Drug Design, Development and Therapy Dove

Efficacy and Prognostic Factors of Regorafenib in
the Treatment of BCLC Stage C Hepatocellular
Carcinoma After Failure of the First-Line Therapy

Beibei Xu', Dong Lu"?, Kaicai Liu(@?, Weifu Lv?, Jingkun Xiao?, Xingming Zhang?, Zhengfeng Zhang?,
Jie Chai?, Lijun Wang?

'School of Graduate, Bengbu Medical College, Bengbu, 233030, People’s Republic of China; 2Department of Interventional Radiology, The First
Affiliated Hospital of USTC, Division of Life Sciences and Medicine, University of Science and Technology of China, Hefei, 230001, People’s Republic of
China; 3Infection Hospital, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine, University of Science and Technology of
China, Hefei, 230000, People’s Republic of China

Correspondence: Dong Lu, Department of Interventional Radiology, The First Affiliated Hospital of USTC, Division of Life Sciences and Medicine,
University of Science and Technology of China, No. 17, Lujiang Road, Hefei, Anhui, 230001, People’s Republic of China, Tel +86 18056000897,
Email hyjh2004@ 126.com

Purpose: Regorafenib is a standard second-line treatment for hepatocellular carcinoma (HCC). This study aimed to evaluate the
efficacy and safety of regorafenib in the treatment of patients with Barcelona clinic liver cancer (BCLC) stage C HCC after failure of
the first-line therapy and to analyze factors affecting the efficacy of regorafenib as the second-line treatment.

Methods: A retrospective analysis was conducted on 103 BCLC stage C HCC patients who received regorafenib as the second-line
treatment. Among them, 51 patients received regorafenib plus transarterial chemoembolization (TACE) and 52 patients received
regorafenib alone. Progression-free survival (PFS), overall survival (OS), and adverse events were compared between the two groups,
and factors influencing the efficacy of regorafenib were analyzed.

Results: In patients with BCLC stage C HCC after failure of the first-line therapy, there was no statistically significant difference in
median PFS between regorafenib plus TACE group and regorafenib group (5.3 vs 4.0 months, P=0.432). The median OS was
significantly longer in the regorafenib plus TACE group than that in the regorafenib group (11.3 vs 8.2 months, P=0.034). Patients in
both groups experienced adverse events at rates of 78.43% and 75%, respectively. Rates of grade III-IV serious adverse events were
19.61% and 13.46%, respectively. Hand-foot skin reactions, fatigue, abdominal pain, and hypertension were common side effects of
regorafenib. The number of tumors was noted as an independent prognostic factor for PFS in the univariate and multivariate Cox
regression analyses, while Eastern Cooperative Oncology Group (ECOG) performance status (ECOG-PS) score, tumor size, the
number of tumors, and combined local therapy were independent prognostic factors for OS. Regorafenib combined with TACE
treatment improved OS for patients with ECOG-PS scores of 0—1, tumor size < 5 cm, and the number of tumors > 3 compared with
regorafenib alone.

Conclusion: Regorafenib exhibited to be a safe and effective sequential therapy for patients with BCLC stage C HCC after failure of
the first-line treatment, and its combination with TACE could achieve a higher efficacy. ECOG-PS score, tumor size, the number of
tumors, and combined local therapy were noted as prognostic factors affecting patients with BCLC stage C HCC who were treated
with regorafenib.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common cancer, the third leading cause of cancer-related deaths
worldwide, and the second leading cause of deaths in China.'” Due to the insidious onset and inconspicuous early
symptoms, the majority of patients are diagnosed at the intermediate-to-late stage. In addition, patients with early-stage
HCC have a high recurrence rate after surgical resection and are prone to metastasis.> However, the prognosis of patients
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with advanced liver cancer is poor, and it is particularly important to select the appropriate treatment to improve the
prognosis.

