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Abstract
BACKGROUND 
Combination therapy has emerged as the focus of research for unresectable 
hepatocellular carcinoma (HCC). In recent years, several studies have explored 
the clinical efficacy and safety of the combination therapies of transarterial 
chemoembolization (TACE) with tyrosine kinase inhibitors (TKIs) and immune 
checkpoint inhibitors (ICIs).

AIM 
To conduct an updated meta-analysis verifying the clinical benefits and adverse 
effects of the triple combination therapy for unresectable HCC.

METHODS 
All eligible cohort, non-randomized controlled, and randomized controlled trial 
studies from the PubMed, Web of Science, Embase, Cochrane Library, and 
MedLine databases up to March 20, 2024 were screened for the present meta-
analysis. The study endpoints included complete response (CR), objective re-
sponse rate (ORR), disease control rate (DCR), overall survival (OS), progression-
free survival (PFS), and adverse events (AEs). Stata 16/18 software was used for 
this meta-analysis, and a P value of <0.05 was considered statistically significant.

RESULTS 
A total of 29 studies with 1754 patients were included. Among the patients who 
received the TACE therapy with TKIs and ICIs, the tumor response results 
revealed a pooled CR, ORR, and DCR of 14% [95%CI (0.11–0.18)], 61% [95%CI 
(0.55–0.66)], and 85% [95%CI (0.83–0.87)], respectively. In terms of the survival 
outcomes, the pooled median PFS and OS were 10.25 months [95%CI (9.31–11.18)] 
and 20.47 months [95%CI (18.98–21.97)], respectively. The pooled prevalence of 
all-grade AEs during the triple treatment was 90% [95%CI (0.84–0.94)] and that of 

https://www.f6publishing.com
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grade ≥ 3 AEs was 32% [95%CI (0.24–0.42)].

CONCLUSION 
The combination therapy of TACE, TKIs, and ICIs exhibits great clinical benefits for unresectable HCC in terms of 
tumor responses and survival outcomes without increasing the risk of severe AEs.

Key Words: Transarterial chemoembolization; Tyrosine kinase inhibitors; Immune checkpoint inhibitors; Hepatocellular 
carcinoma; Meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Consensus regarding the treatment of unresectable hepatocellular carcinoma (HCC) currently remains lacking. The 
triple combination therapy of transarterial chemoembolization with tyrosine kinase and immune checkpoint inhibitors has 
attracted significant attention as an aggressive treatment strategy and has been used for treatment in recent years. We 
conducted a systematic review and updated meta-analysis to verify the clinical benefits and adverse effects of triple therapy 
in 29 studies with 1754 patients with unresectable HCC. The complete response, objective response rate, disease control rate, 
overall survival, progression-free survival, and adverse events induced by the triple therapy were evaluated.

Citation: Han F, Wang XH, Xu CZ. Clinical benefits of transarterial chemoembolization combined with tyrosine kinase and immune 
checkpoint inhibitors for unresectable hepatocellular carcinoma. World J Gastrointest Oncol 2024; 16(7): 3308-3320
URL: https://www.wjgnet.com/1948-5204/full/v16/i7/3308.htm
DOI: https://dx.doi.org/10.4251/wjgo.v16.i7.3308

INTRODUCTION
Primary liver cancer is the most common and fatal solid malignancy worldwide[1]. In 2020, 905700 people were 
diagnosed with liver cancer, with 830200 fatalities globally[2]. The 5-year survival rate for liver cancer was 18% between 
2006 and 2012[3]. The mortality rate of liver cancer increased by 43% from 2000 to 2016 in the United States[4]. By 2040, 
new cases and deaths from liver cancer may increase by > 55%[2]. Hepatocellular carcinoma (HCC) is the most common 
histological type of liver cancer, accounting for approximately 90% of cases[1]. Many curative treatments, including 
surgical resection, radiofrequency ablation, and liver transplantation, are available for patients with early HCC [Barcelona 
Clinic Liver Cancer (BCLC) 0 and A][5]. However, owing to the late presentation of symptoms, > 70% of patients are 
diagnosed with the intermediate (BCLC B) and advanced (BCLC C) HCC stages and mostly receive locoregional and 
systemic therapies[5-7].

