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Abstract 

Purpose Transarterial chemoembolization (TACE) with tyrosine kinase inhibitors (TKIs) has been increasingly used 
to treat unresectable hepatocellular carcinoma (uHCC). However, the superiority of combination therapy to TACE 
monotherapy remains controversial. Therefore, here we performed a meta-analysis to evaluate the efficacy and safety 
of TACE plus TKIs in patients with uHCC.

Methods We searched four databases for eligible studies. The primary outcome was time to progression (TTP), while 
the secondary outcomes were overall survival (OS), tumor response rates, and adverse events (AEs). Pooled hazard 
ratios (HRs) with 95% confidence intervals (95% CIs) were collected for TTP and OS, and the data were analyzed using 
random-effects meta-analysis models in STATA software. OR and 95% CIs were used to estimate dichotomous vari-
ables (complete remission[CR], partial remission[PR], stable disease[SD], progressive disease[PD], objective response 
rate[ORR], disease control rate[DCR], and AEs) using RStudio’s random-effects model. Quality assessments were 
performed using the Newcastle–Ottawa scale (NOS) for observational studies and the Cochrane risk of bias tool for 
randomized controlled trials (RCTs).

Results The meta-analysis included 30 studies (9 RCTs, 21 observational studies) with 8246 patients. We judged the 
risk of bias as low in 44.4% (4/9) of the RCTs and high in 55.6% (5/9) of the RCTs. All observational studies were con-
sidered of high quality, with a NOS score of at least 6. Compared with TACE alone or TACE plus placebo, TACE com-
bined with TKIs was superior in prolonging TTP (combined HR 0.72, 95% CI 0.65–0.80), OS (combined HR 0.57, 95% 
CI 0.49–0.67), and objective response rate (OR 2.13, 95% CI 1.23–3.67) in patients with uHCC. However, TACE plus TKIs 
caused a higher incidence of AEs, especially hand-foot skin reactions (OR 87.17%, 95%CI 42.88–177.23), diarrhea (OR 
18.13%, 95%CI 9.32–35.27), and hypertension (OR 12.24%, 95%CI 5.89–25.42).

Conclusions Our meta-analysis found that TACE plus TKIs may be beneficial for patients with uHCC in terms of TTP, 
OS, and tumor response rates. However, combination therapy is also associated with a significantly increased risk of 
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adverse reactions. Therefore, we must evaluate the clinical benefits and risks of combination therapy. Further well-
designed RCTs are needed to confirm our findings.

Trial registration PROSPERO registration number: CRD42022298003.

Keywords Tyrosine kinase inhibitors, Hepatocellular carcinoma, TACE, Systematic review, Meta-analysis

Introduction
Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer worldwide and the third leading cause of 
cancer-related death. Primary liver cancers include HCC 
(75–85% of cases) and intrahepatic cholangiocarcinoma 
(10–15%). The incidence of HCC is increasing annually. 
More than 700,000 people are diagnosed with HCC each 
year, and more than half of these cases occur in develop-
ing countries, especially Asian countries [1]. The main 
risk factors for HCC are chronic infection with hepatitis 
B or C virus, exposure to aflatoxin-contaminated food, 
alcohol consumption, overweight, type 2 diabetes, and 
smoking [2].

Due to the high incidence of advanced HCC, palliative 
care aimed at prolonging life after diagnosis is an impor-
tant component of its management [3]. Many therapies 
have been used to treat advanced HCC, including tran-
sarterial chemoembolization (TACE), radiation, immu-
notherapy, systemic chemotherapy, portal vein stenting, 
percutaneous ethanol injection, and conservative therapy 
[4–10].

TACE is a local treatment strategy for the pallia-
tive treatment or management of most unresectable 
HCC (uHCC) patients that aims to prevent and allevi-
ate patient suffering and improve their quality of life. 
A reported 55% of patients achieved partial remission 
(PR) after TACE treatment, significantly delaying tumor 
progression and macrovascular invasion [11]. However, 
TACE induces hepatocyte hypoxia by blocking the blood 
vessels and upregulating vascular endothelial growth fac-
tor (VEGF) in normal and tumor cells. High expression 
of hypoxia-inducible factor-1α can alter VEGF stabil-
ity and enhance its mRNA expression. Hypoxia can also 
induce high VEGF receptors expression in endothelial 
cells. Binding of VEGF to VEGF receptors leads to angio-
genesis, promotes vascular remodeling, and can lead to 
residual tumor cell growth, which plays an important role 
in HCC local recurrence or metastasis [12]. Therefore, 
inhibitors targeting the VEGF signaling pathway have 
become the main approach for tumor therapy. Tyrosine 
kinase inhibitors (TKIs) inhibit the activation of down-
stream signaling pathways (RAS MAPK, PI3K AKT, and 
JAK STAT) and prevent the proliferation and migration 
of HCC cells by binding to the corresponding kinases 
phosphorylated by their substrate tyrosine residues, 
invasion, and angiogenesis [13]. The survival benefit of a 

