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Background: This study aimed to evaluate whether the lipiodol deposition pattern on intraprocedural 
Angio-CT could predict tumor treatment response in hepatocellular carcinoma (HCC) patients treated with 
conventional transarterial chemoembolization (c-TACE).
Methods: This retrospective study enrolled intermediated and advanced HCC nodules treated with 
c-TACE and Angio-CT from June 2021 to June 2022. The therapeutic efficacy was evaluated according to 
the mRECIST standards. First, Angio-CT was used to determine lipiodol deposition at the end of c-TACE, 
redefined as complete, partial-complete, and incomplete groups. Second, the mean CT value of lipiodol 
deposition and its association with therapeutic efficacy were calculated in the complete model. Finally, the 
relationship between imaging biomarkers and efficacy was evaluated. 
Results: A total of 45 patients with 72 HCC nodules were enrolled with 28 nodules in the complete group, 
31 nodules in the partial-complete group, and 13 nodules in the incomplete group. The complete response 
(CR) proportion was significantly higher in patients with good lipiodol deposition compared with patients 
with poor lipiodol deposition (P<0.0001). There was no significantly different CR rate between CT value 
≥800 and <800 HU (P=0.119) in the complete group. Meanwhile, the non-CR rate in cases with hepatic 
vein development was significantly higher than that in cases with no hepatic vein development in the arterial 
phase (P<0.0001).
Conclusions: Complete lipiodol deposition on Angio-CT during c-TACE was a predictive factor for 
therapeutic response to TACE. For HCC nodules with well-deposited lipiodol, hepatic vein development on 
Angio-CT in the arterial phase was strongly associated with poor efficacy of TACE.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most 
common cancer, with a cancer-related mortality rate of 
8.2% worldwide (1). Resection, liver transplantation, and 
local ablation are the main treatment for early stage HCC, 
but most of the liver cancer is found in the intermediate and 
advanced stages, and the above treatment methods are not 
suitable (2,3). Trans-arterial therapies, including conventional 
TACE (c-TACE), drug-eluting beads TACE (D-TACE), 
and transarterial radioembolization (TARE), is the standard 
treatment for intermediated and advanced HCCs, that can 
significantly prolong the survival time (4). The c-TACE, 
referred to as the most widely used embolization method (5), 
can block the tumor blood supply by using chemotherapeutic 
agents mixed with the lipiodol and injecting into the tumor 
feeding artery of the hepatic artery (6). The efficacy of TACE 
has been evaluated according to the modified Response 
Evaluation Criteria In Solid Tumors (mRECIST) standards 
that complete response (CR) in therapeutic efficacy has 
been assessed according to the tumor enhancement status 
in computed tomography (CT) and/or magnetic resonance 
(MR) (7). However, the therapeutic response to TACE varies 
among individuals with a single HCC nodule (8). Therefore, 
it is warranted to identify appropriate individuals for TACE 
by finding indicators to predict the efficacy of TACE.

Early assessment of the TACE efficacy has been 
necessary for successful treatment by determining predictors 
for response to TACE in HCC nodules. Many readily 
available imaging resources are potentially informative and 
several studies have confirmed correlation between imaging 
biomarkers and TACE efficacy (9-17). Delayed percentage 
attenuation ratio (DPAR), defined as the relationship 
between the attenuation of the adjacent liver parenchyma 
and the attenuation of the tumor area, is strongly associated 
with CR of a single HCC nodule after TACE that DPAR 
≥120 could perfectly predict tumor necrosis (9). The 
lipiodol coverage rate and tumor volume were associated 
with the efficacy of TACE based on multi-detector CT 
(MDCT) after TACE (10,11). Tumor margins, size, and 
location have also been considered good predictors for 
TACE efficacy. The presence of smoother margins, smaller 
size, and better location of HCC nodule resulted in better 
efficacy (12-14). Lipiodol retention pattern, detected based 
on cone beam CT (CBCT), has been found significant 
value in predicting response to TACE that tumors with 
good lipiodol deposition were associated with short-term 
response (15-17).

Angio-CT during hepatic arteriography has been used 
to find HCC nodules when performing TACE, which has 
been proven to be more sensitive than CBCT in detecting 
tumors (18). However, few studies have used Angio-CT to 
predict the efficacy of TACE, which only focused on tumor 
margins and lipiodol retention patterns (19,20). The efficacy 
of Angio-CT demands full exploration by investigating the 
potential of other imaging biomarkers.

