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Background/Aims: We aimed to determine the relationship between the safety margin of an embolized area and local 
tumor recurrence (LTR) of patients with hepatocellular carcinoma (HCC) who underwent superselective transarterial 
chemoembolization (TACE).
Methods: The medical records of 77 HCC patients with 109 HCC nodules who underwent superselective TACE were 
retrospectively analyzed for LTR. Univariate and multivariate analyses were performed for 16 potential factors using 
Cox proportional hazard regression. Iodized oil deposition on cone-beam computed tomography (CBCT) imaging was 
divided into three grades: A=complete tumor staining and complete circumferential safety margin, B=complete tumor 
staining but incomplete safety margin, C=incomplete tumor staining. The effect of a safety margin on LTR was evaluated 
by comparison between grade A and B group.
Results: Univariate and multivariate analyses revealed that grade A iodized oil deposition and portal vein visualization 
were the only two independent significant factors of LTR (P<0.001 and P=0.029, respectively). The 12- and 24-month 
LTR rates of tumors for grade A (n=62), grade B (n=30), and grade C (n=17) were 16% vs. 41% vs. 100% and 16% vs. 61% 
vs. 100%, respectively (P<0.001). The tumors in the grade A group had a 75% risk reduction in LTR (odds ratio, 0.25; 95% 
confidence interval, 0.10 to 0.64; P=0.004) compared to the grade B group. 
Conclusions: LTR was significantly lower when a greater degree of iodized oil deposition occurred with a complete 
circumferential safety margin. In superselective TACE, the safety margin of the embolized areas using intraprocedural 
CBCT affected LTR in HCC patients. (Clin Mol Hepatol 2019;25:74-85)
Keywords: Hepatocellular carcinoma; Therapeutic embolization; Cone-beam computed tomography; Local neoplasm 
recurrence; Surgical margins
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Study Highlights
Local tumor recurrence was significantly lower when treatment had a greater degree of iodized oil deposition with a safety margin. In superselec-
tive transarterial chemoembolization, the safety margin of the embolized areas using intraprocedural cone-beam computed tomography affected 
local tumor recurrence in hepatocellular carcinoma patients. 
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common malignancy world-

wide and the second leading cause of tumor-related death after 

lung cancer.1 Surgical resection and liver transplantation are con-

sidered as curative treatments for HCC patients who are good 

surgical candidates.2,3 Unfortunately, the majority of HCC patients 

can not have resection performed due to multifocal disease, por-

tal hypertension or poor hepatic functional reserve. Transarterial 

chemoembolization (TACE) is one of the effective treatments in 

patients with unresectable HCC.4-9 However, the local tumor re-

currence (LTR) rate of HCC patients who have undergone TACE is 

normally higher than radiofrequency ablation (RFA) which re-

moves the tumor and the parenchymal tissues that surround the 

tumor nodule.10,11 As with RFA, chemoembolization of liver paren-

chyma around the tumor nodule in superselective TACE may re-

duce LTR.

Recently, cone-beam computed tomography (CBCT) is used to 

detect the tumors, tumor feeding arteries and to monitor the em-

bolized area during TACE.12-15 However, efficacy of the safety mar-

gin using intraprocedural CBCT for local tumor control is still un-

certain in superselective TACE in HCC patients. Therefore, the 

purpose of this study was to determine the relationship between 

the safety margin of the embolized area and LTR following TACE 

with intraprocedural monitoring with CBCT.

MATERIALS AND METHODS

We performed a retrospective study to determine the relation-

ship between LTR and the safety margin of an embolized area de-

fined as completely surrounding an HCC nodule with parenchymal 

iodized oil accumulation on CBCT images immediately after su-

perselective TACE. Approval to conduct this study was obtained 

from the institutional ethics committee (61-170-7-1).

Patient population

Between November 2015 and December 2017, 776 TACE proce-

dures were performed in 375 patients with HCC at our hospital. 

