response.
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Statistical Analysis

Continuous variables are presented as the mean + standard deviation (SD) or median =+ interquartile range according to
normal or nonnormal distribution and were compared by Student’s #-tests or rank sum tests as appropriate. Categorical
variables are presented as frequencies and percentages, which were compared by chi-squared tests or Fisher’s exact tests.
To minimize the effect of selection bias and potential confounding between the two groups, we performed 1-to-3
propensity score matching (PSM) considering variables including age, sex, diabetes, hypertension, PLT, ALT, AST, ALB,
TBil, PT, AFP, PIVKA-II, log;(HBV-DNA, cirrhosis, tumor number, tumor size, MVI, metastasis, Child—Pugh class,
ALBI grade before the first treatment, cycles of FOLFOX-HAIC, and the antitumor regimen. One patient treated with
TDF could match up to three patients treated with ETV.>>?® PSM was conducted by the R package “Matchlt”, and the
caliper width was 0.2. Kaplan—Meier curves were generated to estimate OS and PFS, and differences between curves
were evaluated using a log rank test. Univariable and multivariable Cox proportional hazards models with a forward
conditional stepwise procedure were used to assess the risk factors for OS and PFS in the full cohort. Variables that were
statistically significant in the univariable analysis (p<0.05) were selected for multivariable analysis. All statistical
analyses above were completed by SPSS version 26.0 and R statistical software version 4.1.2. A p value <0.05 was
considered statistically significant.

Results

Baseline Characteristics of the Patients

There were 683 patients with a diagnosis of HBsAg-positive HCC who received FOLFOX-HAIC initially included in the
study, of which 522 patients received ETV and 161 patients received TDF. Among them, 609 (89.2%) patients were male,
and the median age was 51 years (range, 18—78 years). A total of 419 (61.3%) patients were diagnosed with cirrhosis.
The median tumor diameter was 103 mm (range, 19-231 mm), and the number of patients with metastasis was 133
(19.5%), while the majority of patients had multiple tumors (n=458, 67.1%) and MVI (n=388, 56.8%). The median
serum log;(HBV-DNA was 3.72 IU/mL (range, 0-8.34 IU/mL). The number of patients with Child—Pugh class A was
647 (94.7%), and the number of patients with Child—Pugh class B was 36 (5.3%). The number of patients with ALBI
grade 1 was 380 (55.6%), while the number of patients with grade 2 was 302 (44.2%), and the number of patients with
grade 3 was 1 (0.1%). The median number of FOLFOX-HAIC cycles received was 3 (range, 2—8). For the antitumor
regimen, 243 (35.6%) patients received FOLFOX-HAIC alone, 280 (41.0%) patients received FOLFOX-HAIC plus
systemic treatment, including targeted therapy or immunotherapy, 70 (10.2%) patients received conversion surgery after
FOLFOX-HAIC, and 90 (13.2%) patients received conversion surgery after the combination of FOLFOX-HAIC and
systemic treatment.

In the full cohort, there was no significant difference in age, sex, diabetes, hypertension, PLT, PT, ALT, AST, ALB,
TBil, AFP, serum log;o0HBV-DNA, cirrhosis, tumor number, MVI, metastasis, ALBI grade, or cycles of FOLFOX-HAIC
between the two groups. However, the levels of PIVKA-II in the ETV group were higher than those in the TDF group
(p=0.022), and more patients had larger tumor size and liver function with Child—Pugh class A in the ETV group than in
the TDF group (p=0.047; p=0.009). Additionally, more patients were treated with FOLFOX-HAIC alone in the ETV
group, while more patients were treated with the combination of FOLFOX-HAIC and systemic treatment in the TDF
group (p=0.039). The baseline characteristics of the two groups are shown in Table 1.

To minimize the difference between the two groups, 1-to-3 PSM was performed. In the matched cohort, 566 patients
were included, of whom 408 patients were treated with ETV and 158 patients were treated with TDF. Baseline
characteristics after PSM between the two groups are shown in Table 1. After matching, there was no significant
difference between the two groups.