Transarterial chemoembolization (TACE) plays an important role in the clinical treatment of advanced HCC.** TACE
can block the blood supply arteries of tumor tissue, increase the concentration of local chemotherapeutic drugs, and
induce ischemic necrosis, thereby controlling the local growth of the tumor tissue. However, tumor necrosis and hypoxia
also promote intra-tumor angiogenesis, which may drive tumor growth, recurrence, and metastasis.® In recent years, the
emergence of anti-angiogenic drugs for HCC is advantageous for patients with inoperable HCC. Tyrosine kinase
inhibitors (TKIs), such as sorafenib, lenvatinib, and donafenib have improved the clinical efficacy of HCC and prolonged
the survival time of patients with advanced HCC.”™'® Meanwhile, TACE combined with these anti-angiogenic drugs can
reduce the expression level of vascular endothelial growth factor (VEGF), reduce the incidence of tumor recurrence and
metastasis, and improve the efficacy of TACE."!

Regorafenib is an oral multi-kinase inhibitor that blocks a variety of protein kinases related to tumor angiogenesis,
cell proliferation, tumor metastasis, and immunity.'? It has stronger anti-angiogenic and anti-tumor proliferative activities
than sorafenib, and it was approved as a standard second-line treatment for HCC.'* The majority of patients with HCC
are ultimately unable to respond to first-line treatment due to tumor progression or intolerable adverse reactions, thus,
safer and more effective second-line drugs are recommended to control disease progression. At present, it is suggested to
provide more data related to the modality and efficacy of subsequent treatment for patients who failed in the first-line
treatment. The present study aimed to evaluate the efficacy and safety of regorafenib in patients with Barcelona clinic
liver cancer (BCLC) stage C HCC after failure of the first-line treatment.

Materials and Methods

Patients

A retrospective analysis was conducted on patients with BCLC stage C HCC who received regorafenib as a second-line
therapy at the First Affiliated Hospital of the University of Science and Technology of China (Hefei, China) from
August 2019 to May 2022. Inclusion criteria were as follows: (1) patients who aged >18 years old and were diagnosed
with primary HCC according to the criteria of American Association for the Study of Liver Diseases;'* (2) patients who
received first-line targeted therapy >20 days, while experienced failure of the therapy due to disease progression or
intolerable side effects; (3) patients with BCLC stage C HCC; (4) patients with Child-Pugh class A or B; (5) Eastern
Cooperative Oncology Group (ECOG) performance status (PS) score of 0-2; (6) patients undergoing at least one cycle of
regorafenib therapy; and (7) patients with at least one measurable lesion according to the modified Response Evaluation
Criteria in Solid Tumors (mRECIST)."” Exclusion criteria were as follows: (1) incomplete clinical date; (2) complication
with other serious cardiovascular or hepatic or renal diseases; (3) patients with other concurrent malignancies; and (4)
patients receiving local treatment of the liver other than TACE after starting regorafenib therapy; (5) Patients who cannot
tolerate sorafenib treatment (serious adverse events > grade 3). Totally, 103 patients were enrolled, of whom 52 patients
were treated with regorafenib alone and 51 patients were treated with TACE plus regorafenib therapy (Figure 1).

Ethics Approval

The study protocol was approved by the Ethics Committee of the First Affiliated Hospital of the University of Science
and Technology of China (Approval No. 2022-RE-351). The study was conducted in accordance with the Declaration of
Helsinki. All treatments were initiated with patients’ consent. As this was a retrospective study, the research content was
scientific and the subjects’ risks and benefits were reasonable, the Ethics Committee of the First Affiliated Hospital of the
University of Science and Technology of China waived the requirement to obtain written informed consent from patients.
All patient information is confidential.

Treatment
All patients received regorafenib (Bayer AG, Leverkusen, Germany) during second-line treatment. Patients received
160 mg (4 tablets of 40 mg) regorafenib orally daily for the first three weeks of each 4-week cycle until tumor
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Figure | Flow diagram illustrating the treatment process.

progression, and patient death or serious adverse events (AEs) were recorded. The dose could be reduced (120 or 80 mg
daily) or interrupted according to the physicians’ prescription when the side effects were intolerable. All patients received
at least one course of regorafenib.

