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Purpose: Camrelizumab and rivoceranib together provide a new first-line treatment approach for unresectable hepatocellular
carcinoma (HCC). Meanwhile, transarterial chemoembolization (TACE) is an effective method for the local control of the HCC.
The study compared the clinical benefit and safety between TACE with camrelizumab-rivoceranib and camrelizumab-rivoceranib
alone for Barcelona Clinic Liver Cancer (BCLC)-C HCC patients.

Patients and Methods: This multi-center retrospective analysis included continuous BCLC-C HCC patients who received camre-
lizumab-rivoceranib with TACE and camrelizumab-rivoceranib alone from January 2020 to December 2022. The therapeutic response,
progression-free survival (PFS), safety, and overall survival (OS) were compared. The quantitative data were compared via the #-test or
Mann—Whitney U-test. Comparison of the categorical data was done by chi-square or Fisher’s exact tests. The comparison of PFS with
OS was compared by Log rank test. A Multivariate Cox regression test was utilized to identify risk variables for both PFS and OS.
Results: This analysis comprised 132 BCLC-C HCC patients who received camrelizumab-rivoceranib alone (n = 74) or combined
treatment (n = 58). The combined group displayed higher partial response (44.8% vs 21.6%, p = 0.004) and total response (55.2%
versus 36.5%, p = 0.032) rates than camrelizumab-rivoceranib alone group. The median PFS (13.5 months vs 10.3 months, p = 0.046)
and OS (22.8 months vs 18.4 months, p = 0.041) for the combined group was significantly longer relative to the camrelizumab-
rivoceranib alone group. Additional risk factors, excluding the therapy option, were a higher alpha-fetoprotein level and Eastern
Cooperative Oncology Group performance status. The incident rates of camrelizumab-rivoceranib-related advents were comparable
between combined and camrelizumab-rivoceranib alone groups (46.3% vs 51.4%, p = 0.572). The combined group contained 33
patients (56.9%) who experienced temporary post-embolization symptoms.

Conclusion: For BCLC-C HCC patients, TACE may significantly increase the therapeutic effectiveness of camrelizumab-rivoceranib
without increasing the risk of camrelizumab-rivoceranib-related complications.
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Introduction

Hepatocellular carcinoma (HCC) is both highly prevalent and the primary cause of cancer-linked mortality.' > Surgical
resection is the optimal therapeutic strategy against HCC, but only approximately 20% of HCC patients can be treated
with surgical resection.*” Transarterial chemoembolization (TACE) is a successful choice of treatment for those

individuals who are unable to get surgical resection.®® However, TACE is mainly suitable for the Barcelona Clinic
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Liver Cancer (BCLC)-B patients.® At the time of diagnosis, 50 to 70% of patients exhibit BCLC-C HCC and are
ineligible for ablation, TACE, transplantation, or curative resection.”!°

For individuals with BCLC-C HCC, systematic therapy is regarded as the initial course of treatment.'” Recently,
combined systemic treatment based on tyrosine kinase inhibitors plus immune checkpoint inhibitors has become the most
commonly used systematic treatment for HCC."' Recent studies support the enhanced antitumor efficacy of combined
therapies having shown both immunomodulatory effects of tyrosine kinase inhibitor agents on tumor microenvironment
and a pro-angiogenic action of some pro-tumor immune cells." Camrelizumab, a humanized monoclonal antibody of the
programmed death (PD)-1, is used as an immune therapy against HCC and has demonstrated a favorable anti-tumor
effect and tolerance in HCC.'? According to a study, patients with HCC showed better survival when they used the highly
specific small-molecule tyrosine kinase inhibitor rivoceranib for vascular endothelial growth factor receptor-2."?
Camrelizumab with rivoceranib may be utilized as a novel first-line therapeutic alternative for unresectable HCC
individuals, according to the CARSE-310 clinical study."