Transarterial chemoembolization (TACE) is the most common and standard locoregional therapy in the management 
of patients with intermediate HCC[8]. TACE improved the survival outcomes of patients with unresectable HCC in 
random controlled trials conducted in Europe and Asia[5]. However, repeated TACE may impair liver function and even 
result in the development of TACE resistance. Consequently, TACE therapy alone is not sufficient for patients with 
advanced stages, especially portal vein invasion or extrahepatic spread[9,10]. Additionally TACE is generally not 
successful in controlling tumor progression because of the high incidence of incomplete embolization and embolization-
related changes in the tumor microenvironment[11]. For systemic therapy, sorafenib, a multikinase inhibitor, was the first 
drug approved for the first-line systemic regimen. Treatment with sorafenib resulted in a longer median overall survival 
(OS) than the placebo group (10.7 vs 7.9 months) in patients with advanced HCC[12]. Lenvatinib is also an approved 
multikinase inhibitor for advanced HCC, and it demonstrated a comparable median OS of 13.6 vs 12.3 months for 
sorafenib in REFLECT trial[13]. Many other tyrosine kinase inhibitors (TKIs) and/or antiangiogenic VEGFR2 antagonists, 
such as regorafenib, cabozantinib, and ramucirumab, have shown significant improvements in the median OS of patients 
with HCC[14]. Immune checkpoint inhibitors (ICIs), including atezolizumab/bevacizumab, are also systemic first-line 
therapies for advanced HCC. Compared with sorafenib and lenvatinib, treatment with these ICIs resulted in the longest 
median OS of 15.03 months, median progression-free survival (PFS)of 7.97 months, and highest objective response rate 
(ORR) of 31.6%[15]. Recently, the combination of locoregional and systemic treatments has yielded impressive clinical 
outcomes[14]. A multicenter retrospective matched-cohort study of patients with HCC from 59 hospitals in China found 
that TACE combination therapy with PD-(L)1 inhibitors and molecular targeted agents significantly improved the 
median PFS, median OS, and ORR compared with TACE monotherapy[16]. A single-arm phase II trial based on the 
modified Response Evaluation Criteria in Solid Tumors (mRECIST) revealed that TACE plus lenvatinib and PD-1 
inhibitors exhibited a high ORR of 60.0%, disease control rate (DCR) of 86.7%, long median OS of 18.4 months, and 
median PFS of 8.0 months, with 93.3% adverse events (AEs) of any grade, 40.0% grade 3 TRAEs, and no grade 4/5 TRAEs 
in patients with advanced HCC[17]. To date, numerous clinical trials and studies with or without control or intervention 
measures have explored the benefits of combination therapies of TACE with TKIs and ICIs using different treatment 
regimens and have achieved encouraging results.

https://www.wjgnet.com/1948-5204/full/v16/i7/3308.htm
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Combination therapies with remarkable therapeutic potential have become the focus of research on unresectable HCC
[6]. Survival outcomes, tumor responses, and adverse reactions caused by triple therapy have attracted much attention 
from academic researchers and scholars. Therefore, in this study, we conducted a meta-analysis to evaluate the clinical 
benefits and side effects of triple therapy of TACE combined with TKIs and ICIs in unresectable HCC using systematic 
and up-to-date data. Our study may serve as a reference for the selection of treatment regimens by clinicians.

MATERIALS AND METHODS
Search strategy and study selection
We identified the eligible studies from the PubMed, Web of Science, Embase, Cochrane Library, and MedLine databases 
up to March 20, 2024. The following terms were used: transarterial chemoembolization OR transcatheter arterial 
chemoembolization OR TACE AND tyrosine kinase inhibitors OR TKIs OR sorafenib OR lenvatinib AND immune 
checkpoint inhibitors OR ICIs OR programmed cell death protein 1 OR programmed cell death ligand 1 OR PD-1/L1 
inhibitors OR atezolizumab OR bevacizumab AND liver cancer OR liver neoplasms OR hepatocellular carcinoma OR 
hepatocarcinoma OR HCC.