Patients in the regorafenib plus TACE group were treated with TACE as required within one week prior to or during
oral regorafenib after failure of the first-line therapy. TACE was performed using the modified Seldinger technique. First,
patients underwent abdominal and superior mesenteric arteriography to identify the location of the tumor and its feeding
arteries. A microcatheter (Progreat™, Terumo, Tokyo, Japan) was used to perform superselective cannulation of
segmental or subsegmental hepatic artery branches feeding the tumor, and then, iodinated oil emulsion loaded with
doxorubicin or platinum-based chemotherapeutic agents was injected. Depending on the abundance of tumor blood
supply, granular embolic agents, such as polyvinyl alcohol (PVA) or gelatin sponges were used to embolize the tumor
supply arteries if necessary. The frequency and interval of TACE were determined by the imaging tumor evaluation and
the patient’s liver functional status.

Data Collection

The primary endpoint was overall survival (OS), which was defined as the time from initiation of regorafenib treatment
to death from any cause or to the last follow-up visit. The secondary endpoint was progression-free survival (PFS), which
was defined as the time from initiation of regorafenib to the first progression or death from any cause before disease
progression. The severity of AEs was graded according to the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0.'° Factors potentially associated with survival time included treatment modality, ECOG-PS score,
alpha-fetoprotein (AFP) level, Child-Pugh class, albumin-bilirubin (ALBI) grade, tumor status, vascular invasion, and
extrahepatic metastasis. Fever, abdominal pain, nausea, and vomiting occurring within 2 weeks of TACE were considered
as post-embolization syndrome and were not recorded as regorafenib-related AEs. All data were obtained through
outpatient visits, medical record systems, and telephone follow-up. The follow-up deadline was September 30, 2022.

Statistical Analysis
SPSS 22.0 software (IBM, Armonk, NY, USA) was used to perform statistical analysis. The Shapiro-wilk test was used
to test the normality of the data distribution. Continuous variables conforming to normal distribution were expressed as
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mean + standard deviation (SD), abnormally distributed data were expressed as median (range), and categorical variables
were presented as frequency and proportion. Two groups of data were compared using the independent-samples #-test,
Mann-Whitney U-test, y* test or Fisher’s exact test. Kaplan-Meier curve was used for survival analysis, and Log rank test
was used for making comparison. To assess prognostic factors affecting PFS and OS, univariate and multivariate logistic
regression analyses were performed using Cox proportional-hazards models. All statistical tests were two-sided, and
P<0.05 was statistically significant.

Results

Patients’ Characteristics

A total of 103 patients with BCLC stage C HCC were enrolled in this study. Table 1 summarizes patients’ baseline data
before regorafenib treatment. There were no significant differences between the two groups in terms of age, gender,
ECOG-PS score, AFP level, Child-Pugh score, ALBI grade, vascular invasion, tumor size, number of tumors,

