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Rationale and Objectives: This meta-analysis was aimed at evaluating the predictive value of radiomics in the context of transarterial 
chemoembolization (TACE) therapeutic response (TR) for hepatocellular carcinoma (HCC) and patients’ survival status (SS) and pro-
viding favorable evidence for clinical application.

Materials and Methods: We searched for literature in which radiomics was applied to assess the TR of TACE for HCC and the affected 
patients’ survival status across PubMed, Embase, Cochrane Library and Web of Science until Jul 12, 2023. The quality of included 
literature was evaluated using a radiomics quality score (RQS) approach, and a meta-analysis was conducted using Stata15.0.

Results: Twenty-four studies were included in the analysis. The meta-analysis revealed that the overall concordance-index (C-index) 
based on radiomics for predicting the TR and SS with TACE was 0.85 and 0.78, respectively. The combined radiomics-clinical model 
provided the best performance in evaluating the TR and SS associated with TACE. The C-index was 0.93 and 0.88 for TR and 0.84 and 
0.80 for SS, in the training and validation sets, respectively. These values were higher than the 0.87 and 0.79 for TR and 0.79 and 0.70 for 
SS, respectively with the radiomics model, and 0.71 and 0.66 for TR and 0.72 and 0.66 for SS, respectively with the clinical model.

Conclusion: The radiomics prediction model for the efficacy of TACE in HCC showed a satisfactory prediction performance. The 
combined radiomics-clinic prediction model had the best performance.
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INTRODUCTION

A pproximately 906,000 new cases of primary liver 
cancer (PLC) were reported in 2020 (1). Hepato-
cellular carcinoma (HCC) accounts for approxi-

mately 90% of PLC (2), and the associated morbidity and 
mortality are increasing worldwide. Different treatment 
options are recommended for HCC patients at different 
Barcelona Clinic Liver Cancer (BCLC) stages. An early-stage 
option can be surgical resection, with the 3- and 5-year 
survival rates being 87.8% and 77.2%, respectively (3). 
However, early HCC presents no obvious symptoms. It is 
usually diagnosed in the intermediate or advanced stage and 
when the optimal timing for surgical resection is missed. 
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Liver transplantation is an effective treatment for HCC (4), 
with a 5-year patient survival rate as high as 71% (5). Un-
fortunately, this option is limited by the scarcity of donated 
organs and the post-transplantation recurrence risk (4).

Transarterial chemoembolization (TACE) is a palliative 
therapy that can control tumor growth, prolong the survival 
of patients with unresectable HCC, and improve patients’ 
quality of life. The 2022 BCLC guidelines first re-
commended TACE as the standard treatment for inter-
mediate-stage (B) HCC (6), and it has been widely applied 
in clinical practice. A meta-analysis that included 101 lit-
erature pieces enrolled 10,108 HCC cases showed that the 
objective response rate of efficacy and survival status (SS) 
after TACE was 52.5%. The 1- and 5-year overall survival 
(OS) rates were 70.3% and 32.4%, respectively, and the 
median OS was 19.4 months (7). TACE can also be used as 
a neoadjuvant therapy before liver transplantation to 
achieve de-escalation or buffer therapy for liver transplan-
tation patients. It is recommended for some advanced HCC 
patients with acceptable liver function accompanied by 
portal vein tumor thrombi (8,9). However, not all patients 
may benefit from TACE therapy (10), because of factors 
such as dual blood supply from both the hepatic artery and 
portal vein and collateral circulation, making complete 
tumor necrosis after TACE difficult, as well as a high re-
currence rate. Early identification of patients with a good 
response to TACE may facilitate early repeat management 
to eliminate residual tumors or guide decision-making for 
subsequent treatment modalities, thereby minimizing 
therapy-related complications. Additionally, early identifi-
cation of patients who do not respond to TACE aids in a 
timely transition to other therapies, such as radiofrequency 
ablation, surgical resection, or systemic therapy (molecular 
targeted therapy) (11,12). Therefore, using non-invasive 
means to accurately assess and predict the efficacy of TACE 
can guide individualized treatment and improve their OS 
effectively.