VEGF TKI in a variety of solid tumors was observed in a 
series of randomized clinical trials (RCTs). Therefore, the 
combination of antiangiogenic drugs and TACE therapy 
may improve the therapeutic effect [14–16].

With the development and application of TKIs in the 
treatment of cancer, TACE combined with TKIs for the 
treatment of liver cancer has become a hot topic in clini-
cal research. Preliminary clinical research results are rep-
resented by TACE plus sorafenib, and many studies have 
shown that the combined treatment effect is better [17]. 
TACE plus TKI combination therapy provides additional 
options, such as combining apatinib, lenvatinib, bri-
vanib, orantinib, and sorafenib. However, some clinical 
trial results showed that orantinib combined with TACE 
does not improve overall survival in patients with uHCC 
[18]; the clinical trial results showed that TACE plus len-
vatinib significantly improved clinical outcomes versus 
TACE monotherapy [19]. Therefore, it remains contro-
versial whether TACE plus TKIs is superior to TACE 
monotherapy.

This systematic review and meta-analysis aimed to ana-
lyze the safety and efficacy of TACE plus TKIs for the 
treatment of uHCC.

Materials and methods
Search strategy
This meta-analysis was conducted according to the 
PRISMA guidelines [20]. We searched the PubMed, 
Embase, Cochrane Library, and Web of Science databases 
from inception to March 15, 2022. We established search 
strategies that combined database-specific subject head-
ings (such as MeSH terms) and free text terms (such as 
hepatocellular carcinoma/liver cancer/hepatoma, TACE/
transcatheter arterial chemoembolization/transarterial 
chemoembolization, orantinib or TSU-68/sorafenib/
lenvatinib/apatinib/brivanib, randomized clinical tri-
als/clinical trials) to identify potentially eligible studies. 
Studies not published in English were also excluded. Let-
ters, commentaries, editorials, and case reports were also 
excluded. Potential studies were reviewed by two inde-
pendent reviewers. If there was any uncertainty about eli-
gibility, a third reviewer was consulted.

Study inclusion and exclusion criteria
The inclusion criteria were as follows: (1) study design: 
RCTs, retrospective or prospective cohort studies, and 
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case control studies; (2) study population: patients with 
uHCC; (3) intervention: TACE plus sorafenib/lenvatinib/
apatinib/brivanib/orantinib versus TACE plus placebo or 
TACE alone (including conventional TACE and TACE 
with drug-eluting beads); and (4) the study was limited 
to English language articles and required adult patient 
information including overall survival (OS) and time to 
progression (TTP) (HR and corresponding 95% confi-
dence interval [CI]), tumor response rates, and adverse 
events (AEs).

Studies were excluded if they met the following cri-
teria: (1) comments, editorials, systematic reviews, 
meta-analyses, and studies unrelated to our topics were 
excluded from the final analysis, as were those unrelated 
to our topic or lacking useful information; (2) the same 
study was published by the same authors or based on the 
same database; (3) cases treated with TACE combined 
with other anti-tumor drugs were excluded; and (4) cases 
treated with TACE combined with TKIs and immuno-
therapy were excluded.

Data extraction
The following information was extracted from studies 
that met the following inclusion criteria: study charac-
teristics (author name, year of publication, study design, 
sample size), population characteristics (mean age, sex, 
country, Barcelona Clinical Liver Cancer [BCLC] stage, 
Child–Pugh score, Eastern Oncology Collaboration 
Group [ECOG], hepatitis), intervention characteristics 
(median drug treatment period, dose, tumor response 
(objective response rate [ORR], disease control rate 
[DCR], complete remission [CR], partial response[PR], 
stable disease [SD], progressive disease [PD], and out-
comes [OS, TTP, and safety]). Two independent review-
ers extracted the data, and a third reviewer resolved any 
discrepancies.

