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Abstract. Transcatheter arterial chemoembolization (TACE)
combined with tyrosine kinase inhibitors (TKIs) and camreli-
zumab (collectively: T-T-C) is a novel treatment strategy for
unresectable hepatocellular carcinoma (HCC). The present
systematic review and meta-analysis aimed to evaluate the effi-
cacy and safety of T-T-C compared with TACE combined with
TKIs only (T-T) in the treatment of patients with unresectable
HCC. A systematic literature search was conducted on T-T and
T-T-C using PubMed, Embase and the Cochrane Library. Data
regarding the clinical outcome, including overall survival (OS),
progression-free survival (PFS), tumor response and adverse
events (AEs), were independently extracted and analyzed by
two researchers using standardized protocols. In total, 7 cohort
studies, including 1,798 patients (T-T-C, 838; T-T, 960), were
included in the meta-analysis. The results of the present study
demonstrated that the T-T-C group had significantly prolonged
OS [hazard ratio (HR), 0.38; 95% confidence interval (CI),
0.29-0.50; 12=61.5%; P=0.016)] and PFS (HR, 0.37; 95% ClI,
0.30-0.46; 12=44.5%; P=0.109), and showed significantly
higher objective response rates [risk ratio (RR), 0.82; 95% CI,
0.69-0.96; 1>=25.1%; P=0.237)] and slightly higher disease
control rates without a significant difference (RR, 0.96; 95%
CI, 0.89-1.03; 1?=0.0%; P=0.969). In addition, grade 3/4 AEs
were more common in the T-T group, including hypertension
(RR, 1.15; 95% CI, 0.85-1.56), vomiting or nausea (RR, 0.88;
95% CI, 0.44-1.76) and pain (RR, 0.74; 95% CI, 0.45-1.21);
however, these results were not statistically significant. In
conclusion, compared with T-T combination therapy, T-T-C
demonstrated a notable advantage in terms of OS, PFS, ORR
and DCR in patients with unresectable HCC. For manageable
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AEs, although the results were not statistically significant, the
incidence of AEs in the T-T group was higher than that in the
T-T-C group in terms of event probability.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most commonly
diagnosed cancer and the third most common cause of
cancer-related death worldwide. Furthermore, HCC ranks
fifth in the global incidence rate and second in the mortality
rate of men; therefore, it attracts attention from individuals
worldwide (1). There are numerous causes of liver cancer, and
the risk factors vary depending on the geographical location,
which include hepatitis B and C virus infections, alcoholic liver
disease and aflatoxin intake (2). With the continuous develop-
ment of medical technology globally, significant progress has
been made in the treatment of HCC. Liver resection and radio-
frequency ablation can be used to treat early liver cancer (3,4).
However, the majority of patients diagnosed with HCC are
already at the intermediate or advanced stage of disease. For
unresectable liver cancer, there are various palliative treatment
methods, which are selected according to the tumor stage and
patient liver function and mainly include transcatheter arterial
chemoembolization (TACE), targeted therapy and immuno-
therapy (5,6). Therefore, TACE combined with tyrosine kinase
inhibitors (TKIs) and camrelizumab immunotherapy has
become the focus of attention for researchers.

The therapeutic effect of TACE on advanced liver cancer
is satisfactory, but it can lead to the formation of tumor blood
vessels in the long run (7). As anti-angiogenic drugs, TKIs
have a highly selective effect on vascular endothelial growth
factor receptor-2 (VEGFR-2), which can effectively inhibit
tumor angiogenesis and tumor proliferation, so as to accurately
compensate for the formation of tumor blood vessels caused
by TACE (8). Camrelizumab, the first approved programmed
cell death protein-1 (PD-1) inhibitor for advanced liver cancer
in China, demonstrated positive efficacy in a multicenter
phase II trial (9). TACE has become the first-line treatment
for advanced HCC (10), and TKIs, such as apatinib, sorafenib
and lenvatinib, can prolong the overall survival of patients
with HCC (11). However, exploring novel targeted therapies
and immunotherapy drugs and combining these drugs with
established treatments has been shown to improve survival
rates (12).
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TKIs, the main representative type of anti-angiogenic
drugs, include sorafenib, lenvatinib and apatinib. Lenvatinib
was approved as a first-line treatment for HCC in 2018, and
a clinical trial has shown that, compared with sorafenib,
lenvatinib can effectively improve the overall survival (OS) of
patients (13). In addition, apatinib, a novel drug, is more selec-
tive than sorafenib in targeting VEGFR-2 (14).