For this study we selected patients who met the following inclu-

sion criteria: (a) patients with unresectable HCC with liver cirrho-

sis; (b) had tumor size ≤7 cm in diameter and the number of dis-

tinct tumor nodules ≤5; (c) patients treated with superselective 

TACE with catheterization at the subsegmental hepatic artery 

feeding the tumor; (d) had tumors treated with TACE alone; and 

(e) available CBCT images taken immediately after superselective 

TACE. The excluded patients were those with severe impaired he-

patic function (Child-Pugh class C), extrahepatic metastasis, infil-

trative tumors, and severe arterioportal shunt.

We followed the American Association for the Study of Liver 

Diseases criteria for the diagnosis of HCC.16 Liver nodules larger 

than 1 cm in diameter were evaluated by dynamic magnetic reso-

nance imaging or multidetector computed tomography scan using 

contrast media. If the imaging appearance was typical of HCC, no 

further diagnostic procedure was attempted. 

All patients underwent blood investigations including complete 

blood count, liver function test, coagulation test, viral markers for 

hepatitis B and C infection, and serum alpha-fetoprotein (AFP). 

The assessment of chronic liver disease was based on the Child-

Pugh classification system.

Following the inclusion criteria, 77 patients (48 male, 29 fe-

male) were selected for our study. The mean age was 63.2±9.6 

years (range, 41-81 years). All patients had liver cirrhosis, which 

was related with hepatitis B in 46 patients (60%), hepatitis C in 

14 patients (18%), and alcohol abuse in 6 patients (8%). The 

numbers of patients with Child Pugh classes A and B were 63 

(82%) and 14 (18%), respectively. Fifty-seven patients (74%) had 

AFP level ≤200 ng/mL. A solitary nodule was present in 66 (79%) 

patients and multiple nodules in 17 (21%) patients. In 83 sessions 

of TACE, a total of 109 HCC nodules were obtained with a mean 

diameter of 26.4±14.6 mm (range, 10-69 mm). Demographic and 

procedural data of the 77 patients are summarized in Table 1. 

Superelective TACE steps and technique

All eligible HCC patients underwent superselective conventional 

TACE, defined as catheterization at the subsegmental hepatic ar-

tery performed by two interventional radiologists through the 

transfemoral route. Superior mesenteric artery and celiac axis ar-

teriogram were selective at the beginning of the procedure using 

a 5-Fr selective catheter (Cobra, Chuang or MIK catheter; Boston 

Scientific, Limerick, Ireland) and a 0.035-inch J-tip Terumo guide-

wire. We performed selective catheterization to the tumor feeding 

hepatic arteries or in extrahepatic collaterals as distal as possible 

in each tumor lesion using a microcatheter, of either a 1.98-Fr tip 

Parkway Soft microcatheter from Asahi or a 2.0-Fr tip Progreat 

microcatheter from Terumo, over a 0.016-inch or a 0.018-inch 

guidewire. After the microcatheter was inserted into the target 

arterial feeder, 0.5-1.0 mL of 2% lidocaine (lidocaine hydrochlo-
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ride, Government Pharmaceutical Organization, Bangkok, Thai-

land) was infused intra-arterially to prevent vasospasm and pro-

vide pain relief. 

We slowly administered the mixture of iodized oil (range, 2-16 mL, 

Lipiodol, Guerbet) and doxorubicin hydrochloride (range 5-50 mg) 

(Adriamycin, Pfizer) under real time monitoring with digital sub-

traction angiography (Phillips AlluraClarity FD20). The amount of 

anticancer-in-oil-emulsion was determined by total tumor size and 

the number of nodules. We mixed 2-4 volumes of oil with one 

volume of aqueous drug to promote formulation of water in oil 

emulsion. Subsequently, the feeding artery was embolized using 

gelatin sponge particles. We completed the procedure when the 

tumor feeding branch was completely obstructed and tumor stain-

ing from digital subtraction angiography completely disappeared. 

CBCT was performed just after the superselective TACE procedure 

to evaluate the grade of the safety margin of the embolized area. 

