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disruption of target tumor tissues.5‑7 However, 
factors such as location of the target tumor or 
the heat sink effect may render some patients un‑
suitable for percutaneous ablation.4 In these cas‑
es, percutaneous 125I seed insertion is a promis‑
ing alternative treatment strategy.4 125I seeds are 
synthetic radionuclides often used to treat HCC. 
They emit X‑rays and γ‑rays that cause DNA dam‑
age in the nearby tumor cells and induce free rad‑
ical production, ultimately leading to tumor cell 
death.8 Percutaneous insertion of 125I seeds has 
been used to treat a range of solid tumor types.9 
However, the efficacy of combining TACE with 
125I seed insertion (TACE‑I) for the management 
of inoperable HCC remains poorly understood.

INTRODUCTION  Hepatocellular cancer (HCC) 
is a frequently diagnosed liver malignancy.1‑3 
The optimal approaches to HCC treatment include 
surgical resection of the tumor or liver transplan‑
tation. Unfortunately, over 60% of patients are 
ineligible for surgical resection,4 and a limited 
availability of liver grafts often serves as a barri‑
er to transplantation.5

Transarterial chemoembolization (TACE) is 
a procedure that is recommended for patients 
with Barcelona Clinic Liver Cancer (BCLC) stage B 
HCC as well as for some individuals with BCLC 
stage A HCC who are not eligible for surgical re‑
section.6,7 TACE is often used in combination 
with percutaneous ablation to facilitate further 
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ABSTRACT

INTRODUCTION  Transarterial chemoembolization (TACE) is frequently used to treat patients with hepa‑
tocellular cancer (HCC) who are not eligible for surgery. The efficacy of TACE treatment can be improved 
by percutaneous insertion of 125I seeds after the procedure.
AIM  This meta‑analysis aimed to assess the relative safety and efficacy of TACE with 125I seed insertion 
(TACE‑I) as compared with TACE alone for the management of inoperable HCC.
MATERIALS AND METHODS  The PubMed, Cochrane Library, and Wanfang databases were searched for 
relevant studies published since the database inception through October 2024. The primary study outcome 
was objective response rate (ORR), while secondary outcomes comprised disease control rate (DCR), 
progression‑free survival (PFS), overall survival (OS), and adverse event incidence.
RESULTS  This meta‑analysis ultimately included 5 articles, all of which were published in China. In all 
these studies, TACE‑I outperformed TACE alone with respect to patient ORR (P <0.001), PFS (P <0.001), 
and OS (P <0.001). DCR values were similar in both groups (P = 0.77), as were the rates of adverse 
events, including fever (P = 0.75), vomiting (P = 0.83), and myelosuppression (P = 0.23). The only 
outcome exhibiting significant heterogeneity was OS (I2 = 73%). Based on the Egger test, the end points 
affected by publication bias were ORR, DCR, and OS (P = 0.01, P = 0.03, and P = 0.04, respectively).
CONCLUSIONS  In patients with inoperable HCC, TACE‑I is associated with significantly better efficacy 
and longer survival than TACE alone, and has a good safety profile.
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than or equal to 7 was considered indicative of high 
study quality.

Statistical analysis  RevMan v5.3 (The Cochrane 
Collaboration, Copenhagen, Denmark) and Stata 
12.0 (Stata Corporation LLC, College Station, Tex‑
as, United States) software were used to imple‑
ment this meta‑analysis. Dichotomous variables 
were pooled as odds ratios (ORs) with 95% CIs. OS 
and PFS were compared using hazard ratios (HRs). 
The Q test and I2 statistic were used to evaluate het‑
erogeneity, with random‑effect models being used in 
cases of significant heterogeneity (I2 >50%), where‑
as all other end points were analyzed with a fixed
‑effect model. Leave‑one‑out sensitivity analyses 
were used to probe for sources of heterogeneity. 
The Egger test was used to evaluate potential publi‑
cation bias. A P value below 0.05 was used to define 
statistical significance.

Ethics statement  As this was a meta‑analysis of 
published data, it did not require additional ethi‑
cal approval or written informed consent from the 
patients.

RESULTS  Study selection  Initially, a total of 137 
articles were retrieved using the selection strate‑
gy specified above. Of those, 5 studies met the in‑
clusion criteria.11‑15 All of them were retrospective 
analyses conducted in China (TABLE 1). They were pub‑
lished between 2016 and 2024, and had NOS scores 
ranging from 7 to 8. The study selection process is 
detailed in FIGURE 1.