TACE is widely accepted as the standard treatment for
mid to late-stage HCC (15-17). TACE can cause necrosis of
most tumor cells; however, hypoxia in tumor tissues during
this process can lead to an increase in the level of VEGF,
which in turn causes tumor angiogenesis and ultimately leads
to tumor growth or metastasis (18). Therefore, anti-angiogenic
drugs are particularly important in systemic therapy as they
can block hypoxia inducible factor-1 a/the VEGF pathway,
inhibiting tumor growth or metastasis and improving patient
prognosis (18,19). TACE combined with TKIs (anti-angiogenic
drugs) is a novel treatment method for patients with HCC. A
randomized multicenter prospective trial by Kudo et al (20)
reported that this combination therapy significantly improved
progression-free survival (PFS).

Immune checkpoint inhibitors (ICIs) are the main
therapeutic agents for HCC, and PD-1 can be combined with
VEGEF inhibitors to increase the immune response (21-23).
Camrelizumab is a humanized anti-PD-1 monoclonal
antibody, and its efficacy in combination with TKIs, such
as apatinib, has been confirmed in the RESCUE assay for
advanced HCC (9,24). There have been relevant studies on
the efficacy of TACE combined apatininib with or without
camrelizumba in the treatment of unresectable HCC, and
the results showed that the triple therapy with camrelizumba
could prolong the overall survival of patients (25,26). As such,
the efficacy and safety of a new triple therapy, TACE + TKIs
+ camrelizumab (T-T-C), have been widely studied. However,
in order to provide evidence for clinical decision-making, the
present study collected data on T-T-C and TACE + TKIs (T-T)
to explore the efficacy and safety of these combined treatment
regimens in unresected HCC.

Materials and methods

Search strategy. The analysis was performed in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement (27). The present review is
registered on the PROSPERO website (https://www.crd.york.
ac.uk/PROSPEROY/) under registration no. CRD42024501473.
The available literature was retrieved through an electronic
search of the PubMed (https://pubmed.ncbi.nlm.nih.gov/),
Embase (https:/www.embase.com/) and Cochrane Library
(https://www.cochranelibrary.com/) databases (Table SI). The
main key words searched were as follows: ‘liver neoplasms’,
‘carcinoma, hepatocellular’, ‘hepatic*’, ‘carcinoma’, ‘cancer’,
‘tumor’, ‘lenvatinib’, ‘apatinib’, ‘sorafenib’, ‘tyrosinekinase
inhibitors’, ‘chemoembolization’, ‘transcatheter arterial
chemoembolization” and ‘camrelizumab’. No language restric-
tions or limitations were imposed on the search strategy.

Inclusion and exclusion criteria. The inclusion criteria were
as follows: i) Clinically or pathologically confirmed unresect-
able HCC with at least one measurable lesion; ii) Barcelona

Clinical Liver Cancer (BCLC) stage B or C (4); iii) an Eastern
Cooperative Oncology Group performance score (ECOG PS)
of 0 or 1 (28); iv) patients aged >18 years old; v) there was at
least one target lesion with a measurable diameter and arterial
strengthening according to the modified Response Evaluation
Criteria in Tumors (mRECIST) (29); and vi) Child-Pugh class
A or B (30).