Radiomics is an emerging field and it can extract high- 
throughput image features from medical images and convert 
unquantifiable imaging information into precise data, al-
lowing for quantitative analysis and data mining (13,14). It is 
extensively utilized in HCC management and yielded sa-
tisfactory results in the analysis of tumor genotype behavior, 
evaluation of therapeutic response (TR), and prediction of 
SS (15). In some recent studies, radiomics-based prediction 
models for efficacy in HCC patients were constructed, 
which is of great importance in assessing the TR to TACE 
and predicting patient SS. However, due to the lack of 
standard implementation guidelines, the overall effectiveness 
of the prediction models remains unclear, which hinders 
their full clinical application. The purpose of the current 
meta-analysis was to assess the TR to TACE and the effec-
tiveness of the models for predicting SS in HCC patients. 
We also aimed to evaluate the quality of the radiomics-based 
methodology to provide a basis for personalized clinical 
management.

MATERIALS AND METHODS

This meta-analysis was reported in accordance with the criteria in 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses published in the 2020 (PRISMA2020) statement. 
The study protocol has been registered with the International 
Platform of Registered Systematic Review and Meta-analysis 
Protocols (INPLASY) (INPLASY202260100; DOI number: 
10.37766/inplasy2022.6.0100).

Literature Search

PubMed, Embase, Cochrane Library, and Web of Science 
were searched with the subject headings and free words such 
as “Carcinoma, Hepatocellular” (Mesh), “Radiomics” 
(Mesh), and “Chemoembolization, Therapeutic” (Mesh). The 
deadline for searching the databases was July 12, 2023. 
Detailed search strategies are described in Supplementary 
Materials.

Literature Inclusion and Exclusion Criteria

The following studies were included: (1) the language of the 
publication was English; (2) studies with patients clinically 
diagnosed as HCC and were treated with TACE; and (3) 
studies in which the outcome indicators of the predictive 
models value could be assessed directly or indirectly.

The exclusion criteria were as follows: (1) reviews, case 
report, conference abstracts, animal experiments, and re-
peated publications; (2) no predictive models to assess the 
TACE efficiency in HCC patients, though radiomic data 
were included in the study and (3) patient had received 
radiotherapy, chemotherapy, radio-frequency ablation, or 
other antitumor treatments.

Literature Screening, Information Extraction, and 
Quality Appraisal

Literature screening, information extraction, and quality appraisal 
were independently performed by two researchers (YW, ML) 
with over 3 years of experience in radiological diagnosis. A third 
researcher (LZ) assisted in reaching an agreement if there were 
any disagreements between the former two researchers. The data 
extracted included names of first authors, country, publication 
year, number of cases, equipment, treatment methods, prediction 
feature, radiomic software, feature selection, predictive model, 
and ROC curves.

The quality of the literature was assessed using the radiomics 
quality score (RQS) (16), which was used worldwide to evaluate 
the quality of radiomics literature. Its aim was to minimize bias 
and enhance the effectiveness of prediction models by establish 
standardized assessment criteria and reporting guidelines for 
radiomics research (16). It is made of a total of 16 criteria. Each 
criterion corresponds to a different score, depending on the 
degree to which the literature conforms to the criterion, and the 
total score ranged from −8 to 36 points. A higher score indicated 
a higher quality.
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Statistical Methods

A meta-analysis was performed using Stata 15.0 (StataCorp 
LLC, College Station, TX) software. The predictive HCC 
efficacy model evaluated the TR to TACE and SS with 
TACE. Therefore, the outcome indicator used was the C- 
index. The inconsistency index (I2) reflected the hetero-
geneity among the models. When I2 >  50%, a random-ef-
fects model was employed, and when I2 ≤ 50%, a fixed- 
effects model was adopted to compute the combined effect 
index. Meanwhile, a subgroup analysis using the clinical, 
radiomics, and combined radiomics-clinical models were 
considered.

RESULTS

Overall, 1050 articles were initially retrieved. After further 
screening using Endnote, 488 duplicates were excluded. Then 
another 520 irrelevant articles were excluded by reviewing the 

titles, abstracts. Full texts of the remaining 42 studies were as-
sessed for eligibility. Finally, 24 articles that satisfied the re-
quirements were included (shown in Figure 1).

