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Does Establishing a Safety Margin Reduce Local 
Recurrence in Subsegmental Transarterial 
Chemoembolization for Small Nodular Hepatocellular 
Carcinomas?
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Objective: To test the hypothesis that a safety margin may affect local tumor recurrence (LTR) in subsegmental 
chemoembolization. 
Materials and Methods: In 101 patients with 128 hepatocellular carcinoma (HCC) nodules (1–3 cm in size and ≤ 3 in 
number), cone-beam CT-assisted subsegmental lipiodol chemoembolization was performed. Immediately thereafter, a non-
contrast thin-section CT image was obtained to evaluate the presence or absence of intra-tumoral lipiodol uptake defect 
and safety margin. The effect of lipiodol uptake defect and safety margin on LTR was evaluated. Univariate and multivariate 
analyses were performed to indentify determinant factors of LTR.
Results: Of the 128 HCC nodules in 101 patients, 49 (38.3%) nodules in 40 patients showed LTR during follow-up period 
(median, 34.1 months). Cumulative 1- and 2-year LTR rates of nodules with lipiodol uptake defect (n = 27) and those 
without defect (n = 101) were 58.1% vs. 10.1% and 72.1% vs. 19.5%, respectively (p < 0.001). Among the 101 nodules 
without a defect, the 1- and 2-year cumulative LTR rates for nodules with complete safety margin (n = 52) and those with 
incomplete safety margin (n = 49) were 9.8% vs. 12.8% and 18.9% vs. 19.0% (p = 0.912). In multivariate analyses, ascites 
(p = 0.035), indistinct tumor margin on cone-beam CT (p = 0.039), heterogeneous lipiodol uptake (p = 0.023), and intra-
tumoral lipiodol uptake defect (p < 0.001) were determinant factors of higher LTR.
Conclusion: In lipiodol chemoembolization, the safety margin in completely lipiodolized nodule without defect will not 
affect LTR in small nodular HCCs.
Index terms: Safety margin; Local tumor recurrence; Subsegmental transarterial chemoembolization; Hepatocellular carcinoma; 
Cone-beam CT
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INTRODUCTION

Recently, cone-beam CT hepatic arteriography has served 
as a guiding tool to better select feeding arteries to 
hepatocellular carcinoma (HCC) lesions. It might lead to 
better therapeutic efficacy with lower local tumor recurrence 
(LTR) after subsegmental transarterial chemoembolization 
(TACE). Even after a curative treatment such as surgical 
resection or radiofrequency ablation (RFA), tumor recurrence 
is commonly observed (1-3). To lower LTR, performing 
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anatomical resection in surgery or ablation of parenchymal 
tissues surrounding the tumor in RFA has been commonly 
used (4-6). With surgical resection and RFA, embolization 
of liver parenchyma surrounding the tumor nodule in TACE 
may reduce LTR. However, the effect of a ‘safety margin’ 
on LTR has been rarely investigated in TACE. Therefore, the 
aim of this study was to test the hypothesis that achieving 
a safety margin around the tumor nodule might affect the 
LTR in cone-beam CT-assisted subsegmental TACE for small 
nodular HCC.

MATERIALS AND METHODS

We performed a single-institution retrospective study to 
evaluate the relationship between the presence of a safety 
margin (defined by parenchymal lipiodol uptake completely 
surrounding the HCC nodule on non-contrast CT performed 
immediately after TACE) and cumulative LTR. This study was 
approved by our Institutional Review Board. The need to 
obtain informed consent was waived due to its retrospective 
nature.

Study Population
Since January 1999, we have prospectively registered all 

TACE procedures performed in our hospital in an electronic 
database. From March 2009 to August 2011, 514 patients 
underwent their first session of TACE under cone-beam CT 
guidance. For this study, we selected patients who satisfied 
the following inclusion criteria: 1) typical imaging features 
of HCC based on the American Association for the Study of 
Liver Disease criteria (7); 2) no prior treatment for HCC; 3) 
nodular HCCs without vascular invasion or metastasis; 4) 
tumor size ≤ 3 cm; 5) tumor number ≤ 3; and 6) available 
1 mm-thick non-contrast liver CT taken immediately after 
TACE. Following these inclusion criteria, 128 nodules in 101 
patients (77 men, 24 women with mean age of 60.6 ± 9.4 
years, range of 40–83 years) were selected for this study. 
Demographic data of the 101 patients are summarized in 
Table 1.