The exclusion criteria were as follows: i) Presence of other
malignant tumors besides HCC; ii) other treatments, such as
radiofrequency ablation and anhydrous alcohol injection, were
received during treatment; iii) absence of a control group;
iv) the study was a systematic review, meta-analysis, letter or
conference abstract; v) incomplete data; vi) patients with vital
organ dysfunction; and vii) Child-Pugh class C.

Data extraction. After searching for relevant literature in
the databases and organizing literature using Endnote X9
(BId 12062) (Clarivate) software, two researchers extracted
and organized the data using Excel version 2016 (Microsoft
Corporation). When two researchers extracted data that
were different, a third researcher was used to re-extract the
problematic data. The following data were extracted from the
included literature: i) Name of the main author, year of publi-
cation and country of research; ii) sex and age of the patients;
iii) research design, treatment plan and number of participants
in the experimental and control groups; iv) a-fetoprotein level
in the blood, tumor size, Child-Pugh class, BCLC stage and
ECOG PS; and v) objective response rate (ORR), disease
control rate (DCR), OS and PFS.

Quality assessment.In the present study, the Newcastle-Ottawa
Scale (NOS) was used to conduct quality assessment. NOS is
a commonly used quality assessment tool for observational
studies. Observational studies were evaluated by three modules
with a total of eight items. Specifically, the modules included
population selection, comparability and exposure/outcome
evaluation. NOS uses the semi-quantification principle of the
star system to evaluate the quality of the literature. Excepting
comparability in which a maximum of 2 stars can be awarded,
items can be rated up to 1 star. In the present study, the quality
of the included literature was independently evaluated by
two researchers, with a maximum possible quality score of
9, in which 1-4 indicated low quality and 5-9 indicated high
quality (31).

The certainty of the evidence was also independently
evaluated by two authors according to the Grading
of Recommendations Assessment, Development, and
Evaluation (GRADE) assessment (32). GRADE was used
to score each outcome, and the overall quality level of the
evidence was divided into high, medium, low and very
low. Finally, GRADEpro version GDT software (www.
gradepro.org) was used to summarize the assessment results
(Table SII).

Statistical analysis. The main endpoints assessed in the
present study were OS and PFS. OS was defined as the time
from randomization until death from any cause. PFS was
defined as the time from randomization to disease progression
or death from any cause. Survival outcomes were reported
using hazard ratios (HRs) and 95% confidence intervals (CIs).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram of the process of identifying eligible studies.

The secondary endpoints included ORR and DCR, where
ORR was defined as complete and partial remission and DCR
was defined as the sum of the complete remission, partial
remission and disease stability. ORR and DCR were reported
using risk ratios (RRs) and 95% CIs. Tumor response was
evaluated according to mRECIST (29).

Q-statistics and I? were used to analyze and evaluate
heterogeneity, low heterogeneity was indicated when 12<50%
or P>0.05. In the meta-analysis, the random effects model was
used. Sensitivity analysis was used to evaluate the stability
of the outcomes, and publication bias was evaluated using

Egger's tests. All analyses were conducted using Stata/MP
version 17.0 (StataCorp LLC).

Results

Study selection. After searching the primary databases,
122 relevant studies were identified (Fig. 1). The Endnote
version X9 software was used to organize the literature, and
56 duplicate studies were both automatically and manually
removed. The titles and abstracts of the remaining articles
were carefully read and 11 studies were included. The text of
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Table II. Assessment of the cohort studies using the Newcastle-Ottawa scale.

Selection Comparability Exposure/outcome

Represent Selection Outcome Length Adequacy Total
First activeness  of the not Assessment of the  of the score
author, of the control Ascertainment present at Comparability  of the  follow- follow-up (out
year cohort % cohort % of exposure % the start % of cohorts %% outcome % up * * of 9) (Refs.)
Duan et al, * * * * * * * 7 25)
2023
Liu et al, * * * * * Kk * * * 9 (26)
2023
Pan et al, * * * * * * 6 (33)
2023
Sun et al, * * * * * Kk * * * 9 (34)
2022
Sun et al, * * * * * %k * * 8 (35)
2023
Xiang * * * * * * * * 8 (36)
et al,2023
Zhu et al, * * * * * * * * 8 (37
2022

Scoring criteria described in (31).

these 11 studies were read in detail and 7 studies were finally
included in the meta-analysis (25,26,33-37).