Our study aimed to identify new imaging biomarkers 
on Angio-CT, including new lipiodol retention patterns, 
the imaging biomarkers on Angio-CT during hepatic 
arteriography, and lipiodol deposition density to predict 
the efficacy of TACE using software-based segmentation in 
patients with HCC receiving c-TACE.

Methods

Patients

This retrospective study enrolled patients with advanced 
HCC nodules treated with c-TACE from June 2021 to June 
2022. This study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Bioethics Committee of Beijing Friendship 
Hospital (No. 2022-P2-282-01). During the admission 
period of TACE, informed consent was registered from 
each patient. Informed consent for this study was also 
obtained from patients. All patients’ baseline and imaging 
information was stored in a database used for the study. 
The HCC was diagnosed according to dynamic CT or 
MR imaging and/or pathological specimens by biopsy. 
The inclusion criteria were as follows: (I) age ≥18 years; 
(II) Eastern Cooperative Oncology Group (ECOG) score 
of 0–2; (III) Child-Pugh class of A or B. Patients were 
excluded if they had received c-TACE treatment previously. 

TACE procedure

The c-TACEs were performed using an angiograph 
system (Artis ZEE Ⅲ Ceiling, SIEMENS Healthineers) 
by interventional radiologists with at least ten years of 
experience. A 5-French angiography catheter (RH type, 
Cook) was inserted through the femoral artery to the celiac 
trunk. Digital subtraction angiography was performed in 
the celiac trunk to show the whole liver blood flow and 
the distribution of intrahepatic nodules. Arteriography 
in the superior mesenteric artery was used to show the 
presence of an accessory hepatic artery. The superselective 
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choice was performed carefully if extrahepatic arteries were 
involved in the tumor blood supply. A 2.6 Fr microcatheter 
(Stride, ASAKI) was used to superselectively choose the 
tumor artery. Each artery was carefully embolized for 
cases with multiple feeding arteries. Chemoembolization 
was performed using 5–15 mL lipiodol (Guerbet, Aulnay-
sous-Bois) mixed with 40–60 mL epirubicin (Hisun 
Pharmaceutical), which was slowly injected into the tumor 
under fluoroscopy. The endpoint of embolization was 
defined as lipiodol retention in the tumor feeding artery 
and/or peripheral portal vein development. Gelfoam (Alicon 
Pham SCI &TEC) was finally injected into the tumor. We 
usually choose gel foam with a particle size of 150–350 μm. 
A repeated celiac trunk angiography was usually performed 
to determine the efficacy of c-TACE.

Angio-CT examinations

Angio-CT examinations were performed with a CT 
system (Syngo CT VA62A, SIEMENS Healthineers). This 
examination was usually performed after superselective 
choice to the tumor feeding artery and the end of TACE. 
Angio-CT after superselective choice during hepatic 
arteriography was used to determine tumor location 
and analyze tumor enhancement. A contrast medium 
was injected through a microcatheter. The scanning was 
performed according to the previous protocol (18); the 
injection rate was 1 mL/s with a 4-second delay to obtain 
arterial phase images. The scanning protocol was: a 5-mm 
slice thickness; 40 rows detector; 1-mm reconstruction 
intervals. The plain CT at the end of c-TACE was 
conducted to determine the lipiodol deposition. 

Outcome evaluation and image analysis

All patients underwent enhanced CT before c-TACE 
and plain CT one month after the TACE to determine 
the deposition of iodized oil. At the same time, enhanced 
MR and/or CT were performed to analyze the efficacy of 
TACE by two experienced radiologists according to the 
mRECIST standard. The CR was identified as CR, and 
the non-CR was defined as partial response (PR), stable 
disease (SD), and progressive disease (PD). We segmented 
tumors and calculated the mean CT value by ITK-SNAP 
software (Version3.6.0, Copyright © 2007 Free Software 
Foundation, Inc.), which provided a graphical user interface 
for manual and user-guided semi-automatic segmentation 
of 3D medical imaging datasets (20). The regions of interest 

(ROI) were drawn in axial, coronal, and sagittal positions to 
segment the tumor.

Statistical analysis

The baseline characteristics of the study population were 
summarized. For continuous variables, mean value and 
range were evaluated, and for categorical variables, count 
and proportion were assessed. A Chi-squared test was used 
to compare the difference in composition ratio and odds 
ratio between the two groups. Bonferroni correction was 
also performed. The t-test was used to analyze the mean 
value of the two groups. Statistical analyses were performed 
using SPSS version 26.0 (IBM Corporation, Armonk, 
NY, USA). The confidence interval (CI) was evaluated 
within the 95% range. P<0.05 was considered statistically 
significant.