Basic Characteristics of the Included Literature

The 24 eligible articles (17–40) were published between 
2019 and 2023, and all were retrospective analyses. Overall, 
4191 patients were enrolled. Sixteen of the articles reported 
the application of CT scans. One article used both CT and 
MR scans (24). The remaining seven focused on MR scans. 
Regarding the research content, 13 (17,18,21,23,24,26, 
27,30,33,34,36,37,40) of the 24 articles explored the TR to 
TACE for HCC, nine reported SS (22,25,28,29,31,32,35, 
38,39), and two (19,20) focused on both TR and SS after the 
TACE session. Notably, five retrospective studies (20,27, 
31,33,38) involved data collected from multicenter clinical 
trials. Six of the articles (19,21,23,36,37,39) applied deep 
learning. The screening method of modeling variables was 

Figure 1. Literature screening flowchart.
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least absolute shrinkage and selection operator (LASSO) re-
gression, and the prediction models for TR were logistic, 
random forest, support vector machine, deep learning, and 
other diversified learning methods. Logistic regression was 
predominantly applied while Cox regression was adopted for 
SS. The basic characteristics of each study are shown in 
Table 1.

Quality Appraisal of the Literature

The RQS results revealed that the total score of the 24 studies 
ranged from seven to 23 points, with an average score of 16.92 
points. The relative average score in the RQS assessment was 
47.0% (range: 19.44–63.89%). Most studies reported well- 
documented image protocol quality and met the criteria for 
multiple segmentations. Feature reduction or adjustment for 
multiple testing and Multivariable analysis with non-radiomic 
features were applied to all studies. Only one study (37) did not 
conduct any validation, and the remaining studies performed 
internal validation, external validation and cross-validation. Four 
studies (18,26,32,40) included cost-effectiveness analyses. Fifteen 
studies (19,21–24,26–30,32,36,38–40) evaluated whether the 
model was applicable for clinical utility analysis by using decision 
curves. None of the studies was prospective study registered in a 
trial database. Two studies (23,39) were open science and data, 
one of which (23) applied elucidate the detect and discuss bio-
logical correlates. The scores of RQS quality assessment are 
shown in Table 2.

Meta-analysis Results

Prediction of Postoperative TR After TACE for HCC
The results showed that the overall C-indexes exhibited a 
moderate level of accuracy, with values of 0.85 and 0.78 for 
the training and validation sets, respectively. The combined 
radiomics-clinical model provided the best performance in 
evaluating the TR to TACE. The C-indexes of the training 
and validation sets were 0.93 and 0.88, respectively. The 
radiomics model ranked second in performance, with a C- 
indexes of 0.87 and 0.79 in training and validation sets, re-
spectively. The clinical model has the poorest predictive 
efficiency, with a C-indexes of 0.71 and 0.66 in the training 
and validation sets being, respectively (Figs. 2 and 3).

Prediction of SS After TACE for HCC
The results showed that the overall C-indexes exhibited a 
moderate level of accuracy, with values of 0.78 and 0.72 for the 
training and validation sets, respectively. The combined radio-
mics-clinical model of HCC after TACE had the best perfor-
mance, with the C-indexes of the training and validation sets 
being 0.84 and 0.80, respectively. Then followed by the radio-
mics model in the training and validation sets, with C-index of 
0.79 and 0.70, respectively. The results for the SS were similar to 
those for the postoperative TR, with the combined radiomics- 
clinical model has the best prediction efficiency, and the clinical 
model has the poorest performance. The C-indexes of the 

training and validation sets were 0.72 and 0.66, respectively 
(Figs. 4 and 5).

DISCUSSION

Radiomics models have been used to evaluate the TR to 
TACE among HCC patients and their SS. Three models, the 
radiomics model, clinical model, and the combined radio-
mics-clinical model, were established in this meta-analysis.

The results showed that the combined radiomics-clinical 
model provided the best performance in evaluating the TR 
to TACE, better than that of the radiomics and clinical 
models. This finding was similar to the current research. Kim 
et al. used clinical data and radiomic features of CT images in 
the arterial phase to establish a prediction model for TACE 
efficacy among HCC patients. Studies have shown that the 
combined radiomics-clinical model was superior to either 
the radiomics or clinical model in predicting the post-
operative efficacy of TACE (41). Ali Morshid et al. (42) also 
constructed a predictive model to evaluate the postoperative 
response to TACE among HCC patients. Their results 
showed that the accuracy of prediction was 62.9% when 
using the BCLC staging model alone and 74.2% when 
combined a deep learning model of radiomics.

