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ABSTRACT

Introduction The exact role of hepatic arterial infusion
chemotherapy (HAIC) in advanced hepatocellular
carcinoma (aHCC) is still unknown. The combination of
HAIC and sorafenib has been proven to be more effective
than sorafenib alone in the first-line treatment of aHCC.
The aim of the study is to evaluate the efficacy and safety
of HAIC plus regorafenib in the second-line treatment of
aHCC.

Methods and analysis This is a multicenter, open-label,
randomised controlled phase Il trial. A total of 294 patients
with aHCC, who are unable to tolerate the first-line
systemic therapy or progress after the first-line systemic
therapy, will be enrolled in the study. The patients will be
randomly (2:1) assigned into the combination treatment
group (HAIC plus regorafenib, n=196) and the control
group (regorafenib alone, n=98). HAIC and regorafenib
(160 mg/day) will be given in a 4-week cycle. The primary
endpoint is overall survival in the intention-to-treat
population. The second endpoints include progression-free
survival, overall response rate, time to progression, etc.
The radiological assessments will be based on the criteria
of Response Evaluation Criteria in Solid Tumors 1.1.
Ethics and dissemination This study is approved by the
ethics committee of Cancer Hospital, Chinese Academy of
Medical Sciences. All participants are required to provide
written informed consent. The results of this study will

be disseminated through peer-reviewed publications and
esteemed academic conferences.

Trial registration number Chinese Clinical Trial Registry
(ChiCTR2300073075).

INTRODUCTION

Hepatocellular carcinoma (HCC) is the most
common primary liver cancer.! * Advanced
HCC (aHCC) represents those with macrovas-
cular invasion, extrahepatic spread or cancer-
related symptoms. The median survival time
of aHCC is merely 6-8 months without any
treatment.’ Multiple first-line (ie, sorafenib,
lenvatinib, atezolizumab plus bevacizumab
and tremelimumab plus durvalumab) and

1,4

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is the first investigator-initiated, multicenter,
randomised controlled phase Il trial to investigate
the role of hepatic arterial infusion chemotherapy in
the second-line treatment of advanced hepatocellu-
lar carcinoma (HCC).

= The primary endpoint is overall survival, which will
be complemented by progression-free survival, ob-
jective response rate, time to progression, disease
control rate, surgical conversion rate and adverse
events.

= This study would allow us to clarify the exact role of
hepatic arterial infusion chemotherapy (HAIC) in pa-
tients with advanced HCC and find the subgroup of
patients who can benefit most from the combination
of HAIC and regorafenib.

= It could be a limitation that regorafenib, not the other
drugs developed in recent years for HCC, is chosen
to be the standard treatment in the control group.

second-line (ie, regorafenib, cabozantinib
and ramucirumab) treatments have been
successfully used to improve the prognosis of
aHCC.*® However, the median overall survival
of aHCC is still less than 2 yeaurs.3 Therefore,
novel treatments are warranted to further
improve the prognosis of aHCC.

Hepatic arterial infusion chemotherapy
(HAIC) wusing oxaliplatin, leucovorin and
fluorouracil showed better efficacy than
transarterial chemoembolization (TACE)
in patients with large HCC,® and HAIC
combined with sorafenib has shown better
survival outcomes than sorafenib for the first-
line treatment of aHCC.” However, with the
rapid development of novel systemic treat-
ments for aHCC, the exact role of HAIC
in advanced HCC is still unknown.*'’ To
the best of our knowledge, no published
phase I or phase II trials have yet evaluated
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Figure 1 Consolidated Standards of Reporting Trials
diagram. HAIC, hepatic arterial infusion chemotherapy.

the efficacy of HAIC in combination with regorafenib
for the treatment of advanced HCC. Nevertheless, this
combination therapy has garnered increasing attention
and application in patients with unresectable colorectal
liver metastases, where several retrospective studies have
demonstrated its effectiveness and tolerability.'' There-
fore, we hypothesise that HAIC might be able to improve
the efficacy of regorafenib in the second-line treatment of
aHCC. Thus, this study aims to compare the efficacy and
safety of HAIC plus regorafenib with regorafenib alone
for the second-line treatment of aHCC.