Results

Table 1 shows the baseline characteristics. A total of 45 
patients with 72 HCC nodules were enrolled in our 
retrospective study. All patients underwent Angio-CT 
examinations during c-TACE. There were 35 men and 
10 women with a mean age of 65.21±9.975 years old. The 
counts of HCC nodules ≤3 and >3 cm were 45 and 27, 
respectively. 

Lipiodol deposition pattern in the prediction of the c-TACE 
efficacy

We first used the lipiodol deposition as an imaging 
biomarker to predict the treatment efficacy and applied 
Angio-CT to evaluate intra-TACE iodized oil deposition 
and plain CT to determine the lipiodol deposition at the 
end of TACE. Three lipiodol deposition models were set in 
our study based on the imaging manifestations of lipiodol 
deposition in treatment: (I) the first type was complete in 
that HCC nodules were fulfilled with dense and uniform 
lipiodol; (II) the second type was partial-complete with 
dense and ground glass-like places; (III) the third type was 
incomplete that the whole tumor was like ground glass 
(Figure 1). The formation of ground glass was attributed to 
little lipiodol injected into the tumor and the low lipiodol 
deposition. The three lipiodol deposition models on Angio-
CT are shown in Figure 1.

There were 28 nodules enrolled in the complete group, 
31 nodules enrolled in the partial-complete group, and 13 
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nodules enrolled in the incomplete group. In the complete 
deposition pattern, 18 tumors (64.3%) showed CR, and 
ten tumors (36.7%) showed non-CR. Two tumors (6.5%) 
were identified with CR, and 29 (93.5%) were identified 
with non-CR in the partial-complete deposition pattern. 

Among the incomplete deposition group, there was one 
tumor (8.3%) with CR and 11 (91.7%) with non-CR. The 
CR proportion was significantly higher in patients with 
good lipiodol deposition (complete) compared with that in 
patients with poor lipiodol deposition (partial-complete + 
incomplete) (P<0.0001, OR =24.6, 95% CI: 6.041–100.176) 
(Table 2).

Lipiodol deposition density in the prediction of the efficacy 
of c-TACE under a complete deposition pattern

We used ITK-SNAP to segment lipiodol deposition and 
calculate the mean CT value in the complete deposition 
group. Semi-automatic and enlarged segmentations can also 
be used for cases with irregular shapes (Figure 2). Three-
dimensional lipiodol deposition was obtained with a mean 
CT value of 789.13±123.87 HU. Based on the mean CT 
value, patients were divided into two groups, CT value  
≥800 HU and CT value <800 HU. There was no 
significantly different proportion of CR between CT value 
≥800 HU and CT value <800 HU (P=0.119, OR =4.000, 
95% CI: 0.659–24.297) (Table 3). The trend showed that 
the therapeutic efficacy of c-TACE was improved with the 
mean CT values (Figure 3).

Hepatic vein development in arterial phase on Angio-CT 
in the prediction of the efficacy of c-TACE under complete 
deposition pattern 

In the complete lipiodol deposition group, Angio-CT results 
indicated some HCC nodules in hepatic vein development, 
which were not shown in the DSA image during hepatic 
arteriography (Figure 4). There were seven cases with hepatic 
vein development in the arterial phase presence of non-
CR. The non-CR rate of these seven cases was significantly 
different from that of the other 21 cases with no hepatic 
vein development in the arterial phase) (P<0.0001, OR 
=0.143, 95% CI: 0.143–0.407) (Table 4). Then, we compared 
the mean CT values of lipiodol deposition on Angio-CT 
during c-TACE and plain CT one month after operation 
between the hepatic vein development and no hepatic vein 
development groups. In the hepatic vein development, 
the mean CT value on Angio-CT was 743.34±83.32 HU, 
and the mean CT value on plain CT one month after the 
operation was 202.82±59.36 HU. In the no hepatic vein 
development group, the mean CT value on Angio-CT was 
799.63.34±131.02 HU, and the mean CT value on plain 
CT one month after the operation was 761.20±185.42 HU. 

