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ZHAO LI, JIE WANG, JINGBING ZHAO and ZHENGWEI LENG

Department of Hepato-Biliary-Pancreas II, Affiliated Hospital of North Sichuan Medical College, Nanchong, Sichuan 637000, P.R. China

Received January 25, 2024; Accepted April 24,2024

DOI: 10.3892/01.2024.14451

Abstract. The present study compared the efficacy and safety
of regorafenib plus programmed death-1 inhibitors (R-P) with
regorafenib monotherapy as second-line therapies for advanced
hepatocellular carcinoma (HCC). A systematic search of rele-
vant literature published in PubMed, Embase, Web of Science
and Cochrane Library databases until October 2023 was
conducted. Two authors independently performed data extrac-
tion and screening using standardized protocols. Stata/MP
17.0 was used for the meta-analysis to evaluate the impact of
R-P treatment on major outcome indicators, including overall
survival, progression-free survival (PFS), tumor response and
adverse reactions, in patients with advanced HCC. The results
indicated that five cohort studies involving 444 patients with
advanced HCC were included. The results revealed that R-P
treatment improved overall survival [hazard ratio (HR), 0.61;
95% confidence interval (CI) 0.48-0.77; 1’=0.0%; P=0.663]
and PFS (HR, 0.51; 95% CI 0.41-0.63; I*=17.5%; P=0.303).
Additionally, it increased the objective response rate (risk ratio,
2.33; 95% CI, 1.49-3.64; I’=0.0%; P=0.994) and disease control
rate (HR, 1.40; 95% CI, 1.20-1.63; I*)=0.0%; P=0.892) compared
with those of regorafenib. However, R-P treatment was associ-
ated with an increased incidence of adverse events, such as
hypothyroidism, thrombocytopenia and rash, compared with
that in regorafenib. In conclusion, R-P is superior to regorafenib
monotherapy in terms of survival benefits and tumor response.

Introduction
Hepatocellular carcinoma (HCC) is the fourth leading cause

of global cancer-related mortality, and its associated death
rate is anticipated to increase persistently over the next
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decade (1). HCC typically manifests as a latent progression
with inconspicuous symptoms, often resulting in diagnosis at
an advanced stage (2). Currently, the internationally endorsed
first-line therapies for advanced liver cancer include sorafenib,
lenvatinib and other pharmaceutical drugs. The results of the
IMbravel50 trial revealed that the combination of atezoli-
zumab and bevacizumab was more clinically significant
than sorafenib alone in terms of life, function and disease
symptoms, making it an important current first-line treatment
option (3). Nevertheless, the efficacy of these primary inter-
ventions is limited, frequently culminating in the emergence
of drug resistance shortly after treatment (4). In cases where
patients exhibit intolerance or encounter failure with first-line
approaches, secondary options such as regorafenib, cabozan-
tinib, or nivolumab monotherapy may be considered (5).

Regorafenib, an innovative oral multi-kinase inhibitor,
has demonstrated inhibitory effects on diverse protein
kinases, including those implicated in tumor angiogenesis and
tumorigenesis. It exhibited antiproliferative, antiangiogenic,
antitumor and anti-metastatic activities in rat models (6). A
pivotal randomized, double-blind, placebo-controlled phase 3
trial (7) substantiated the significant enhancement of overall
survival (OS) in patients with progressive HCC after sorafenib
treatment. Consequently, it was approved as a pioneering
second-line targeted therapy, with subsequent clinical trials
corroborating its efficacy in patients with late-stage HCC (8).

Research posits that regorafenib plus programmed
death-1 (PD-1) inhibitors augment survival benefits for
patients with late-stage HCC compared with that for those
undergoing regorafenib monotherapy (9). The underlying
mechanism lies in regorafenib's facilitation of the antitumor
immune response of PD-1 inhibitors by modulating the
IFN-y/NSDHL/SREBP1/TGF-B1 axis (10). In a murine liver
cancer model, this combined approach substantially elevated
the expression of CXCL10 in HCC cells, fostering the
normalization of the tumor vascular system and amplifying
the infiltration of CXCR3*CDS8 T cells, thereby effectively
impeding tumor growth (11).

In practical clinical settings, the amalgamation of rego-
rafenib with PD-1 inhibitors is progressively gaining traction as
a second-line treatment for late-stage HCC. However, reported
cases remain limited (12), and comprehensive investigations
examining the relative efficacy and safety of these treatment
modalities are currently lacking. Therefore, the objective of the
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present meta-analysis was to compare the efficacy and safety
of regorafenib with or without PD-1 inhibitors as second-line
therapy in advanced-stage HCC. The present study aimed to
provide a thorough basis for clinical decision-making.