METHODS AND ANALYSIS

This investigator-initiated, —multicenter, open-label,
randomised controlled phase III trial has been approved
by the local ethics committee and registered in the Chinese
Clinical Trial Registry (identifier: ChiCTR2300073075).
A total of 294 patients recruited from three institu-
tions, including Cancer Hospital of Chinese Academy of
Medical Sciences, Shenzhen Cancer Hospital and Hebei
Cancer Hospital, will be randomly (2:1) assigned into the
combination treatment group (HAIC plus regorafenib,
n=196) and the control group (regorafenib alone, n=98)
(figure 1). The study will commence patient enrollment
from August 2023 and conclude this phase by January
2025, with the subsequent follow-up period extending
until July 2026. The study protocol is in accordance with
clinical practice guidelines, the Consolidated Standards
of Reporting Trials statement, the Standard Protocol
Items: Recommendations for Interventional Trials 2013
checklist and the Declaration of Helsinki. All patients will
provide written informed consent (online supplemental
file 1).

Inclusion and exclusion criteria

Patients who tolerate first-line systemic therapy or whose
tumour is found to progress after firstline systemic
therapy will be enrolled in the study.*® HCC diagnosis
will be determined by biopsy or imaging examinations,
according to the criteria of the European Association for
the Study of the Liver and the American Association for
the Study of Liver Diseases.” '* Advanced HCC is referred
to as being at the Barcelona Clinic Liver Cancer (BCLC)
stage C, according to the BCLC staging system.” Inclusion
and exclusion criteria are listed in table 1.

Interventions

Patients in the combination treatment group will receive
HAIC and regorafenib (160mg/day) in a 4-week cycle
(figure 2). And patients in the control group will receive
regorafenib (160 mg/day) for the first 3weeks in a 4-week
cycle.” Interruptions and dose reductions of regorafenib
are allowed to manage the related toxicity according to
the judgement of the physician. Generally, when grade 3
or higher regorafenib-related adverse events (AEs) occur,
regorafenib will be discontinued. If no recovery occurs
(ie, if the AEs are not reduced to grade 2 or lower) after
a 30-day delay, regorafenib will be discontinued perma-
nently. If the AEs are reduced to grade 2 or lower within
30 days, regorafenib treatment will continue at a reduced
dose level (ie, initially 120mg/day, then 80mg/day if
necessary), and the subject will be closely monitored
weekly for at least 4 weeks. For patients in the combina-
tion group, HAIC will be administered at the beginning
of the first week during the 4-week cycle. After deter-
mining and catheterising the intrahepatic tumour blood
supply, the microcatheter and sheath will be fixed, and
oxaliplatin (85 mg/ mQ), leucovorin (400 mg/ mg), fluoro-
uracil (400 mg/ m?) (bolus) and fluorouracil (2400 mg/
m?) (mFOLFOX6) will be sequentially infused through
the microcatheter in the next 48 hours.'* HAIC treatment
will be repeated every 4 weeks until (1) intolerable serious
adverse reactions occur (continued HAIC according to
the drug reduction plan if the adverse reactions decrease
to level one or two within 28 days and permanent discon-
tinuation of HAIC if it cannot be reduced to level one or
two after 28 days of discontinuation), (2) tumour progres-
sion, (3) death, (4) patient withdrawal of the informed
consent or (5) other situations that the physician deems
it necessary to stop HAIC. Concomitant best supportive
care is allowed during the trial. After eight treatment
cycles, patients are allowed to use any treatment that
the clinical practice guidelines allow. It is acceptable for
patients in the regorafenib alone group to use HAIC as a
treatment after tumour progression.

Outcomes

The primary endpoint is overall survival, which is defined
as the time between the date of randomisation and the
date of death (or the date of the last follow-up when
the patient is alive). The secondary endpoints include
overall progression-free survival, hepatic progression-free
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Table 1 Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

» Age>18 years old » Previously treated with HAIC or regorafenib

» Pathologically or radiologically confirmed advanced HCC » Participated, participating or is going to participate in other
according to EASL and AASLD guidelines therapeutic trials within 28 days before the treatment