Pre-TACE Imaging Studies
To confirm the presence of HCC, pre-TACE imaging 

with multiphasic contrast-enhanced CT scan (3-phasic or 
4-phasic CT) was performed in 54 patients, multiphasic 
contrast-enhanced MR in 3 patients, both CT and MR in 44 
patients.

Subsegmental TACE Procedure
A 5 Fr sheath was inserted through the right femoral 

artery to obtain vascular access under local anesthesia. 
Hepatic arteriography was performed with a 5 Fr catheter (RH 
catheter; Cook, Bloomington, IN, USA) placed at the common 
hepatic artery. A cone-beam CT hepatic arteriography was 
then obtained to identify the tumor-feeding arteries using a 
uniplanar cone-beam CT scanner (Syngo Dyna CT; Siemens, 
Forchheim, Germany) (8-10). Cone-beam CT acquisition and 
three-dimensional (3D) image rendering were processed using 
Syngo InSpace 3D (Siemens Healthcare Sector, Forchheim, 
Germany). When hepatic artery variations with different 
origins were encountered during the procedures (11), cone-
beam CT hepatic arteriography was performed by placing the 
catheter at the left and right hepatic arteries separately to 

Table 1. Patient Demographics
Parameter No.

No. of patients 101
No. of tumor evaluated 128
Sex (%)

M 77 (76.2)
F 24 (23.8)

Age (years old, %)
≤ 55 24 (23.8)
> 55 77 (76.2)

Etiology (%)
Hepatitis B 80 (79.2)
Hepatitis C 12 (11.8)
Alcohol-related disease 10 (9.9)
Cryptogenic 3 (3.0)

Serum AST level (IU/L) 48.3 ± 34.8
Serum ALT level (IU/L) 38.8 ± 29.3
Serum albumin level (g/dL) 3.56 ± 0.50
Total bilirubin level (mg/dL) 1.05 ± 0.53
Serum AFP level (ng/mL) 178.6 ± 648.9
Child-Pugh class (%)

A 78 (77.2)
B 23 (22.8)

Liver cirrhosis (%)
Absent 22 (21.7)
Present 79 (78.2)

Portal hypertension (%)
Absent 30 (29.7)
Present 71 (70.3)

Nodule multiplicity (%)
Single 53 (52.5)
Multiple nodule (≤ 3) 48 (47.5)

AFP = alpha fetoprotein, ALT = alanine aminotransferase, AST = 
aspartate aminotransferase



1070

Kang et al.

Korean J Radiol 16(5), Sep/Oct 2015 kjronline.org

obtain the entire hepatic vascular map.
Under the guidance of the obtained 3D imaging, the 

feeding arteries were selected as close to the tumors 
as possible beyond the segmental arteries with 2 Fr 
microcatheter (Progreat; Terumo, Tokyo, Japan). Lipiodol 
(Lipiodol; Andre Guerbet, Aulnary-sous-Bois, France) 
and doxorubicin hydrochloride (Adriamycin RDF; Ildong 
Pharmaceuticals, Seoul, Korea) emulsion made by 
conventional pumping method was injected until the 
appearance of the portal venules around the tumor nodules 

had oily portogram (12). The amount of the lipiodol used 
ranged from 2 to 6 mL and the dose of doxorubicin used 
ranged from 10 to 30 mg. Embolization using gelatin 
sponge particles (Cutanplast; Mascia Brunelli, Milano, Italy) 
soaked in a mixture of 10 mg of doxorubicin hydrochloride 
and 10 mL of a nonionic contrast media was performed after 
the completion of lipiodol emulsion injection.

