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Background: At present, there is no standard for the posterior treatment of hepatocellular carcinoma
(HCC). This study isTo evaluate and compare the safety and efficacy of transcatheter arterial
chemoembolization (TACE) combined with regorafenib and anti-PD-1 antibody with continued TACE
combined with regorafenib in patients with HCC after the failure of second-line treatment with regorafenib.
Methods: We enrolled patients with advanced HCC who were treated with sorafenib and sequential
regorafenib. All patients were treated with TACE and found to have tumor progression in 2021. After
tumor progression, patients were treated with TACE combined with regorafenib and PD-1 antibody or with
continued TACE combined with regorafenib according to the wishes of the patient. Efficacy was evaluated
after 1 month of treatment. The objective response rate (ORR), disease-control rate (DCR), and safety were
evaluated according to adverse reactions of patients.

Results: Nine patients were treated with TACE combined with regorafenib and PD-1 antibody, and the
9 patients continued to receive TACE combined with regorafenib. There was no significant difference in
baseline data between the 2 groups. In the PD-1 group five patients achieved a partial response (PR), three
achieved stable disease (SD), and one patient had progressive disease (PD) after 1 month of treatment.
The ORR was 55.6% and the DCR was 88.9%. In the continued TACE-regorafenib group, four patients
achieved PR, one achieved SD, and four patients achieved PD after 1 month of treatment, while the ORR
was 44.4% and the DCR was 55.6%. There was a significant difference in the DCR between the two groups
(P=0.012), while adverse events were similar in both.

Conclusions: TACE combined with regorafenib and PD-1 antibody had a higher DCR and was more
effective than continued TACE combined with regorafenib in patients with HCC who failed second-line
treatment with regorafenib. However, PD-1 antibody therapy might increase the risk of death by causing an
uncontrollable immune response. Given the risk of an immune response, patients may choose to continue

TACE combined with regorafenib, given the similar ORR of the two treatments.
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Introduction

Hepatocellular carcinoma (HCC) is one of the deadliest
tumors in the world (1). Due to its biological characteristics,
HCC is often found in the advanced stage (2), and
treatment decisions are determined based on the stage
and underlying liver dysfunction. Surgery, ablation, or
transarterial chemoembolization (TACE) are usually the
treatment options for early to middle stage hepatocellular
carcinoma (3).

Multi-kinase inhibitors are the first-line treatment for
advanced HCC, and sorafenib was the first oral tyrosine
kinase inhibitor (TKI) to be globally recommended as
first-line therapy (4). Regorafenib, a multi-kinase inhibitor
targeting vascular endothelial growth factor receptors
(VEGFRs) 1-3, KIT, RET, RAF-1, BRAF, platelet-
derived growth factor receptor, fibroblast growth factor
receptor, and colony-stimulating factor 1 receptor (CSF1R),
demonstrated survival benefits in patients with HCC that
had progressed despite treatment with sorafenib as a first-
line therapy in the RESORCE trial (5). Real world data
confirmed sorafenib sequential to regorafenib was safe and
effective in the treatment of HCC (6,7). Current studies
also confirm TACE combined with sorafenib or regorafenib
improves the efficacy of therapy (8,9).

Immunotherapy with programmed cell death protein-1
(PD-1) antibody is a possible treatment for HCC despite
the risks of immunotherapy. Sintilimab combined with a
VEGTF inhibitor showed a significant overall survival (OS)
benefit versus sorafenib as a first-line treatment for Chinese
HCC patients (10). Regorafenib is a VEGFR inhibitor,
which could increase intratumoral CD8" T-cell infiltration
by normalizing the tumor vasculature and improving
the efficacy of the anti-PD-1 antibody. Therefore, the
combination of regorafenib and anti-PD-1 antibody could
improve the level of efficacy (11).

Despite the rapid development of HCC drugs, sorafenib
sequential regorafenib (combined with TACE) is still the
most common first-line or second-line regimen for the
treatment of advanced disease in China. However, there is
no relevant research evaluating what treatment is best once
second-line regorafenib fails to treat HCC. Therefore,
the purpose of our research is to evaluate and compare the
safety and efficacy of TACE combined with regorafenib and
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PD-1 antibody because of certain benefits of regorafenib
and PD-1 antibody with continued TACE combined
with regorafenib in patients with HCC after the failure of
second-line treatment with regorafenib. We present the
following article in accordance with the STROBE reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-626/rc).