Many research studies considered that combined TACE and systematic treatment could exhibit a significantly better
prognosis than systematic treatment alone when treating HCC.'®'* Jin et al'' have found that combined TACE and
immune checkpoint inhibitors plus anti-vascular endothelial growth factor antibody/tyrosine kinase inhibitors exhibited
significantly longer overall survival (OS, 22.6 months vs 15.9 months, p < 0.0001), progression-free survival (PFS, 9.9
months vs 7.4 months, p < 0.0001), and higher objective response rate (47.3% vs 27.9%, p < 0.0001) than immune
checkpoint inhibitors plus anti-vascular endothelial growth factor antibody/tyrosine kinase inhibitors alone group. TACE
can significantly decrease tumor burden, and when the tumor burden is comparatively low, the efficacy of systematic
therapy gets enhanced.'® Whether TACE and camrelizumab-rivoceranib can produce synergistic benefits is still unclear.
Furthermore, some researchers considered the systemic treatments are indicated only for HCC patients with Child-Pugh
class A patients."'* However, some researchers also included the Child-Pugh class B patients for the systemic
treatments.!' Therefore, whether the camrelizumab-rivoceranib can be used for both patients with Child-Pugh class
A and B is still unclear.

The current study elucidated the clinical benefit and safety in BCLC-C HCC patients associated with the combined
use of TACE with camrelizumab-rivoceranib.

Materials and Methods

Study Design

This retrospective, multi-center study conformed to the ethical guidelines of the Declaration of Helsinki and was
approved by The First Affiliated Hospital of Soochow University and Northern Jiangsu People’s Hospital’s Ethics
Committee. Patient consent to review their medical records was not required by the Ethics Committee because this is
a respective study. However, the personal information of patients was strictly protected. From January 2020 to
December 2022, consecutive BCLC-C HCC patients received camrelizumab-rivoceranib with or without TACE in our
hospitals. The patients were divided into combined group (TACE with camrelizumab-rivoceranib) and camrelizumab-
rivoceranib alone group according to their treatment methods. The patients’ baseline data, treatment response rates,
survival, and adverse event rates of the 2 groups were collected and compared.

The inclusion conditions were: (a) BCLC-C HCC patients; (b) patients exhibiting Child-Pugh grade A-B; and (c)
patients showing Eastern Cooperative Oncology Group (ECOG) performance status (PS) 0—1. The conditions for
exclusion were: (a) individuals under the age of 18; (b) patients with concurrent malignant tumors; and (c) patients
who underwent previous HCC treatments (molecular and immunological treatments, TACE, ablation, or surgery). The
criteria used by the American Association for the Study of Liver Diseases formed the foundation for the HCC
diagnosis.'> The variables included in the present research were ECOG PS, hepatitis types, gender, blood test, age,
liver function test, magnetic resonance imaging (MRI) and/or computed tomography (CT) findings, and alpha-fetoprotein
(AFP) test.
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Camrelizumab-Rivoceranib Alone Group

Camrelizumab-rivoceranib was administered exclusively to patients in that group. Patients were orally administered
rivoceranib 250 mg once daily. Moreover, every two weeks, 200 mg of camrelizumab was given intravenously.
Treatment cycles lasted 28 days or until the toxicity became intolerable or the condition of the patient became

WOrse.

Combined Group
Under fluoroscopic guidance, conventional TACE was performed on all patients, comprising 150 mg of 5-fluorouracil,
10 mg of mitomycin, 50 mg of epirubicin, and 10-20 mL of lipiodol. When enhancement was identified in treated tumors
or when the suspicion of new intrahepatic lesions was presented on the contrast-enhanced CT/MRI scan during follow-
up, a subsequent TACE procedure was performed. When target lesions continued to progress after three TACE sessions
or when liver function deteriorated to Child-Pugh C or ECOG PS > 2, TACE was discontinued.

The time frame criterion regarding the combined therapy was established as the simultaneous treatment of TACE with
or up to 60 days before camrelizumab. Moreover, the rivoceranib administration was performed concurrently with TACE

or camrelizumab.