These 5 studies included 204 and 218 patients 
who underwent TACE‑I and TACE treatment, re‑
spectively (TABLE 2). There were no significant differ‑
ences between the groups with respect to age, sex, 
tumor staging, liver function, or number of tumors. 
One of the analyzed studies evaluated multiple HCC 
tumors.15 Treatment‑related outcome data are pre‑
sented in TABLE 3.

Overall response rate  ORRs were reported in 4 of 
the included studies.11,12,14,15 A significantly higher 
pooled ORR was noted in the TACE‑I vs the TACE 
group (86.6% vs 56.4%; OR, 4.87; 95% CI, 2.75–8.64; 
P <0.001; FIGURE 2A). This end point did not exhibit sig‑
nificant heterogeneity (I2 = 35%).

Disease control rate  DCRs were reported in 3 of 
the included studies.12,14,15 Pooled DCRs were com‑
parable in the TACE‑I and TACE groups (93.9% 
vs 94.8%; OR, 0.85; 95% CI, 0.29–2.51; P = 0.77; 
FIGURE 2B). This end point did not exhibit significant 
heterogeneity (I2 = 8%).

Progression‑free survival  PFS rates were compared 
between the TACE‑I and TACE groups in 4 stud‑
ies.11,12,14,15 Based on the pooled log‑transformed 
HR, the PFS of the patients treated with TACE‑I was 
significantly longer than that of the patients treat‑
ed with TACE alone (HR, 1.66; 95% CI, 1.46–1.89; 
P <0.001; FIGURE 2C). This end point did not exhibit 
significant heterogeneity (I2 = 0%).

AIM  This meta‑analysis sought to compare the rel‑
ative safety and efficacy of TACE‑I vs TACE alone for 
the treatment of patients with HCC.

MATERIALS AND METHODS  Study selection  
The  Preferred Reporting Items for Systemat‑
ic Reviews and Meta‑Analyses were used to guide 
this meta‑analysis. The  study was registered 
at INPLASY.COM (No. INPLASY2024110047).

Relevant articles published as of October 2024 
in the PubMed, Cochrane Library, and Wanfang da‑
tabases were identified using the following search 
strategy: (((iodine‑125) OR (I125)) AND ((transarte‑
rial chemoembolization) OR (TACE))) AND ((hepa‑
tocellular carcinoma) OR (HCC)). The EndNote X7 
software (Thomson Corporation, Stanford, Connect‑
icut, United States) was used to aid in the study se‑
lection process.

The following eligibility criteria were applied: 
1) types of article: original articles; 2) diseases: inop‑
erable HCC; 3) types of treatment: TACE‑I and TACE 
alone; 4) language of publication: English.

Studies were excluded if they 1) involved nonhu‑
man subjects; 2) focused on TACE combined with 125I 
seed stent placement in HCC patients with an ob‑
structed portal vein; 3) had a sample size of less 
than 20 participants.

Data extraction  The studies were selected by 2 in‑
vestigators (RZ and KM), who extracted all data in‑
dependently of one another, with any disagreements 
being resolved by a third investigator (ZY). Data 
extracted from the studies included the name of 
the first author, year of publication, country of or‑
igin, study design, baseline patient data, baseline 
HCC data, and treatment‑related outcomes. Objec‑
tive response rate (ORR) was the primary outcome 
in this meta‑analysis, whereas secondary outcomes 
included disease control rate (DCR), progression‑free 
survival (PFS), overall survival (OS), and adverse 
event incidence. ORRs were calculated as the overall 
rate of complete and partial responses, while DCRs 
were calculated as the overall ORRs and stable dis‑
ease rates. The modified Response Evaluation Crite‑
ria in Solid Tumors were used to assess the response 
to treatment.10

Quality analysis  The quality of studies was assessed 
with the Newcastle‑Ottawa scale (NOS), assigning 
4, 3, and 2 points to selection, exposure, and com‑
parability criteria, respectively. A NOS score greater 

TABLE 1  General characteristics of the included studies

Study Year of 
publication

Country / area Design NOS, 
points

Chen et al11 2020 China Retrospective 8

Gao et al12 2022 China Retrospective 8

Li et al13 2016 China Retrospective 7

Wang et al14 2023 China Retrospective 8

Wang et al15 2024 China Retrospective 8

Abbreviations: NOS, Newcastle‑Ottawa Scale
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the TACE‑I and TACE groups (19.1% vs 14.7%; 
OR, 1.38; 95% CI, 0.81–2.35; P = 0.23; FIGURE 2G). 
This end point did not exhibit significant hetero‑
geneity (I2 = 15%).

