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A B S T R A C T

Objective: To compare the efficacy of sorafenib plus hepatic arterial infusion chemotherapy (HAIC) with oxali-
platin to that of sorafenib alone in patients with advanced hepatocellular carcinoma (HCC).
Methods: This was a retrospective, single-center trial. Between April 3, 2017 and July 2, 2018, 104 patients with
Child-Pugh A and advanced HCC received either 400mg of sorafenib orally twice daily plus HAIC with oxaliplatin
(oxaliplatin 85mg/m2, every 3 weeks via repetitive catheterization) (n¼ 46, soraOXA group) or 400mg of only
sorafenib orally twice daily (n¼ 58, sorafenib group). Overall survival, progression-free survival, objective
response rate, and treatment-related adverse events were compared.
Results: The median overall survival was 9.37 months (95% CI, 7.05–11.68) in the soraOXA group versus 4.8
months (95% CI, 2.98–6.62) in the sorafenib group (HR 0.46 [95% CI, 0.29–0.72]; P< 0.001). The soraOXA
group also showed a higher objective response rate (16 [34.8%] vs 1 [1.7%]; P< 0.001) and a longer progression-
free survival rate (5.5 months [95% CI, 2.32–8.68] vs 2.4 months [95% CI, 1.65–3.15], HR 0.54 [95% CI,
0.36–0.81], P¼ 0.003) than the sorafenib group. There was no significant difference in the overall incidence of
any grade adverse events, grade 3/4 adverse events, serious adverse events, or incidence of treatment termination
due to adverse events between the two groups.
Conclusion: Compared with sorafenib alone, sorafenib plus HAIC with oxaliplatin showed favorable treatment
outcomes in patients with advanced HCC. The merits of this approach need to be established with a prospective
trial.
Introduction

Hepatocellular carcinoma (HCC) is the fourth leading cause of cancer
around the world.1 About 50% of patients are diagnosed with Barcelona
Clinic Liver Cancer (BCLC) stage C (advanced stage),2 with symptoms
and/or macrovascular invasion or extrahepatic spread.3 These patients
have an extremely poor prognosis, with a median survival of 4.2–7.9
months with supportive care.4,5 Sorafenib is the current standard treat-
ment for these patients.4,5 However, the outcome of these patients
treated with sorafenib remains poor, with a median survival time of
6.5–10.7 months.4,5

Cisplatin-based hepatic arterial infusion chemotherapy (HAIC) has
been widely used in patients with advanced HCC in Japan.6 This pro-
cedure offers a feasible approach to elicit a greater antitumor effect than
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systemic chemotherapy and can reduce toxicity against other systemic
organs, which significantly provides a better response rate (20.8–52%)7,8

than that of systemic chemotherapy (8%)9 and sorafenib monotherapy
(2–3.3%).4,5 However, the disease commonly begins to progress again
even after HAIC shrinks the tumor. Since sorafenib improved survival
rates through disease stabilization and has been shown to exert a syn-
ergistic anticancer effect with chemotherapeutic agents in preclinical
research studies,10–12 sorafenib combined with HAIC might benefit pa-
tients with advanced HCC more than either of the treatments alone. A
phase 2 trial in patients with advanced HCC showed better outcomes
with single-dose cisplatin arterial infusion chemotherapy plus sorafenib
than with sorafenib monotherapy,13 but a randomized phase 3 trial
showed that the combination of sorafenib and HAIC with cisplatin and
5-fluorouracil failed to demonstrate survival superiority over sorafenib.14
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In summary, sorafenib plus cisplatin-based HAIC does not provide sur-
vival benefits for advanced HCC compared to sorafenib alone.

Compared with cisplatin, oxaliplatin has distinct pharmacokinetic,
biochemical, cytotoxic, and immunological properties.15–17 Our previous
phase 2 trial demonstrated the efficacy and safety of combined treatment
with sorafenib and HAIC with FOLFOX (oxaliplatin 85mg/m2, leuco-
vorin 400mg/m2 5-fluorouracil 400mg/m2 on day 1, and 5-fluorouracil
2400mg/m2 for 46 hours) in patients with HCC and major portal vein
tumor thrombus (PVTT).18 However, some patients cannot tolerate
infusion chemotherapy in bed for 2 days, and administration of 5-fluoro-
uracil for a short time is useless as its action on tumor cells is time--
dependent,19 and so these patients received arterial infusion of
oxaliplatin (OXA) without leucovorin and 5-fluorouracil. In addition, one
phase I study showed that HAI-oxaliplatin is a feasible, well tolerated,
and demonstrated activity in patients with advanced HCC.20

Herein, we aimed to compare the efficacy of sorafenib plus HAIC with
oxaliplatin to that of sorafenib monotherapy in patients with advanced
HCC.