Methods
Patient population

We enrolled patients with advanced HCC who were treated
with sorafenib and sequential regorafenib. All patients were
treated with TACE and found to have tumor progression
in 2021. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study was
approved by Bioethics Committee of Beijing Friendship
Hospital Affiliated to Capital Medical University (No.
2021-P2-219-01). During the admission period of surgery,
the registered patients provide written informed consent,
and their information is stored in the hospital database and
used for research. During data collection, patient records
were anonymous.

The diagnosis of HCC was based on the European
Association for the Study of Liver and American Association
for the study of Liver Disease guidelines (12). The inclusion
criteria were: (I) age more than 18 years; (II) HCC receiving
standard first-line sorafenib treatment and second-line
regorafenib treatment (combined with TACE); (IIT) BCLC
B or C; (IV) liver function A or B; (V) Eastern Cooperative
Oncology Group (ECOG) score 0-1; (VI) At least one
measurable lesion. The exclusion criteria were: (I) Distant
metastasis; (II) liver function C; (III) any contraindication
for therapy with TACE, regorafenib, or PD-1 antibody.

Treatment protocol

All patients were treated with TACE. All patients were
treated with C-TACE. The treatment times of TACE were
determined according to the changes of liver function and
tumor volume.

Sorafenib (Bayer HealthCare AG, 200 mg/pill) was
initially prescribed at 400-800 mg/day after one week after
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Figure 1 Treatment flow chart of all patients. TACE, transcatheter arterial chemoembolization. PR, partial response; PD, progressive

disease; SD, stable disease.

TACE, and with tumor progression, regorafenib replaced
sorafenib. Regorafenib was administered orally within one
week of TACE surgery at a dosage of 80-160 mg (Bayer
HealthCare AG, 40 mg/pill) according to the patient’s
tolerance, and during weeks 1-3 of each 4-week cycle.
After tumor progression, patients were treated with TACE
combined with regorafenib and PD-1 antibody (sintilimab),
or with continued TACE combined with regorafenib
according to the wishes of the patient. Sintilimab (Innovent
Biologics, Suzhou, China) was prescribed at a fixed dose
of 200 mg every 3 weeks, and adverse events (AEs) were
managed by reducing the pre-specified dose and delaying
the next cycle. Treatment was interrupted in patients
with hepatic decompensation with Child-Pugh C, clinical
progression to ECOG performance status >2, or intolerable
toxicity even after the dose adjustment of sorafenib,
regorafenib, or sintilimab.

Tumor response and toxicity assessment

The tumor response was assessed 1 month after the
last treatment (TACE combined with regorafenib and
sintilimab or continued TACE combined with regorafenib),
and evaluated by radiological examination according to
m-RESIST guidelines (13). The response was evaluated
according to enhanced CT or MR imaging. Complete
response (CR) was defined as the tumor completely lost its
activity, partial response (PR) was defined as the reduction
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of the total diameter of viable lesions by more than 30%,
progressive disease (PD) was defined as the increase of the
total diameter of viable lesions by more than 20%, and
stable disease (SD) was defined as any non-PR or non-
PD cases. Objective response rate (ORR) was defined
as the percentage of patients who reach CR or PR, and
disease control rate (DCR) was defined as the percentage of
patients who reach CR, PR or SD.

AEs were assessed according to the National Cancer
Institute Common Terminology Criteria for Adverse
Events, version 5.0.

Statistical analysis

Statistical analyses were performed using SPSS version 25.0
(IBM Corporation, Armonk, NY, USA). The #-test was used
to detect measurement data, the chi-square test was used
to test the comparison of count data between groups, and
Fisher’s exact probability method was used when necessary.
P<0.05 was considered statistically significant, and the
confidence interval was 95%.