The TDF Group Had Better Overall Survival and Progression-Free Survival Than the

ETV Group

In the whole cohort, the 1-year and 2-year OS rates for the ETV group and the TDF group were 59.1% and 34.4% and
69.3% and 49.2%, respectively. The median OS in the ETV group (15.0 months, 95% CI: 13.2-16.9 months) was shorter
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Table | Baseline Characteristics of Patients Before PSM (n=683) and After PSM (n=566)

Variables Before PSM After PSM
ETV Group (n=522) TDF Group (n=161) p Value ETV Group (n=408) TDF Group (n=158) | p Value
Age (years) 5116 (18, 78) 5215 (24, 74) 0.498 5116 (18, 78) 5215 (24, 74) 0.451
Sex (N, %)
Women 60 (11.5) 14 (87) 0318 39 (9.6) 13 (8.2) 0.623
Men 462 (88.5) 147 (91.3) 369 (90.4) 145 (91.8)
Diabetes (N, %)
Absence 492 (94.3) 148 (91.9) 0.288 384 (94.1) 145 (91.8) 0311
Presence 30 (5.7) 13 8.1) 24 (5.9) 13 (82)
Hypertension (N, %)
Absence 477 (91.4) 142 (88.2) 0.226 367 (90.0) 139 (88.0) 0.493
Presence 45 (8.6) 19 (11.8) 41 (10.0) 19 (12.0)
Cirrhosis (N, %)
Absence 203 (38.9) 61 (37.9) 0.820 162 (39.7) 61 (38.6) 0810
Presence 319 (61.1) 100 (62.1) 246 (60.3) 97 (61.4)
Tumor size (mm) 104.5+50.0 (19.0, 231.0) 97.0+48.0 (30.0, 198.0) 0.047 102.7+36.4 (19.0,210.0) | 99.0£34.5 (30.0, 198.0) 0.273
Tumor number (N, %)
Single 172 (33.0) 53 (329) 0.994 137 (33.6) 52 (32.9) 0.880
Multiple 250 (67.0) 108 (67.1) 271 (66.4) 106 (67.1)
MVI (N, %)
Absence 223 (42.7) 72 (44.7) 0.654 173 (42.4) 71 (44.9) 0.585
Presence 299 (57.3) 89 (55.3) 235 (57.6) 87 (55.1)
Metastasis (N, %)
Absence 415 (79.5) 135 (83.9) 0.223 328 (80.4) 132 (83.5) 0.389
Presence 107 (20.5) 26 (16.1) 80 (19.6) 26 (16.5)
PLT (x1079/L) 221.5£139.3 210.0£120.5 0.177 212.5£135.0 209.5+121.0 0.352
(36.0, 763.0) (59.0, 926.0) (36.0, 763.0) (59.0, 926.0)
PT (s) 12.3+1.3 (94, 16.2) 12.3x1.3 (10.1, 16.3) 0.489 12.2£1.3 (9.4, 16.1) 12.3£1.3 (10.1, 16.3) 0.741
ALT (UL) 61.9+57.0 (16.2, 728.1) 66.8+64.2 (3.1, 414.6) 0.891 45.2+34.5 (7.7, 530.1) 47.3%36.9 (7.7, 316.1) 0.395
AST (U/L) 40.216.1 (23.6, 54.0) 39.8+6.5 (29.1, 52.9) 0.947 60.5+53.1 (16.2, 728.1) 67.1+66.8 (3.1, 414.6) 0.938
ALB (g/L) 15.4£8.6 (3.5, 145.2) 16.1£10.2 (4.5, 116.6) 0.394 40.3+6.2 (23.6, 54.0) 40.1+6.3 (29.1, 52.9) 0.930
TBil (umol/L) 221.5£139.3 (36.0,763.0) | 210.0+120.5 (59.0, 926.0) 0.177 15.3+8.5 (3.5, 92.6) 16.1£10.3 (4.5, 116.6) 0.302
AFP (ng/mL)
<20 91 (17.4) 39 (242) 0.055 84 (20.6) 36 (22.8) 0.566
220 431 (82.6) 122 (75.8) 324 (79.4) 122 (77.2)
(Continued)
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Table | (Continued).