Lipiodol CT after TACE Procedure
Immediately after TACE, patients were transferred to a CT 

Fig. 1. Sustained complete tumor response after TACE in 60-year-old female with hepatocellular carcinoma. 
A. Arterial-phase CT scan showing 1.5 cm-sized hypervascular tumor at segment 5 of right hepatic lobe (arrows). B. On cone-beam CT hepatic 
arteriography, hypervascular tumor nodule showed clear tumor margin (arrows). C. After subsegmental TACE, tumor showed homogenous lipiodol 
uptake in entire tumor nodule (arrows) on lipiodol CT. D. Three years later, TACE-treated nodule was shrunken in size without evidence of local 
tumor recurrence (arrowheads). TACE = transarterial chemoembolization

A

C

B
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room. A 1-mm-thick non-contrast liver CT was taken from 
each patient to evaluate the distribution of lipiodol in the 
tumor and the surrounding liver parenchyma. Parameters 
for multidetector CT used in our institution were: detector 
configuration at 16 x 0.75 or 64 x 0.625 mm; section 
thickness at 1 mm.

Follow-up Imaging Studies
After TACE, follow-up contrast-enhanced dynamic CT or 

MR scans were performed at 2- and 3-month intervals to 
evaluate tumor response and recurrence. If there was no 
evidence of recurrence after 1 year, follow-up contrast-
enhanced dynamic CT or MR was performed at 6-month 
intervals.

Radiological Image Analysis
All image analyses were performed by two experienced 

radiologists by consensus opinion. The pre-TACE multiphase 
CT or MR studies were assessed for the following features: 
tumor size, tumor number, morphologic liver cirrhosis, and 
clinical portal hypertension. The criteria for morphologic 
liver cirrhosis included liver surface nodularity, edge 
blunting, and left or caudate lobe hypertrophy (13-15). 
The criteria for clinical portal hypertension were ascites 
or varices (on endoscopy or multiphasic CT or MR scan) or 
splenomegaly (≥ 12 cm) combined with thrombocytopenia (< 
100000/μL) (16-18).

Images obtained during the TACE procedure were assessed 
for the following features: clarity of tumor margin, tumor-
staining homogeneity, tumor vascularity on cone-beam 
CT images, and pattern of oily portogram (Figs. 1, 2). The 
pattern of oily portogram was classified into three grades: 
grade 0 = no obvious branching portal vein visualization; 
grade 1 = visualization of portal vein adjacent to the tumor; 
and grade 2 = marked visualization of portal veins in the 
whole embolized area or extending to the surrounding 
nonembolized areas (12).

Lipiodol CT images taken immediately after the TACE 
procedure were assessed for the following features: 
intensity and homogeneity of lipiodol uptake, presence or 
absence of a defect in lipiodol uptake, and completeness 
of the safety margin in the liver parenchyma surrounding 
the tumor nodule (Figs. 1, 2). The defect in lipiodol uptake 
was defined as the intra-tumoral area without any lipiodol 
uptake (Fig. 3). Safety margin was defined as the peri-
tumoral parenchymal lipiodol uptake on an immediate non-
contrast liver CT. A complete safety margin meant a total 

encasement of the tumor by lipiodolized parenchyma of any 
thickness, whereas an incomplete safety margin referred 
to incomplete encasement of the tumor by lipiodolized 
parenchyma (Fig. 4). LTR on follow-up CT or MR was 
determined as the appearance of a viable enhancing area in 
previously treated nodule. 

Effect of Safety Margin on Local Tumor Recurrence
Because the purpose of this study was to investigate 

whether establishing a safety margin could reduce local 
recurrence in subsegmental TACE for small nodular HCCs, 
it was necessary to exclude cases of incomplete TACE that 
might manifest as intra-tumoral lipiodol uptake defects 
on lipiodol CT taken immediately after TACE. Based on the 
findings on lipiodol CT, treated nodules were divided into 
two groups with or without a lipiodol uptake defect. The 
group without lipiodol uptake defect was further divided 
into two subgroups with or without a complete safety 
margin, in which cumulative LTR rates were calculated and 
compared.

