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Background: Transarterial chemoembolization (TACE) is the standard treatment for hepatocellular 
carcinoma (HCC); the value of its combination with systemic therapy is worthy of further exploration. This 
study aimed to investigate the efficacy and safety of TACE combined with tyrosine kinase inhibitor (TKI) 
and immune checkpoint inhibitor (ICI) in the treatment of unresectable HCC.
Methods: In this retrospective observational, single-center study, 147 patients with unresectable HCC were 
divided into a TACE group (n=98) and a non-TACE group (n=49) based on whether TACE was performed 
during TKI plus ICI therapy. The survival outcomes and adverse events (AEs) of the two groups were 
compared.
Results: Data from patients with unresectable HCC who received TKI plus ICI treatment between July 
2017 and April 2020 were collected. The median intrahepatic tumor size was 8.7 cm [interquartile range 
(IQR), 5.9–12.4 cm]. At data cut-off, overall survival (OS) of the TACE group was significantly longer than 
that of the non-TACE group (19.5 and 10.8 months, respectively, P=0.005). In the high-risk cohort (with 
main or contralateral portal vein tumor thrombi and/or bile duct invasion and/or a tumor burden >50% of 
liver), the OS of the TACE group was still longer than that of the non-TACE group (14.9 and 8.7 months, 
respectively, P=0.031). Major AEs were tolerated in both groups, and there was no significant difference in 
their incidence (34.7% and 30.6%, respectively, P=0.621).
Conclusions: TACE treatment combined with TKI plus ICI regime resulted in longer OS than treatment 
with TKI plus ICI alone for patients with unresectable HCC.
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Introduction

The systematic treatment of unresectable hepatocellular 
carcinoma (HCC) has undergone profound changes in the 
past decade. Tyrosine kinase inhibitor (TKI) and immune 
checkpoint inhibitor (ICI) are the main therapeutic drugs 
for unresectable HCC (1,2). Recently, several studies 
have demonstrated the great potential of TKI combined 
with ICI in the treatment of HCC. The IMbrave150 
trial (3) showed that atezolizumab plus bevacizumab led 
to a higher survival rate than sorafenib in patients with 
untreated unresectable HCC [overall survival (OS) 19.2 vs. 
13.4 months, respectively, P<0.001], representing the first 
further improvement of OS in patients with unresectable 
HCC compared with sorafenib. Nevertheless, the tumor 
response rate remains at a low level of 33.2%, similar to the 
rates found in other clinical trials of combination therapy 
(4-6). Moreover, the prognosis of high-risk HCC patients 
such as those with main or contralateral portal vein tumor 
thrombus and/or bile duct invasion and/or tumor burden 
greater than 50% of the liver remains poor (7).

Transarterial chemoembolization (TACE) has been 
recommended as one of the common treatments for HCC 
by most guidelines (8-10). In 2020, the TACTICS trial (11)  
compared TACE plus sorafenib with TACE alone and 
reported a major improvement in progression-free survival 

(PFS) based on a new definition of untreatable progression. 
The results of TACTICS-L trials showed that the objective 
response rate (ORR) of TACE plus lenvatinib in the 
treatment of unresectable HCC was as high as 88.7% (12). 
TACE may promote immunogenic cell death and induce a 
tumor-associated antigen-specific response, thus enhancing 
the tumor response to ICI (13). Therefore, TACE may 
augment the efficacy of TKI plus ICI in unresectable HCC.

To date, “CHANCE001” and other few studies have 
reported the efficacy of TACE combined with TKI and 
ICI in the treatment of unresectable HCC. However, the 
contribution of TACE to the combination of TKI and 
ICI remains unclear (14-16). In this study, the survival 
outcomes of TACE combined with TKI plus ICI in patients 
with unresectable HCC were compared and observed, as 
were any unexpected toxicities. We present this article in 
accordance with the STROBE reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-486/rc).

Methods

Study design and population

This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by Ethics Review Committee of The Third 
Affiliated Hospital of Sun Yat-sen University (No. 02-126-
01), and individual consent for this retrospective analysis 
was waived. The diagnosis of HCC met the requirements 
of the AASLD guidelines (17). Data from patients with 
unresectable HCC who received TKI plus ICI treatment 
between July 2017 and April 2020 were collected. Follow-up  
data were obtained from patient follow-up phone calls, 
outpatient periodic review and readmission case data. The 
follow-up period was up to November 2021.