Table 1 Baseline characteristics

Characteristic Data (N=45)

Age (years) 65.21±9.975

Sex (M/F) 35/10

ECOG score

0 37

1 8

Liver function

Child-Pugh A 33

Child-Pugh B 12

Etiology

Hepatitis B/C 28

Other 17

AFP level (ng/mL)

<400 12

≥400 33

PIVIKA-Ⅱ level (mAu/mL)

≤40 10

>40 35

BCLC stage

B 28

C 17

Number of tumors 72

Tumor size (cm)

≤3 45

>3 27

Combination therapy

Only TACE 23

TACE + TKI 17

TACE + TKI + PD-1 5

M, male; F, female; ECOG, Eastern Cooperative Oncology 
Group; AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver 
Cancer staging system; TKI, tyrosine kinase inhibitor; PD-1, 
programmed death 1.
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A B C

Figure 1 Lipiodol deposition patterns on Angio-CT during c-TACE. (A) The first type was complete in that HCC nodules were fulfilled 
with dense and uniform lipiodol; (B) the second type was partial-complete with dense and ground glass-like places; (C) the third type was 
incomplete that the whole tumor was like ground glass. CT, computed tomography; c-TACE, conventional transarterial chemoembolization; 
HCC, hepatocellular carcinoma.

Table 2 Prognosis performance of different lipiodol deposition models

Characteristic CR Non-CR OR P value 95% CI 

Complete deposition 18 10 24.6 <0.0001 6.041–100.176

Partial-complete deposition 2 29 – – –

Incomplete deposition 1 12 – – –

CR, complete response; OR, odds ratio; CI, confidence interval.

A B C D

E F G H

Figure 2 Lipiodol deposition segmentation using ITK-SNAP software. (A-C) Normal axial, sagittal, coronal segmentation; (D) segmented 
lipiodol deposition; (E-G) enlarged axial, sagittal, coronal segmentation; (H) segmented lipiodol deposition.
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There was a significant statistical difference in the change of 
mean CT values between hepatic vein development and no 
hepatic vein development groups (Figure 5). 

Comparison of multiple imaging biomarkers to predict the 
efficacy

Various known imaging biomarkers were used to 
predict therapeutic efficiency in the 28 cases under 
complete deposition patterns. We only found hepatic 
vein development on Angio-CT in the artery phase as a 
significant imaging biomarker that cases with hepatic vein 
development tended to perform poor c-TACE efficacies 
(Table 5).

Discussion

In the present study, complete lipiodol deposition on Angio-
CT during c-TACE was a predictive factor for therapeutic 
response to TACE. For HCC nodules with well-deposited 
lipiodol, hepatic vein development on Angio-CT in the 
arterial phase was strongly associated with poor efficacy of 

TACE. There was no statistically difference between the 
CT value and the therapeutic efficacy of nodules, but the 
therapeutic efficacy tended to be better when the mean CT 
values were higher.

As an essential treatment for advanced HCC (4), it is vital 
to predicting the efficacy of TACE as early as possible. It is 
a key trigger in predicting therapeutic efficacy to consider 
whether the whole tumor is included in the TACE procedure 
or not (21). For HCC nodules without being wholly included 
in the TACE target, the efficacy of TACE will be incomplete, 
leading to early local recurrence (22). Therefore, previous 
articles have explored the lipiodol deposition situation and 
its associations with the efficacy of TACE (15,16). Hu et al. 
divided the deposition into three categories depending on 
the lipiodol covering pattern in tumor regions, including 
complete (more than 90 %, no peripheral defects), moderate 
(50-90 %, some with or without peripheral defects), and poor 
(less than 50 %). The complete group indicated a higher CR 
rate (15). Tsai et al. evaluated the parenchyma-to-lipiodol 
ratio (PLR) and lesion-to-lipiodol ratio (LLR) on CBCT to 
predict 1-year tumor response in patients with HCC treated 
with c-TACE. The PLR with the optimal cut-off value 
was found as an objective, effective, and available predictor 
for 1-year HCC progression after c-TACE (16). The 
classification of lipiodol deposition in our study was different 
from the standards in the past. We thought there might 
be fewer possibilities in the absence of lipiodol deposition 
especially considering the requirements of precise TACE 
and the application of Angio-CT. Some HCC nodules might 
represent poor lipiodol deposition due to other factors (23), 
including vasospasm, small feeding supply artery, reanalyzed 
feeding artery, etc. The ground glass deposition pattern 
(incomplete) would be formed when a small amount of 
lipiodol was injected into the tumor with poor therapeutic 
effects compared with the tumor with complete lipiodol 
deposition, just like the previous study. Previous studies have 
tried to increase the density of lipiodol through Balloon-
occluded TACE (B-TACE) (24-26). B-TACE has been 
developed in Japan reported by Irie et al. (24). When B-TACE 
occluded the blood supply artery through the balloon 