Inclusion and exclusion criteria
The inclusion criteria included: (1) Patients diagnosed with HCC; (2) Intervention using triple therapy of TACE with TKIs 
and ICIs; (3) No restriction on whether a control group or intervention was established; (4) Studies reporting at least one 
of the endpoints, such as complete response (CR), ORR, DCR, median PFS, median OS, all-grade AEs, and grade ≥ 3 AEs; 
and (5) Study design including cohort, non-randomized controlled, and randomized controlled trials. The exclusion 
criteria were as follows: (1) The use of monotherapy or combination therapies other than TACE with TKIs and ICIs; (2) 
Studies with insufficient data; (3) Studies that were not available; (4) Duplicate studies; and (5) Studies not reported in 
English.

Data extraction
The data were extracted by two professionals, and the following information was collected: (1) Characteristics of studies: 
first author's name, publication date, country, subjects, study design, treatment regimens, and sample size; (2) Character-
istics of patients: median age, sex, whether hepatitis B virus-positive, α-fetoprotein levels, Child-Pugh grade, BCLC stage, 
extrahepatic metastasis, and portal vein tumor thrombus; (3) Endpoints reported in the articles: tumor responses (CR, 
ORR, and DCR), survival outcomes (median PFS and median OS), adverse effects (all-grade AEs and grade ≥ 3 AEs).

Statistical analysis
The tumor response was evaluated according to the mRECIST. ORR was defined as CR or partial response (PR), whereas 
DCR was defined as the sum of CR, PR, and stable disease. AEs and grade ≥ 3 AEs were evaluated based on the Common 
Terminology Criteria for Adverse Events. A meta-analysis of the pooled rates of CR, ORR, DCR, and AEs and the effect 
size of median PFS and OS with 95%CI was performed using Stata 16/18. The heterogeneity was evaluated using I2 
statistics, and P > 0.10 or I2 ≥ 50% was considered as apparent heterogeneity. A random-effect or fixed-effect model was 
used. P < 0.05 was considered statistically significant.

RESULTS
Study and patient characteristics
A flowchart of the study selection is illustrated in Figure 1. After excluding ineligible studies, 29 articles[17-45] with 1754 
patients were included. Among the included studies, 27 were retrospective studies and 2 were prospective studies. In this 
meta-analysis, regardless of the presence or absence of control or intervention measures, patients who underwent triple 
combination therapy were included. The characteristics of the included studies and patients are presented in Table 1.

Tumor responses
Tumor responses are presented as forest plots in Figure 2. Tumor responses, including CR, ORR, and DCR, were reported 
in 21, 24, and 23 studies, respectively. The results revealed the pool CR rate (Figure 3A), ORR (Figure 3B), and DCR 
(Figure 3C) as 14% [95%CI (0.11–0.18)], 61% [95%CI (0.55–0.66)], and 85% [95%CI (0.83–0.87)], respectively. A random-
effect model was used for CR (I2 = 50.98%; P < 0.01) and ORR (I2 = 70.47%; P < 0.01), and a fixed-effect model was used for 
DCR (I2 = 28.27%; P = 0.10).

Survival outcomes
Forest plots of survival outcomes are presented in Figure 3. In terms of survival outcomes, 22 and 16 studies reported PFS 
and OS data, respectively. The pooled results demonstrated that patients who underwent triple combination therapy 
exhibited a promising median PFS [10.25 months; 95%CI (9.31–11.18); Figure 2A]. Moreover, the triple therapy was 
associated with a long median OS [20.47 months; 95%CI (18.98–20.97); Figure 2B]. A random-effect model was employed 
because of the high I2 values for the analysis of median PFS (I2 = 80.71%; P < 0.01) and OS (I2 = 73.59%; P < 0.01).
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Table 1 Baseline characteristics of includes studies and patients