The inclusion criteria for patients were as follows: (I) 
18–75 years old; (II) Eastern Cooperative Oncology Group 
Performance Status (ECOG-PS) of 0–1; (III) Child-Pugh 
class A or B7-9 liver disease; and (IV) adequate hematologic, 
hepatic, and renal functions. Patients were excluded from 
our study if they (I) had missing follow-up data; (II) had any 
prior systemic therapy; (III) had other previous malignant 
tumors; or (IV) had no assessable intrahepatic tumor.

From July 2017 to April 2020, a total of 147 eligible 
patients with unresectable HCC received TKI plus 
ICI, including 98 patients who received TACE during 
combination therapy (hereafter, TACE group) and 49 who 
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with tyrosine kinase inhibitor (TKI) plus immune checkpoint 
inhibitor (ICI) resulted in longer overall survival (OS) than 
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received combination therapy without TACE (hereafter, 
non-TACE group), as shown in the flow chart (Figure 1). 

The baseline characteristics of the two groups included 
age, sex, ECOG-PS, hepatitis B surface antigen (HBsAg), 
tumor size, tumor number, tumor involvement, main 
portal vein tumor thrombosis (PVTT), macrovascular 
invasion, extrahepatic metastasis, ascites, albumin (ALB), 
total bilirubin (TBIL), platelet count (PLT), prothrombin 
time (PT), α-fetoprotein (AFP) level, Child-Pugh score, 
Barcelona Clinic Liver Cancer (BCLC) stage, history of 
locoregional therapy, and time from initial diagnosis.

TACE treatment was performed according to the 
evaluation of the attending physician and the patient’s 
willingness. Before TACE, the attending physician 
explained the procedure, treatment outcome, possible side 
effects, and expected post-operative course. 

High-risk patients were defined as those with main 
portal vein or contralateral portal branch tumor invasion 
and/or biliary duct invasion and/or tumor burden greater 
than 50% (7).

TACE procedure

TACE was performed under the guidance of digital 

subtraction angiography (DSA) by interventional radiologists 
with more than 10 years of experience in endovascular 
interventional therapy. If TACE was performed ≤1 week 
prior to systemic therapies, TACE could also be counted 
as concurrent therapy. The chemotherapeutic agents, 
embolization materials used in TACE, and detailed TACE 
procedures were as described in previously published  
articles (18). In short, a 2.8-F microcatheter (Renegade 
HiFlo Straight, Boston Scientific, Natick, MA, USA; 
Progreat, Terumo, Tokyo, Japan) was advanced as selectively 
as possible into the tumor feeding arteries. The lobaplatin 
concentration was 0.5 mg/mL and the total dose was  
0.5 mg/kg. Lobaplatin was mixed with lipiodol at a ratio of 
1:2 or 1:3. After administration of the chemotherapeutic/
lipiodol mixture, 300 μm polyvinyl alcohol particles (PVA; 
Cook, Bloomington, IN, USA) were injected into the 
tumor-feeding arteries. Post embolization, occlusion of 
tumor supply was confirmed by angiography. Repeat TACE 
was allowed if the 1 month follow-up imaging demonstrated 
residual tumor and liver function was maintained.

TKI management

The TKI options included sorafenib or lenvatinib. The 

Patients with unresectable HCC treated with TACE plus TKIs 

and ICIs or TKIs plus ICIs without TACE (07/2017–04/2020) 

Assessed for eligibility (n=246)

HCC patients treated with TACE plus TKIs 

and ICIs (n=142) 

HCC patients treated with TACE plus TKIs 

and ICIs (n=98)

HCC patients treated with TKIs plus ICIs 

(n=104)

HCC patients treated with TKIs plus ICIs 

(n=49)

Excluded (n=44)

• Missing data (n=5)

• ECOG status ≥2 (n=4)

• History of systemic therapy (n=33)

• Other previous malignant tumors (n=2)

• No assessable intrahepatic tumor (n=0)

Excluded (n=55)

• Missing data (n=2)

• ECOG status ≥2 (n=7)

• History of systemic therapy (n=26)

• Other previous malignant tumors (n=2)

• No assessable intrahepatic tumor (n=18)

Figure 1 Flowchart of patient inclusion and outcomes. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; TKI, 
tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor; ECOG, Eastern Cooperative Oncology Group.
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initial oral dose of sorafenib was 400 mg twice daily, and 
lenvatinib was 12 mg (if bodyweight ≥60 kg) or 8 mg (if 
bodyweight <60 kg) once per day. The initial dose was 
maintained and continued if there was no intolerable toxicity 
or radiographic disease progression. Patients in the TACE 
group resumed their prescribed dose of TKI 3–5 days  
after TACE. If the adverse events (AEs) of TKI were not 
tolerated at the standard dose, the dose was reduced by 
half. If AEs persisted despite dose reduction, treatment as 
suspended until the AEs disappeared.