Variables Before PSM After PSM

ETV Group (n=522) TDF Group (n=161) p Value ETV Group (n=408) TDF Group (n=158) | p Value
PIVKA-II (mAU/mL)
<40 13 (2.5) 10 (6.2) 0.022 13 (3.2) 9 (5.7) 0.166
240 509 (97.5) 151 (93.8) 395 (96.8) 149 (94.3)
LogioHBV DNA (IU/mL) 3.62+2.54 (0, 8.34) 3.86+2.58 (0, 7.76) 0.112 3.87£2.32 (0.8.34) 3.94£2.59 (0, 7.76) 0.509
Child—Pugh class (N, %)
A 501 (96.0) 146 (90.7) 0.009 389 (95.3) 146 (92.4) 0.168
B 21 (4.0 15 (9.3) 19 (4.7) 12 (7.6)
ALBI grade (N, %)
Grade | 293 (56.1) 87 (54.0) 0.732 229 (56.1) 87 (55.1) 0.897
Grade 2 228 (43.7) 74 (46.0) 178 (43.6) 71 (44.9)
Grade 3 1(0.2) 0 (0) 1(0.2) 0 (0)
Concomitant antitumor regimen (N, %)
No other regimen 199 (38.1) 44 (27.3) 0.039 153 (37.5) 44 (27.8) o.110
Systemic treatment 201 (38.5) 79 (49.1) 159 (39.0) 77 (48.7)
Conversion surgery 56 (10.7) 14 (8.7) 42 (10.3) 14 (8.9)
Systemic treatment + conversion surgery 66 (12.6) 24 (14.9) 54 (13.2) 23 (14.6)
Cycles of HAIC (N, %)
<4 280 (53.6) 95 (59.0) 0.232 220 (53.9) 93 (58.9) 0.289
24 242 (46.4) 66 (41.0) 188 (46.1) 65 (41.1)

Notes: Continuous variables are presented as the mean * standard deviation (SD) or median * interquartile range according to normal or nonnormal distribution.
Categorical variables are presented as frequencies and percentages.

than that in the TDF group (23.0 months, 95% CI: 10.3-35.6 months, p=0.0077, Figure 2). The 1-year and 2-year PFS
rates for the ETV group and the TDF group were 33.6% and 16.9% and 48.9% and 27.4%, respectively. The median PFS
was 8.4 (95% CI: 7.7-9.0) months and 10.8 (95% CI: 7.2-14.4) months in the ETV and TDF groups, respectively. The
PFS in the ETV group was also shorter than that in the TDF group (p=0.0097, Figure 3).

Univariable and multivariable analyses revealed that patients with MVI (HR=1.339, 95% CI: 1.075-1.667, p=0.009),
a higher level of serum AST (HR=1.002, 95% CI: 1.001-1.004, p=0.005), antitumor treatment with FOLFOX-HAIC
alone (HR=0.424, 95% CI: 0.370-0.486, p<0.001), and fewer cycles of FOLFOX-HAIC (HR=0.656, 95% CI: 0.532—
0.809, p<0.001) were significantly associated with unfavorable OS, while antitumor treatment with FOLFOX-HAIC
alone (HR=0.699, 95% CI: 0.628-0.778, p<0.001) and antiviral treatment with ETV (HR=0.785, 95% CI: 0.628-0.982,
p=0.034) were significantly associated with unfavorable PFS (Table 2).

After matching, the median OS in the ETV group was 15.2 (95% CI: 13.0-17.4) months, and that in the TDF group
was 23.0 (95% CI: 10.3-35.6) months. The median OS in the ETV group was shorter than that in the TDF group
(»p=0.024, Figure 2). The median PFS in the ETV group (8.7 months, 95% CI: 7.9-9.5 months) was also shorter than that
in the TDF group (11.8 months, 95% CI: 8.0—15.6 months, p=0.036, Figure 3). In the subgroup analysis by the number of
FOLFOX-HAIC cycles, for patients with > 4 FOLFOX-HAIC cycles, the median OS in the ETV group (16.6 months,
95% CI: 14.8-18.5 months) was shorter than that in the TDF group (27.3 months, 95% CI: 16.5-NA months, p=0.028,
Figure 2). Similarly, the median PFS in the ETV group (8.9 months, 95% CI: 8.0-9.8 months) was shorter than that in the
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matched cohort (F).
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Table 2 Univariate and Multivariate Analyses of Prognostic Factors for Overall Survival and Progression-Free Survival

Variables Overall Survival Progression-Free Survival
Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis
HR 95% CI p value HR 95% CI p value HR 95% ClI p value HR 95% ClI p value