To determine significant independent factors predicting 
LTR, univariate and multivariate analyses were performed 
for thirteen clinical factors (sex, age, hepatitis B surface 
antigen, hepatitis C virus antibody, serum aspartate 
aminotransferase, alanine aminotransferase, albumin, total 
bilirubin and alpha fetoprotein level, Child-Pugh score, 
ascites, morphological liver cirrhosis, and clinical portal 
hypertension), five tumoral factors (tumor size, tumor 
number, tumor vascularity, tumor stain homogeneity, and 
tumor margin on cone-beam CT), and five factors related 
to lipiodol uptake after TACE (oily portogram, lipiodol 
uptake intensity, lipiodol uptake defect, lipiodol uptake 
homogeneity, and safety margin).

Statistical Analyses
The initial clinical characteristics were assessed for each 

patient. The potential risk factors for LTP were analyzed 
for each nodule using SPSS software for Windows (version 
21.0; SPSS Inc., Chicago, IL, USA). On univariate analysis, 
cumulative LTR during the follow-up period was reported 
with a 95% confidence interval (CI) using Kaplan-Meier 
method. As patients who were lost during follow-up or were 
treated with liver transplantation after TACE were censored, 
19 nodules in 15 patients were censored as follows: 13 
nodules in 10 patients with follow-up loss, 6 nodules in 
5 patients with liver transplantation. A log-rank test was 
used to compare the curves of each subgroup. Parameters 
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proved to be significant on univariate analysis with two-
tail p values less than 0.05 were subsequently tested 
in multivariate analysis. For multivariate analysis, Cox 
proportional hazard model was used to assess significant 
independent factors predicting LTR. For all statistical 
analyses, two-tail p values less than 0.05 were considered 
statistically significant.

RESULTS

Effect of Safety Margin on Local Tumor Recurrence
The median follow-up time was 34.1 months (range, 

1–52.7 months). Of the 128 HCC nodules in 101 patients, 
49 (38.3%) nodules in 40 patients showed LTR during 
follow-up period (median, 34.1 months). Of the 128 
nodules included in this study, defect in lipiodol uptake 

Fig. 2. Local tumor recurrence after TACE in 80-year-old female with hepatocellular carcinoma. 
A. Arterial-phase CT scan showing 1.5 cm-sized hypervascular tumor at segment 8 of right hepatic lobe. Posterior aspect of tumor is relatively 
hypovascular (black arrows). B. On cone-beam CT hepatic arteriography, anterior hypervascular part of tumor showed strong contrast enhancement 
with clear tumor margin. In contrast, posterior hypovascular part showed subtle contrast enhancement with indistinct tumor margin (black 
arrows). C. After subsegmental TACE, tumor showed heterogeneous lipiodol uptake (dense lipiodol uptake in hypervascular component and faint 
lipiodol uptake in hypovascular component) (white arrow) on lipiodol CT. D. Three years later, arterial-phase CT scan showed enhanced recurrent 
tumor at area of hypovascular component (black arrowheads). Area of hypervascular component was shrunken in size with persistent lipiodol 
uptake (white arrowhead). TACE = transarterial chemoembolization
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was observed in 27 nodules, while no defect was observed 
in 101 nodules. The 1- and 2-year cumulative LTR rates for 
nodules with lipiodol uptake defect and those without a 
defect were 58.1% vs. 10.1% and 72.1% vs. 19.5% (p < 
0.001), respectively. Of the 101 nodules without lipiodol 
uptake defect, 52 had complete safety margins surrounding 
the tumors, whereas 49 nodules had incomplete safety 
margins. The 1- and 2-year cumulative LTR rates for nodules 
with complete safety margin and those with incomplete 
safety margin were 9.8% vs. 12.8% and 18.9% vs. 19.0% 
(p = 0.912), respectively. For nodules without defect in 

lipiodol uptake, the completeness of safety margin in liver 
parenchyma surrounding the tumor nodules did not affect 
the LTR (Fig. 5).