ICI management

The options for ICI included nivolumab, pembrolizumab, 
and camrelizumab. They were administered on the same 
day as TKI. These ICI were given intravenously every  
3–4 weeks at a standard dose, with each infusion lasting for 
at least half an hour until disease progression changed or 
intolerable toxicity associated with ICI appeared.

Assessment of tumor response

All patients were assessed for tumor response by abdominal 
contrast-enhanced computed tomography (CT) or magnetic 
resonance (MR) imaging before each TACE and TKI 
plus ICI treatment. If the patient’s disease is effectively 
controlled, follow-up is extended to every 3 months 
until data cutoff, death, or loss of follow-up. Response to 
treatment was assessed according to Response Evaluation 
Criteria in Solid Tumors, version 1.1 (RECIST 1.1) (19)  
and modified RECIST (mRECIST) (20). RECIST 
1.1 has been validated and provides more conservative 
estimates of response rates than mRECIST. It also allows 
comparison of response data with pivotal studies in patients 
with HCC, such as the Imbrave150 and KEYNOTE-240 
trial. mRECIST has not been prospectively validated or 
evaluated in immuno-oncology therapy (21). However, 
traditional criteria like RECIST 1.1, which are based on 
tumor diameter reduction, underestimate the efficacy 
and do not predict survival in HCC patients treated with 
TACE (22). Therefore, the mRECIST has been developed 
to measure the reduction in viable tumor burden, which 
is considered to be more preferred for the evaluation of 
tumors treated with TACE. Given all this, the simultaneous 
use of mRECIST and RECIST1.1 evaluation criteria is 
more suitable for this study.

Two radiologists with more than 15 years of experience 
in abdominal imaging independently evaluated the target 

lesions, and any inconsistencies in the evaluation results 
were resolved by consensus. Tumor evaluation indices 
included complete response (CR), partial response (PR), 
stable disease (SD), and progressive disease (PD). The ORR 
included CR and PR, whereas the disease control rate (DCR) 
was defined as the sum of CR, PR, and SD.

OS in both groups was defined as the time period from 
the start of TKI plus ICI treatment to the patient’s death 
or survival to the cutoff date (1 November 2021). PFS was 
defined as either radiologic evidence of tumor progression 
at the time of TKI plus ICI therapy initiation or patient 
death, whichever occurred first.

Safety assessment

AEs that occurred during the follow-up were evaluated in 
terms of classification, incidence, and severity according to 
the National Cancer Institute Common Terminology Criteria 
Version 4.03 (NCI CTCAE v4.03) at each follow-up.

Study population

By the cutoff date, 59 (60.2%) of the 98 patients in the 
TACE group and 37 (75.5%) of the 49 patients in the non-
TACE group had died. There were 5 (5.1%) patients in the 
TACE group and 3 (6.1%) patients in the non-TACE group 
who continued TKI plus ICI therapy.

Statistical analyses

The population baseline characteristics were determined 
using descriptive statistical methods, with categorical 
variables represented by median and quaternary intervals 
and continuous variables represented by median and 
95% confidence interval (CI). Categorical variables were 
tested by the χ2 test or Fisher’s exact test, and continuous 
variables were tested by the t-test or U test. Kaplan-Meier 
survival analysis was used for PFS and OS, whereas a log-
rank test was used to test for differences between groups. 
Cox proportional hazard regression models were utilized 
for univariate and multivariate analyses of OS in the total 
population of patients. The dichotomous variables P≤0.1 
from univariate analyses were included in the multivariate 
analysis to describe the prognostic correlation of the 
potential survival predictors. The software SPSS 26.0 (IBM 
Corp., Armonk, NY, USA) was employed for all statistical 
analyses, and bilateral tests were used for all statistical tests. 
A 2-sided P<0.05 indicated statistical significance.
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Results

Patient characteristics

A total of 147 patients with unresectable HCC who received 
TKI plus ICI with or without TACE were evaluated 
in this study. Among them, 98 patients who underwent 
TACE during TKI plus ICI treatment were included 
in the TACE group [median age, 52 years; interquartile 
range (IQR), 42–62 years; 87 men], whereas the other  
49 patients were included in the non-TACE group (median 
age, 53 years; IQR, 47–63 years; 47 men). The baseline 
characteristics of the two groups are shown in Table 1. 
There was no significant difference between the two groups 
of independent variables (all comparisons, P>0.05; Table 1).