Table | Baseline Characteristics of Patients Treated with Regorafenib

Characteristic Total (n=103) | Regorafenib + TACE (n=51) | Regorafenib (n=52) P
Age (years), mean * SD 56.06£10.70 55.20£10.69 56.90+10.75 0.420
Gender, n (%) 0.969
Male 89 (86.41%) 44 (86.27%) 45 (86.54%)
Female 14 (13.59%) 7 (13.73%) 7 (13.46%)
ECOG performance status, n (%) 0.625
0-I 69 (66.99%) 33 (64.71%) 36 (69.23%)
2 34 (33.01%) 18 (35.29%) 16 (30.77%)
AFP (ng/mL), n (%) 0918
< 400 49 (47.57%) 24 (47.06%) 25 (48.08%)
> 400 54 (52.43%) 27 (52.94%) 27 (51.92%)
Child-Pugh class, n (%) 0.072
A 68 (66.02%) 38 (74.51%) 30 (57.69%)
B 35 (33.98%) 13 (25.49%) 22 (42.31%)
ALBI grade, n (%) 0.364
| 34 (33.01%) 19 (37.25%) 15 (28.85%)
2 69 (66.99%) 32 (62.75%) 37 (71.15%)
Classification of PVTT (Cheng’s system), n (%) 0.932
No 42 (40.78%) 21 (41.18%) 21 (40.38%)
Type -l 44 (42.72%) 21 (41.18%) 23 (44.23%)
Type llI-IV 17 (16.50%) 9 (17.64%) 8 (15.39%)
Intrahepatic tumor size (cm), n (%) 0.279
<5 43 (41.75%) 24 (47.06%) 19 (36.54%)
25 60 (58.25%) 27 (52.94%) 33 (63.46%)
Number of tumors, n (%) 0.940
<3 38 (36.89%) 19 (37.25%) 19 (36.54%)
=3 65 (63.11%) 32 (62.75%) 33 (63.46%)
Extrahepatic metastasis, n (%) 0.128
No 13 (12.62%) 9 (17.65%) 4 (7.69%)
Yes 90 (87.38%) 42 (82.35%) 48 (92.31%)
First-line targeted drugs, n (%) 0915
Sorafenib 68 (66.02%) 32 (62.75%) 36 (69.23%)
Lenvatinib 31 (30.10%) 17 (33.33%) 14 (26.93%)
Donafenib 2 (1.94%) I (1.96%) 1 (1.92%)
Atezolizumab+Bevacizumab 2 (1.94%) 1 (1.96%) 1 (1.92%)
(Continued)
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Table | (Continued).

Characteristic Total (n=103) | Regorafenib + TACE (n=51) | Regorafenib (n=52) P
First-line concurrent immunotherapy, n (%) 0.365
Yes 45 (43.69%) 20 (39.22%) 25 (48.08%)
No 58 (56.31%) 31 (60.78%) 27 (51.92%)
Reasons for stopping first-line treatment, n (%) 0.770
Progression 89 (86.41%) 43 (84.31%) 46 (88.46%)
Intolerance 11 (10.68%) 6 (11.77%) 5 (9.62%)
Unknown 3 (291%) 2 (3.92%) I (1.92%)
Prior local therapy, n (%)
Resection 46 (44.66%) 23 (45.10%) 23 (44.23%) 0.929
TACE 89 (86.41%) 48 (94.12%) 41 (78.85%) 0.024
Ablation 29 (28.15%) 13 (25.49%) 16 (30.77%) 0.551
Radiation therapy 14 (13.59%) 10 (19.61%) 4 (7.69%) 0.078
The number of prior TACE, median (range) 2 (0-12) 3 (0-10) 2 (0-12) 0.014
Duration of regorafenib treatment (months) 5.4 5.5 5.0 0.191

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; PVTT, portal vein tumor thrombosis (Cheng’s system);
ALBI score = (—0.085 x ALB[g/L]) + (0.66 x log|0 TBil[umol/L]), divided into three grades: < —2.60 = grade |, > —2.60 to < —1.39 = grade 2, and > —1.39 = grade 3.

extrahepatic metastasis, and first-line targeted immunotherapy (P > 0.05). In the regorafenib plus TACE group, 14
patients were combined with Camrelizumab, 2 with Tislelizumab, 2 with Toripalimab, and 2 with Pembrolizumab. In the
regorafenib group, 19 patients were combined with Camrelizumab, 2 with Tislelizumab, 3 with Toripalimab, and 1 with
Pembrolizumab. The number of patients receiving TACE in the regorafenib plus TACE group was slightly higher than
that in the regorafenib group (94.12% vs 78.85%, P=0.024), and the number of pre-second-line TACE treatments was
also different between the two groups (P=0.014). During second-line treatment, patients in the regorafenib plus TACE
group received 1-5 courses of TACE as needed, with an average of 1.63 times. Median treatment time was 5.5 months in
the regorafenib plus TACE group and 5.0 months in the regorafenib group, and there was no difference in the duration of
regorafenib treatment between the two groups (P=0.191).