Ref. Country Subjects Study 
design Treatment regimen Sample 

size Age (yr) Male (%) Positive of 
HBV (%)

AFP < 400 
ng/mL (%)

Child-
Pugh A 
(%)

BCLC stage 
A/B/C

EHM 
(%)

PVTT 
(%)

Yuan et al
[18], 2024

China Patients with unresectable 
HCC

Retrospective TACE + TKIs + ICIs 139 59 (50, 67) 121 
(87.05)

115 (82.73) 103 (74.10) 119 (85.61) 0/99/40 23 
(16.55)

31 (22.3)

Sun et al
[19], 2024

China Patients with advanced 
HCC

Retrospective TACE + lenvatinib + 
sintilimab

40 55 ± 9 34 (85.0) 30 (75.0) 26 (65.0) 34 (85.0) 0/0/40 14 (35.0) 29 (72.5)

Sheng et al
[20], 2024

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

113 64.48 ± 10.83 95 
(84.1)

72 (63.7) 90 (79.6) 88 (77.9) 0/54/59 15 (13.3) 29 (25.7)

Cai et al[17], 
2024

China Patients with advanced 
HCC

Retrospective TACE + lenvatinib + 
sintilimab

30 49.4 ± 9.9 26 (86.7) 25 (83.3) NR 29 (96.7) NR 13 (43.3) NR

Gao et al
[21], 2023

China Patients with advanced 
HCC

Retrospective TACE + TKIs + ICIs 41 52 (46, 57) 35 (85.4) 29 (70.7) 9 (22.0) 32 (78.0) 0/11/30 10 (24.4) 29 (70.7)

Li et al[22], 
2023

China Patients with advanced 
HCC

Prospective TACE + TKIs + camrel-
izumab

87 56 (34, 75) 81 (93.1) 75 (86.2) 51 (58.6) 51 (58.6) NR/NR/69 43 (49.4) 65 (74.7)

Hu et al[44], 
2023

China Patients with unresectable 
HCC

Retrospective TACE + TKIs + ICIs 98 52 (42, 62) 87 (88.8) 85 (86.7) NR 75 (76.5) 0/12/86 49 (50.0) 14 (14.3)

Zhang et al
[23], 2024

China Patients with unresectable 
HCC

Retrospective TACE + TKIs + ICIs 54 ≤ 60: 38 (72.5); > 
60: 16 (27.5)

46 (85.0) 53 (98.1) 26 (48.1) 54 (100) 0/23/31 19 (35.2) NR

Wu et al
[24], 2024

China Patients with unresectable 
HCC

Prospective TACE + lenvatinib + 
camrelizumab

55 54 (46, 62) 45 (81.8) 27 (49.1) 23 (41.8) 55 (100) 0//12/43 10 (18.2) 37 
(67.3)

Gao et al
[25], 2023

China Patients with TACE-
refractory HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

57 57.5 ± 9.4 45 (78.9) 43 (75.4) NR 34 (59.6) 0/17/40 24 (42.1) NR

Lu et al[26], 
2023

China Patients with unresectable 
HCC

Retrospective TACE + donafenib + 
toripalimab

81 51.9±12.4 65 (80.2) 54(66.7) NR 46 (56.8) 0/22/59 NR NR

Pan et al
[27], 2023

China Patients with unresectable 
HCC

Retrospective TACE + TKIs + ICIs 49 < 65: 38 (77.6); ≥ 
65: 11 (22.4)

46 (93.9) 41 (83.7) 21 (42.9) 40 (81.6) 5/14/30 6 (12.2) 27 (55.1)

Wu et al
[28], 2023

China Patients with BCLC-
defined stage C HCC

Retrospective TACE + lenvatinib + 
camrelizumab

57 53.18 ± 9.25 49 (86.0) 44 (77.2) 25 (43.9) 52 (91.2) 0/0/57 23 (40.4) NR

Wang et al
[29], 2023

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

45 54 (18, 79) 42 (93.33) 42 (93.33) 13 (28.89) NR NR 18 (40.0) 20 (44.44)