The median follow-up time was 19.0 months (IQR, 
12.4–26.4 months) in the TACE group and 10.8 months 
(IQR, 8.0–20.0 months) in the non-TACE group. Details 
of the different combinations of TKIs and ICIs are shown 
in Table S1. Seventy-four (77.6%) patients in TACE group 
and only 27 (58.3%) in non-TACE group had new hepatic 
foci. The sequential treatment of patients in the two groups 
after TKI plus ICI treatment is presented in Table 2. 

Treatment outcomes and survival analysis in the overall 
cohort

The median OS times of the TACE group and the non-
TACE group were 19.5 months (95% CI: 15.2–23.8 months)  
and 10.8 months (95% CI: 7.5–14.1 months), respectively. 
The TACE group had a significantly longer OS time 
(P=0.005) (Figure 2A). The median PFS was 9.7 months 
(95% CI: 8.0–11.4 months) for the TACE group, and  
7.7 months (95% CI: 5.5–9.9 months) (P=0.282) for the 
non-TACE group (Figure 2B).

Subgroup analysis of OS was favorable for TACE plus 
TKI plus ICI (Figure 3), and patients with positive HBsAg, 
more intrahepatic foci, BCLC C stage, intrahepatic tumor 
diameter ≤7 cm and/or without main PVTT benefitted 
from TACE plus TKI plus ICI.

The radiological evaluation outcomes of the two groups 
of patients with unresectable HCC are shown in Table 3. 
According to the RECIST 1.1, the ORR was 38.8% (38/98) 
for the TACE group and 26.5% (13/49) for the non-TACE 
group (P=0.141). The DCR was 90.8% (89/98) for the 
TACE group and 69.4% (34/49) for the non-TACE group 
(P=0.001). According to mRECIST, the ORR and DCR of 
the TACE group were significantly higher than those of the 
non-TACE group (ORR 74.4% vs. 40.8%, P<0.001; DCR 

90.8% vs. 73.5%, P=0.005).

TACE combined with TKI and ICI in high-risk and non-
high-risk cohorts

The median OS in the high-risk cohort (patients with high-
risk factors of Vp-4 and/or tumor involvement >50% of 
the liver) was 14.9 months (95% CI: 13.2–16.7 months) in 
the TACE group compared with 8.7 months (95% CI: 7.7– 
9.7 months) in the non-TACE group (P=0.031) (Figure 4A). 
There was no significant difference in PFS in the high-
risk cohort [PFS 7.8 months (95% CI: 5.6–10.0 months) vs.  
5.9 months, respectively (95% CI: 5.1–6.7 months), P=0.153] 
(Figure 4B). In the non-high-risk cohort (44 patients  
in TACE group and 25 in non-TACE group), TACE 
combined with TKI and ICI showed a more pronounced 
advantage in OS [29.1 months (95% CI: 19.2–39.0 months) 
vs. 13.2 months without TACE (95% CI: 8.1–18.3 months), 
P=0.016] (Figure 5A). However, there was still no significant 
difference in PFS between the two groups in the non-high-
risk cohort [PFS 11.3 months (95% CI: 8.6–14.0 months) 
vs. 9.4 months (95% CI: 2.4–16.4 months), respectively, 
P=0.794] (Figure 5B).

Complications

The median treatment duration of TKI plus ICI for the 
TACE group was 5.6 months (95% CI: 3.0–11.2 months), 
and it was 3.4 months (95% CI: 0.9–5.8 months) for the 
non-TACE group. Patients in the TACE group received a 
total of 224 TACE procedures, with a median of 3.0 (IQR, 
1.0–3.0) procedures per patient.