Treatment Efficacy

The median second-line PFS was 4.3 months (95% confidence interval (CI): 3.5-5.1), and the median second-line OS
was 9.8 months (95% CI: 7.8—11.8) for all patients. The median second-line PFS was 5.3 months (95% CI: 4.4-6.2) in
the regorafenib plus TACE group and 4.0 months (95% CI: 3.8-4.2) in the regorafenib group (P=0.432, Figure 2A).
Second-line OS was 11.3 months (95% CI: 9.1-13.5) in the regorafenib plus TACE group and 8.2 months (95% CI: 6.3—
10.1) in the regorafenib group (P=0.034, Figure 2B).

Prognostic Factors Affecting PFS and OS

In univariate analysis, age and the number of tumors were influential factors for PFS. The multivariate Cox regression
analysis showed that the number of tumors was independently associated with PFS, as shown in Table 2. For OS, the
univariate analysis revealed that ECOG-PS score, Child-Pugh class, ALBI grade, portal vein tumor thrombosis (PVTT),
tumor size, number of tumors, and combined local therapy therapy might influence it, and the multivariate analysis
demonstrated that ECOG-PS score, tumor size, the number of tumors, and combined local therapy were independent
prognostic factors (Table 3).

Subgroup Analysis of OS

Based on the results of multivariate regression analysis of OS, subgroup analysis of OS was performed on the
physical status, tumor size, and number of tumors at the start of second-line treatment in both groups (Figures 3A—F).
The results showed that the efficacy of regorafenib combined with TACE was significantly better than that of
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Figure 2 Kaplan—Meier curve of (A) progression-free survival (PFS), and (B) overall survival (OS).
regorafenib alone in patients with ECOG-PS scores of 0—1, tumor size < 5 cm, and number of tumors > 3 (P < 0.05).

For patients with tumor size > 5 cm or number of tumors < 3, the median OS of regorafenib combined with TACE
was higher than that of regorafenib alone, while there was no statistically significant difference (P > 0.05). For

Table 2 Univariate and Multivariate Cox Regression Analyses of PFS

Variable Univariate Analysis Multivariate Analysis
HR 95% CI P-value HR 95% ClI P-value

Age (years)

<55 | [

255 0.593 0.377-0.934 0.024 0.650 0.412-1.025 0.064
Gender

Male |

Female 1.437 0.758-2.724 0.267
ECOG performance status

0-I |

2 0.931 0.579-1.497 0.769
AFP (ng/mL)

< 400 [

= 400 1.214 0.795-1.855 0.370
Child-Pugh class

A [

B 1.152 0.725-1.830 0.550
ALBI grade

| [

2 0.903 0.582-1.401 0.649
Classification of PVTT 0.154

No |

Type I 1.543 0.966-2.464 0.069

Type -V 1.535 0.817-2.884 0.183
Intrahepatic tumor size (cm)

<5 |

25 1.425 0.923-2.200 0.110

(Continued)
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Table 2 (Continued).

Variable

Univariate Analysis

Multivariate Analysis

HR 95% ClI

P-value

HR 95% ClI

P-value

Number of tumors
<3
23

Extrahepatic metastasis
No
Yes

Combined with TACE
Yes
No

2938 1.811-4.767

1.096 0.565-2.125

1.180 0.774-1.799

< 0.001

0.787

0.442

23819 1.736-4.579

< 0.001

Table 3 Univariate and Multivariate Cox Regression Analyses of OS

Variable

Univariate Analysis

Multivariate Analysis

HR 95% ClI

P-value

HR 95% ClI

P-value

Age (years)
<55
=55
Gender
Male
Female
ECOG performance status
01
2
AFP (ng/mL)
< 400
= 400
Child-Pugh class
A
B
ALBI grade
|
2
Classification of PVTT
No
Type |-l
Type -1V
Intrahepatic tumor size (cm),
<5
25
Number of tumors
<3
>3
Extrahepatic metastasis
No
Yes
Combined with TACE
Yes
No