Study characteristics and quality assessment. The meta-anal-
ysis included 7 articles, all of which were from China and
were retrospective cohort studies. A total of 1,798 patients
with HCC were included, of whom 960 were treated with
T-T and 830 were treated with T-T-C. Table I summarizes the
characteristics of the 7 included studies. The NOS was used to
evaluate the quality of the 7 retrospective cohort studies, all of
which were considered high quality (Table II).

Clinical outcomes

OS and PFS. Except for the study by Pan et al (33), which did
not report PFS, all studies reported information regarding OS
and PFS. The comprehensive results of the OS meta-analysis
showed that, compared with T-T combination therapy, T-T-C
combination therapy had significant benefits in terms of the
OS rate (HR, 0.38; 95% CI, 0.29-0.50; 12=61.5%; P=0.016;
Fig. 2A). Using a random-effects model, I?=61.5% showed
slightly high heterogeneity. In terms of the PFS rate, T-T-C
combination therapy had significant benefits compared with
T-T combination therapy (HR, 0.37; 95% CI, 0.30-0.46;
12=44.5%; P=0.109; Fig. 2B), with low heterogeneity.

Tumor response. Evaluation of the tumor response after
treatment based on the ORR and DCR was reported in all 7
studies. A random-effects model was used to merge the RRs
for ORR (RR, 0.82; 95% CI, 0.69-0.96; 12=25.1%; P=0.237;
Fig. 3A) and DCR (RR, 0.96; 95% CI, 0.89-1.03; 1>=0.0%;
P=0.969; Fig. 3B). These results indicated that, compared with
T-T, T-T-C improved the tumor response in patients with HCC.

AEs. All studies reported AEs. Table III summarizes the
seven most common grade 3 AEs. The most common AEs
in the T-T-C group were hypertension (8.92%), nausea and
vomiting (7.78%) and pain (7.08%). The most common AEs
in the T-T group were hypertension (9.42%), pain (9.06%)
and nausea and vomiting (7.93%). Compared with the T-T-C
treatment group, the T-T treatment group had a significantly
increased incidence of diarrhea (RR, 1.97; 95% CI, 0.69-5.61),
hand and foot skin reactions (RR, 1.19; 95% CI, 0.82-1.72) and
pain (RR, 0.74; 95% CI, 0.45-1.21) (Table III). However, this
result was not statistically significant.

Sensitivity analysis and publication bias. A sensitivity
analysis of the combined survival outcomes was performed.
Omitting 1 study at a time resulted in a consistent OS and PFS
without notable fluctuations (Fig. 4). The Egger's test for OS
(P=0.303) and PFS (P=0.869) indicated no potential publica-
tion bias (Fig. 5).

Discussion

HCC is one of the most common solid malignancies world-
wide, accounting for ~90% of primary liver cancer cases, and
a large proportion of patients with HCC are diagnosed at an
advanced stage (12,38). Significant advances have been made in
the treatment of HCC. In the past few years, TACE, a first-line
treatment for HCC, has been shown to cause tumor cell isch-
emia and hypoxia by injecting embolic agents into the artery,
leading to tumor destruction. However, TACE can promote
the release of VEGF and cause tumor angiogenesis, leading
to tumor growth or metastasis (39,40). Therefore, anti-VEGF
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Figure 2. Forest plots for the comparison of (A) OS and (B) PFS. Heterogeneity for OS: %%, 15.59 (P=0.016); I?, 61.5%. Test for overall effect of OS: Z, 6.90
(P<0.001). Heterogeneity for PFS: %%, 9.01 (P=0.109); 12, 44.5%. Test for overall effect of PFS: Z, 8.91 (P<0.001). CI, confidence interval; HR, hazard ratio; OS,

overall survival; PFS, progression-free survival.