AEs in both groups for all grades and grades 3–4 with 
an incidence greater than 10% are shown in Table 4. The 
incidence of grade 3–4 toxicities in the overall population 
was 29.9% (44/147). A total of 96.9% (95/98) and 34.7% 
(34/98) of patients in the TACE group and 98.0% (48/49) 
and 30.6% (15/49) of patients in the non-TACE group 
experienced any grade of AEs and grade 3–4 AEs at least 
once, respectively. No patients discontinued TKI plus 
ICI treatment due to TACE-related toxic side effects. 
There were no deaths due to TACE or TKI plus ICI 
therapy. Totals of 35 (35.7%) patients from the TACE 
group and 16 (32.7%) patients from the non-TACE group 
were prescribed a dose change or interruption due to 
treatment-related toxicity of systemic combination therapy, 
respectively. The overall incidence of grade 3–4 AEs in the 
TACE group was similar to that in the non-TACE group 

https://cdn.amegroups.cn/static/public/JGO-23-486-Supplementary.pdf
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Table 1 Baseline patient characteristics

Variable TACE group (n=98) Non-TACE group (n=49) P value

Median age (years) 52 [42–62] 53 [47–63] 0.108

Sex, n (%) 0.150

Male 87 (88.8) 47 (95.9)

Female 11 (11.2) 2 (4.1)

ECOG-PS, n (%) 0.636

0 42 (42.9) 21 (36.7)

1 56 (57.1) 28 (63.3)

Hepatitis B surface antigen, n (%) 0.862

Positive 85 (86.7) 43 (87.8)

Negative 13 (13.3) 6 (12.2)

Median intrahepatic tumor size (cm) 8.8 [6.4–12.4] 7.8 [3.8–12.6] 0.209

No. of intrahepatic tumors, n (%) 0.692

≤3 27 (27.6) 12 (24.5)

>3 71 (72.4) 37 (75.5)

Tumor distribution, n (%) 0.806

Unilobar 34 (34.7) 16 (32.7)

Bilobar 64 (65.3) 33 (67.3)

Main portal vein tumor thrombus, n (%) 0.744

Yes 14 (14.3) 8 (16.3)

No 84 (85.7) 41 (83.7)

Macrovascular invasion†, n (%) 0.098

Yes 73 (74.5) 30 (61.2)

No 25 (25.5) 19 (38.8)

Extrahepatic metastasis, n (%) 0.726

Yes 49 (50.0) 26 (53.1)

No 49 (50.0) 23 (46.9)

Ascites, n (%) 0.468

Yes 34 (34.7) 20 (40.8)

No 64 (65.3) 29 (59.2)

AFP (ng/mL), n (%) 0.554

>200 59 (60.2) 27 (55.1)

≤200 39 (39.8) 22 (44.9)

Child-Pugh liver function class, n (%) 0.234

A5–A6 75 (76.5) 33 (67.3)

B7–B9 23 (23.5) 16 (32.7)

Table 1 (continued)
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(34.7% vs. 30.6%, P=0.621).

Discussion

In this study, the OS of patients receiving TKI plus ICI 
therapy with TACE was significantly longer than that of 
patients receiving TKI plus ICI therapy without TACE 
(19.5 vs. 10.8 months, P=0.005). According to the RECIST 
1.1 and mRECIST criteria, the DCRs of the TACE group 
were higher than those of the non-TACE group (RECIST 
1.1 90.8% vs. 69.4%, P=0.001; mRECIST 90.8% vs. 
73.5%, P=0.005). These results provide hypothesis-
generating data for the design of prospective, randomized, 
phase 2 efficacy trials.

Table 1 (continued)

Variable TACE group (n=98) Non-TACE group (n=49) P value

BCLC stage, n (%) 0.728

B 12 (12.2) 7 (14.3)

C 86 (87.8) 42 (85.7)

History of locoregional therapy, n (%) 69 (70.4) 40 (81.6) 0.143

Median time from initial diagnosis (months) 5.3 [1.4–11.2] 7.7 [1.4–12.65] 0.301

Data are shown as median [interquartile range] or n (%). †, some patients had hepatic venous invasion and no portal vein invasion (5 in 
the TACE group and 1 in the non-TACE group). ECOG-PS, Eastern Collaborative Oncology Group performance status; AFP, α-fetoprotein; 
BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization. Non-TACE group refers to patients who received systemic 
combination therapy without TACE.