Determinant Factors of Local Tumor Recurrence
In univariate analyses performed for each nodule, 

variables that significantly contributed to higher LTR rate 
were: chronic hepatitis C (p = 0.009), ascites (p = 0.011), 
tumor size (≥ 20 mm) (p = 0.004), indistinct tumor margin 
on cone-beam CT (p = 0.018), heterogeneous lipiodol 
uptake in the tumor (p < 0.001), lipiodol uptake defect in 

Fig. 3. Methods used to determine lipiodol uptake defect in tumor after TACE. 
A, B. Non-contrast thin-section CT taken immediately after TACE (B) revealed complete lipiodol retention throughout hypervascular tumor at left 
hepatic lobe on cone-beam CT hepatic arteriography (A). C, D. Non-contrast thin-section CT after TACE (D) revealed focal lipiodol uptake defect 
(arrow in D) in hypervascular tumor at segment 4 upon cone-beam CT hepatic arteriography (C). TACE = transarterial chemoembolization

A
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the tumor (p < 0.001), and incomplete safety margin in the 
surrounding liver parenchyma on immediate CT (p = 0.029) 
(Table 2). In multivariate analyses, ascites (hazard ratio [HR] 
= 2.17; 95% CI: 1.01, 4.67; p = 0.047), indistinct tumor 
margin on cone-beam CT (HR = 2.42; 95% CI: 1.13, 5.19; p 

= 0.039), heterogeneous lipiodol uptake in the tumor (HR 
= 2.31; 95% CI: 1.09, 4.90; p = 0.029), and lipiodol uptake 
defect in the tumor (HR = 4.35; 95% CI: 2.33, 8.11; p < 
0.001) remained significant contributors to higher LTR rates 
(Table 3). In subgroup multivariate analysis of 101 nodules 
without lipiodol uptake defect (Table 4), indistinct tumor 
margin on cone-beam CT (HR = 9.10; 95% CI: 1.63, 50.8; p 
= 0.012) and heterogeneous lipiodol uptake in the tumor (HR 
= 2.86; 95% CI: 1.05, 4.42; p = 0.035) remained significant 
contributors to higher LTR rates. The incomplete safety 
margin on immediate CT failed to significantly (HR = 1.35; 
95% CI: 0.54, 3.34; p = 0.518) affect the LTR rate.

 

DISCUSSION

The concept of a ‘safety margin’ in curative treatment 
of HCCs is based on the fact that microsatellite lesions 
are commonly observed in small HCCs. Sasaki et al. (19) 
reported that microscopic invasion of HCC cells into the 
portal vein was observed in 39% of tumors ≤ 5 cm, while 
microsatellite lesions were detected in 46% of tumors. In 
tumors smaller than 25 mm, microsatellite lesions were 
observed in seven (29.2%) of 24 tumors. All but one were 
located within 5 mm from the main tumor. For tumors 
between 25 mm and 50 mm, microsatellite lesions were 
observed in 39 (51.3%) of 76 tumors (19).

The role of the ‘safety margin’ has been intensely 
investigated in surgical resection or RFA for HCCs. Many 

Fig. 4. Methods used to determine safety margin in liver parenchyma surrounding tumor after TACE. 
A. On non-contrast thin-section CT taken immediately after TACE, wedge-shaped parenchymal lipiodol deposition completely encased entire 
surface of tumor, which was interpreted as ‘complete safety margin’ (black arrows). B. On non-contrast CT thin-section CT taken immediately after 
TACE, posteromedial aspect of tumor was not completely covered by parenchymal lipiodol deposition (white arrows), which was interpreted as 
‘incomplete safety margin’. TACE = transarterial chemoembolization

A B

Fig. 5. Cumulative local tumor recurrence curve showing 
cumulative local tumor recurrence rate depending on presence 
or absence of intra-tumoral lipiodol uptake defect and safety 
margin. In completely lipiodolized nodules (nodules without intra-
tumoral lipiodol uptake defect), completeness of safety margin did not 
affect cumulative local recurrence rate (p = 0.912). SM = safety margin
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Table 2. Results of Univariate Analysis on Potential Determinant Factors for LTR after TACE