Quality assessment
Two reviewers independently assessed the quality of 
non-randomized controlled studies (RCTs) using the 
Newcastle–Ottawa scale (NOS) [21], which contains 
three domains: (1) selection, (2) comparability, and (3) 
outcome. The maximum NOS score was 9 points, and a 
score ≥ 6 indicated a high-quality study (Additional file 1: 
Table 1). The Cochrane risk of bias tool 5.1.0 was applied 
to examine RCTs [22] using a grading scheme for each of 
its six main aspects: (1) selection bias, (2) performance 
bias, (3) detection bias, (4) attrition bias, (5) reporting 
bias, and (6) other bias. These six were further graded, 
and each part was evaluated as one of the following lev-
els: “low risk of bias, unclear risk of bias,” and “high risk 

of bias.” A study was assessed as high quality if four or 
more parts were assessed as having a low risk of bias 
(Fig. 1).

Statistical analysis
We assessed the overall efficacy of TACE plus TKIs in 
the treatment of patients with HCC based on data from 
the included studies. For the time-to-event variables 
including overall survival (OS), TTP, HRs with 95% CI 
were directly extracted, and HR values were combined. 
Pooled HR estimates were calculated using a fixed 
effects model. However, when heterogeneity was rela-
tively large, the random-effects model was used to sum-
marize the pooled data. Odds ratios (OR) were used to 
estimate dichotomous variables (CR, PR, SD, PD, ORR, 
DCR, and AEs), both with corresponding 95% CI.

A test for heterogeneity, defined as the variation 
between individual trials for a given treatment rather 
than that expected from chance, was used to assess 
whether the magnitude of a given treatment effect 
varied between the trials. The I2 statistic describes the 
percentage of total variation across studies owing to 
heterogeneity rather than chance. Studies with an I2 
value of < 25%, 50%, 75%, and 100% were considered 
to have no, low, moderate, and high heterogeneity, 
respectively.

Publication bias was evaluated using Begg’s and Egger’s 
tests [19, 20]. Values of p < 0.05 were considered statisti-
cally significant. Funnel plots were used to assess pub-
lication bias. Statistical analyses were performed using 
STATA version 14.0 (Stata Corporation, College Station, 
TX, USA), Review Manager (Revman, version 5.3.0, The 
Cochrane Collaboration, 2012), and R (version 4.1.2) 
within the RStudio (2021.09.1) platform.

Evidence certainty
The Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE) tool was used to assess 
the overall quality and strength of available evidence 
[23]. Details of the GRADE evidence profile are shown in 
Additional file 2: Table 2.

Results
Study selection and quality assessment
The literature search yielded a total of 5186 studies for 
screening. The preliminary review excluded 1054 articles, 
while the title and abstract screening excluded 3797 stud-
ies. Thus, 335 articles were subjected to full-text review. 
Our analysis ultimately included 30 studies: nine (30%) 
RCTs and 21 (70%) observational studies. A screening 
flowchart for this study is shown in Fig. 2 [18, 19, 24–51].
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Study characteristics
The baseline characteristics of the 30 studies included in 
the meta-analysis are presented in Table 1. These 30 stud-
ies were published between 2011 and 2021, including 20 
in China [19, 26–32, 35, 38, 39, 41, 43–49, 51], 1 in South 
Korea [40], 7 in Japan [18, 24, 25, 33, 37, 40, 50], 1 in Ger-
many [42], 1 in the USA [36], and 1 in the UK [34], The stud-
ies included a total of 8246 patients with uHCC, including 
4423 in the combination group and 3823 in the TACE alone 
or TACE plus placebo, with a total of 48 to 1719 patients 
each study. The mean age of the studies was 40–73 years, 
and the majority of patients were men (Table 1). The major-
ity of patients selected had (BCLC) stage A or B, an ECOG 
physical fitness status (PS) score of 0 or 1, and Child–Pugh 
grade A or B. The TTP for TACE plus TKIs and TACE alone 
groups was 71–801 days and 51–492 days, respectively. The 
OS of the TACE plus TKIs and TACE alone groups was 
210–1086 days and 147–990 days, respectively.