Table 2 Sequential treatment after TKI plus ICI therapy 

Variable
TACE group 
(n=46), n (%)

Non-TACE group 
(n=14), n (%)

Downstaging hepatectomy 1 (2.2) 1 (7.1)

Downstaging ablation 2 (4.3) 1 (7.1)

TACE 19 (41.3) 4 (28.6)

HAIC 4 (8.7) 3 (21.4)

Radiotherapy 4 (8.7) 1 (7.1)

Replace TKI 23 (50.0) 9 (64.3)

Best supportive care 5 (10.9) 1 (7.1)

TKI, tyrosine kinase inhibitor; ICI, immune checkpoint inhibitor; 
TACE, transarterial chemoembolization; HAIC, hepatic artery 
infusion chemotherapy.
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Figure 2 OS and PFS in overall population at final analysis. (A) Cumulative OS curves; (B) Cumulative PFS curves. HR, hazard ratio; CI, 
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Resection or liver transplantation is primary curative 
modalities to improve survival outcomes of HCC patients. 
However, it is estimated that up to 70% of patients may not 
be eligible for curative intent therapy, and thus systemic 
therapy with TKI and ICI is an integral component of 
HCC therapy in unresectable patients (23). It remains 
unclear if addition of TACE to systemic therapy confers 
survival advantage and our results have shown that TACE 
improves OS. It is worth noting that there was no statistical 
difference in PFS of patients receiving TACE combined 
with TKI and ICI compared with that of patients receiving 
treatment without TACE (9.7 vs. 7.7 months, P=0.282). A 
potential reason for this result may be that more patients in 
the TACE group were defined as having disease progression 
due to new hepatic foci (77.6% vs. 58.3%) rather than the 
enlargement of the primary tumor. Although these patients 

were defined as having tumor progression, they experienced 
improved OS and intrahepatic lesion control after repeat 
TACE. The progression was due to new intrahepatic lesions 
and may not necessarily have been due to the failure of 
TACE, which is a locoregional therapy (24). 

Due to the breakthrough extended PFS and OS 
efficacy demonstrated by IMbrave150, atezolizumab 
plus bevacizumab was quickly approved as the first-
line treatment for unresectable HCC in many countries. 
However, the OS of the high-risk cohort in the IMbrave150 
study was only 7.6 months (25). A question worth raising 
is whether TACE can improve the survival time of high-
risk patients. Notably, the effect of TACE in high-risk 
populations significantly enhanced the efficacy of TKI plus 
ICI therapy. Survival outcomes in the non-TACE group 
were similar to those in the survival in the IMbrave150 
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Table 3 Outcomes in patients with unresectable HCC treated with TACE group and non-TACE group

Variable
RECIST 1.1 mRECIST

TACE group (n=98) Non-TACE group (n=49) P value TACE group (n=98) Non-TACE group (n=49) P value

Best overall response, n (%)

CR 0 (0.0) 0 (0.0) 22 (22.4) 4 (8.2) −

PR 38 (38.8) 13 (26.5) 51 (52.0) 16 (32.7) −

SD 51 (52.0) 21 (42.9) 16 (16.3) 16 (32.7) −

PD 9 (9.2) 15 (30.6) 9 (9.2) 13 (26.5) −

ORR (CR + PR) 38 (38.8) 13 (26.5) 0.141 73 (74.4) 20 (40.8) <0.001

DCR (CR + PR + SD) 89 (90.8) 34 (69.4) 0.001 89 (90.8) 36 (73.5) 0.005

Outcomes were determined according to the Response Evaluation Criteria in Solid Tumors, version 1.1 and modified Response 
Evaluation Criteria in Solid Tumors. Non-TACE group refers to patients who received systemic combination therapy without TACE. HCC, 
hepatocellular carcinoma; TACE, transarterial chemoembolization; CR, complete response; PR, partial response; SD, stable disease; PD, 
progression disease; ORR, objective response rate; DCR, disease control rate.
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Figure 4 OS and PFS in high-risk cohort population at final analysis. (A) Cumulative OS curves; (B) Cumulative PFS curves. HR, hazard 
ratio; CI, confidence interval; TACE, transarterial chemoembolization; OS, overall survival; PFS, progression-free survival.

high-risk group. The TACE group survival in this study 
was significantly prolonged, suggesting that the primary 
cause of death in the high-risk group is intrahepatic tumor 
progression and that TACE may improve outcomes by 
intrahepatic tumor local control. Moreover, TACE plus 
TKI and ICI also significantly improved the OS (29.1 vs. 
13.2 months, P=0.016) in the non-high-risk population. 
Such a remarkable therapeutic effect is rare in studies of 
unresectable HCC.