Assessments

Tumor response on all follow-up cross-sectional CT/MRI scans was determined based on modified Response Evaluation
Criteria in Solid Tumors (mRECIST) criteria. The details of mRECIST are shown in the supplementary Table 1. Treatment
response was assessed by 2 independent radiologists with at least 10 years of experience at every participating center. OS was

evaluated from the initiation of treatment (first cycle) to the most recent follow-up or death, whereas PFS was determined
from the initiation of treatment (first cycle) until the progression of the disease, death, or the most recent follow-up. The
treatment-related safety was estimated throughout the follow-up period. The severity of the treatment-related adverse events
were assessed via the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE; v 5.0).'

After receiving therapy, the participants were followed up at specific time points (1, 3, and 6 months). Afterward, the
individuals were followed up every 6 months until death or the study’s conclusion (December 2023). The follow-up
contents included contrast-enhanced CT/MRI, AFP test, and liver function test.

OS was the primary endpoint, while treatment safety, response to therapy, and PFS were the study’s secondary
endpoints.

Statistical Analyses

All statistical data was analyzed on SPSS (version 16.0; SPSS, Inc., IL, USA). The quantitative data were
presented with the mean with standard deviation (SD) if the data were normally distributed, or median if the
data were not normally distributed. The data presented with mean with SD were compared via the #-test and the
data presented with median were compared via the Mann—Whitney U-test. Comparison of the categorical data was
done by chi-square (y°) or Fisher’s exact tests. The comparison of PFS with OS was conducted using Kaplan-
Meier curves and the Log rank test. A Multivariate Cox regression test was utilized to identify risk variables for
both PFS and OS. The results having a p < 0.05 were deemed significant.

Results

Patients

This research comprised 132 BCLC-C HCC patients who received camrelizumab-rivoceranib alone (n = 74) or combined
treatment (n = 58) during the study period. Table 1 displays the 132 patients’ baseline data. Between the two groups, the
remaining variables were compared except for age, tumor diameter and count, and creatinine level.

Journal of Hepatocellular Carcinoma 2024:11 hetps: 2517

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=494520.doc
https://www.dovepress.com
https://www.dovepress.com

Zhou et al

Dove

Table | Baseline Data of the Included Patients

Camrelizumab-rivoceranib group (n = 74) | Combined Treatment (n = 58) | P value

Age (y) 63.7 £9.5 58.8 + 10.2 0.005
Gender 0.609

Male 60 49

Female 14 9
Hepatitis types 0.366

None 27 16

B 44 41

C 3 |
Cirrhosis 43 32 0.735
ECOG PS 0.0 (QI: 0.0; Q3: 1.0) 0.0 (QI1: 0.0; Q3: 1.0) 0.812
AFP (mg/L) 41.9 (QI: 4.2; Q3: 586.9) 79.0 (QI: 5.2; Q3: 2000.0) 0.136
Leukocyte (x109/L) 5019 53+ 18 0.565
Hemoglobin (g/L) 1284 £ 19.9 132.8 £ 21.9 0.235
Neutrophile granulocyte (x109/L) 33+ 13 35+ 14 0.235
Leukomonocyte (x109/L) 1.2 (QI1: 0.7, Q3: 1.6) 1.1 (QI:0.9; Q3: I.5) 0.871
Platelet (% 109/L) 119.0 (QI:79.3; Q3: 160.3) 124.0 (Q1: 94.5; Q3: 161.3) 0418
ALT (U/L) 31.0 (QI:20.8; Q3: 49.1) 34.2 (Ql: 24.8; Q3: 50.0) 0.428
AST (U/L) 43.0 (QI: 28.8; Q3: 62.0) 41.1 (QI:28.1; Q3: 65.7) 0.762
Creatinine (umol/L) 713 £ 17.1 613 £ 15.6 0.001
Child-Pugh score 59+ 14 57+08 0.238
Number of tumors 0.042

Single 14 20

Multiple 60 38
Tumor diameter (cm) 4.1 (QI:2.5; Q3:7.5) 7.6 (Ql: 4.4, Q3: 10.0) 0.004
Extra-hepatic metastasis 20 12 0.399
Vessel invasion 64 50 0.963

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspertate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; ECOG PS,

Eastern Cooperative Oncology Group performance status; TACE, trans-arterial chemo-embolization.