Meta‑analysis
Time to progression
Sixteen [19, 27–32, 39, 41, 43, 46–51] studies were 
excluded from the TTP meta-analysis because it did not 
provide HR and 95% CI for TTP. Thus, 14 studies were 
included in the meta-analysis [18, 24–26, 33–38, 40, 42, 
44, 45]. The random-effects model analysis results were 
as follows: TACE plus TKIs had a better outcome with 
TTP than TACE plus placebo or TACE alone, with a 
combined HR of 0.72 (95% CI, 0.65–0.80) (Fig. 3).

In the subgroup analyses, TACE plus orantinib (combined 
HR, 0.82; 95% CI, 0.73–0.91) (Fig.  3), TACE plus sorafenib 
(combined HR, 0.71; 95% CI, 0.61–0.82) (Fig. 3), only one arti-
cle was included in TACE plus apatinib (HR, 0.560; 95% CI, 
0.310–1.022), and TACE plus brivanib (HR, 0.61; 95% CI, 0.48–
0.77), so the combined HR was no longer used in the analysis. 
DEB-TACE plus TKIS (combined HR, 0.84, 95%CI, 0.68–1.03), 
TACE plus TKIS (combined HR, 0.70, 95%CI, 0.62–0.78).

A sensitivity analysis was performed to investigate 
whether the results were stable. We recalculated the sum-
mary HR by excluding each individual study. The range of 
the combined HR was from 0.70 (95% CI, 0.63–0.78) to 
0.73 (95% CI, 0.66–0.81) when the Yao 2016 et al. study 
was excluded. The heterogeneity was also significantly 
reduced from 42.3 to 27.4%. The results showed that no 
individual study significantly affected the pooled effect 
size. Funnel plots and Egger’s test (t =  − 1.98, p = 0.071) 
showed no evidence of publication bias (Fig. 4).

Overall survival
Of the 30 studies, 28 [18, 19, 24–41, 43–51] provided 
HR and 95% CI for OS. The pooled results showed that 
TACE plus TKIs was significantly associated with better 
OS (combined HR, 0.57; 95% CI, 0.49–0.67) (Fig. 5).

Fig. 1 Risk-of-bias graph for randomized controlled trials and 
observational studies
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In the subgroup analysis, TACE plus orantinib (com-
bined HR, 1.05; 95% CI, 0.89–1.25) (Fig.  5), TACE plus 
apatinib (combined HR, 0.37; 95% CI, 0.3–0.44) (Fig. 5), 
and TACE plus sorafenib (combined HR, 0.60; 95% CI, 
0.50–0.72) (Fig.  5). However, TACE plus brivanib (HR, 
0.90; 95% CI, 0.66–1.23) and TACE plus lenvatinib (HR, 
0.466; 95% CI, 0.226–0.886) were reported by only one 
article, so the HR values were not combined separately. 
DEB-TACE plus TKIS (combined HR, 0.91, 95%CI, 
0.71–1.15), TACE plus TKIS (combined HR, 0.55, 95%CI, 
0.46–0.66).

We performed a sensitivity analysis to explore the 
robustness of our analysis and recalculated the pooled 
HR by excluding each individual study. The range of 
the combined HR was from 0.56 (95% CI, 0.48–0.66) 
to 0.59 (95% CI, 0.50–0.69). The results showed that no 
individual study significantly affected the pooled effect 
size. Funnel plots and Egger’s test (t =  − 4.700, p < 0.05) 
showed publication bias (Fig. 4).

Adverse effects
The AEs are summarized in Additional file 3: Table 4. AEs 
were classified according to the Common Terminology 
Standard for Adverse Events (version 4.03) [52]. In the 
random-effects model for adverse reactions of hand-foot 
skin reaction, diarrhea, and hypertension, the most com-
mon AEs in studies related to TACE plus TKIs treatment 
were hand and foot skin reactions (OR, 87.17; 95% CI, 
42.88–177.23), diarrhea (OR, 18.13; 95% CI, 9.32–35.27), 
and hypertension (OR, 12.24; 95% CI, 5.89–25.42). The 
forest plot results are shown in Fig. 6.