Methods

Study design and participants

Ethical approval was obtained from the Ethical Review Committee of
Sun Yat-sen University Cancer Center for this retrospective study, and
informed consent was obtained from all patients before conducting the
treatment. The study was conducted in accordance with the principles of
the Declaration of Helsinki. This study was conducted in 104 consecutive
patients with advanced HCC who were treated with sorafenib plus HAI-
OXA therapy (soraOXA group, n¼ 46) or sorafenib monotherapy (sor-
afenib group, n¼ 58) between April 3, 2017 and July 2, 2018. All
recruited patients with hepatitis B virus-related HCC received preemp-
tive antiviral therapy.

The inclusion criteria for this study were: 18 years or older, at least
one complete cycle (3 weeks) of sorafenib plus HAIC or sorafenib alone,
biopsy-confirmed HCC, BCLC stage C (advanced-stage), Child-Pugh A
class liver function, Eastern Cooperative Oncology Group performance
status (ECOG PS) of 0–1, no previous treatment for HCC, at least one
measurable lesion according to the Response Evaluation Criteria in Solid
Tumors (RECIST) version 1.1,21 and adequate organ function (white
blood cell count �3.0� 10⁹ per L, absolute neutrophil count� 1.5� 10⁹
per L, platelet count�75� 10⁹ per L, aspartate transaminase and alanine
transaminase levels of �5� upper limit of the normal, creatinine clear-
ance rate of �1.5� upper limit of the normal, and left ventricular ejec-
tion �45%). The exclusion criteria were: hepatic decompensation,
including esophageal or gastric variceal bleeding or hepatic encepha-
lopathy, central nervous system metastases, a known history of human
immunodeficiency virus (HIV) infection, pregnancy or breastfeeding, a
secondary malignancy, patients who received a treatment crossover, and
patients lost to follow-up.

Sorafenib cohort

All patients initially received the standard 400mg dose of sorafenib
twice daily. Treatment interruptions and dose reductions (to 400mg
once daily or to 400mg every other day) were permitted in cases of
adverse drug reactions.4 If further dose reductions were required, pa-
tients were withdrawn from the study.

Sorafenib plus HAIC cohort

Patients in the soraOXA group were treated with 400mg sorafenib
orally twice daily every day, and the HAIC regimen was administered
every 3 weeks. The start time of sorafenib and HAIC was within 1 week of
each other.

Sorafenib was administered as above. For the HAIC, a 3.5 French
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catheter was inserted into the celiac trunk or superior mesenteric artery
for arteriography, and both the gastroduodenal artery and the right
gastric artery were embolized with a metallic coil. Then, a 2.7 French
microcatheter was super selectively inserted and located in the feeding
hepatic artery. The following regimen was administered via the hepatic
artery: oxaliplatin 85mg/m2 for 2 hours. After HAIC was completed, the
catheter and sheath were removed. Repetitive catheterization was per-
formed in the next HAIC cycle.

HAIC was delayed until recovery if the neutrophil counts were less
than 1200 cells/μL; platelet counts, less than 60 000 platelets/μL; total
bilirubin levels, >30mmol/L; albumin levels <3.0mg/dL; or serum
creatinine levels up to 1.5 times the institutional upper limit of normal.
Dose reduction (to 65mg/m2) was allowed in cases of intolerable (grade
3 or 4) drug-related toxicities.

Follow-up and assessments

Sorafenib or sorafenib plus HAIC was continued as long as possible
until one of the following criteria for cessation of therapy were met:
death, adverse events that required termination of treatment, the need
for another anticancer treatment (such as surgery), no benefit from
treatment, or withdrawal of consent. When disease progression was
observed and doctors considered that patients can benefit from treat-
ment, sorafenib or sorafenib plus HAIC would be continued. Before
treatment discontinuation, patient visits were scheduled every 3 weeks to
monitor safety and clinical and biological parameters. Additionally,
computed tomography scans were performed every 6 weeks.

Overall survival was defined as the time from commencement of
treatment to death from any cause, and progression-free survival was
defined as the time from commencement of treatment to progression by
RECIST criteria or death from any cause. Objective response rate was the
proportion of patients with complete response or partial response ac-
cording to RECIST version 1.1, and adverse events were according to the
National Cancer Institute Common Terminology Criteria for adverse
events version 4.03.