Factors
No. of 

Nodules
Median Time to LTR Cumulative LTR Rate (%)

(mo) (95% CI) 6 mo 1 yr 2 yr P
Sex 0.700

Men 101 36.5 (32.5, 40.5) 12.0 21.1 30.3
Women 27 37.1 (30.6, 43.6) 7.4 14.8 29.6

Age (year) 0.703
≤ 55 40 36.4 (30.5, 42.3) 10.0 22.5 31.0
> 55 88 36.6 (32.4, 40.7) 11.5 19.7 30.0

HBsAg 0.026
Positive 104 29.6 (21.9, 37.4) 8.8 19.6 26.4
Negative 24 38.6 (34.9, 42.4) 16.7 20.0 42.2

HCVAb 0.009
Positive 14 25.4 (17.0, 33.7) 14.3 30.0 51.0
Negative 114 38.4 (34.7, 42.0) 4.4 8.9 26.0

AFP 0.373
< 20 ng/mL 74 38.5 (34.0, 42.9) 6.5 16.4 27.1
≥ 20 ng/mL 54 33.9 (28.7, 39.1) 15.2 26.3 33.8

Child-Pugh score 0.753
A 100 37.3 (33.4, 41.2) 8.1 19.3 27.0
B 28 36.2 (28.7, 43.6) 17.9 25.0 36.8

Tumor size 0.004
< 20 mm 72 41.9 (37.6, 45.8) 6.1 10.0 21.7
≥ 20 mm 56 30.7 (25.3, 36.1) 15.9 33.1 41.1

Nodule multiplicity 0.254
Single 53 34.7 (29.1, 40.2) 11.5 25.3 34.8
Multiple (≤ 3) 75 36.9 (32.8, 41.0) 10.7 17.3 27.1

Morphologic liver cirrhosis 0.625
None 28 32.8 (25.9, 39.8) 13.4 31.3 35.1
Present 100 37.6 (33.7, 41.5) 9.8 17.3 28.9

Clinical portal hypertension 0.981
None 36 34.8 (28.8, 40.8) 10.1 25.1 27.5
Present 92 37.6 (33.5, 41.7) 10.1 17.5 31.8

Ascites 0.011
Subtle or mixed 113 38.5 (34.9, 42.1) 8.0 18.9 26.7
Present 15 26.2 (16.4, 36.0) 26.7 32.0 57.0

Tumor vascularity on CBCT 0.135
Subtle or mixed 29 29.4 (23.2, 35.6) 15.4 26.0 35.3
Prominent 99 38.3 (24.4, 42.1) 8.2 18.2 29.0

Tumor staining homogeneity on CBCT 0.227
Homogeneous 67 38.4 (33.6, 43.1) 17.1 20.1 27.8
Heterogeneous 61 34.6 (29.6, 39.6) 3.4 20.3 33.2

Tumor margin on CBCT 0.018
Clear 47 41.4 (36.1, 46.7) 12.0 21.1 22.4
Indistinct 81 33.7 (29.3, 38.2) 9.8 20.3 33.5

Oily portogram on DSA 0.612
None 6 25.3 (13.5, 37.1) 17.1 47.5 51.0
Mild 23 34.0 (25.4, 42.5) 17.7 29.1 40.0
Prominent 77 36.8 (32.7, 40.8) 7.7 17.2 26.1

Lipiodol uptake intensity 0.286
Compact 108 37.8 (34.1, 41.5) 7.9 18.8 28.1
Faint/moderate 20 28.6 (20.9, 35.4) 24.8 29.7 44.0
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researchers insist that an optimal safety margin is crucial 
for surgical resection to lower tumor recurrence (4, 20, 21), 
whereas others have reported that a surgical safety margin 
does not influence tumor recurrence (5, 22). Recently, an 
anatomical resection has been recommended for patients 
with durable hepatic function because intrahepatic 
metastasis is believed to arise from portal dissemination 
(23, 24). As establishing a safety margin around the 

ablated tumor is critical in achieving lower LTR in RFA, a 
5-mm safety margin on a contrast-enhanced CT has been 
recommended (2, 6, 25, 26). However, the effect of a safety 
margin on LTR has been rarely investigated in TACE.