Age (265/<65) 1.039 0.710-1.519 0.845 0.956 0.691-1.322 0.786

Sex (men/women) 1.302 0.933-1.819 0.121 1.257 0.940-1.682 0.123

Diabetes (presence/absence) 1.123 0.730-1.730 0.597 0.839 0.565-1.246 0.385

Hypertension (presence/absence) 0.854 0.580-1.256 0.422 0.801 0.575-1.117 0.191

Cirrhosis (presence/absence) 0.840 0.682-1.036 0.103 0.832 0.691-1.002 0.052

Tumor size (mm) 1.006 1.004-1.009 <0.001 1.002 0.999-1.005 0.151 1.004 1.002—1.006 0.001 1.001 0.999-1.004 0.312
Tumor number (multiple/single) 1.180 0.946-1.472 0.143 1.226 1.008-1.491 0.041 1.180 0.966—1.440 0.105
MVI (presence/absence) 1.350 1.090-1.672 0.006 1.339 1.075-1.667 0.009 1.171 0.973-1.409 0.095

Metastasis (presence/absence) 2.040 1.593-2.612 <0.001 1.159 0.894-1.502 0.264 1.726 1.381-2.158 <0.001 1.268 1.000-1.608 0.050
PLT (x1079/L) 1.000 0.999-1.001 0.620 1.001 1.000-1.001 0.137

PT (s) 1.214 1.105-1.334 <0.001 1.003 0.900-1.118 0.954 1.144 1.051-1.244 0.002 1.045 0.953-1.147 0.351
ALT (U/L) 1.003 1.002—-1.004 <0.001 0.998 0.996-1.001 0.179 1.001 0.999-1.002 0.538

AST (U/L) 0.949 0.929-0.969 <0.001 1.002 1.001-1.004 0.005 1.002 1.001-1.003 <0.001 1.001 1.000-1.002 0.137
ALB(g/L) 1.005 0.996-1.014 0.264 0.995 0.958-1.033 0.777 0.976 0.958-0.995 0.014 1.023 0.991-1.056 0.157
TBil (umol/L) 1.163 0.882-1.534 0.285 1.003 0.996-1.011 0.368

AFP (220 ng/mL/<20 ng/mL) 1.138 0.587-2.206 0.702 1.200 0.940-1.530 0.143

PIVKA-II (240mAU/mL/<40mAU/mL) 1.044 0.990-1.102 0.115 1.676 0.896-3.137 0.106

Log oHBV DNA (IU/mL) 0.803 0.461-1.397 0.437 1.038 0.991-1.087 0.117

Child—Pugh class (B/A) 1.801 1.469-2.208 <0.001 0.964 0.622—1.494 0.870

ALBI grade 0.406 0.357-0.462 <0.001 1.187 0.842-1.671 0.328 1.424 1.190-1.704 <0.001 1.303 0.973-1.745 0.075

(Continued)
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Table 2 (Continued).

Variables

Overall Survival

Progression-Free Survival

Univariate Analysis

Multivariate Analysis

Univariate Analysis

Multivariate Analysis

HR 95% CI p value HR 95% ClI p value HR 95% ClI p value HR 95% ClI p value
Concomitant antitumor regimen 0.796 0.648-0.977 0.029 0.424 0.370-0.486 <0.001 0.662 0.599-0.732 <0.001 0.699 0.628-0.778 <0.001
Cycles of HAIC (24/<4) 0.696 0.532-0.910 0.008 0.656 0.532-0.809 <0.001 0.888 0.741-1.065 0.201
Antiviral regimen (TDF/ETV) 1.039 0.710-1.519 0.845 0.768 0.585-1.009 0.058 0.747 0.598-0.933 0.010 0.785 0.628-0.982 0.034
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TDF group (12.7 months, 95% CI: 10.8—14.6 months, p=0.025, Figure 3). However, there was no significant difference in
OS and PFS between the two groups for patients with < 4 cycles of FOLFOX-HAIC (p=0.28 and p=0.41, respectively,
Figures 2 and 3).

HBV Reactivation and Liver Function

In the entire cohort, HBV reactivation presented in 66 (9.7%) patients, 56 (10.7%) patients in the ETV group and 10
(6.2%) patients in the TDF group. The rate in the ETV group was higher than that in the TDF group, although there was
no significant difference (p=0.090, Supplementary Table 2). For liver function, compared with the ALBI grade before
FOLFOX-HAIC, the rate of ALBI grade that remained stable or improved in the ETV group was lower than that in the
TDF group (43.3% vs 57.8%, p=0.001, Supplementary Table 2 and Supplementary Figure 1).