Results

The treatment process of all patients is shown in Figure 1.
Cases 1 to 9 constituted one group who received TACE
combined with regorafenib and sintilimab, while cases 10 to
18 were in a second group who received TACE combined
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Table 1 Baseline characteristics

Table 2 Treatment responses

Overall (n=18)

Features TACE + regorafenib TACE + T<\(/)a(|;;
+ PD-1(n=9) regorafenib (n=9) -
Male 7 6 N
Age, years [range] 57 [48-72] 59 [560-78] N
Liver disease N
HBV 7 7
HCV 2 2
Child-pugh N
A 7 6
B 2 3
AFP level N
>400 ng/mL 5 4
<400 ng/mL 3 4
BCLC stage N
B 2 2
C 7 7
Duration of TACE + 11.8 8.7 N
sorafenib, months
Duration of TACE + 6.7 6.9 N
regorafenib, months
Sorafenib prevalent dose N
400 mg daily 8 7
800 mg daily 1 2
Regorafenib prevalent dose N
80 mg daily 7 8
120 mg daily 1 1
160 mg daily 1 0

TACE, transcatheter arterial chemoembolization; PD-1,
programmed cell death protein-1; HBV, hepatitis B; HCV, hepatitis
C; BCLC, Barcelona clinic liver cancer staging; AFP, alpha-
fetoprotein.

with regorafenib. A total of 18 patients with advanced HCC
showed tumor progression after treatment with sorafenib
and sequential regorafenib in 2021, of which nine were
treated with TACE combined with regorafenib and PD-1
antibody, and the other nine continued to receive TACE
combined with regorafenib. Baseline characteristics between
the two groups were not significantly different (7uble 1),
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Response TACE-regorafenib- TACE- . P value
PD-1 regorafenib (<0.05)

CR 0 0

PR 5 4

SD 3 1

PD 1 4

ORR, % 55.60 44.40

DCR, % 88.90 55.60 0.012

TACE, transcatheter arterial chemoembolization; PD-1,
programmed cell death protein-1; CR, complete response; PR,
partial response; SD, stable disease; PD, progression disease;
ORR, objective response rate; DCR, disease-control rate.

and there was no significant difference in various factors
between the two groups.

Treatment efficacy

Treatment efficacy is shown in Table 2. After treatment
with sorafenib and sequential regorafenib, 18 patients
showed tumor progression, of which nine were treated
with TACE combined with regorafenib and sintilimab, and
the other nine continued to receive TACE combined with
regorafenib. Five patients in the PD-1 group achieved a PR,
three achieved SD, and one patient had PD after 1 month of
treatment. The overall response rate (ORR) was 55.6% and
the disease-control rate (DCR) was 88.9% (Tuble 2). One
patient achieved a complete response (CR) after 6 months
of therapy and another achieved a PR approaching a CR
after 3 months of therapy in the PD-1 group (Figures 2,3).
In the continued TACE-regorafenib group, four patients
achieved PR, one achieved SD, and four patients achieved
PD after 1 month of treatment. The ORR was 44.4% and
the DCR was 55.6% (Table 2). No patients achieved CR
after therapy, and there was a significant difference in the

DCR between the two groups (P<0.05).

Safety

AEs were similar in both groups, with most patients having
hand-foot reactions (< grade 2). Three patients in the PD-1
group had hypertension (grade 2), one patient experienced
decreased weight (grade 2), and another had proteinuria
(grade 2). In the continued TACE-regorafenib group
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Figure 2 Patients achieving CR after TACE-regorafenib-PD-1. (A) Tumor progression; (B) tumor staining; (C) CR after treatment; (D) no
tumor staining. CR, complete response; TACE, transcatheter arterial chemoembolization; TACE, transcatheter arterial chemoembolization;
PD-1, programmed cell death protein-1.

Figure 3 Patients achieving PR (close to CR) after TACE-regorafenib-PD-1. (A,B) Tumor progression; (C,D) tumor decreased. PR, partial
response; CR, complete response; TACE, transcatheter arterial chemoembolization; TACE, transcatheter arterial chemoembolization; PD-
1, programmed cell death protein-1.
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Table 3 Adverse events

Events TACE-regorafenib-PD-1  TACE-regorafenib
Hand-foot reaction 9 9
Hypertension 3 3
Weight decreased 1 0
Proteinuria 0 1
Death 1 0

TACE, transcatheter arterial chemoembolization; PD-1,
programmed cell death protein-1.