Table 3 Prognostic performance of mean of CT value on segmented lipiodol deposition under complete deposition pattern

Characteristic CR Non-CR OR P value 95% CI

CT value ≥800 HU 9 12 4.000 0.119 0.659–24.297

CT value <800 HU 9 8 – – –

CT, computed tomography; CR, complete response; Non-CR, not complete response; OR, odds ratio; CI, confidence interval.
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Figure 3 Relationship between mean CT value and therapeutic 
efficacy of c-TACE. CT, computed tomography; CR, complete 
response; NCR, not complete response; c-TACE, conventional 
transarterial chemoembolization.
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Figure 4 Hepatic vein development on Angio-CT in predicting the c-TACE efficacy in the arterial phase. (A-E) Patient 1. (F-J) Patient 2. 
(K-O) Patient 3. (A,F,K) Angiography showed hepatic nodule; (B,G,L) preoperative Angio-CT showed early arterial phase hypervascularized 
nodules with early hepatic vein development. The red arrow pointed to the hepatic vein; (C,H,M) postoperative Angio-CT confirmed 
that lipiodol deposited well; (D,I,N) plain CT confirmed that the deposition of lipiodol was significantly reduced one month after TACE; 
(E,J,O) MR confirmed the presence of residual tumor 1 month after TACE. CT, computed tomography; c-TACE, conventional transarterial 
chemoembolization; TACE, transarterial chemoembolization; MR, magnetic resonance. 
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catheter, the lipiodol—chemotherapy drug emulsion was 
injected. The occlusion of the blood supply artery leads to 
the change of the internal pressure between the tumor and 
the liver parenchyma, which makes the lipiodol emulsion 
accumulate in the target node. According to previous reports, 
the therapeutic effect of B-TACE is better than that of 
C-TACE (25,26).

Our study found that among the 28 HCC nodules with 
complete lipiodol deposition, there were still 10 cases 
with the therapeutic efficacy of non-CR. We thought it 
might be related to the lipiodol deposition density at first. 
A previous study used CT images after several weeks to 
analyze lipiodol deposition by delineating the ROI to 
calculate CT values on the two-dimensional level (27). The 
results from the previous study might be inaccurate due to 
the delayed CT examination lack of prediction significance 
and the two-dimensional ROIs hard to reflect the actual 
lipiodol deposition density of the whole tumor. Previous 
studies had conducted three-dimensional segmenting of 
lipiodol deposition by comparing the volume of lipiodol 
deposition during the TACE and calculating the tumor 
volume in the follow-up images after the TACE (10,11,17). 

However, there might also be a lack of representativeness 
in deposition distribution considering the uneven intra-
tumoral deposition density of lipiodol. In our study, 
only 28 lesions with complete lipiodol deposition were 
investigated with the consistent distribution of lipiodol. 
The three-dimensional ROIs of lipiodol deposition were 
segmented by calculating the mean CT values using ITK-
SNAP. Otherwise, the present images were obtained 
from Angio-CT during TACE, ensuring the prediction 
indicators’ timeliness. Although our result did not find 
significantly different proportions of CR between CT 
values ≥800 HU group and CT values <800 group, the 
trend was identified that the higher the CT value was, the 
better the efficacy achieved, which might attribute to the 
reflection of embolization degree in lipiodol density for 
the specific distribution range of lipiodol. When the CT 
value exceeded 800 HU, the efficacy of TACE reached CR. 
To our knowledge, it was the first time to segment three-
dimensional images under Angio-CT by analyzing lipiodol 
density to predict the efficacy of TACE.

Among these 28 cases with complete lipiodol deposition, 
we found that the tumor with hepatic vein development 