Integration of radiomics and deep learning were also used 
to predict the treatment response to TACE in HCC. The 
results showed the model had notable accuracy for predicting 
the initial response to TACE treatment (33,37). Although 
some researchers assume that the predictive performance of 
deep learning is better than that of common single machine 
learning methods, more attention should be given to the 
selection of effective predictors, especially during the 
radiomics application processes. Because limited studies have 
been performed on the application of deep learning to es-
tablish a radiomics model in the context of TACE among 
HCC patients. There is a lack of data to confirm the effec-
tiveness of deep learning in this field.

In this meta-analysis, we also studied the SS of TACE-treated 
HCC patients. The results showed that the performance of the 
combined radiomics-clinical model was again better than that of 
the other two prediction models, with the radiomics model 
performing better than the clinical model. Jin et al. (43) predicted 
the possibility of extrahepatic spread or vascular invasion in pa-
tients with liver cancer after the initial TACE. Their findings 
indicated that the AUCs of the combined radiomics-clinical 
model and radiomics model were higher than those of the 
clinical model both in the training and validation sets. These 
results were similar to those of the present study. Zhang et al. (44)
established an overall survival prediction model for TACE 
combined with sorafenib in the treatment of unresectable HCC 
patients based on deep learning. Their results showed that the 
combined clinical nomogram and deep learning signature model 
had a more satisfactory prediction performance compared to that 
of the clinical and deep learning signature model alone.
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Figure 2. Forest map of radiomics to predict the therapeutic response to TACE among HCC patients in the training 
set. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization.
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Figure 3. Forest map of radiomics to predict the therapeutic response to TACE among HCC patients in the validation 
set. HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization.
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RQS is a rigorous quality rating scale for evaluating the 
performance of a radiomics-based design. We evaluated the 
methodological quality by using the RQS method in our 
meta-analysis. Our results showed that the average RQS was 
16.92 (47.0% of the total score). The average score on RQS 
was 4.9–10.83 in the previous systematic reviews on radio-
mics studies (45–49). Our results were slightly better than 
those of previous research, but did not reach a higher level. 

Detect and discuss biological correlates, prospective study 
registered in a trial database, and open science and data are 
important components in the assessment of RQS. However, 
they were rarely applied in the literature included in our 
study. In addition, validation and cost effectiveness analysis 
are crucial for the assessment of RQS quality, which could 
effectively help acquire information (50). However, only five 
studies used multicenter validation (20,27,31,33,38) and four 

Figure 4. Forest map of radiomics to predict the survival status of TACE-treated HCC patients in the training set. HCC, hepatocellular 
carcinoma; TACE, transarterial chemoembolization.
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studies underwent cost effectiveness analysis (18,26,32,40). 
The RQS tool should be continuously updated to be more 
widely used in radiomics-associated research (51,52).

New progress has been made in the field of radiomics with 
regard to the diagnosis, evaluation of growth pattern of tumor 
blood vessels and vascular micro invasion of HCC (53–56), 
prognosis after surgical treatment (57,58), and complications after 

TACE treatment (59). However, there are relatively few studies 
on the response to TACE among HCC patients and their SS. 
Our study makes up for the lack of radiomics in HCC research 
to some extent.

Our study has several limitations. (1) The scanning para-
meters were not unified in the absence of standards for image 
acquisition and post-processing. Different software used for 

Figure 5. Forest map of radiomics to predict the survival status of TACE-treated HCC patients in the validation set. HCC, hepatocellular 
carcinoma; TACE, transarterial chemoembolization.
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radiomics analysis also caused certain errors in the delineation 
of the region of interest. (2) Most of the studies were single- 
center, retrospective studies with relatively small sample 
sizes. (3) The TACE techniques, such as conventional 
TACE (cTACE) or drug-eluting beads TACE was not 
mentioned in most of the included studies. (4) Radiomics 
research requires multidisciplinary collaboration. Many al-
gorithms were inconsistent during the process of data pro-
cessing, and the verification methods were not completely 
unified.

Although there are major challenges to the application of 
radiomics in clinical settings, its prospect is worth looking 
forward to with the development of artificial intelligence. 
The combined radiomics-clinical model will yield greater 
value in evaluating the efficacy of TACE in HCC patients 
and guiding clinical decision-making. In the future, a large 
number of unified prospective studies are needed to confirm 
the efficacy of TACE among HCC patients and predicting 
patient survival based on radiomics prediction models.
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