Figure 4 A large tumor may cause immune hepatitis but tumor

necrosis is obvious.

three patients had hypertension (grade 2), one experienced
decreased weight (grade 1), and one patient had diarrhea
(grade 2) (Table 3). One patient in the PD-1 group died of
immune hepatitis after 3 months of therapy (Figure 4).

Discussion

Our results show TACE combined with regorafenib and
sintilimab confers a significant benefit when compared
with continued TACE combined with regorafenib after the
failure of second-line treatment with regorafenib. TACE
combined with regorafenib and sintilimab had a higher
DCR and was more effective than continued TACE plus
regorafenib in patients with advanced HCC. Previous
studies have confirmed regorafenib combined with PD-1
antibody is effective, with one showing a promising ORR of
28% in the first-line treatment of HCC (14). These results
indicate TACE + regorafenib + sintilimab has an advantage
over continued TACE combined with regorafenib alone.

© Journal of Gastrointestinal Oncology. All rights reserved.

Regorafenib is a VEGFR inhibitor which inhibits JAK1/2-
STAT1 and MAPK signaling, which could subsequently
increase PD-L1 expression in tumors and increase
intratumoral CD8" T-cell infiltration by normalizing the
tumor vasculature and improving the efficacy of the PD-1
antibody (11,15). This explains the significant difference
in DCR between the two groups in our study (88.9% us.
55.6%). However, we also found there was no significant
difference in ORR between the two groups (55.6% wvs.
44.4%), with four patients in the continued TACE combined
with regorafenib group receiving the efficacy of PR. In other
words, TACE combined with regorafenib was still effective
after the failure of second-line treatment with regorafenib.
This may be because the efficacy of TACE treatment differs
according to patients’ physical strength and liver function.
However, one patient achieved a CR and another achieved a
PR approaching a CR in follow-up treatment in the TACE +
regorafenib + sintilimab group, while the other group had no
such efficacy. Therefore, TACE combined with regorafenib
and sintilimab produced a benefit compared with continued
TACE combined with regorafenib.

The safety of regorafenib combined with sintilimab was
generally consistent with historical data (16). AEs were also
low and similar between the two groups in our study. This
may be because the doses of sorafenib and regorafenib used
in our study were relatively small. However, one patient in
the PD-1 group died of immune hepatitis after 3 months
of therapy. The patient exhibited a huge tumor burden
(Figure 4), and after TACE combined with regorafenib and
sintilimab, the immune hepatitis and rapid deterioration of
liver function led to their death.

In our study, the median duration of sorafenib sequential
regorafenib combined with TACE was 17 and 15 months,
respectively, in the two groups (Figure I). The median OS
of first-line sorafenib sequential second-line regorafenib
has been reported to reach 26 months (17). While the OS
of sorafenib sequential regorafenib combined TACE in
our study was not reached, the outcome of OS we foresee
may be higher. Our study also confirmed the efficacy of
the combination of PD-1 antibody therapy after the failure
of second-line treatment with regorafenib. Therefore,
for advanced HCC, we need to consider whether to use
standard sorafenib sequential regorafenib combined with
TACE treatment firstly, then use PD-1 antibody treatment.

Our research also has some shortcomings. Firstly,
this was a retrospective study and the sample sizes of the
experimental and control groups were small. Secondly,
this was a single center study, which reduces its statistical
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credibility, and finally, the study lacks the results of long-
term follow-up. We will continue to follow up and
accumulate cases.

Conclusions

TACE combined with regorafenib and PD-1 antibody had a
higher DCR and was more effective than continued TACE
combined with regorafenib in patients with HCC who
failed second-line treatment with regorafenib. However,
PD-1 antibody therapy may increase the risk of death by
causing an uncontrollable immune response. Given the risk
of an immune response, patients may choose to continue
TACE combined with regorafenib, given the similar ORR
of the two treatments.
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