In the PSM cohort, the rates of HBV reactivation in the ETV group of all patients and patients with > 4 cycles
FOLFOX-HAIC were higher than those in the TDF group (12.3% vs 6.3%, p=0.040; 16.5% vs 6.2%, p=0.037,
respectively). In contrast, the rates of ALBI grade that remained stable or improved in the ETV group of all patients
and patients with > 4 cycles FOLFOX-HAIC were lower than those in the TDF group (44.6% vs 57.6%, p=0.006; 37.2%
vs 53.8%, p=0.019; respectively, Table 3 and Figure 4). However, there were no significant differences in the rates of
HBYV reactivation and ALBI grade change between the two groups of patients with < 4 cycles FOLFOX-HAIC (p=0.515,
p=0.131, respectively, Table 3 and Figure 4).

Discussion

In the present study, we analyzed 683 patients with a diagnosis of HBsAg-positive HCC treated with FOLFOX-HAIC
who received ETV (n=522) or TDF (n=161) antiviral treatment. We found that TDF treatment was associated with better
overall survival, better progression-free survival, a lower proportion of HBV reactivation and better preservation of liver

Table 3 HBV Reactivation During HAIC and the ALBI Grade Remained
Stable or Improved After HAIC in the Two Groups in the Matched Cohort

ETV Group | TDF Group | p Value

All patients (n=566) n=408 n=158

HBYV reactivation (N, %) Absence 358 (87.7) 148 (93.7) 0.040
Presence 50 (12.3) 10 (6.3)

ALBI stable/better (N, %) | Absence 226 (55.4) 67 (42.4) 0.006
Presence 182 (44.6) 91 (57.6)

HAIC cycles<4 (n=313) n=220 n=93

HBYV reactivation (N, %) Absence 201 (91.4) 87 (93.5) 0.515
Presence 19 (8.6) 6 (6.5)

ALBI stable/better (N, %) | Absence 108 (49.1) 37 (39.8) 0.131
Presence 112 (50.9) 56 (60.2)

HAIC cycles24 (n=253) n=188 n=65

HBV reactivation (N, %) Absence 157 (83.5) 61 (93.8) 0.037
Presence 31 (16.5) 4 (6.2)

ALBI stable/better (N, %) | Absence 118 (62.8) 30 (46.2) 0.019
Presence 70 (37.2) 35 (53.8)
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Figure 4 Sankey diagram of ALBI grade change after HAIC in the matched cohort of all patients (A), of patients with < 4 cycles of HAIC (B), and of patients with 2 4 cycles
of HAIC (C).

function in the matched cohort of HBsAg-positive HCC patients treated with FOLFOX-HAIC, especially those treated
with > 4 cycles FOLFOX-HAIC, compared to ETV therapy.

For advanced-stage HCC, great progression has been made in the treatment. There are various recent advances in the
treatment, such as TACE, HAIC, radiotherapy, immunotherapy, target therapy, and the combination of these treatments
like FOLFOX-HAIC combined with immunotherapy or targeted therapy, external radiotherapy combined with sorafenib,
PD-1 Inhibitors combined with antiangiogenic therapy and TACE.'*'427-28

There is a consensus that antiviral treatment following antitumor therapy is recommended for patients with HBV-
related HCC.?® Antiviral treatment can improve the prognosis of HBV-related HCC patients undergoing various
antitumor treatments. Huang et al® Huang et al* and Sohn et al®! all reported that the recurrence-free survival (RES)
and overall survival for patients with antiviral treatment were significantly better than those without antiviral treatment
after curative therapy, including operation or radiofrequency ablation (RFA). For patients with TACE or targeted therapy,
the OS in the antiviral group was better than that in the nonantiviral group as well.*”>*? As an alternative treatment for
advanced HCC, HAIC can directly and continuously deliver chemotherapeutic drugs into the tumor-feeding artery, which
can increase the local drug concentrations, enhance the antitumor effect and decrease the systemic toxicity.'®'* Similarly,
antiviral treatment could improve the OS in HBV-related HCC treated with FOLFOX-HAIC compared with nonantiviral
treatment.'®> Due to ETV and TDF’s similarly higher antiviral efficacy and higher barrier to resistance than other antiviral
drugs, they are equally chosen as first-line antiviral treatment for CHB in guidelines.'®!72%-33-4
HBYV reactivation is a common complication in patients who undergo antitumor treatment, which may lead to