treatment can be introduced to inhibit tumor angiogenesis.
Bevacizumab was one of the first anti-VEGF drugs approved by
the Food and Drug Administration for the treatment of human
cancer and can effectively inhibit angiogenesis (41,42). TKIs

can simultaneously target multiple anti-angiogenic receptor
sites, thereby blocking the kinase activity of the receptor,
thus achieving the effect of inhibiting angiogenesis (43). TKIs
(lenvatinib, sorafenib and apatinib) are recommended as the
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N

0.457

1

219

Figure 3. Forest plots for the comparison of the (A) ORR and (B) DCR. Heterogeneity for ORR: y?, 8.01 (P=0.237); I?, 25.1%. Test for overall effect of ORR: Z,
2.42 (P=0.016). Heterogeneity for DCR: %2, 1.35 (P=0.969); I, 0.0%. Test for overall effect of DCR: Z, 1.09 (P=0.275). CI, confidence interval; DCR, disease

control rate; ORR, objective response rate; RR, risk ratio.

first-line treatment for advanced HCC. A single-arm phase II
clinical trial that enrolled patients with advanced HCC who
received apatinib demonstrated a total ORR and DCR of
30.4 and 65.2%, respectively, and median OS and PFS times

of 13.8 (95% CI, 5.3-22.3) and 8.7 months (95% CI, 5.9-11.1),
respectively, confirming the efficacy of apatinib in patients
with advanced HCC (44). In addition, a clinical trial conducted
by Kudo et al (20) showed that lenvatinib was comparable to
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Table III. Summary of the treatment related grade 3/4 adverse events.

Rate of events, %

Adverse events No. of studies TACE + TKIs TACE + TKIs + C RR (95% CI) P-value I2
Hypertension 6 942 8.92 1.15 (0.85-1.56) 0.998 0
Pain 5 9.06 7.08 0.74 (0.45-1.21) 0.856 0
Hand-foot skin reaction 5 6.30 5.18 1.19 (0.82-1.72) 0.739 0
Diarrhea 4 325 0.88 1.97 (0.69-5.61) 0.988 0
Fatigue 4 3.83 343 1.09 (0.46-2.59) 0.606 0
Nausea and vomiting 4 7.93 7.78 0.88 (0.44-1.76) 0.963 0

RR, risk ratio; CI, confidence interval; TACE, transcatheter arterial chemoembolization; TKIs, tyrosine kinase inhibitors; C, camrelizumab.

A Meta-analysis estimales, given named study is cmitted
| Lower CI Limit CEstimate | Upper Cl Limit

Liu 2023 (26) TS P S SO

Pan 2023 (33) < |

Sun 2022 (34) [T [P ST I |

Sun 2023 (35) TI— T WO
Xiang 2023 (36) O SR

Zhu 2022 (37) S S ——— ]

033 0.36 0.42 0.48 l]!.'b’.'!
B Meta-analysis estimales, given named study is omitted
I Lower CI Limit CEstimate | Upper CI Limit

Duan 2023 (25) |- R I, ST ) |

Liu 2023 (26) [ RN EOTRRUNSIY . SO WSS

Pan 2023 (33)

Sun 2022 (34) [ s

Sun 2023 (35) b |
Xiang 2023 (36) T8

Zhu 2022 (37) [T BP- SO

1
0.30 0.33 0.37 D42 0.47

Figure 4. Sensitivity analysis plot based on (A) overall survival and
(B) progression-free survival.