Publication bias  Based on the results of the Egger 
test, publication bias was found for ORR, DCR, and 
OS (P = 0.01, P = 0.03, and P = 0.04, respectively). 
The remaining end points did not exhibit signifi‑
cant publication bias.

DISCUSSION  TACE is the most widely used inter‑
ventional treatment for inoperable HCC,16‑18 and it 
serves as the first‑line management approach in this 
patient population.16‑18 To achieve greater clinical 
efficacy, TACE is often combined with other ther‑
apeutic approaches, such as immunotherapy, abla‑
tion, or 125I seed insertion.4‑6,19

In this meta‑analysis, treatment responses, sur‑
vival outcomes, and adverse event rates were used 
to evaluate the relative safety and efficacy of TACE
‑I vs TACE alone for the treatment of inoperable 
HCC. Based on our findings, the use of TACE‑I re‑
sulted in significantly better ORR, as compared 
with TACE alone, with the TACE‑I group exhibiting 
a pooled ORR as high as 86.6%. Studies of patients 
with inoperable HCC who underwent drug‑eluting 
bead (DEB)-TACE reported similarly high ORRs, 

Overall survival  OS data were reported in all 5 
studies. The pooled log‑transformed HR values 
indicated that OS was longer in the TACE-I than 
in the TACE group (HR, 1.7; 95% CI, 1.41–2.06; 
P <0.001; FIGURE 2D). This end point was associat‑
ed with significant heterogeneity (I2 = 73%) driv‑
en by the study by Gao et al.12 When this study 
was excluded from the analysis, heterogeneity 
was no longer observed (I2 = 0%), and the OS of 
the patients treated with TACE‑I was still found 
to be longer than that of the patients treated with 
TACE alone (P <0.001).

Fever  Fever rates were reported in all 5 studies, 
and the pooled rates were similar in the TACE
‑I and TACE groups (37.7% vs 38.5%; OR, 1.07; 
95% CI, 0.69–1.66; P = 0.75; FIGURE 2E). This end 
point did not exhibit any heterogeneity (I2 = 0%).

Vomiting  Rates of vomiting were presented in all 
5 studies, and were comparable in the TACE‑I and 
TACE groups (30% vs 28.4%; OR, 0.95; 95% CI, 
0.6–1.5; P = 0.83; FIGURE 2F). No heterogeneity was 
observed for this end point (I2 = 0%).

Myelosuppression  Myelosuppression rates were 
reported in all analyzed studies. Similar pooled 
rates of myelosuppression were observed in 
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Records identified through
database searching

n = 137

Additional records identified
through other sources 

n = 0

Records after duplicate removal
 n = 136

Records excluded, n = 129:
•  Review, n = 2
•  Case report, n = 0
•  Nonhuman studies, n = 4
•  Not in the field of interest, n= 123

Full-text articles excluded, n = 2:
•  No control group

Records screened 
n = 136
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n = 7

Studies included
in qualitative synthesis
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Studies included in quantitative
synthesis (meta-analysis)

n =5

FIGURE 1  Meta‑analysis 
flow chart
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low‑dose radiation, they can damage cycle
‑sensitive cells so that they are ultimately elimi‑
nated, leading to shifts in overall tumor cell dis‑
tributions that may render these tumors more 
chemosensitive, conferring better long‑term 
treatment efficacy.12 However, significant het‑
erogeneity was observed for the OS end point, 
so the reliability of these results is uncertain 
and there is a clear need for a series of prospec‑
tive randomized controlled trials aimed at val‑
idating these findings.

Here, 125I seed insertion was not associat‑
ed with an increase in adverse event risk. This 
positive outcome may be attributable to the ap‑
propriate use of the treatment planning sys‑
tem to select optimal 125I seed number and 
distribution in a manner intended to mini‑
mize radiation‑induced damage to peritumor‑
al healthy tissues.