Response to Treatment

The response to therapy data is presented in Table 2. In comparison to the group treated with camrelizumab-rivoceranib
alone, the combined group displayed a significantly greater partial response rate (44.8% vs 21.6%, p = 0.004) and total
response rate (55.2% and 36.5%, p = 0.032). The complete response rate (10.4% vs 14.9%, p = 0.442) and progression

disease rate (0.0% vs 5.4%, p = 0.130) were comparable between the 2 groups.

Survival

For every patient, 13.0 months was the median follow-up period. In comparison to the camrelizumab-rivoceranib alone
group, the median PFS of the combined group was significantly longer (13.5 months vs 10.3 months, p = 0.046). The 1-

Table 2 Treatment Response Between 2 Groups

Camrelizumab-rivoceranib Combined P value
Group (n =74) Treatment (n = 58)
CR 11 (14.9%) 6 (10.4%) 0.442
PR 16 (21.6%) 26 (44.8%) 0.004
SD 43 (58.1%) 26 (44.8%) 0.129
PD 4 (5.4%) 0 (0.0%) 0.130
Total response (CR + PR) 27 (36.5%) 32 (55.2%) 0.032

Abbreviations: CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease.
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Figure | The comparison of PFS between 2 groups.

and 2-year PFS rates in the combined group were 50.1% and 27.4%, respectively (Figure 1). Moreover, in the
camrelizumab-rivoceranib alone group, the PFS rates were 37.2% at 1 year and 7.6% at 2 year (Figure 1). Following
the multivariate Cox regression analysis, the risk factors associated with shorter PFS were an ECOG PS of 1 (»p = 0.010),
elevated AFP level (p = 0.012), and the use of camrelizumab-rivoceranib alone (p = 0.035). Table 3 displays details of
the analyses.

During the follow-up until the study’s conclusion in December 2023, sixty-seven patients died. Compared to the
camrelizumab-rivoceranib alone group, the median OS of the combined group was significantly longer (22.8 months vs
18.4 months, p = 0.041). In the combined group, the OS rates were 74.8% and 45.0% at 1 and 2 years, respectively
(Figure 2). The group that received camrelizumab-rivoceranib only had OS rates of 59.2% at 1 year and 35.8% at 2 years,
as shown in Figure 2. After performing the multivariate Cox regression analysis, the risk factors of shorter PFS were

Table 3 Predictors of Progression-Free Survival

Variables Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI P Value | Hazard Ratio 95% CI P Value

Age (y) 0.993 0.972-1.015 0.522
Gender
Male |
Female 0.665 0.368-1.202 0.176
Hepatitis types
None |
B 1.044 0.663—-1.643 0.854
C 0.843 0.255-2.781 0.779
Cirrhosis 1.316 0.856-2.021 0.211
ECOG PS 2.063 1.336-3.187 0.001 1.847 1.155-2.954 0.010
AFP 1.000 1.000-1.000 0.001 1.000 1.000-1.000 0.012
(Continued)
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Table 3 (Continued).

Variables Univariate Analysis Multivariate Analysis

Hazard Ratio 95% CI P Value | Hazard Ratio 95% CI P Value

Leukocyte 0.984 0.878-1.102 0.781
Hemoglobin 1.001 0.991-1.011 0.941
Neutrophile granulocyte 0.996 0.850-1.168 0.963
Leukomonocyte 0.945 0.755-1.183 0.623
Platelet 1.000 0.997-1.003 0.903
ALT 1.001 0.997-1.001 0.540
AST 1.003 1.000-1.006 0.041 1.003 1.000-1.006 0.056
Creatinine 1.011 0.998-1.025 0.100
Child-Pugh score 1.235 1.049—1.455 0.011 1.089 0.908-1.307 0.357
Number of tumors
Single I
Multiple 1.259 0.953-1.055 0.905
Tumor diameter (cm) 1.003 0.974-1.273 0.117
Extra-hepatic metastasis 1.233 0.753-2.018 0.405
Vessel invasion 0.891 0.481-1.648 0.712

Treatment options
Combined treatment | |
Camrelizumab-rivoceranib 1.552 1.000-2.408 0.05 1.632 1.034-2.574 0.035

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspertate aminotransferase; BCLC, Barcelona Clinic Liver Cancer;
ECOG PS, Eastern Cooperative Oncology Group performance status; TACE, trans-arterial chemo-embolization.