Statistical analyses

Because this was a retrospective study, no sample size calculations
were performed. The results were compared using Student's t-tests or chi-
square tests. Survival outcomes were calculated with the Kaplan-Meier
method and compared by log-rank tests. Any factors that were statisti-
cally significant with a P value less than 0.10 in the univariate analysis
were candidates for entry into a multivariable Cox proportional hazards
model. All P values were two-sided, with P values less than 0.05
considered significant. The statistical package used to perform analyses
was SAS, version 9.0 (SAS Institute).

Results

Patient characteristics and treatment

Between April 3, 2017 and July 2, 2018, 135 consecutive patients
with advanced HCC were treated using either sorafenib plus HAI-OXA or
sorafenib, and 104 patients met the inclusion criteria in this analysis: 46
patients underwent sorafenib plus HAIC and 58 patients underwent
sorafenib (Fig. 1). The follow-up ended on April 1, 2019. The baseline
characteristics of all patients included in the analysis are described in
Table 1. There were no significant differences between groups. Of the
104 patients, 91 (87.5%) were infected with hepatitis B virus, 87 (83.7%)
had multiple lesions, and 90 (86.5%) had PVTT that extended into the
main portal vein (Vp4) or the first branch portal vein (Vp3).

After the termination of treatment, some patients received the
following other subsequent therapies: resection (1 patient), PD-1 inhib-
itor treatment (6 patients), lenvatinib (4 patients), and TACE (2 patients)
in the soraOXA group, and D-1 inhibitor treatment (8 patients),



Fig. 1. Patients selection flow. HCC, hepatocellular carcinoma. HAIC, hepatic arterial infusion chemotherapy. OXA, oxaliplatin. SoraOXA group¼ sorafenib plus
hepatic arterial infusion of oxaliplatin. Sorafenib group¼ Sorafenib monotherapy group.
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lenvatinib (5 patients), systemic chemotherapy (1 patient), and TACE (4
patients) in the sorafenib group.

Efficacy

Patients in the soraOXA group had a median overall survival of 9.37
months (95% confidence interval [CI], 7.05–11.68) compared with 4.8
months (95% CI, 2.98–6.62) in the sorafenib group (hazard ratio [HR]
0.46 [95% CI, 0.29–0.72]; P< 0.001; Fig. 2A). The results of the uni-
variable survival analysis are listed in Table 1, and treatment allocation,
ECOG score, PVTT degree, and the presence or absence of extrahepatic
sites were found to be statistically significant at P< 0.05 on univariate
analysis. In the multivariable analysis, independent risk factors of sur-
vival were treatment allocation (HR 0.38 [95% CI, 0.24–0.62],
P< 0.001), ECOG score (HR 0.45 [95% CI, 0.22–0.94], P¼ 0.033), and
portal vein invasion grade Vp0-2 vs Vp4 (HR 0.33 [95% CI, 0.16–0.67],
P¼ 0.002).

Patients in the soraOXA group had a significantly longer median
progression-free survival (5.5 months [95% CI, 2.32–8.68]) than those in
the sorafenib group (2.4 months [95% CI, 1.65–3.15]; HR 0.54 [95% CI,
0.36–0.81], P¼ 0.003; Fig. 2B). On the basis of RECIST, the overall
response was significantly higher in the soraOXA group (34.8%, 16 of 46
patients) than in the sorafenib group (1.7%, 1 of 58 patients; Table 2;
P< 0.001).

Safety

Treatment-related adverse events, which occurred in �10% of pa-
tients, are shown in Table 3. The overall incidence of treatment-related
adverse events was similar between the soraOXA group and the sor-
afenib group (any grade: 40 [86.96%] vs 49 [84.48%], P¼ 0.79; grade 3/
80
4: 20 [43.48%] vs 27 [46.55%], P¼ 0.84). Only “any grade sensory
neuropathy” was higher in the soraOXA group (P< 0.001). Serious
adverse events were reported in 5 (10.87%) of 46 patients in the soraOXA
group (2 gastrointestinal bleeding, 2 renal failures, and 1 ascite) and 8
(13.79%) of 58 patients in the sorafenib group (2 gastrointestinal
bleeding, 3 ascites, 1 hepatic encephalopathy, and 2 diarrhea) (P¼ 0.77).

Patients in the soraOXA group were treated with a total of 126 cycles
of HAIC, and the median number of HAIC treatments administered to
each patient was 3 (range, 1 to 6 cycles). In the soraOXA group, a dose
reduction of oxaliplatin was performed in 3 (4.3%) patients because of
grade 4 bone marrow suppression. There was no difference in the dose
reduction of sorafenib (17 of 46 patients vs 20 of 58 patients, P¼ 0.84)
and the interruption of sorafenib (13 of 46 patients vs 19 of 58 patients,
P¼ 0.67) due to adverse events between the two groups. Reasons for
treatment discontinuation are shown in Fig. 1, and there was no differ-
ence in the rates of permanent discontinuation due to adverse events
between the two groups (4 of 46 patients vs 4 of 58 patients, P¼ 0.73).