sorafenib in terms of OS. In the treatment of HCC, PD-1 inhibi-
tors can restore the ability of the immune system to kill tumor
cells by blocking the PD-1/PD-L1 cell signaling pathway (45).
Camrelizumab is a humanized PD-1 monoclonal antibody.
The RESCUE trial showed that camrelizumab combined
with apatinib was effective for treating advanced HCC (24).
However, the PD-1 inhibitors nivolumab and pembrolizumab
did not significantly improve OS in patients with HCC in a
phase III trial of monotherapy (46). Therefore, combination
treatment programs have become a research focus. A study
analyzing the effects of TACE with or without apatinib in
patients with advanced HCC showed median OS and PFS times
of 8.5 and 2.5 months, respectively, in the TACE group alone,

whereas the median OS and PFS times in the TACE-apatinib
group were 17.0 and 7.0 months, respectively, which suggested
that apatinib improved patient outcomes (47). A Phase III
randomized clinical trial by Peng er al (48), which divided
patients with advanced HCC into the lenvatinib + TACE or
lenvatinib alone groups, showed that the median OS time was
significantly longer in the lenvatinib + TACE group (17.8 vs.
11.5 months; RR, 0.45; P<0.001), and the median PFS time was
10.6 months in the lenvatinib + TACE group and 6.4 months
in the lenvatinib alone group (HR, 0.43; P<0.001). Thus, it was
concluded that combination therapy has a better therapeutic
effect than TACE treatment alone.

Owing to the notable efficacy of combination therapy, many
triple therapy trials have also been conducted. A meta-analysis
comparing TACE combined with camrelizumab and TACE
alone in the treatment of advanced HCC showed an ORR and
DCR of 46.13 and 77.19%, respectively. However, the ORR
and DCR in the present study were 84 and 96%, respectively,
indicating that triple therapy with TKIs could improve the
ORR and DCR of patients (49). The results of a retrospec-
tive study comparing TACE + sorafenib with or without ICIs
suggested that the PFS and OS times were both prolonged in
the TACE + sorafenib + ICI group compared with the TACE
+ sorafenib group (median PFS time: 16.26 vs. 7.30 months,
P<0.001; median OS time: 23.3 vs. 13.8 months, P=0.012) (50),
which was similar to the results of the present study. A retro-
spective systematic review showed that T-T-C was beneficial
for the treatment of unresectable HCC (51). However, due to
the small number of clinical trials, there are no clear clinical
trial results for this triple therapy.

In the present meta-analysis, the T-T and T-T-C regimens
were compared. The results suggested that T-T-C combina-
tion therapy resulted in an improved OS, PFS, ORR and
DCR compared with T-T combination therapy. A study by
Zou et al (52) included 160 patients with advanced liver cancer,
all receiving TACE + lenvatinib with or without PD-1 inhibi-
tors, and focused on patient outcomes. The results showed
that the triple therapy significantly extended the median OS
(23.5 vs. 18.3 months; P=0.0002) and PFS (7.5 vs. 4.3 months;
P<0.0001) times compared with the double therapy. In addi-
tion, a retrospective study comparing TACE + lenvatinib with
or without pembrolizumab showed that the pembrolizumab
+ lenvatinib + TACE group had significantly prolonged
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Figure 5. Egger's test for (A) overall survival and (B) progression-free survival.

median OS (18.1 vs. 14.1 months; P=0.004) and PFS (9.2 vs.  could effectively improve the ORR of the overall patient popu-
5.5 months; P=0.006) times (53). These results were similar  lation and prolong the median PFS and OS times, but the PFS
to those of the present meta-analysis. A similar meta-analysis  heterogeneity in the study was high (12=66%) (54). The source
comparing the TACE + TKIs group with the TACE + TKIs + of the heterogeneity was determined through sensitivity
ICI group in the treatment of HCC showed that triple therapy  analysis and, after excluding an article by Zheng et al (50),
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the heterogeneity changed to I>=0. The OS heterogeneity was
also high in the present meta-analysis (I12=61.5%; P=0.016),
and the results remained robust after sensitivity analysis.
However, due to the small sample size, meta-regression could
not be performed to determine the source of heterogeneity.
Therefore, the number of included articles should be increased
in further analyses.