There are some limitations to this meta
‑analysis. Firstly, all of the included studies 
had a retrospective design, which may be asso‑
ciated with heterogeneity in outcome reporting 
and selection bias. In addition, relatively few 
studies were included in the pooled analyses, 
and all of them were from China. As a conse‑
quence, these results may only reflect the clin‑
ical situation in China, which is a country with 
the largest number of HCC patients globally. 
Nevertheless, our findings support the efficacy 
of TACE‑I as an approach to HCC management.

CONCLUSIONS  In summary, the results of this 
meta‑analysis demonstrate that, relative to 
TACE alone, TACE‑I is associated with signif‑
icantly better efficacy and prolonged surviv‑
al when used to manage inoperable HCC, and 
it does not entail any additional safety risks.

ranging between 72% and 90.1%.20‑22 The short
‑term efficacy of TACE‑I may thus be similar to that 
of DEB‑TACE in these HCC patient populations. 
However, in tumors with poor blood supply, DEB
‑TACE may fail to achieve complete tumor emboli‑
zation, whereas 125I seed insertion can help elimi‑
nate any residual tumor cells after TACE.23

While this meta‑analysis showed that treat‑
ment with TACE‑I was associated with a better 
ORR, the pooled DCRs for TACE‑I and TACE 
alone were similar. This may suggest that TACE 
alone is effective in achieving local disease con‑
trol in HCC, and that 125I seeds can facilitate fur‑
ther tumor cell destruction but fail to provide 
protection against tumor progression, particu‑
larly with respect to extra‑hepatic progression.

The presented results demonstrate a clear 
link between TACE‑I and better OS and PFS, as 
compared with TACE alone. As 125I seeds emit 

TABLE 3  Treatment characteristics

Study Groups Objective 
response 
rate, %

Disease 
control 
rate, %

Progression
‑free survival, 
mo

Overall 
survival, 
mo

Chen  
et al11

TACE alone 50 N/A 8 23

TACE‑I 68.6 N/A 16 42

Gao  
et al12

TACE alone 59.4 90.7 5 18

TACE‑I 90.7 93.8 11 22

Li et al13 TACE alone N/A N/A N/A 18

TACE‑I N/A N/A N/A 30

Wang  
et al14

TACE alone 58.5 92.7 2 6

TACE‑I 92.3 97.4 4 10

Wang  
et al15

TACE alone 61.9 100 7 15

TACE‑I 93 93 13 23

Abbreviations: see TABLE 2

TABLE 2  Baseline data of the participants

Author Group Patients, n Mean 
age, y

Sex, M/F Mean tumor size BCLC 
stage

Child‑Pugh 
classes

Number of tumors

Chen et al11 TACE alone 48 59.6 38/10 <3 cm, n = 13; 
≥3 cm, n = 35

A–C A–B Single, n = 24;  
multiple, n = 24

TACE‑I 35 58.1 26/9 <3 cm, n = 14; 
≥3cm, n = 21

A–C A–B Single, n = 16;  
multiple, n = 19

Gao et al12 TACE alone 32 62.1 26/6 5.8 cm A–C A–B Single, n = 19;  
multiple, n = 12

TACE‑I 32 62.7 26/6 5.5 cm A–C A–B Single, n = 24;  
multiple, n = 8

Li et al13 TACE alone 55 48.5 47/8 N/A A–C A–B Single, n = 18;  
multiple, n = 37

TACE‑I 55 48.4 48/7 N/A A–C A–B Single, n = 20;  
multiple, n = 35

Wang  
et al14

TACE alone 41 62.4 33/8 5.7 cm A–B A–B Single, n = 25;  
multiple, n = 16

TACE‑I 39 62 29/10 5.2 cm A–B A–B Single, n = 22;  
multiple, n = 17

Wang  
et al15

TACE alone 42 60.8 32/10 2.9 cm A–B A–B Multiple (all patients)

TACE‑I 43 58.5 39/4 3.1 cm A–B A–B Multiple (all patients)

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; F, female; M, male; N/A, not available; TACE, transarterial chemoembolization, TACE‑I, TACE with 
125I seed insertion
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FIGURE 2�  Pooled 
results for objective 
response rate (A), disease 
control rate (B), 
progression‑free survival 
(C), overall survival (D), 
fever rate (E), vomiting 
rate (F), and 
myelosuppression rate 
(G) in the TACE‑I and 
TACE alone groups

Abbreviations: df, degree 
of freedom; 
IV, instrumental variable; 
M-H, Mantel–Haenszel 
test, others, see TABLE 2
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