Discussion

This is the first retrospective study to compare the efficacy and safety
of OXA-based HAIC versus sorafenib in patients with advanced HCC.
Compared with patients who received sorafenib alone, patients who
received sorafenib plus HAIC with oxaliplatin had a significantly longer
overall survival (9.37 vs 4.8 months), a markedly longer median
progression-free survival (5.5 vs 2.4 months), and a significantly higher
radiologic response rate (34.8% vs 1.7% by RECIST criteria). In addition,
both sorafenib plus HAIC with oxaliplatin and sorafenib were well
tolerated and had manageable side effects.

The survival benefit demonstrated in this study may be partly due to
the synergistic antitumor effect of sorafenib and chemotherapeutic



Table 1
Patient baseline demographics and clinical characteristics.

Characteristics Baseline characteristics analysis Univariable analysis

SoraOXA
group
(n¼ 46)

Sorafenib
group
(n¼ 58)

P1
value

Median
survival
time,
months

P2
value

Age, years 0.55 0.38
� 50 27 30 4.8
> 50 19 28 7.33

Sex 0.5 0.51
Male 41 54 7
Female 5 4 6.57

ECOG 0.77 0.015
0 7 7 11.17
1 39 51 5.53

HBsAg 0.56 0.91
Negative 7 6 5.5
Positive 39 52 6.83

Tumor size (cm) 0.69 0.13
� 10 28 33 6.13
> 10 18 25 7.23

Tumor number 0.26 0.78
Single 9 18 7.13
Multiple 37 40 6.57

PVTT degree 0.76 0.007
Vp0-2 5 9 8.2
Vp3 23 29 7.13
Vp4 18 20 5.13

Extrahepatic
sites, n (%)

0.37 0.026

Absent 37 42 7.13
Present 9 16 4.5

AFP, ng/ml 0.4 0.57
� 400 13 22 7.13
> 400 33 36 6.17

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance
Status; HBsAg, surface antigen of the hepatitis B virus; AFP, alpha-fetoprotein;
PVTT, portal vein tumor thrombus; Vp4, main portal vein invasion; Vp3, first
branch portal vein invasion; Vp2, second branch portal vein invasion; Vp1, third
branch portal vein invasion.
SoraOXA group¼ sorafenib plus hepatic arterial infusion of oxaliplatin. Sor-
afenib group¼ Sorafenib monotherapy group.
P1 value was calculated by a two-sided Chi-square test.
P2 value was calculated with two-sided log-rank test.

Table 2
Best tumor responses by RECIST criteria.

SoraOXA group
(n¼ 46)

Sorafenib group
(n¼ 58)

P value

Complete response 0 0
Partial response 16 (34.8%) 1 (1.7%) <0.001
Stable disease 15 (32.6%) 29 (50%) 0.11
Progressive disease 14 (30.4%) 27 (46.6%) 0.11
Not evaluable* 1 (2.2%) 2 (3.4%) 1.00
Objective response 16 (34.8%) 1 (1.7%) <0.001
Disease control
rate

31 (67.4%) 30 (51.7%) 0.12

Abbreviations: RECIST, Response Evaluation Criteria in Solid Tumors.
SoraOXA group¼ sorafenib plus hepatic arterial infusion of oxaliplatin. Sor-
afenib group¼ Sorafenib monotherapy group.
*There were 3 patients who could not be evaluated for treatment response
because of death, poor performance status, or patients' refusal of computed to-
mography scanning.
Statistical significance was assessed with the chi-square test.

Y. Zhao et al. Journal of Interventional Medicine 2 (2019) 78–83
agents. Sorafenib has multiple targets, including Raf-1, Braf, VEGFR-1-3,
and PDGFR-β, and the inhibition of Raf-1 by sorafenib can induce
apoptosis and help overcome resistance to chemotherapeutic agents.10

Moreover, sorafenib may induce vessel normalization in HCC and in-
crease drug delivery.12 Besides, sorafenib has been shown to interact
Fig. 2. Kaplan-Meier curves for overall survival (A), and progression-free survi
Sorafenib group¼ Sorafenib monotherapy group.
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with platinum transporter proteins.22 Finally, compared with an
implanted port catheter system, repetitive catheterization and digital
subtraction angiography before starting each session of HAIC is more
reliable for concentrating the chemotherapy dose in the targeted area and
avoiding anticancer drug exposure in other organs.