ECOG PS of 1 (p = 0.001), higher AFP level (p = 0.004), and camrelizumab-rivoceranib alone (p = 0.020). Table 4
provides a comprehensive description of the analyses.

Treatment Safety
The combined group contained 33 patients (56.9%) who experienced temporary post-embolization symptoms, including
abdominal pain, fever, and vomiting. These symptoms were successfully managed by symptomatic treatment.

In the combined and camrelizumab-rivoceranib alone groups, the number of patients experiencing adverse events due
to the camrelizumab-rivoceranib treatment was 25 (46.3%) and 38 (51.4%), respectively (p = 0.572). Hypertension,
palmar-plantar erythrodysaesthesia syndrome, and impaired liver function were the most frequent adverse effects. Grade
4 or 5 adverse events were reported by 5 (8.6%) and 7 (9.5%) of the patients in the combined and camrelizumab-
rivoceranib alone groups, respectively, and these patients discontinued the use of medication.

Discussion

In treating BCLC-C HCC, the current study examined the clinical effectiveness and safety of camrelizumab-rivoceranib
with and without TACE. Treatment response and survival duration were used to evaluate clinical efficacy, while adverse
event reporting was used to determine treatment safety.

Currently, immune checkpoint inhibitors, tyrosine kinase inhibitors, and anti-vascular endothelial growth factor
antibodies are thought to be the first-line treatments for advanced HCC.'"'* For unresectable HCC, sorafenib and
lenvatinib were regarded as the standard first-line treatments in the last few years.'* The clinical trial of CARES-310 has
demonstrated that while treating unresectable HCC, the combined therapy of camrelizumab and rivoceranib exhibited
significantly longer PFS (5.6 months vs 3.7 months) and OS (22.1 months vs 15.2 months) compared to sorafenib.'?

However, the function of local treatment still holds significant importance and cannot be ignored.'''” In this study,
combined treatment was significantly associated with higher partial and total response rates than camrelizumab-
rivoceranib alone. TACE regulates HCC by obstructing the lesions’ feeding arteries, which results in ischemia and
hypoxia.'®?° TACE has the potential to increase the expression of PD-1/PD-L1 and cause tumor cell death by releasing
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Figure 2 The comparison of OS between 2 groups.

proinflammatory cytokines, VEGF, HIF-1a, and tumoral antigens.?' Similarly, Peng et al'® found that the combined
treatment group (lenvatinib and TACE) showed significantly higher total response (54.1% vs 25.0%, p < 0.001) and
disease control (94.1% vs 73.2%, p < 0.001) rates than lenvatinib only group for treating HCC.

The combination therapy may result in significantly extended OS and PFS durations compared to the use of
camrelizumab-rivoceranib alone, highlighting the favorable long-term prognosis of this method in managing the disease.

1'7 also considered that

These results may be attributed to the local control effect of TACE. Furthermore, Jin et a
immunosuppressive “cold tumors” can become immunosupportive “hot tumors” through TACE, which may improve
immune checkpoint inhibitor responsiveness. Cox regression analyses demonstrated that camrelizumab-rivoceranib alone
was associated with shorter OS and PFS.

Furthermore, greater AFP level and ECOG PS were also correlated with shorter OS and PFS. The association
between worse survival capacity decreased physical condition, and higher HCC malignancy may exist based on these
results.

In this study, the combined group had a median PFS of 13.5 months and a median OS of 22.8 months. The results
obtained were similar to those observed in prior research using TACE with camrelizumab-rivoceranib for HCC that was
unresectable (13.5 and 24.1 months).!” However, the CARES-310 trial showed that camrelizumab-rivoceranib alone
exhibited an OS of 22.1 months,"® which was similar to the OS period in the combined group of the present study. These
findings may have been attributed to the fact that the CARES-310 trial included BCLC B and C stage patients, while this
study only included BCLC C stage patients.