Xin et al[30], 
2023

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

60 57.5 (26, 76) 54 (90.0) 56 (93.4) 32 (53.3) NR 0/21/39 18 (30.0) 28 (46.7)

Wang et al
[31], 2023

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

46 55.54 ± 11.92 41 (89.1) 42 (91.3) 18 (39.1) 38 (82.6) 0/8/38 24 (52.2) NR
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Sun et al
[32], 2023

China Patients with advanced 
HCC

Retrospective TACE + TKIs + camrel-
izumab

70 53.8 ± 10.4 58 (82.9) 54 (77.1) 30 (42.9) 57 (81.4) NR NR NR

Ju et al[33], 
2021

China Patients with unresectable 
HCC

Retrospective TACE + apatinib + camrel-
izumab

56 52 (26, 75) 46 (82.1) 48 (85.7) NR 43 (76.8) 0/13/43 NR NR

Cai et al[34], 
2022

China Patients with advanced 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

41 51.9 ± 10.3 37 (90.2) 35 (85.4) 20 (48.8) 37 (90.2) NR 17 (41.5) NR

Li et al[35], 
2022

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

114 53 (24, 79) 102 (89.5) 102 (89.5) NR 111 (97.4) 3/42/69 23 (20.2) NR

Teng et al
[36], 2022

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

53 56.9 (37, 75) 45 (84.9) 45 (84.9) 35 (66.0) 34 (64.2) 0/23/30 42 (79.2) NR

Qu et al[37], 
2022

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + PD-1 
inhibitor

56 51 (24, 82) 51 (91.1) 43 (76.8) 34 (60.7) 53 (94.6) 0/17/39 29 (51.8) NR

Yang et al
[38], 2022

China Patients with unresectable 
HCC

Retrospective TACE + TKIs + ICIs 53 59 ± 10.6 45 (85.0) 47 (89.0) 34 (64.0) 34 (64.0) 2/29/22 NR NR

Yang et al
[39], 2021

China Patients with unresectable 
HCC

Retrospective TACE + TKIs + ICIs 31 57.5 ± 9.4 25 (80.6) 26 (83.9) 23 (74.2) 27 (87.1) 2/18/11 NR NR

Liu et al[45], 
2021

China Patients with advanced 
HCC

Retrospective TACE + lenvatinib + 
camrelizumab

22 57.7 ± 9.9 17 (77.3) 15 (68.2) 7 (31.2) 16 (72.7) 0/12/10 8 (36.4) 11 (50.0)

Wu et al
[40], 2021

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + Anti-
PD-1 antibodies 

62 57 (23, 75) 56 (90.3) 57 (91.9) 30 (48.4) 62 (100.0) 6/21/35 6 (9.7) 15 (24.2)

Cao et al
[41], 2021

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + 
sintilimab

52 ≤ 65: 40 (76.9); > 
65: 12 (23.1)

45 
(86.4)

47 (90.4) 34 (65.4) 46 (88.5) 0/13/39 21 (40.4) NR

Zheng et al
[42], 2020

China Patients with advanced 
TACE-refractory HCC

Retrospective TACE + sorafenib + ICIs 22 < 55: 10 (45.45); ≥ 
55: 12 (54.55)

19 (86.36) 17 (77.27) 7(31.82) 13 (59.03) 0/11/11 7(31.82) 7(31.82

Chen et al
[43], 2022

China Patients with unresectable 
HCC

Retrospective TACE + lenvatinib + 
pembrolizumab

70 58 (36, 69) 37 (52.9) 38 (54.3) 25 (35.7) 70 (100.0) 0/47/23 NR NR

HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; TKI: Tyrosine kinase inhibitor; ICI: Immune checkpoint inhibitor; HBV: Hepatitis B virus; AFP: α-fetoprotein; BCLC: Barcelona Clinic Liver Cancer; EHM: 
Extrahepatic metastasis; PVTT: Portal vein tumor thrombosis.