In this trial, overall survival in the soraOXA group was lower than that
observed in our phase 2 trial with sorafenib plus FOLFOX-based HAIC
(overall survival: 9.37 months [95% CI, 7.05–11.68] vs 13.2 months
[95% CI, 5.4–21]),18 but the objective response rate was similar between
the two studies (34.8% vs 40% using RECIST criteria). The survival dif-
ference may be related to the lack of infusion of 5-fluorouracil in this
study, and experimental data showed synergistic activity of the
oxaliplatin/5-fluorouracil combination.23,24 The similar response might
be explained by the fact that oxaliplatin played a major role in tumor
reduction, and two randomized trials about colorectal cancer showed
that the objective response rate was more than two times higher in pa-
tients who received oxaliplatin plus 5-fluorouracil than in patients who
received 5-fluorouracil alone.25,26 Whether sorafenib plus HAIC with
FOLFOX is superior to sorafenib plus HAIC with oxaliplatin needs to be
assessed in further randomized prospective trials. In addition, the overall
survival among participants in the sorafenib group in this study appeared
to be less satisfactory than that in previous studies,4,5 because this trial
enrolled patients with more advanced tumors; 86.5% (90 of 104 patients)
had advanced PVTT (Vp3 or Vp4).

Moreover, the adverse events in the soraOXA group were slightly
lower than those observed in our phase 2 study,18 and all
sorafenib-related adverse events were consistent with those in previous
trials of sorafenib.4,5 Although patients treated with sorafenib plus HAIC
val (B). SoraOXA group¼ sorafenib plus hepatic arterial infusion of oxaliplatin.



Table 3
Treatment-related adverse events*.

Adverse event SoraOXA group (n¼ 46) Sorafenib group (n¼ 58) P value

Any grade Grades 3–4 Any grade Grades 3–4 Any grade Grades 3–4

Overall incidence 40 20 49 27 0.79 0.84
Blood/bone marrow suppression
Neutropenia 19 3 17 2 0.67 0.65
Thrombocytopenia 21 4 25 2 0.84 0.4
Anemia 22 1 21 1 0.32 0.75

Systemic toxicity
Hypertension 10 1 16 2 0.65 1.00
Edema 7 1 5 1 0.36 1.00
Fatigue 27 1 25 1 0.17 1.00
Weight loss 14 0 19 1 0.84 1.00
Sensory neuropathy 15 0 2 0 <0.001 –

Dermatologic events
Hand–foot skin reaction 18 4 24 7 0.84 0.75
Alopecia 6 0 10 0 0.6 –

Rash 7 0 11 1 0.8 1.00
Gastrointestinal events
Nausea 21 3 19 1 0.23 0.32
Vomiting 16 1 12 0 0.12 0.44
Diarrhea 12 3 17 6 0.83 0.73

Hepatic function
Elevated ALT 27 5 36 7 0.84 1.00
Elevated AST 30 5 33 8 0.43 0.77
Hyperbilirubinemia 21 1 31 1 0.55 1.00

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase.
SoraOXA group¼ sorafenib plus hepatic arterial infusion of oxaliplatin. Sorafenib group¼ sorafenib monotherapy group.
P value was calculated by a two-sided chi-square test.
*Listed are adverse events, as defined by the National Cancer Institute Common Terminology Criteria (version 4.03), that occurred in at least 10% of patients in either
study group.
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had significantly elevated frequencies of any grade sensory neuropathy
that is related to oxaliplatin, these adverse events were not unexpected
and were manageable by treatment interruption or dose modification. In
addition, there was no significant difference in the overall incidence of
any grade or grade 3/4 adverse events between groups.

The present study has some limitations. First, the study included only
a small number of patients and was retrospective in nature. A large-scale
prospective trial should be performed in the future to verify the efficacy
of sorafenib plus oxaliplatin in patients with advanced HCC. Second, this
study was performed in an endemic area. The predominant etiology of
HCC in China was hepatitis B virus. Therefore, whether the results could
be applied to western countries, where the etiology of hepatocellular
carcinoma is mainly hepatitis C virus, remains to be elucidated.

In summary, sorafenib plus HAIC with oxaliplatin showed a favorable
efficacy and safety in patients with advanced HCC, resulting in a signif-
icantly higher objective response rate, longer progression-free survival,
and longer overall survival than those with sorafenib alone. Further
prospective studies are needed to clarify the results.
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