The common adverse reactions to TACE plus sorafenib 
were hand-foot skin reactions, diarrhea, hypertension, 
hair loss, and bleeding. Common adverse reactions to 
TACE plus brivanib included hand-foot skin reactions, 
hypertension, rash/desquamation, nausea, and fever. 
Common adverse reactions to TACE plus orantinib 
included diarrhea, gastrointestinal disease, abdominal 
pain, elevated alanine transaminase (ALT) levels, and 

Fig. 2 Study selection
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Fig. 3 Meta-analysis for treatment effects of TKIS in combination with TACE on time to progression (TTP) in patients with unresectable 
hepatocellular carcinoma
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fever. Common adverse reactions to TACE plus lenvatinib 
included diarrhea, nausea, hypertension, gastric ulcers, 
and bleeding. Common adverse reactions to TACE plus 
apatinib included diarrhea, gastric ulcers, hemorrhage, 
erythema multiforme, and hypoalbuminemia.

Tumor response rates
Seventeen of the 30 studies [19, 26–31, 33–36, 39, 42, 
43, 46, 48, 49] were used to analyze the tumor response 
rates. The ORR, DCR, CR, PR, SD, and PD were evalu-
ated and described according to modified Response Eval-
uation Criteria in Solid Tumors [53, 54], ORR (OR, 2.13; 
95% CI, 1.23–3.67), DCR (OR, 2.08; 95% CI, 1.32–3.67), 
CR (OR, 1.78; 95% CI, 1.34–2.35), PR (OR, 1.95; 95% CI, 
1.22–3.11), PD (OR, 0.41; 95% CI, 0.25–0.66) were better 
in the combined therapy versus TACE alone group. How-
ever, no significant difference was observed in SD (OR, 
1.01; 95% CI, 0.69–1.48) (Fig. 7).

In the subgroup analysis, TACE plus apatinib treatment 
showed no significant difference between the experimen-
tal and control groups in ORR (OR, 2.03; 95% CI, 0.45–
9.16), DCR (OR, 2.34; 95% CI, 0.70–7.83), CR (OR, 2.49; 
95% CI, 0.42–14.9), PR (OR, 2.68; 95% CI, 0.90–7.92), 
PD (OR, 0.39; 95% CI, 0.11–1.46), SD (OR, 1.18; 95% CI, 
0.51–2.74). For TACE plus sorafenib, TACE plus TKIs 
was better than TACE alone or TACE plus placebo in 

terms of ORR (OR, 1.78; 95% CI, 1.19–2.66), DCR (OR, 
1.93; 95% CI, 1.24–3.03), CR (OR, 1.57; 95% CI, 1.14–
2.17), and PD (OR, 0.44; 95% CI, 0.28–0.69). However, 
no significant differences were observed in PR (OR, 1.36; 
95% CI, 0.95–1.95) and SD (OR, 1.07; 95% CI, 0.72–1.60) 
(Fig.  7). Moreover, TACE plus brivanib and TACE plus 
lenvatinib were reported in only one article; therefore, 
the OR values were not combined separately.

Sensitivity analysis
Sensitivity analyses were performed for TTP and OS. In 
terms of TTP, according to article type, we divided the 
included studies into RCTs and non-RCTs and com-
bined their HR values. Nine RCTs [18, 24, 25, 33, 34, 36, 
37, 40, 42] had a combined HR of 0.78, 95% CI of 0.70–
0.86, I2 = 27.2% and moderate certainty evidence, while 
5 non-RCTs [26, 35, 38, 44, 45] had a combined HR of 
0.63, 95% CI of 0.53–0.74, and I2 = 22.6%, and heteroge-
neity was also significantly reduced. Similarly, in terms of 
OS, 7 RCTs [18, 24, 25, 33, 34, 36, 40] had a combined 
HR of 0.99, 95% CI of 0.88–1.12, I2 = 0.0% and moderate 
certainty evidence, while 21 non-RCTs [19, 26–32, 35, 
37–39, 41, 43–51] had a combined HR of 0.41, 95% CI of 
0.39–0.56, and I2 = 76.9%. Details of the forest plots are 
shown in Fig. 8.

Fig. 4 Funnel plot for random effects meta analysis of mean difference in TTP and OS
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Discussion
This meta-analysis enrolled nine RCTs and 21 observa-
tional studies with a total of 8246 patients. The results 
indicated that TACE plus TKIs has an advantage over 
TACE alone or TACE plus placebo in terms of OS and 
TTP with an acceptable AE rate. Common AEs asso-
ciated with TACE plus TKIs therapy mainly include 
hand-foot skin reaction, diarrhea, hypertension, fatigue, 
nausea, abdominal pain, vomiting, elevated ALT, fever, 
and voice change.