0.663 0.394-1.113

1.129

0.535-2.384

2.132

1.276-3.562

1.553

0.945-2.552

2.107

1.267-3.503

2.660

1.443-4.905

1.904
3.372

1.075-3.372
1.693-6.716

1.920

1.132-3.256

3.154

1.741-5.713

1.354

0.582-3.152

1.699 1.032-2.797

0.120

0.750

0.004

0.082

0.004

0.002

0.002

0.027

0.001

0.015

< 0.001

0.482

0.037

1.795 1.043-3.092

1.436

0.766-2.690

1.761 0.847-3.659

0.901
1.592

0.464—1.753
0.721-3.516

1.905

1.046-3.468

3.022

1.631-5.597

1.897 1.099-3.274

0.035

0.259

0.129

0.303

0.760

0.250

0.035

< 0.001

0.022
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Figure 3 Subgroup analysis of OS in regorafenib plus TACE group and regorafenib group. (A) ECOG-PS score (0-1): 12.5 vs 9.2 months, P=0.040; (B) ECOG-PS score (2):
7.0 vs 7.0 months, P=0.601; (C) Tumor size <5 cm: 16.5 vs 8.5 months, P=0.045; (D) Tumor size 2 5 cm: 8.3 vs 6.9 months, P=0.341; (E) Number of tumors <3:26.6 vs 12.2
months, P=0.298; (F) Number of tumors = 3: 9.8 vs 6.3 months, P=0.010.

patients with ECOG-PS score of 2, the effects of regorafenib plus TACE therapy were comparable to regorafenib
alone (7 months).

AEs

The AEs associated with regorafenib treatment are shown in Table 4. In the regorafenib plus TACE group, 32 (62.75%)
patients developed post-embolization syndrome, which was basically relieved within 1-2 weeks after the procedure by
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Table 4 Comparison of Adverse Events Related to Regorafenib Between the Two Groups

Adverse Event n (%) Regorafenib+TACE Group (n=51) Regorafenib Group (n=52)
Any Grade Grade > 3 Any Grade Grade > 3
Total 40 (78.43%) 10 (19.61%) 39 (75.00%) 7 (13.46%)
Hand-foot skin reaction | 24 (47.05%) 7 (13.72%) 23 (44.23%) 4 (7.69%)
Fatigue 13 (25.49%) 0 7 (13.46%) 0
Abdominal pain 12 (23.52%) 1 (1.96%) 12 (23.08%) 1 (1.92%)
Hypertension 10 (19.60%) 1 (1.96%) 12 (23.08%) 1 (1.92%)
Diarrhea 8 (15.69%) 2 (3.92%) 9(17.31%) 1(1.92%)
Decreased appetite 8 (15.68%) 0 9 (17.31%) 0
Rash 6 (11.76%) 2 (3.92%) 4 (7.69%) 2 (3.85%)
Hypoalbuminaemia 5 (9.80%) 0 8 (15.38%) 0
Thrombocytopenia 3 (5.88%) 0 5 (9.62%) 1 (1.92%)

supportive nursing. During the observation period, AEs with varying degrees of severity were observed in 40 (78.43%)
and 39 (75%) patients in each of the two groups, with 10 (19.61%) and 7 (13.46%) patients who experienced grade > 3
serious AEs. Common AEs associated with regorafenib included hand-foot skin reactions, fatigue, abdominal pain, and
hypertension. A total of 7 patients were identified to permanently discontinue regorafenib due to serious AEs, including 3
patients in the regorafenib plus TACE group and 4 patients in the regorafenib group.

At the end of follow-up, 34 cases were still alive. Besides, 32 (31.07%) patients were identified who discontinued
regorafenib due to disease progression or AEs. In the regorafenib plus TACE group, 6 patients received lenvatinib, 4
received apatinib, 2 received donafenib, and 1 received bevacizumab in combination with immune checkpoint inhibitors
(ICIs). In the regorafenib group, 12 cases received lenvatinib, 2 received apatinib, 1 received donafenib, and 4 received
bevacizumab combined with ICIs.