The results of our study are not entirely unexpected 
as TACE involves giving different pharmaceutical agent 
and thus potentially having additive or synergic effect to 

systemic therapeutic agents. TACE plus sorafenib has 
been shown to have superior PFS to sorafenib alone (11).  
The clinical effect of TACE appears to be at least 
additive if not synergistic to TKI and ICI therapy. 
TACE induces cell death and releases tumor antigens 
(13,26,27), and TKI can reprogram the immunosuppressive 
tumor microenvironment into an immunostimulatory 
environment (28,29), both of which may improve the effect 
of immunotherapy. However, the mechanism of action of 
how TACE promotes the efficacy of TKI and ICI remains 
unclear, and further basic studies are required to elucidate 
the pathophysiology.
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Table 4 Adverse events with an incidence of more than 10% in either group

Event
TACE group (n=98), n (%) Non-TACE group (n=49), n (%)

Any grade Grade 3–4 Any grade Grade 3–4

AST/ALT increased 55 (56.1) 4 (4.1) 12 (24.5) 1 (2.0)

Constipation 35 (35.7) 0 (0.0) 13 (26.5) 0 (0.0)

Pyrexia 34 (34.7) 7 (7.1) 14 (28.6) 2 (4.1)

Hypertension 31 (31.6) 9 (9.2) 13 (26.6) 4 (8.2)

PLT decreased 26 (26.5) 3 (3.1) 20 (40.9) 2 (4.1)

Fatigue 24 (24.5) 7 (7.1) 15 (26.5) 1 (2.0)

Weight decreased 24 (24.5) 0 (0.0) 13 (26.5) 0 (0.0)

Diarrhea 22 (22.4) 0 (0.0) 7 (14.4) 0 (0.0)

Rash 21 (21.4) 3 (3.1) 10 (20.4) 1 (2.0)

Pneumonitis 13 (13.3) 2 (2.0) 5 (10.2) 2 (4.1)

Nausea 11 (11.2) 2 (2.0) 6 (12.2) 0 (0.0)

Proteinuria 11 (11.2) 0 (0.0) 6 (12.2) 1 (2.0)

TBIL increased 10 (10.2) 2 (2.0) 8 (16.3) 2 (4.1)

Non-TACE group refers to patients who received systemic combination therapy without TACE. AST, aspartate transaminase; ALT, alanine 
aminotransferase; PLT, platelet; TBIL, total bilirubin; TACE, transarterial chemoembolization.
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Figure 5 OS and PFS in non-high-risk cohort population at final analysis. (A) Cumulative OS curves; (B) Cumulative PFS curves. HR, 
hazard ratio; CI, confidence interval; TACE, transarterial chemoembolization; OS, overall survival; PFS, progression-free survival.

In this study, the treatment of TACE plus TKI and 
ICI was validated to be clinically effective and safe. The 
classification, incidence, and severity of AEs in the whole 
population were also divided into two groups according to 
whether TACE was performed during systemic combination 
therapy for comparative analysis. All types of AEs were 
similar in both groups and were generally consistent with 

safety conclusions from other known trials, and TACE did 
not lead to more severe AEs associated with TKI plus ICI 
therapy.

There are several limitations in this study. First, this 
was a retrospective study with a limited sample size and 
relatively short follow-up time, and there was an inevitable 
selection bias affecting the results. Second, choice of agent, 
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its duration and dose variations of TKI and ICI were 
involved in this study, which also leads to bias. Thirdly, the 
survival estimates in the study may be somewhat limited 
by the duration of treatment. Fourthly, our demographic 
population involves predominantly hepatitis B related HCC 
and the results may not be generalizable to other centers.

Conclusions

In summary, patients receiving TACE combined with 
TKI and ICI had a better OS than patients receiving TKI 
plus ICI alone for the treatment of unresectable HCC. 
Moreover, adding TACE to TKI and ICI regime was safe 
and did not result in additional complication.
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Table S1 Collocation selection of systemic combination therapy at baseline 

Variable
TACE group (n=98), n (%) Non-TACE group (n=49), n (%)

Sorafenib Lenvatinib Sorafenib Lenvatinib

Nivolumab 14 (14.3) 7 (7.1) 5 (10.2) 1 (2.0)

Pembrolizumab 4 (4.1) 14 (14.3) 2 (4.1) 4 (8.2)

Camrelizumab 40 (40.8) 19 (19.4) 30 (61.2) 7 (14.3)

Except where indicated, data are numbers of patients, with percentages in parentheses.
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