The incidence rates of adverse events associated with camrelizumab-rivoceranib were similar in both groups, with
rates of 46.3% and 51.4%, respectively (p = 0.572). This data suggests that TACE does not negatively impact the safety
of camrelizumab-rivoceranib therapy. Furthermore, the current research’s incidence rate of adverse events was similar to
that of a prior study, including TACE with camrelizumab-rivoceranib for HCC (50.6%).'” Jin et al'' have found that
combined group exhibited a higher adverse event rate than systematic treatment alone group (71.4% vs 55.9%).
However, the adverse events in the combined group contained both TACE and systematic treatment related adverse
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Table 4 Predictors of Overall Survival

Variables Univariate Analysis Multivariate Analysis
Hazard Ratio 95% CI P Value Hazard Ratio 95% ClI P Value

Age (y) 1.010 0.985-1.036 0.420
Gender

Male |

Female 0.648 0.321-1.310 0.227
Hepatitis types

None |

B 1.023 0.607—1.725 0.932

C 0.403 0.054-3.006 0.375
Cirrhosis 1.031 0.632—1.681 0.903
ECOG PS 3.300 1.988-5.476 0.001 3.597 2.030-6.374 0.001
AFP 1.000 1.000-1.000 0.001 1.000 1.000-1.000 0.004
Leukocyte 1.046 0.926-1.181 0.469
Hemoglobin 0.998 0.987-1.009 0.741
Neutrophile granulocyte 1.133 0.943-1.361 0.182
Leukomonocyte 0.860 0.639-1.158 0.321
Platelet 1.001 0.997-1.004 0.605
ALT 1.001 0.995-1.006 0.833
AST 1.002 0.999-1.005 0.135
Creatinine 1.031 0.998-1.028 0.101
Child-Pugh score 1.216 0.987-1.498 0.066 0.903 0.694-1.174 0.445
Number of tumors

Single |

Multiple 1.721 0.898-3.300 0.102
Tumor diameter (cm) 1.011 0.953-1.072 0.724
Extra-hepatic metastasis 1.666 0.975-2.848 0.062 1.560 0.895-2.717 0.116
Vessel invasion 0.670 0.349-1.286 0.228

Treatment options
Combined treatment | |
Camrelizumab + rivoceranib 1.682 1.015-2.786 0.044 1.841 1.100-3.080 0.020

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspertate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; ECOG PS,
Eastern Cooperative Oncology Group performance status; TACE, trans-arterial chemo-embolization.

events in Jin’s study.'’ In the combined group in out study, although TACE led to some post-embolization symptoms,
these symptoms were usually temporary and mild. Furthermore, the benefit of the TACE’s effect is more greater than the
negative of the post-embolization symptoms. Drug resistance is also a problem when using immunotherapy.”? The
mechanism of the resistance may include the etiology of the HCC, tumor intrinsic and extrinsic factors, epithelial-
mesenchymal transition, heterogeneity of HCC, antidrug antibodies, and whether a tumor is “hot” vs “cold”.?* If the drug
resistance happens, local treatments can be the supplementary treatments for HCC.

This study has some limitations. Firstly, this study’s primary limitation is its retrospective nature. Some variables
were not comparable between the 2 groups, including the number of tumors, creatinine level, and tumor diameter. These
factors could cause a higher risk of selection bias. However, these factors did not show any correlation with PFS and OS.
These results might decrease the possibility of bias. Second, even though these patients were from various centers, there
may have been additional bias introduced due to differences in the treatment experiences at each facility. Thirdly, the
sample size was small, and further large-scale randomized controlled trials are necessary for better conclusions.

Conclusion
In summary, when compared to the use of camrelizumab-rivoceranib alone, the combination of camrelizumab-
rivoceranib with TACE may significantly improve the treatment response and survival in BCLC-C HCC patients
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Furthermore, this combination may not increase additional adverse events related to camrelizumab-rivoceranib. Thus, it
may indicate that TACE and camrelizumab-rivoceranib can produce synergistic benefits.
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