Although a relevant study has shown that T-T combina-
tion therapy has a positive effect on patients with advanced
HCC (59), it is still weaker than triple therapy with T-T-C. The
reasons can be summarized as follows: TACE can cause local
necrosis of tumors, cause tumor tissues to release antigens,
trigger anticancer immune responses, increase the expression
of PD-1 and improve tumor recognition ability. Anti-VEGF
therapy can be introduced to inhibit tumor angiogenesis,
reduce VEGF-mediated immunosuppression in the tumor and
its microenvironment, and promote T cell infiltration (56,57).
Studies have shown that triple therapy can significantly
improve tumor control and patient survival (58-60), and these
results were similar to the present results.

Although, as aforementioned, the effect of this triple therapy
can be satisfactory, certain patients cannot be treated with
TACE, which mainly includes patients in the following catego-
ries: i) Patients with decompensated cirrhosis (Child-Pugh B
8 or higher); ii) patients with an extensive tumor with massive
replacement of both lobes; iii) patients with severely reduced
portal vein flow (such as non-tumoral portal vein occlusion or
hepatofugal blood flow); iv) patients with technical contraindi-
cations to hepatic intra-arterial treatment (such as untreatable
arterio-venous fistula); and v) patients with renal insufficiency
(creatinine =2 mg/dl or creatinine clearance <30 ml/min) (61).
Therefore, before carrying out treatment, the various indica-
tors of the patient must first be evaluated to ensure that the
patient meets the treatment requirements.

Regarding AEs, grade 3/4 AEs in the T-T-C and T-T
groups were analyzed and consistent results were found for
the top four AEs in both groups, which were hypertension,
nausea and vomiting, pain, and hand and foot skin reactions.
Since TKI and TACE treatment were included in both groups,
the primary cause of AEs may be related to TKI and TACE
use. These results were consistent with those of previous
studies (23,62). In addition, among the six AEs included in
the present study, the incidence of each AE was higher in the
T-T group than in the T-T-C group, which was inconsistent
with the results of a similar meta-analysis (63). Furthermore,
Xu et al (24) showed that camrelizumab combined with
apatinib reduced proteinuria and prolonged vascular normal-
ization. In addition, a study has shown that anti-angiogenic
drugs combined with PD-1 can reduce the incidence of
AESs (64). Therefore, we concluded that the lower incidence
of AEs in the T-T-C group may be due to the effect of
camrelizumab alone or camrelizumab combined with TKIs,
which can reduce the incidence of related AEs. However,
the efficacy of this combination regimen in reducing AEs
remains unclear, and further studies are needed to confirm
this hypothesis. In summary, under the premise of ensuring
patient safety and controlling AEs, the T-T-C triple therapy
may have an improved curative effect on patients.

However, the present study had certain limitations. First,
the number of articles included was relatively small, the

sample size was small and the included articles were all from
China, which lacked representativeness and comprehensive-
ness. Therefore, more articles should be included in future
meta-analyses, particularly those analyzing samples from
other countries, to increase the comprehensiveness. Second,
all the articles included in the present study were retrospec-
tive cohort studies, which may have a certain selection bias
and affect the final results. Third, the TKIs selected in all
the included articles were different, and different TKIs may
bring different curative effects and ultimately lead to different
survival rates of patients; however, different TKIs were
not analyzed separately due to the small number of avail-
able studies. Fourth, among all the included articles, some
contained shorter follow-up times, which may have caused
some valuable observations to be missed. Finally, the quality
of life of the patient can affect the outcome of different treat-
ment modalities; however, relevant data for this could not be
found.

In summary, the results of the present systematic review
and meta-analysis indicated that, in patients with advanced
HCC, T-T-C combination therapy demonstrated a notable
advantage in terms of OS, PFS, ORR, DCR and manageable
AEs. However, further evidence of this is needed from a larger
number of randomized controlled trials.
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