Materials and methods

Search strategy. To gather the pertinent literature, a thor-
ough investigation of PubMed (https://pubmed.ncbi.nlm.
nih.gov/), Embase (https:/www.embase.com), Web of
Science (https://webofscience.com) and Cochrane Library
(https://www.cochranelibrary.com/) databases was conducted
in October 2023. The search strategy was not limited by
language or other factors (Table SI). The utilized keywords
encompassed ‘liver neoplasms’, ‘hepatocellular carcinoma’,
‘regorafenib’. ‘Stivarga’, ‘immune checkpoint inhibitors’,
‘programmed death-1’, and ‘PD-1". The research design and
implementation adhered to the guidelines established by
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (13).

Inclusion and exclusion criteria. Inclusion criteria were
as follows: i) Population: Patients with advanced HCC who
failed first-line therapy (sorafenib, lenvatinib, pabolizumab,
atezolizumab + bevacizumab). These patients had Eastern
Cooperative Oncology Group Performance Status scores
ranging from O to 1; ii) the study encompassed either prospec-
tive or retrospective clinical investigations; and iii) the
intervention administered to the participants in blue could be
regorafenib or a treatment referred to as R-P.4. The outcomes
assessed included OS, progression-free survival (PFS), objec-
tive response rate (ORR), disease control rate (DCR) and
occurrence of adverse events (AE).

Exclusion criteria were as follows: i) Any malignant tumor
other than HCC, current or historical; ii) use of alternative
targeted medications aside from regorafenib in second-line
therapy; iii) non-clinical studies, including case reports,
reviews, meta-analyses, systematic reviews, letters, guidelines
and basic experiments; and iv) studies lacking sufficient
resulting data or in which data extraction is not feasible.

Data extraction. The authors Zhao Li and Jie Wang individu-
ally reviewed the literature, collected data and cross-verified
the data using a standardized protocol after obtaining the
relevant articles. Endnote X9 software was used for literature
review. Disagreements were resolved through discussion or
by referring to the opinions of a third author. The extracted
information included the first author's name, publication year,
racial composition of the study population, study design,
sample size, patient numbers, and clinical outcomes, such as
survival, tumor control and adverse reactions. If crucial infor-
mation was missing, the corresponding author was contacted
via email to obtain unpublished data.

Literature quality assessment. The cohort studies included in
this meta-analysis were independently assessed by two authors
using the Newcastle-Ottawa Scale. Subsequently, they engaged
in discussions to establish a consensus. The scores assigned to
the Newcastle-Ottawa Scale ranged from zero to nine, where

scores between one and five were indicative of low quality and
scores between six and nine signified high quality.

Statistical analysis and bias assessment. Stata/MP software
version 17.0 (StataCorp LP) was used for statistical analysis.
Hazard ratios (HR) and their corresponding 95% confidence
intervals (CI) were used as the primary outcome measures
(OS and PFS), with the log HR and its variance summarized
using inverse variance-weighted averages. Secondary outcome
measures (ORR, DCR and AE) were represented using rela-
tive risk (RR) and their corresponding 95% CI. To assess the
heterogeneity of the included studies, Q-tests and I>-tests were
used (14). If there was no heterogeneity (P>0.05 or I’<50%),
a fixed-effects model was used for meta-analysis. Otherwise,
a random effects model was used. Sensitivity analysis was
conducted by sequentially excluding each study. Potential
publication bias was evaluated using Egger's and Begg's tests.

Results

Literature search and selection. A preliminary search of
these four databases yielded 974 articles. After automated
and manual checks, 365 duplicate studies, 136 meta-analyses,
systematic reviews and case reports were excluded. The
remaining articles underwent independent title and abstract
reviews by two authors, resulting in a detailed examination of
the full text of the 27 studies that aligned with the research
criteria. A total of 16 studies were excluded with inconsistent
content and six studies without sufficient outcome data. Finally,
the meta-analysis included five articles (15-19). The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
flowchart illustrating the process of including the studies in
the analysis is displayed in Fig. 1.