AEs
Forest plots for AEs are presented in Figure 4. AEs mainly included hypertension, elevated alanine aminotransferase 
levels, fatigue, diarrhea, vomiting, decreased appetite, thrombocytopenia, and hypothyroidism. In this analysis, 18 
studies reported all-grade AEs, and 13 studies reported grade ≥ 3 AEs. The pooled incidence of all-grade AEs was 90% 
[95%CI (0.84–0.94)] and that of grade ≥ 3 AEs was 32% [95%CI (0.24–0.42)]. A random-effect model was employed, and 
the I2 values for all-grade AEs and grade ≥ 3 AEs were 84.16% (P < 0.01) and 83.51% (P < 0.01), respectively.
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Figure 1 Flowchart of study selection.

DISCUSSION
Using locoregional therapy along with systemic therapy may be a promising choice for unresectable HCC. In this study, 
29 studies with 1754 patients who underwent TACE therapy in combination with TKIs and ICIs were included, and the 
findings revealed an encouraging CR, ORR, DCR, OS, PFS, and acceptable AEs in patients with unresectable HCC.

The efficacy and safety of triple TACE therapy with TKIs and ICIs in patients with advanced HCC were first reported 
in 2021[45]. In that study, patients receiving TACE therapy with lenvatinib and camrelizumab exhibited an ORR of 72.7%, 
and the DCR reached 95.5% at the third month. Further, the median OS and PFS were 24 and 11.4 months, respectively, 
with no serious AEs or deaths[45]. Thereafter, numerous studies have explored the benefits of combination therapies 
using different treatment options. The superiority of the triple combination modality over TACE monotherapy, TACE + 
TKIs, and TKIs + ICIs has been demonstrated in many controlled studies. In 2020, the TACTICS trial compared the effect-
iveness of TACE and sorafenib with that of TACE monotherapy, and reported a significant improvement in PFS (25.2 vs 
13.5 months; P = 0.006)[46]. Notably, the ORR of TACE plus lenvatinib treatment reached 88.7% for unresectable HCC in 
the TACTICS-L trial[47]. A propensity score matching retrospective study reported that the triple combination of TACE 
with TKIs and ICIs demonstrated better ORR (52.5% vs 32.8%; P < 0.001) and DCR (82.7% vs 59.6%; P < 0.001), and 
achieved longer OS (median OS, 21.9 vs 16.3 months; P = 0.022) and PFS (median PFS, 8.3 vs 5.1 months; P < 0.0001) than 
TACE alone, with AEs similar to those reported in previous TACE-related studies[18]. Single-agent ICIs have shown an 
ORR of 15%–20% in patients with advanced HCC, mostly with no significant benefit on OS, resulting in approximately 
30% of HCCs exhibiting intrinsic resistance to ICIs[48]. Using a PD-1 inhibitor in addition to TACE and lenvatinib has 
shown significant improvements in efficiency and safety[20]. Compared with TACE with lenvatinib, TACE with 
lenvatinib and PD-1 inhibitor resulted in longer PFS (14.0 vs 9.0 months; P < 0.001) and OS (24.0 vs 15.0 months; P < 
0.001), and a better overall ORR (54.0% vs 32.8%; P = 0.001), with no significant difference in the incidence of AEs (56.64% 
vs 46.09%; P = 0.102) and grade ≥ 3 AEs (11.50% vs 9.38%; P = 0.588)[20]. In 2022, the IMbrave150 trial demonstrated that 
atezolizumab with bevacizumab results in a higher OS than sorafenib (19.2 vs 13.4 months; P < 0.001) in patients with 
untreated HCC[49]. The OS of the TACE with TKI plus ICI group was significantly longer than that of the TKI plus ICI 
group (19.5 vs 10.8 months; P = 0.005), and major AEs were comparable in both groups (34.7% vs 30.6%; P = 0.621)[44].