» Previously received first-line systemic therapy for » Absence of hepatic lesions

advanced HCC

» ECOG-PS score: 0-1 » Have received or plan to undergo liver transplantation
» At least one measurable lesion by RECIST version 1.1 » Permanently stopped using sorafenib because of toxicity
» Child-Pugh A or Child-Pugh B without cirrhosis » Clinically significant cardiovascular diseases
» Adequate organ and haematologic function* » Active bleeding or there is a risk of bleeding
» Sign the written informed consent and be able to comply » Recent, persistent or active infection
with the treatment and follow-up procedures stipulated in \, gerious unhealed injury, abdominal wall fistula,
the research programme gastrointestinal fistula, gastrointestinal perforation, abdominal
abscess, unhealed gastrointestinal ulcer or gastrointestinal
obstruction within 6 months before the start of treatment
» Allergic to any research drugs or related excipients
» Other malignant tumours
» Women during pregnancy or breastfeeding
» Other diseases or states that could affect the results of the

study or increase the occurrence of treatment-related adverse
reactions based on the investigator’s consideration

*Adequate organ and haematologic function: white blood cell>3.0x10%L, neutrophils>1.5x10%L, platelets>75x10%L, haemoglobin>85

g/L; total serum bilirubin<30 mmol/L, serum albumin>2.8 g/dL, aspartate transferase<1.5xULN (upper limit of normal), alanine
transferase<1.5xULN, international normalised ratio<1.5 or activated partial thromboplastin time<1.5xULN, serum creatinine<1.5xULN and
left ventricular ejection fraction>45%.

AASLD, American Association for the Study of Liver Diseases; EASL, European Association for the Study of the Liver; ECOG-PS, Eastern
Cooperative Oncology Group-performance status; HAIC, hepatic arterial infusion chemotherapy; HCC, hepatocellular carcinoma; RECIST,
Response Evaluation Criteria in Solid Tumors.

survival, objective response rate, time to progression, carcinoma (QLQ-HCCI18) and cancer (QLQ-C30)
disease control rate, surgical conversion rate and AFEs.’ released by the European Organisation for Research and
The radiological assessment will be independently  Treatment of Cancer.

centralised and reviewed by investigators using Response

Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria, Data collection and follow-up

and the outcomes derived from mRECIST criteria will ~ Age, gender, underlying liver disease aetiology, contrast-
also be recorded. AEs after entry into the study will be ~ enhanced CT/MRI scans, tumour marker testing, blood
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recorded in line with the Common Terminology Criteria  routine analysis, coagulation function assessment, liver
for Adverse Events V.5.0. Quality of life will be recorded  function tests, Eastern Cooperative Oncology Group
using the quality-of-life questionnaires for hepatocellular (ECOG) performance status and an assessment of quality
Treatment Cycle 1 Treatment Cycle 2
Regorafenib :— —————— Regorafenib } ________
160mg/day | 160mg/day |

Vil | Vea | Ve | Vet | VeS| Wk |V |_Vieki | 2

Tumor assessments every 6 weeks for 8 cycles, then every 12 weeks

Repeat the treatment cycle every 4 weeks until progression, unacceptable toxicity orreaching 8 cycles —I

Figure 2 Timeline of the treatments. Patients in the combination treatment group will receive both HAIC and regorafenib
treatment. And the patients in the control group will receive regorafenib alone. HAIC, hepatic arterial infusion chemotherapy.
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of life will be collected at patient enrollment. Follow-up
visits for tumour assessment, including contrast-enhanced
CT/MRI, tumour marker testing, blood routine, coagu-
lation function, liver function tests and AE monitoring,
are scheduled every 6weeks for the first eight treatment
cycles and every 12 weeks thereafter, until death or
the end of the study. Double data entry will be used to
enhance the data quality. To promote participant reten-
tion and complete follow-up, e-mails or mobile messaging
will be sent to the participants, reminding them of the
upcoming data collection. Files of the participants will
be stored in numerical order and stored in a secure
place. The files will be stored for 3 years after the end
of the study. All electronic databases will be secured with
password-protected systems.

Randomisation

The patients will be randomly assigned (2:1) to receive
regorafenib with or without HAIC by the method of strat-
ified blocked randomisation.'” The stratification factors
include the ECOG performance status (0 vs 1), macro-
vascular invasion or extrahepatic disease (yes vs no) and
prior systemic treatment (lenvatinib vs atezolizumab plus
bevacizumab vs others).” The length of the blocks is also
randomly determined by a computer and concealed to all
investigators. The statistician will not be involved in the
enrollment.

Blinding

Due to the nature of the intervention, both the partici-
pants and the investigators will be aware of the treatment
assignments after the randomisation. The data collec-
tors, statisticians and the independent radiologists who
conduct the imaging review will be blinded to the allo-
cation. An employee outside the team will input related
data into the computer so that the investigators can
analyse these data without having access to the informa-
tion of allocation.