Clinically, TACE has a high cost performance because 
its mini-invasion and excision characteristics are similar 
to those of surgery. It also has the limitation that a sin-
gle-pass treatment rarely removes all of the live tumor, 
and the remaining part can regenerate blood vessels and 
acquire stronger invasion and metastasis ability in an 
anaerobic environment. TKIs, a common treatment for 
advanced uHCC, are usually administered orally, with 
good patient compliance and slight AEs. Moreover, TKIs 
can also suppress angiogenesis. To some extent, this 
seems to compensate for the shortcomings of TACE, a 
local treatment that can reduce tumor burden, while 
TKIs are a systemic treatment that can control the dis-
ease as a whole. Evidently, the combination of topical and 
systemic remedies plays a complementary role and pro-
vides patients with more benefits.

Several previous meta-analyses evaluated TACE plus 
sorafenib in patients with uHCC [55–60]. The results of 
TACE plus sorafenib prolonged TPP in uHCC patients, 
consistent with our conclusion. This further proves that 
TACE plus TKIs has a synergistic effect in the treat-
ment of uHCC. However, the results of the five [25, 34, 
36, 40, 42] studies we included showed that TACE plus 
TKIs did not prolong TTP in uHCC. Among them, two 
[25, 40] studies in Asia indicated that TACE plus TKIs 
tended to prolong TTP, but this result was not statisti-
cally significant. The three [34, 36, 42] studies included 
more Europeans, and the results showed that combina-
tion therapy did not improve TTP in uHCC patients. 
Interestingly, most of the patients from Asia [25, 40] had 
hepatitis B or C and most had a Child–Pugh grade of A, 
while most of the patients included in Europe had alco-
holic hepatitis and had a Child–Pugh grade of A. This 
phenomenon deserves attention since, compared with 
Europeans, Asians have better results with combination 
therapy. Most Asian liver cancers are caused by hepatitis 
B virus infection and are more likely to be treated with 
TACE combined with TKIs therapy; this may require fur-
ther research.

Moreover, the Hoffmann 2015 [42] study showed that 
TACE combined with sorafenib is not suitable for the 
treatment of HCC patients before liver transplantation. 
In terms of OS, our study results showed that TACE plus 
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Fig. 5 Meta-analysis for treatment effects of TKIS in combination 
with TACE on overall survival (OS) in patients with unresectable 
hepatocellular carcinoma
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Fig. 6 Meta-analysis for treatment effects of TKIS in combination with TACE on adverse events (hand-foot skin reaction, hypertension, diarrhea) in 
patients with unresectable hepatocellular carcinoma
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TKIs may prolong OS in patients with uHCC. However, 
the included studies of TACE plus orantinib, TACE plus 
brivanib, and TACE plus sorafenib could not prolong OS 
in uHCC patients, indicating that TACE plus orantinib 
and TACE plus brivanib after TACE treatment may be a 
coincidence, but there is a chance that the order of the 
therapy contributes to the final efficacy. At the same time, 
the poor treatment effect of TACE plus sorafenib may be 
caused by the smaller dosage and shorter administration 
time in the experimental group than in the control group. 
In terms of tumor response rates, our meta-analysis also 
demonstrated that TACE plus TKIs had significantly 
better ORR and DCR. This may be due to the cytotoxic 
effect of TACE as adjuvant therapy with TKIs. In terms 
of AEs, our study also showed that the morbidity rate 
was much higher in the combination treatment group, 
and the complications were mostly TKI-related. These 
results are consistent with those of a previous study [61], 
which showed that hand-foot skin reactions, diarrhea, 

and hypertension were the most common, indicating 
that compared with TKIs alone or TACE plus placebo, 
although the incidence of AEs increased with TACE 
plus TKIs, there were no unbearable AEs, which were all 
within the acceptable range.