Study characteristics and quality assessment. All five studies
included in the analysis were conducted in China and were
retrospective cohort studies. These studies encompassed a
total of 444 patients with advanced HCC. The regorafenib plus
programmed death-1 inhibitors (R-P) and regorafenib groups
comprised 270 and 174 patients, respectively. The decision to
use monotherapy or combination therapy for regorafenib is
primarily determined by the attending physician in consulta-
tion with the patient, taking into consideration the patient's
condition. There was no statistical difference in baseline clin-
ical characteristics between the two groups in the five studies,
which was comparable. Except for the study by Tu ef al (19),
which included two patients with Child-Pugh class C HCC
in both the regorafenib and R-P groups, all other patients had
a Child-Pugh score of A-B. The basic characteristics of the
included studies are summarized in Table I. In terms of quality
assessment, all five retrospective cohort studies were rated as
high-quality (Table II).

Survival. All the included studies reported differences in OS
and PFS between the two groups. Heterogeneity between
studies was extremely low and using a fixed-effect model
analysis revealed that, compared with regorafenib mono-
therapy, patients with late-stage HCC receiving R-P treatment
had an extension in OS (HR, 0.61; 95% CI,0.48-0.77; 1>°=0.0%;
P=0.663) (Fig. 2A). Similarly, R-P treatment improved PFS in
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Figure 1. PRISMA flow diagram of the process for the identification of eligible studies.

late-stage HCC compared with regorafenib monotherapy (HR,
0.51; 95% CI, 0.41-0.63; 1*=17.5%; P=0.303) (Fig. 2B).

Tumor response. All five studies reported differences in objec-
tive response and DCRs between the two treatment methods.
Based on heterogeneity test results, a fixed-effect model
analysis revealed that the ORR in the R-P group was higher
than in the regorafenib group (RR, 2.33; 95% CI, 1.49-3.64;
1’=0.0%; P=0.994) (Fig. 3A). Similarly, the DCR in the R-P
group was higher than in the regorafenib group (RR, 1.40;
95% CI, 1.20-1.63; 1’=0.0%; P=0.892) (Fig. 3B). These results
indicated that, compared with regorafenib monotherapy, R-P
treatment can significantly improve tumor response in patients
with late-stage HCC.

Safety. In terms of AE, the risk of hypothyroidism, rash and
thrombocytopenia was higher with R-P treatment than with
regorafenib monotherapy. The most common AE for both
regorafenib monotherapy and R-P treatment was hand-foot

skin reaction, with a similar risk of occurrence (RR, 1.05;
95% CI, 0.80-1.38; 1>’=0%; P=0.632) (Table III).

Sensitivity analysis and publication bias. Sensitivity analyses
were conducted for the primary outcome measures (OS and
PFS). The meta-analysis results remained stable when each
study was sequentially excluded as there were no significant
changes in the effect size for OS, PFS, or 95% CI (Fig. 4). The
OS and PFS tests for publication bias indicated that there was
no potential publication bias since the P-values for Egger's test
were 0.160 and 0.710, respectively, and the P-values for Begg's
test were 0.226 and 1.000, respectively (Fig. 5).

Discussion

HCC is one of the most common types of cancer worldwide,
typically diagnosed at advanced stages, necessitating systemic
treatment (20). Current first-line therapeutic options include
sorafenib, lenvatinib and combinations of atezolizumab and
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Figure 2. Forest plots for the comparison of (A) overall survival and (B) progression free survival. CI, confidence interval.
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Figure 3. Forest plots for the comparison of (A) objective response rate and (B) disease control rate. CI, confidence interval.
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Table III. Summary of treatment-related adverse events.

Rate of events (%)

Number of Relative risk
Adverse events studies R-P Regorafenib (95% confidence interval) P-value 1* (%)
Hypertension 5 14.8 17.8 0.99 (0.65-1.50) 0.391 2.8
Diarrhea 5 21.1 20.7 1.10 (0.77-1.59) 0.867 0
Fatigue 5 22.6 20.1 1.29 (0.90-1.85) 0.208 32
Hand-foot skin reaction 5 32.6 31.6 1.05 (0.80-1.38) 0.632 0
Elevated transaminases 5 21.5 20.1 1.26 (0.88-1.79) 0.994 0
Hypothyroidism 5 15.7 8.6 2.35 (1.36-4.05) 0.811 0
Thrombocytopenia 4 114 74 1.54 (0.74-3.23) 0918
Rash 4 134 6.4 2.59 (1.35-4.99) 0.280 21.8

R-P, Regorafenib plus programmed death-1 inhibitors.