Statistical analyses

The primary and secondary endpoints between the two
groups will be compared by intention to treat. Continuous
variables will be compared by Student’s t-test or Mann-
Whitney U test as appropriate. %° or Fisher’s exact test will
be used for categorical variables. The analyses of safety
will be based on the patients receiving at least one full
cycle of the assigned treatment. Subgroup analyses will
be conducted according to age, sex, ECOG performance
score, prior systemic treatment, macrovascular invasion,
extrahepatic disease, alpha fetoprotein level, hepatitis
B infection and hospitals. Kaplan-Meier survival anal-
ysis followed by multivariable Cox proportional hazards
model will be used to compare the timed endpoints such
as overall survival. Comparisons between the per-protocol
groups will also be conducted to validate the results
derived from the intention-to-treat groups. A two-sided p
value<0.05will be considered statistically significant. No
interim analysis is planned.

Sample size

The median overall survival time of patients treated with
regorafenib alone is estimated to be 10 months, according
to previous studies." '% A 50% increase in median overall
survival time (ie, 15 months) in patients treated with
HAIC plus regorafenib is expected, with a HR of 0.67.
To detect the difference with 80% power and a two-sided
o of 0.05, a total of 294 patients are needed, with an
enrollment period of 18 months, a total study period of
36 months and a drop-out rate of 10%. Patients will be
recruited at the study enters through two methods: (1)
local advertising and (2) identification in the outpatient
clinic.

Data monitoring and quality assurance

Monitoring visits will be scheduled every month to
confirm the integrity and accuracy of the data in the elec-
tronic system by comparing it with the data in the original
documents.

Reporting of the trial results

The results will be released to participants, investigators
and the medical community. Abstract or article derived
from the data of the current study must be reviewed and
approved by the investigators about its appropriateness
before submission.

Patient and public involvement statement

Before submitting the study protocol to the local ethic
committee, investigators collaborated with three patient
representatives with aHCC to comprehensively assess and
improve the protocol. Their feedback was meticulously
incorporated into the present trial design by making
necessary clarifications and corrections.

DISCUSSION
According to the Barcelona Clinic Liver Cancer staging
system and recent guidelines, second-line treatments of
aHCC include regorafenib, cabozantinib, lenvatinib,
sorafenib, pembrolizumab, ramucirumab, etc.>® Lenva-
tinib and sorafenib are still widely used in patients seeking
first-line treatment of aHCC due to their convenience
and low price, especially in China.'” ™ And as of July 2023,
cabozantinib, pembrolizumab and ramucirumab have
not been listed in the national health insurance drug
catalogue of China. Therefore, regorafenib is chosen as
the standard treatment in this investigator-initiated study.
FOLFOX-HAIC has been proven to be more effec-
tive than TACE in patients with large HCC, and HAIC
combined with sorafenib has shown better survival
outcomes than sorafenib alone for the first-line treat-
ment of aHCC.®” In addition, HAIC is relatively more
cost-effective than Yttrium-90 hepatic radioembolisation
for patients with aHCC in China. In addition, HAIC
plus regorafenib has been proven to be safe in advanced
colorectal cancer in a real-world retrospective study, in
which grade 3 or 4 AEs were observed in seven (18.4%)
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patients and two patients discontinued the combination
treatment because of AEs."" To further reduce the AEs
of the combination therapy, the interval for conducting
HAIC is extended from 3weeks to 4weeks. An extra
advantage of this extension is that the treatment cycle
of HAIC can be coordinated with the treatment cycle of
regorafenib, which is more convenient for the physicians
to monitor adverse reactions and for patients to follow
the treatment plan. Thus, we regard that the combination
of HAIC and regorafenib in a 4-week cycle might be the
optimal second-line treatment for aHCC.

In conclusion, this randomised controlled trial would
allow us to clarify the exact role of HAIC in patients with
aHCC and find the subgroup of patients who can benefit
most from the combination of HAIC and regorafenib.

Ethics and dissemination

This study is approved by the ethics committee of Cancer
Hospital, Chinese Academy of Medical Sciences, and
registered in the Chinese Clinical Trial Registry (identi-
fier: ChiCTR2300073075). All participants are required
to provide written informed consent. The results of this
study will be disseminated through peer-reviewed publi-
cations and esteemed academic conferences.
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