Very recently, it has been reported that a sufficient 
circumferential safety margin can significantly reduce LTR 
after superselective TACE (29.1% in complete safety margin 
vs. 66.7% in incomplete safety margin) (27). In that report, 
complete safety margin was achieved in 65.3% of digital 
subtraction angiography alone group while it was achieved 
in 87.2% of cone-beam CT assisted group. However, the 
results of our study are different from those of that previous 
study. The complete safety margin did not reduce LTR in 
our study. Complete safety margin was achieved in only 
52 (40.6%) of 128 tumor nodules. For incomplete safety 
margin, the 2-year cumulative LTR rate was only 19.0% once 
the tumor was completely treated. It is difficult to explain 
the discrepancies between this study and the previous study 
(27). However, there are differences in the methodologies 
used in the two studies. In the previous study, the 
minimum safety margin for the treatment was defined as a 
5-mm wide with persistent lipiodol uptake in normal liver 
parenchyma surrounding the tumor on CT taken one week 
later. In this study, a 1-mm thick non-contrast CT image 
was taken immediately after TACE for detailed evaluation 
of the embolized area and safety margin. A meticulous 
comparison between the axial images of the cone-beam CT 
hepatic arteriography and post-procedural non-contrast CT 
might have increased the cases of lipiodol uptake defect. 
In the previous study, newly developed HCC lesions ≤ 6 
cm were selected for the study. However, HCC lesions were 
much bigger than in this study. Larger tumors might have 
a greater chance of LTR due to microsatellite lesions in the 
safety margin. However, it is certain that the presence of 

Table 2. Results of Univariate Analysis on Potential Determinant Factors for LTR after TACE (Continued)

Factors
No. of 

Nodules
Median Time to LTR Cumulative LTR Rate (%)

(mo) (95% CI) 6 mo 1 yr 2 yr P
Lipiodol uptake homogeneity 0.000

Homogeneous 61 44.2 (40.0, 48.6) 9.6 12.5 16.1
Heterogeneous 67 28.9 (24.5, 33.5) 10.1 27.6 43.1

Lipiodol uptake defect 0.000
Absent 101 41.5 (38.1, 44.9) 4.9 10.1 19.5
Present 27 18.6 (12.3, 24.9) 30.1 58.1 72.1

Safety margin 0.029
Complete 58 41.2 (36.6, 45.7) 7.8 12.1 21.1
Incomplete 70 33.2 (28.4, 38.1) 12.8 28.0 39.1

AFP = alpha fetoprotein, CBCT = cone-beam CT, CI = confidence interval, DSA = digital subtraction angiography, HBsAg = hepatitis B virus 
surface antigen, HCVAb = hepatititis C virus antibody, LTR = local tumor recurrence, TACE = transarterial chemoembolization

Table 3. Results of Multivariate Analysis on Potential 
Determinant Factors for LTR after TACE

HR 95% CI P
Chronic hepatitis B 0.43 0.13, 1.41 0.162
Chronic hepatitis C 0.50 0.13, 2.01 0.330
Ascites 2.17 1.01, 4.67 0.047
Indistinct tumor margin on CBCT 2.42 1.13, 5.19 0.039
Tumor size (> 20 mm) 1.70 0.91, 3.12 0.099
Heterogeneous lipiodol uptake 2.31 1.09, 4.90 0.029
Intra-tumoral lipiodol uptake defect 4.35 2.33, 8.11 0.000
Incomplete safety margin 1.63 0.85, 3.13 0.139

CBCT = cone-beam CT, CI = confidence interval, HR = hazard 
ratio, LTR = local tumor recurrence, TACE = transarterial 
chemoembolization

Table 4. Results of Multivariate Analysis on Potential 
Determinant Factors for LTR after TACE in Subgroup of 101 
Nodules without Lipiodol Uptake Defects