A Meta-analysis estimates, given named study is omitted
Lower CI limit Estimate Upper CI limit

Huang et al (2022)

Li et al (2023)

Liu et al (2022)

Yan et al (2023)

Tu et al (2022)
0.43 0.48 0.61

0.77 0.81

B Meta-analysis estimates, given named study is omitted
Lower CI limit Estimate Upper CI limit

Huang et al (2022)

Li et al (2023)

Liu et al (2022)

Yan et al (2023)

Tu et al (2022)

0.35 0.41 0.51 0.63 0.71

Figure 4. Sensitivity analysis plot based on (A) overall survival and
(B) progression free survival.CI, confidence interval.

cizumab (21). Selecting an appropriate second-line treatment
after the initial therapy fails is pivotal for enhancing patient
survival outcomes.

Second-line treatments include regorafenib, cabozantinib
and ramucirumab. Regorafenib, an oral tyrosine kinase inhib-
itor, was initially approved for treating metastatic colorectal
cancer in the randomized, placebo-controlled phase 3
CORRECT trial. The trial was confirmed in an expanded Asian
patient population in the randomized, placebo-controlled,

phase 3 CONCUR trial (22). In the phase 3 CORRECT trial,
patients with metastatic colorectal cancer randomly assigned
to either regorafenib 160 mg or placebo revealed a survival
benefit, with a median OS of 6.4 months in the regorafenib
group and 5.0 months in the placebo group (23). Regorafenib
was the first oral drug approved for patients with HCC who
did not respond to sorafenib. However, owing to its lower ORR
and moderate improvement in OS, there is a clear need for a
more efficacious second-line treatment (24). There is growing
hope for the potential of immunotherapy as a second-line
treatment for liver cancer, as the results of a phase 2 clinical
trial (KEYNOTE-224) revealed that pembrolizumab is
effective and well-tolerated in patients with HCC who have
failed in getting treated with sorafenib (25). However, PD-1
inhibitor monotherapy has a low response rate across different
populations of patients with HCC. In a phase 3 clinical trial
evaluating pembrolizumab as a second-line treatment for
advanced HCC (KEYNOTE-240), neither OS nor PFS met
the predefined primary endpoints. The publication of results
from a phase III clinical trial (26) introduced the combina-
tion of targeted therapy and immunotherapy as a burgeoning
option, providing a fresh outlook for the second-line treatment
of advanced HCC.

The exploration of combined molecular targeted drugs and
PD-1 inhibitors has emerged as a research hotspot, yielding
encouraging results with the combination of atezolizumab
and bevacizumab (3). Regorafenib has immunomodulatory
effects (27): M1 macrophage polarization, enhanced CD8* T
cell proliferation and activation, other than the inhibition of
STATS3 activity, and increased the expression of C-X-C motif
chemokine ligand 10 in combination with anti-PD-1 agents,
extending both tumor penetration and the survival of activated
CD8* T cells. Moreover, JAK1/2STAT1 and MAPK signals
can be effectively inhibited, and the expression of PD-L1 in
tumors can be reduced, thus improving the efficacy of PD-1
inhibitors (28). Given regorafenib's unique therapeutic mecha-
nisms targeting tumor cell proliferation and spread as well as
tumor angiogenesis and tumor-associated immune evasion,
combination therapy with PD-1 inhibitors is a promising new
therapeutic strategy, and several clinical trials are investi-
gating the efficacy and safety of combination therapy based on
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Figure 5. (A) The Egger's and (B) Begg's test for overall survival. (C) Egger's and (D) Begg's test for progression-free survival.

regorafenib plus immune checkpoint inhibitors (29). To date,
no comprehensive meta-analysis has compared the effective-
ness and safety of the two methods.

A meta-analysis was performed to compare the effec-
tiveness and safety of R-P and regorafenib in patients with
advanced HCC following unsuccessful initial treatment. The
results of the present analysis revealed that, compared with
regorafenib, R-P significantly extends the survival period for
patients with advanced HCC post first-line treatment failure,
while concurrently augmenting tumor response. A recent
multicenter, single-arm, phase 2 RENOBATE trial reported
supportive results in treating unresectable HCC with the
combination of regorafenib and nebuliumab, demonstrating
efficacy and safety, with an ORR of 31.0% and a median PFS
of 7.38 months (30). Notably, low heterogeneity was observed
among the included studies. The investigation conducted by
Yan et al (18) found no statistically significant differences in
OS between the R-P group and the regorafenib group (OS,
12.0 months; 95% CI, 10.0-22.0) vs. 14.0 months (95% ClI,
14.0-16.0; P=0.32). This lack of significance may be attrib-
uted to the study's nearly four-year duration, which resulted
in varying first-line treatment strategies over different
periods. For example, in the initial stages, patients mostly
received single-drug treatment with molecular-targeted
drugs as the first option, whereas patients in advanced stages
primarily underwent combination therapy involving both
molecular-targeted drugs and immune checkpoint inhibitors,
which significantly affected the experimental results. This
disparity was further confirmed by a subgroup analysis. In