antitumor treatment delays or discontinuation.*>>® Among CHB patients with solid tumors without receiving antiviral
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treatment, the risk of HBV reactivation due to antitumor therapy was 25%.% Antiviral treatment can significantly reduce
the occurrence of HBV reactivation after the treatment of the malignancy.® In the present study, the rate of HBV
reactivation in patients with HAIC was 9.7%. The potential mechanism of HBV reactivation due to HAIC is unclear.
Unlike systemic chemotherapy, which may directly cause immunosuppression, or surgery, which may induce metabolic
and endocrine responses and result in an immunosuppressive status, HAIC theoretically has little systemic effect on the
host immune system because of its high local drug concentration.”’ However, similar to TACE, HAIC may suppress the
host immune system through an arteriovenous shunt or peritumoral microcirculation, which results in HBV
reactivation.'>%? Several previous studies showed that patients in the TDF group had a higher virologic response
rate and shorter serum HBV DNA clearance time after surgery and RFA.'"2° In our study, we found that patients,
especially those treated with > 4 cycles of FOLFOX-HAIC, in the TDF group had a lower HBV reactivation rate than
those in the ETV group, which suggested that TDF might have a better antiviral effect.

HBYV reactivation is notably relevant to an increased risk of deterioration of liver function, the manifestations of
which range from an asymptomatic elevation in transaminase levels to severe hepatitis, liver failure or even liver-related
death.®*° Patients with advanced HCC need to be treated with HAIC multiple times. Wang et al*' reported that liver
function changes in patients were positively correlated with the number of FOLFOX-HAIC cycles. Moreover, our study
found that the cycles of FOLFOX-HAIC were an independent risk factor for OS for patients treated with HAIC, so it was
more important to protect liver function during HAIC. Antiviral treatment can inhibit HBV replication, improve liver
function, and contribute to patients more tolerant of treatments for HCC.? In previous studies, liver function in the TDF
group was better than that in the ETV group after surgery and RFA.'”?° In our study, we used ALBI grade, which is
known as a simple, effective method of assessing liver function and predicting the survival in HCC, to evaluate liver
function.”*** Similarly, in our study, the rates of ALBI grade that remained stable or improved in the TDF group of all
patients and patients with > 4 cycles of FOLFOX-HAIC were both higher than those in the ETV group. TDF could lead
to better liver function preservation. More biomarkers such as alkaline phosphatase (ALP) and AST-Lym-R (ALR) score
were also showed good performance in assessing liver function and prognosis of patients.***** Further research is needed
to perform.

For the long-term effect, whether ETV or TDF has a better prognosis remains controversial. Choi et al'® and Shen
et al*® reported that the TDF group had significantly better OS and RFS than the ETV group after surgery, while Hu

12 and Lee et al*! failed to find a difference between the two groups. In our study, the OS and PFS in the TDF group

eta
were better than those in the ETV group of patients treated with FOLFOX-HAIC, especially with > 4 cycles of
FOLFOX-HAIC. Considering that sustained HBV replication would impair tumor immune surveillance, exert adverse
effects on the liver microenvironment, and result in carcinogenesis in the liver, all of which may enhance tumor
progression, superior virologic outcomes would lead to better prognosis.*>”” Moreover, improvement in liver function
can enhance the tolerance of patients to receive further antitumor treatment.* The lower HBV reactivation rate and
better liver function preservation in the TDF group of patients with FOLFOX-HAIC, especially with > 4 cycles of
FOLFOX-HAIC, both contributed to the better prognosis.

Our study has some limitations. First, our study was a single-center retrospective study, which carries a risk of
selection bias even after PSM. A randomized controlled trial is needed to provide more convincing conclusions. Second,
our study included patients receiving targeted therapy or immunotherapy, which may result in HBV reactivation and liver
function deterioration and influence the prognosis. To minimize this limitation, PSM was performed. Last, because of the
late approval of TDF in China, the follow-up periods between the two groups were different. Further studies are needed.

Conclusion

In conclusion, TDF was associated with better overall survival, better progression-free survival, a lower proportion of
HBYV reactivation, and better preservation of liver function in advanced HBV-HCC patients treated with FOLFOX-HAIC,
especially with > 4 cycles FOLFOX-HAIC, compared to ETV.
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