HR 95% CI P
Chronic hepatitis C 1.90 0.62, 5.89 0.264
Ascites 1.45 0.41, 5.56 0.544
Indistinct tumor margin on CBCT 9.10 1.63, 50.8 0.012
Heterogeneous lipiodol uptake 2.86 1.05, 4.42 0.035
Incomplete safety margin 1.35 0.54, 3.34 0.518
Oily portogram on DSA 1.89 0.83, 4.31 0.132

CBCT = cone-beam CT, CI = confidence interval, DSA = digital 
subtraction angiography, HR = hazard ratio, LTR = local tumor 
recurrence, TACE = transarterial chemoembolization
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lipiodol uptake defect on lipiodol CT is the most important 
risk factor for LTR after TACE because it signifies incomplete 
treatment for target lesions (27). This study also showed 
that lipiodol uptake defect was the strongest risk factor for 
LTR (p < 0.001). Our study further identified ascites (p = 
0.035), indistinct tumor margin on the cone-beam CT (p = 
0.039) before TACE, and heterogeneous lipiodol uptake (p 
= 0.023) as independent determinant factors for higher LTR 
rate.

The presence of ascites is one of complications of portal 
hypertension due to advanced liver cirrhosis. A shrunken 
liver due to advanced liver cirrhosis can cause intrahepatic 
arterial tortuosity, making the superselection of tumor-
feeding arteries difficult. Consequently, there is a greater 
chance of incomplete TACE in patients with ascites. In the 
subgroup analysis of 101 tumor nodules without lipiodol 
uptake defect, ascites was not a significant determinant 
factor for LTR.

The indistinct tumor margin and heterogeneous lipiodol 
uptake are mostly caused by tumor hypovascularity or 
hypovascular component in tumor nodules. According to 
multi-step hepatocarcinogenesis, early-stage HCCs have 
arterial hypovascularity with decreased but persistent 
portal venous supply (28). It has been known that TACE 
is only effective for hypervascular malignant foci supplied 
by arterial blood (29). Ultraselective TACE definitely can 
increase the therapeutic efficacy for early-stage HCCs 
(30). However, for early-stage HCCs with hypovascular 
component, the local tumor control rate over 15.8 months 
± 11.8 (range 2–40 months) of follow-up was only 53.2% 
even after ultraselective TACE (30).

Subsegmental or ultraselective TACE becomes more 
feasible due to the development of cone-beam CT which 
enables us to perform TACE more selectively at far distal 
feeding arteries by providing detailed information about 
the embolized tumors (27, 31). However, more selective 
TACE makes it difficult to achieve a safety margin around 
the target lesion. In this study, the complete safety margin 
was achieved only in 52 (40.6%) of 128 tumor nodules 
after cone-beam CT-assisted superselective TACE. To achieve 
a complete safety margin, it is necessary to perform 
additional selective catheterization of the hepatic arteries 
that supply the liver parenchyma surrounding the tumor 
nodule without evidently supplying the tumor itself. This 
requires additional procedural time and radiation exposure 
to both operators and patients. In addition, more severe 
postembolization syndrome and damage to the surrounding 

normal parenchyma are inevitable. Therefore, the survival 
advantage of the attempt to achieve a complete safety 
margin in TACE is questionable. Based on the results of this 
study, it is unnecessary to achieve a complete safety margin 
if the tumor nodule is small and completely treated.

Our study has several limitations. First, this was a 
single-center retrospective study. There might have been 
unavoidable selection bias. Second, the pathologic grades 
of HCCs could not be evaluated because the diagnosis of 
HCC was based on the typical imaging findings without 
biopsy. Third, the imaging analysis was performed by two 
radiologists with a consensus opinion. However, inter-
observer variability was not assessed. Fourth, the effect of 
safety margin on long-term survival was not assessed.

In conclusion, the safety margin in completely 
lipiodolized nodule without a defect would not affect LTR 
in cone-beam CT-assisted TACE for small nodular HCCs. 
However, a prospective study with a larger sample size is 
needed to draw a definite conclusion.
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