The findings of the present study revealed that the triple combination therapy exhibited an encouraging pooled CR 
rate, ORR, and DCR of 14%, 61%, and 85%, respectively. Further, the pooled median PFS and OS were 10.25 and 20.47 
months, respectively. Moreover, the pooled prevalence of all-grade AEs was 90%, and that of grade ≥ 3 AEs was 32%. Our 
data support the potential application of triple combination therapy for unresectable HCC, which may have great clinical 
benefits in tumor responses and survival outcomes without increasing the risk of severe AEs. The findings are consistent 
with a recent largest, multicenter, retrospective cohort study in China, which indicated that combining TACE with ICIs 
plus anti-VEGF antibody/TKIs can significantly improve the OS, PFS, and ORR, with an acceptable safety profile[50]. 
Additionally, two multicenter international study registered in the United States were conducted to evaluate TACE in 
combination with ICIs and lenvatinib therapy in patients with locoregional/incurable/non-metastatic HCC 
(NCT05301842, NCT04246177). The results of the two ongoing trials have been not posted yet, but we are looking forward 
to the improved clinical effects of the triple therapy for HCC. Table 2 presents the ongoing clinical trials exploring the 
clinical benefits of the triple combination modality.

This study has some limitations. First, the retrospective design of the most included studies may have caused recall 
bias in this study. Second, conducting the subgroup analysis was difficult because of the small sample size of all included 
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Figure 2 Forest plots of survival outcomes. A: The pooled effect size of median progression-free survival; B: The pooled effect size of median over survival.

studies and insufficient data on TACE, TKIs, and ICIs in some of the studies. Third, as all eligible studies were from 
China, our conclusions may not be widely relied upon and generalized because of the notable heterogeneity in etiology. 
Fourth, different treatment regimens of triple combination therapy could also be a major contributor to heterogeneity. 
Finally, the sequence of triple therapy administration was not uniform across the included studies, and a broad consensus 
on this is required in the future.
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Figure 3 Forest plots of tumor responses. A: The pooled complete response rate; B: The pooled objective response rate; C: The pooled disease control rate.

CONCLUSION
We conducted a meta-analysis to evaluate the clinical efficacy and side effects of a combination of TACE with TKIs, and 
ICIs for unresectable HCC using current data. Our data support the potential application of triple therapy, which may 
have great clinical benefits for unresectable HCC in terms of tumor responses and survival outcomes without increasing 
the risk of severe AEs. Future randomized controlled trials with large sample sizes and multiple centers must be 
conducted to assess the efficacy and safety of the triple combination therapy and identify the optimal treatment regimen 
for potential beneficiaries with unresectable HCC.

Table 2 Ongoing clinical trials for triple therapy

Combination regimen Comparator Cancer stage NCT number Phase Primary endpoint

TACE + lenvatinib + sintilimab/camrel-
izumab

None Advanced unresectable HCC NCT04997850 Ⅰ/Ⅱ Conversion resection 
rate

TACE + lenvatinib + ICIs None Intermediate/advanced HCC NCT04974281 Ⅰ Conversion resection 
rate

TACE + donafenib + ICIs None Advanced HCC NCT05262959 Ⅱ PFS

TACE + sorafenib + ICIs None Intermediate/advanced HCC NCT04518852 Ⅱ ORR, OS

TACE + sorafenib + tilelizumab None Advanced HCC NCT04992143 Ⅱ 1-yr survival rate

TACE + lenvatinib + tislelizumab None Advanced unresectable HCC NCT05131698 Ⅰ ORR

TACE + sorafenib + tilelizumab None Advanced HCC NCT04599777 Ⅱ OS

TACE + lenvatinib + durvalumab + 
tremelimumab

TACE Locoregional HCC not amenable to 
curative therapy

NCT05301842 Ⅲ PFS
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TACE + lenvatinib + pembrolizumab TACE Incurable/Non-metastatic HCC NCT04246177 Ⅲ PFS, OS

PFS: Progression-free survival; OS: Overall survival; ORR: Objective response rate; HCC: Hepatocellular carcinoma; TACE: Transarterial chemo-
embolization; ICI: Immune checkpoint inhibitor.

Figure 4 Forest plots of adverse events. A: The pooled rate of all-grade adverse events (AEs); B: The pooled rate of grade ≥ 3 AEs.
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