the investigation by Tu et al (19), the PFS of the R-P group
exceeded that of the regorafenib group (3.7 months; 95%
CI, 2.74-4.72; vs. 2.1 months; 95% CI, 1.12-3.01; P=0.078),
although the difference did not achieve statistical signifi-
cance. This lack of significance may be attributed to the
continued favorable tumor response and survival outcomes
demonstrated by PD-1 inhibitors when sequentially combined
with molecular targeted drug therapies (31). Consequently, the
administration of regorafenib within a few months of PD-1
inhibitor failure yielded synergistic effects, thereby mitigating
the disparity between the two groups.

These findings indicated that the combination of molecular
targeted agents with PD-1 inhibitor dual therapy surpasses
molecular targeted agents' monotherapy in conferring
survival benefits and eliciting a tumor response. This conclu-
sion is consistent with the outcomes of the meta-analysis by
Yu et al (32), in which the combination of lenvatinib with
PD-1 inhibitors significantly improved survival benefits and
tumor response, as opposed to using lenvatinib alone, in
patients with advanced HCC. A recent single-center study
conducted at a single center (33) provided additional valida-
tion that the combination of regorafenib and PD-1 inhibitors is
highly effective in treating patients with advanced HCC after
initial treatment failure. This treatment approach has revealed
commendable results, with an increased tumor remission rate
and a low incidence of severe AE. The residual liver function
is a well-known limiting factor for systemic therapy and its
indications/contraindications. The results of Cox univariate
and multivariate analyses from three of the five included
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studies indicated that Child-Pugh B is an independent risk
factor for OS. However, most of the patients included in all
studies were classified as Child-Pugh grade A, which may
be attributed to the significant difference in the number
of Child-Pugh grade A and B patients, as well as the small
sample size. Therefore, a comparison between Child-Pugh
grade A and B was not conducted. Given that both the current
meta-analysis and the aforementioned studies were based
on clinical retrospective research, these conclusions require
further validation and confirmation through large-scale
prospective multicenter randomized clinical trials. Fortunately,
an ongoing prospective, multicenter, randomized controlled
clinical trial for second-line treatment of liver cancer (34) has
the potential to provide robust supportive evidence for the
efficacy of R-P treatment.

Concerning treatment-related AE, the R-P regimen resulted
in a higher incidence of hypothyroidism, rash and thrombo-
cytopenia than in regorafenib monotherapy. Nevertheless, the
occurrence rates of these AEs in both groups were relatively
low and were successfully controlled by changing the dosage
and providing supportive treatment (35). No significant
differences in the risk of adverse reactions were observed
between the two groups in other categories. Based on the
present analysis of all included studies, there were no statisti-
cally significant differences in the occurrence of severe AE
(grade 3/4) between the two groups, which further affirmed
the safety profile of the R-P regimen. In summary, R-P treat-
ment yields clinical benefits for patients with advanced HCC
following first-line treatment failure, while maintaining a
commendable safety profile.

However, the present study has some limitations. First,
the total number of included studies was restricted, and the
sample size was relatively small, potentially impacting the
comprehensiveness of the results. Second, all the included
studies were retrospective, introducing the potential for
selection bias. Third, the PD-1 inhibitor types varied
among the studies, affecting the uniformity of the treat-
ment approach. The fact that all PD-1 inhibitors used in
the present study have been recommended for treating
HCC (36) further enhances the authors' trust in the depend-
ability of the findings.

In conclusion, the findings of the present study suggested
that in patients with advanced HCC after first-line treatment
failure, R-P treatment demonstrates advantages in terms of
survival benefit and tumor response compared with rego-
rafenib monotherapy. In addition, the adverse reactions were
manageable. Therefore, the R-P treatment regimen could
emerge as a new therapeutic option. Large-scale randomized
controlled studies are necessary to further validate the efficacy
of this treatment approach.
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