In terms of TTP, subgroup analysis of included studies 
according to the type of TACE combination drug showed 
that, compared to TACE alone, TACE plus orantinib, 
TACE plus sorafenib, TACE plus brivanib, and TACE 
plus apatinib all support the idea that TACE plus TKIs 
are more likely to improve TTP in patients with uHCC. 
In addition, a sensitivity analysis of the included studies 
according to study type, the combined HR of nine RCTs 
[18, 24, 25, 33, 34, 36, 37, 40, 42] and five non-RCTs 
[26, 35, 38, 44, 45], all illustrate that TACE plus TKIs 
are more able to prolong TTP in uHCC, demonstrating 
the stability of our results. In terms of tumor response 
rates, a subgroup analysis of the included studies accord-
ing to TACE combination drug, the results demonstrate 

Fig. 7 Meta-analysis for treatment effects of TKIS in combination with TACE on tumor response rates in patients with unresectable hepatocellular 
carcinoma
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that, compared to TACE alone, TACE plus apatinib and 
TACE plus brivanib did not improve ORR and DCR in 
uHCC patients. However, TACE plus sorafenib and 
TACE plus lenvatinib resulted in significantly better 
ORR and DCR. Subgroup analyses according to conven-
tional and drug-eluting beads showed that DEB-TACE 
did not show superiority over conventional TACE in 
terms of TTP and OS, but it minimizes systemic toxic-
ity and provides a standardized embolic effect. So it still 
provides another option for clinicians. Moreover, few 
studies of DEB-TACE were included in our study, and we 
hope that more and more comprehensive studies will be 
conducted in the future.

In terms of OS, a subgroup analysis was performed 
according to TACE combination drug, and the results 
indicated that TACE plus orantinib combined HR 
showed that combination therapy did not improve OS 
compared to TACE alone. However, TACE plus apatinib, 
TACE plus sorafenib, TACE plus brivanib, and TACE 
plus lenvatinib showed that the combination therapy 
significantly improved the OS of uHCC compared with 
TACE alone. A sensitivity analysis of the included stud-
ies according to study type and the results between RCT 
and non-RCT-combined HR showed opposite results. 
The results of seven RCTs [18, 24, 25, 33, 34, 36, 40] 
combined with HR showed that TACE plus TKIs treat-
ment did not prolong the OS of uHCC patients, and 
with the I2 = 0, the heterogeneity was low. The seven 
RCTs, including three of TACE plus orantinib, one of 
TACE plus brivanib, and three of TACE plus sorafenib 
with a total sample size of 3002 (37%), were conducted 
in Japan and Korea. Interestingly, the combined HR of 
21 non-RCT studies [19, 26–32, 35, 37–39, 41, 43–51] 
showed that the combination therapy could prolong 
OS in patients with uHCC better than TACE alone. 
Among the 21 RCTs, 20 studies were conducted in 
China and one was conducted in Japan, with a sample 
size of 5244 (63%). Perhaps this is a coincidence, but it 
cannot be ruled out that TACE plus TKIs may be more 
effective in Chinese patients with prolonged OS. None 
of the included studies of TACE plus orantinib and 
TACE plus brivanib support the advantage of combina-
tion therapy in prolonging OS in patients with uHCC 
over TACE alone. Orantinib and brivanib are very good 
clinical drugs, and their combined treatment with TACE 
requires additional studies.

Our study has the following strengths. Firstly, it is 
the first to systematically evaluate the clinical benefits 
and risks of TACE plus TKIs. Second, it provides more 
options and evidence to support the clinical treatment 
of uHCC with TACE plus TKIs. Third, we used rigor-
ous methodological criteria and conducted systematic 
searches of large sample sizes and in-depth analyses 

Fig. 8 Sensitivity analysis for treatment effects of TKIS in combination 
with TACE on TTP and OS
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of different subgroups. It also has the following limi-
tations. First, the population characteristics of the 
included trials (age, etiology of liver disease, vascular 
invasion, and previous treatment), TKI regimen (treat-
ment lag, treatment duration, treatment sequence, 
number of prior TACE courses, and dose admin-
istered), and study designs vary widely, which may 
increase heterogeneity and affect the results. Secondly, 
there are differences chemotherapy agents in TACE 
with different embolic and drug-eluting bead (e.g., size 
or type) in different stuies, and these factors may affect 
the pooled result. Thirdly, the small sample size of some 
of the included studies may lead to overestimation of 
the treatment effect.

In conclusion, the current meta-analysis showed that 
TACE plus TKIs can significantly improve TTP and OS 
in patients with uHCC with tolerable toxicity. Based on 
patient specificity, TKIs is a more flexible option for the 
treatment of uHCC. Owing to the accumulation of new 
evidence, making the overall situation closer to the real 
situation, TACE plus TKIs may be a better choice for 
treating uHCC. We hope that more high-quality studies 
will be conducted to further support our conclusions.
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