Table 4 Prognostic performance of early appearance of hepatic vein on Angio-CT

Characteristic CR Non-CR OR P value 95% CI

Non-hepatic vein in artery phase 18 3 0.143 <0.0001 0.143–0.407

Hepatic vein in artery phase 0 7 – – –

CR, complete response; Non-CR, not complete response; OR, odds ratio; CI, confidence interval.
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Figure 5 The distribution of mean CT value of lipiodol deposition in Angio-CT with or without hepatic vein development. (A) The 
distribution of mean CT value of lipiodol deposition in Angio-CT during TACE and plain CT one month after TACE in patients with early 
manifestation of hepatic vein development; (B) the distribution of mean CT value of lipiodol deposition in Angio-CT during TACE and 
plain CT one month after TACE in patients without early manifestation of hepatic vein development. CT, computed tomography; TACE, 
transarterial chemoembolization.
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in Angio-CT arterial phase reached non-CR regardless of 
lipiodol deposition. There were a total of 7 tumors with 
hepatic vein development in the arterial phase evaluated 
with the efficacy of non-CR. Among various imaging-
associated biomarkers, only hepatic vein development 
was strongly associated with the efficacy of TACE, which 
might be caused by the presence of a small hepatic artery 
and hepatic venous fistulas inner tumor. These hepatic 
arteriovenous fistulas are usually small in diameter or do 
not open naturally. However, it will open when injecting 
the high-pressure syringe into the contrast medium (28). 
In the present study, no hepatic vein development could 
be seen in the DSA images because of the different image 

resolutions (Figure 4A,4F,4K). However, Angio-CT could 
show the hepatic vein development caused by these hepatic 
arteriovenous fistulas (Figure 4B,4G,4L). Angio-CT after 
TACE showed no lipiodol deposition in the hepatic vein 
(Figure 4C,4H,4M) because these arteriovenous fistulas close 
with a small diameter. With time, the fragmented lipiodol 
would flow through the hepatic arteriovenous fistula, and 
the intra-tumoral lipiodol deposition would be significantly 
reduced (Figure 4D,4I,4N). Thus, the therapeutic effect of 
TACE was below the mark because there was only a limited 
amount of lipiodol hard to cause ectopic embolization 
reaction. 

To our knowledge, this was the first time Angio-CT 

Table 5 Association of imaging findings with therapeutic efficacy of c-TACE

Characteristic CR Non-CR OR P 95% CI

Obvious contrast enhancement 12 4 1.333 0.724 0.269–6.606

Non obvious contrast enhancement 6 6 – – –

Clear boundary 8 5 0.8 0.778 0.170–3.767

Unclear boundary 10 5 – – –

Tumor size ≥3 cm 7 3 1.485 0.638 0.285–7.743

Tumor size <3 cm 11 7 – – –

Superselective choice 14 6 2.333 0.318 0.433–12.568

Non superselective choice 4 4 – – –

Good tumor location 12 5 2 0.387 0.412–9.712

Poor tumor location 6 5 – – –

DPAR ≥120 11 3 3.667 0.115 0.703–19.120

DPAR <120 7 7 – – –

lipiodol deposition in portal vein 12 3 4.667 0.062 0.878–24.796

Non lipiodol deposition in portal vein 6 7 – – –

CT value of lipiodol ≥800 HU 9 2 4 0.119 0.659–24.297

CT value of lipiodol <800 HU 9 8 – – –

Hepatic vein in artery phase 18 3 0.143 <0.0001* 0.143–0.407

No Hepatic vein in artery phase 0 7 – – –

Multiple blood supply of tumor 7 3 1.485 0.638 0.285–7.743

Single blood supply of tumor 11 7 – – –

*, there were significant differences in two groups. P=0.000042<0.0025 (Bonferroni correction). Noticeable contrast enhancement: the 
tumors in the arterial phase were significantly enhanced; Clear boundary: the tumor has a complete capsule, no burr, and no surrounding 
invasion; Good tumor location: tumors in hepatic segments 1, or if the tumor margin was within 1 cm of the liver dome; DPAR defined as 
the relationship between the attenuation of the adjacent liver parenchyma and the attenuation of the tumor area. c-TACE, conventional 
transarterial chemoembolization; DPAR, delayed percentage attenuation ratio; CT, computed tomography; CR, complete response; Non-
CR, not complete response; OR, odds ratio; CI, confidence interval.
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was applied to evaluate the imaging marker associated 
with potential hepatic arteriovenous fistula to predict 
TACE efficacy. This study was also the first time to 
segment lipiodol deposition under Angio-CT and analyze 
lipiodol density to predict the efficacy of TACE. The main 
limitation was the small sample size in this study, which 
needs further validation by large-sample research. 

Conclusions

Complete lipiodol deposition on Angio-CT during c-TACE 
was a predictive factor for therapeutic response to TACE. 
For HCC nodules with well-deposited lipiodol, hepatic 
vein development on Angio-CT in the arterial phase was 
strongly associated with poor efficacy of TACE. Finally, the 
therapeutic efficacy improved as the mean CT values were 
raised. The findings in this study need further verification 
by large-sample research.
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