Discussion

Advanced HCC patients with vascular invasion or extrahepatic metastases have a poor prognosis, and systemic therapies
were recommended by guidelines. Sorafenib, a small molecule-targeted drug, was approved for the treatment of
advanced liver cancer in 2007 and extended median survival to within 3 months (10.7 months vs 7.9 months), which
revolutionized treatment for advanced HCC.” In recent years, systemic therapies, including ICIs and TKIs have promoted
the treatment of HCC and made substantial progress.'” The newly reported combination of atezolizumab (anti-
programmed death-ligand 1 (PD-L1) antibody) and bevacizumab (anti-VEGF antibody) is the first regimen to improve
OS in patients with unresectable HCC, achieving a PFS of 6.8 months and a median OS of 19.2 months.'® This may
result in longer and more qualitative life in patients with advanced HCC.

Although there are several drugs and combination regimens for the systemic treatment of advanced HCC, studies are
mainly limited to first-line therapy and drug resistance in first-line treatment is not uncommon.'? Patients who progress
after first-line drug resistance and experience intolerable side effects need to change drugs or combine with other
treatments to control disease progression and prolong survival. To date, the options and efficacy of second-line treatment
for HCC have not been well studied, and it has still remained elusive whether combination of targeted drugs with local
therapy is more effective. Considering the late stage of patients at the time of second-line treatment, the present
retrospective study aimed to evaluate the efficacy and AEs of regorafenib in BCLC stage C HCC patients and to analyze
the prognostic factors affecting PFS and OS.

Regorafenib is an oral multi-targeted TKI with a structure similar to sorafenib. It not only targets VEGF receptor-1,
—2 and —3 (VEGFRI1-3), platelet-derived growth factor receptor-f3 (PDGFR-f), fibroblast growth factor receptor (FGFR),
tunica interna endothelial cell kinase 2 (TIE2), and the oncogenic kinases (KIT, RET, and B-RAF) to inhibit tumor
angiogenesis and cell proliferation, but also acts on the tumor microenvironment and immunosuppression by modulating
macrophages and CD8" T cells.'>?%?' The RESORCE trial reported that regorafenib increased median survival from 7.8
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to 10.6 months in patients who received sorafenib, significantly improving disease control rate and survival time in HCC
patients after failure of the first-line therapy.**

In the present study, the median OS of HCC patients treated with regorafenib after first-line failure was 8.2 months,
which was lower than 10.6 months in the RESORCE trial. This could be related to the fact that patients were all BCLC
stage C in the present study, the proportions of vascular invasion and extrahepatic metastases were significantly higher
than those in the RESORCE trial, and patients’ basal status was slightly worse. A longer OS was found in the regorafenib
plus TACE group than that in the regorafenib group (11.3 vs 8.2 months, P=0.034), indicating that the combination of
regorafenib and TACE could result in a longer survival after failure of the first-line therapy. Previous studies have shown
that local TACE can control the progression of intrahepatic lesions, and the combination of targeted agents has been
advocated in the treatment of intermediate stage HCC.?**** This is because TACE can enhance tumor angiogenesis, while
causing tumor necrosis and hypoxia, and the combination of these targeted drugs may inhibit the reconstruction of tumor
blood circulation. Although TACE was not recommended to the majority of patients with advanced HCC,** several
recent studies have shown that TACE combined with targeted therapy could improve the survival rate of patients with
advanced HCC.?>?’ This may be related to the fact that TACE enhances the toxic effects of TKIs on tumor cells.?®
Although local treatment of primary lesions is not the standard treatment for patients with metastatic cancer, the control
of intrahepatic lesions by TACE cannot be denied, and treatment of intrahepatic tumors may also appropriately improve
the prognosis of some patients.”” In addition, some studies have reported the efficacy of TACE in patients with PVTT,
and pulmonary and mediastinal metastases from HCC when the role of targeted therapy is limited.*>*' In the present
study, the majority of patients received TACE in the first-line treatment, while drug resistance or side effects led to
weakening of the synergy and failure of the first-line therapy. At this point, the administration of regorafenib could inhibit
the growth of tumor cells and blood vessels with a broader targeting effect. The median PFS and OS of patients in this
study were prolonged in the regorafenib plus TACE group compared with those in the regorafenib group, while there was
no statistically significant difference in PFS between the two groups, which could be related to differences in the time and
number of courses of TACE or patients’ selection.

The present study revealed that the independent influential factor of PFS was the number of tumors, while the
dependent influential factors of OS were ECOG-PS score, tumor size, number of tumors, and combined local treatment.
The size and number of tumors are important for staging and play a key role in prognosis. Previous studies have shown
that tumor size and the number of tumors are associated with long-term survival in patients with liver cancer.**** In
addition, the patient’s physical status may be correlated with drug tolerance, and patients with good basal status may
receive local treatment.

Subgroup analysis indicated that regorafenib combined with TACE treatment was more effective than regorafenib
alone in patients with good physical status, tumor size <5 cm, and number of tumors > 3. For patients with tumor size >
5 cm or number of tumors <3, combination therapy was also resulted in a longer OS, while there was no statistically
significant difference. Some studies have shown that smaller tumors can benefit more from TACE treatment and larger
tumors are associated with an increased risk of death in TACE.*® The larger tumors are associated with a higher difficulty
of completely inhibiting tumor growth, and patients may need to undergo multiple cycles of TACE. Repeated TACE can
impair patients’ liver function, which is very detrimental to the prognosis of patients with advanced liver cancer. The
mean number of TACE courses in the regorafenib plus TACE group was 1.63 in the present study. The combination of
regorafenib could reduce the frequency of TACE to protect patients’ liver function and improve patients’ quality of life in
patients with advanced HCC.

The greater the number of tumors, the worse the patient’s prognosis mainly is. The present study showed that
regorafenib combined with TACE was significantly more effective than regorafenib alone in treating patients with
multiple lesions, which was similar to the results that the combination of TACE and sorafenib might provide survival
benefits for patients with a large number of HCC nodules.** In patients with ECOG-PS score of 2, the effects of
regorafenib plus TACE therapy were found comparable to that of regorafenib alone, while for patients with good physical
status, combination therapy significantly prolonged patients’ survival. This may be because the efficacy and tolerability
of TACE are related to patients’ physical status, and patients in good physical condition are more likely to benefit from
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combination therapy. To some extent, this may indicate which patients would benefit from combination therapy, although
these results need to be validated.

Common AEs associated with regorafenib in this study included hand-foot skin reactions, fatigue, abdominal pain,
and hypertension, while they were mainly < grade 3, and no treatment-related deaths were recorded. No more serious
AEs were found in the regorafenib plus TACE group than in the regorafenib group, except for the common post-
embolization syndrome. Of course, the higher proportion and frequency of pre-TACE may have increased the toxic
effects in the regorafenib plus TACE group, resulting in a bias in the safety evaluation of the two groups.

There were some limitations in the present study. Firstly, this was a single-centre retrospective study lacking
randomized controls, and larger multi-centre prospective studies are required to validate the results in the future.
Secondly, TACE treatment may be influenced by multiple factors. It is more recommended for patients with a better
liver function, and there might be subjective biases in TACE technique and number of sessions. Third, the various
remedial treatments following discontinuation of regorafenib may confuse the interpretation of regorafenib’s efficacy,
safety and potential prognostic factors. Finally, the data related to AEs might be insufficient and would not reflect the
actual conditions.

Conclusion

Regorafenib is an alternative sequential therapy for BCLC stage C HCC patients after failure of the first-line therapy, and
it is expected to achieve a greater efficacy in combination with TACE. Further studies are needed to confirm the results of
the present study. The patient’s ECOG-PS score, tumor size, number of tumors, and combined local therapy are factors
influencing the prognosis of patients undergoing second-line therapy.
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