CBCT technique 

The CBCT was operated using Allura Clarity FD20 (Philips 

Healthcare, Eindhoven, the Netherlands) with the XperCT option, 

enabling CBCT acquisition and volumetric image reconstruction. A 

total of 242 projection images (60 frames per second) with X-ray 

parameters of 121 kV and 200-300 mAs were obtained with the 

motorized C-arm covering a 220° clockwise rotation of the flat 

panel detectors. The patients were instructed to be at end-expira-

tory apnea during the CBCT scanning. All CBCT images of 5-mm 

thickness were interpreted using a work station (Phillips Healthcare).

Analysis of the prognostic factors for LTR

Univariate and multivariate analyses were used to determine 

the significant independent factors affecting LTR. Ten clinical fac-

tors were analyzed: gender, age, etiology of cirrhosis, Child-Pugh 

class, AFP, albumin, total bilirubin, prothrombin time, ascites, and 

portal hypertension. Also analyzed were two tumor factors (tumor 

size and location) and four procedure-related factors (iodized oil 

deposition with safety margin on CBCT images, portal vein visual-

ization at spot digital radiography, dose of doxorubicin, and dose 

of iodized oil).

Classification of iodized oil deposition with a safety 
margin  

Iodized oil deposition with a safety margin of the embolized 

Table 1. Patient and tumor characteristics and procedural data at baseline

Characteristics Value

Tumor (n) 109

TACE sessions (n) 83

Patients (n) 77

Sex (n, %)
   Male
   Female

48 (62)
29 (38)

Age (years) 63.2±9.6 (41–81)

Etiology (n, %)
   Hepatitis B
   Hepatitis C
   Alcohol
   Other 

46 (60)
14 (18)

6 (8)
11 (14)

Child-Pugh class (n, %)
   A
   B

63 (82)
14 (18)

AFP (ng/mL) (n, %)
   <10
   10-200
   >200 

27 (35)
30 (39)
20 (26)

Total bilirubin (mg/dL) 0.93±0.57 (0.3–2.5)

AST (U/L) 57.8±46.3 (18–266)

ALT (U/L) 39.3±35.2 (12–257)

Prothrombin time (s) 14.5±2.3 (1–19)

Albumin (ng/mL) 3.6±0.5 (2.4–4.7)

Portal hypertension (n, %)
   Absent 
   Present

29 (38)
48 (62)

Ascites (n, %)
   Absent
   Present

68 (88)
9 (12)

Tumor size (mm) 26.4±14.6 (10–69)

Tumor numbers (per sessions) 1.3±0.7 (1–4)

Tumor pattern (per sessions) (n, %)
   Single 
   Multiple nodules (≤5)

66 (79)
17 (21)

Tumor location (n, %)
   Right lobe
   Left lobe
   Caudate lobe

90 (82)
18 (17)

1 (1)

Dose of iodized oil (mL) 6.2±3.0 (2–16)

Dose of doxorubicin (mg) 17.5±8.4 (5–50)

Tumor feeding artery (n, %)
   Hepatic artery 
   Extrahepatic artery

107 (98)
2 (2)

Data are presented as mean±standard deviation (range) or n (%) unless 
indicated otherwise.
TACE, transarterial chemoembolization; AFP, alpha-fetoprotein; AST, 
aspartate transaminase; ALT, alanine transaminase.
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area using CBCT immediately after superselective TACE was divid-

ed into three grades (Fig. 1, 2). 

Grade A means the entire tumor which was embolized and 

complete encasement of the tumor with parenchymal iodized oil 

deposition of any thickness (complete tumor staining and com-

plete circumferential safety margin).

Grade B means the entire tumor which was embolized but not 

complete encasement of the tumor with parenchymal iodized oil 

deposition (complete tumor staining but incomplete circumferen-

tial safety margin), and was divided into two grades; grade B1 

means incomplete encasement of the tumor by parenchymal io-

dized oil deposition; grade B2 means no encasement of the tumor 

by parenchymal iodized oil deposition.

Grade C means the entire tumor was not embolized (incomplete 

tumor staining) and was divided into two grades; grade C1 means 

defect of iodized oil uptake located periphery; grade C2 means 

defect of iodized oil uptake located centrally.

All CBCT images were retrospectively interpreted by two radiol-

ogists. 

Outcome and follow-up imaging study

All patients were followed-up after superselective TACE with a 

detailed clinical examination, blood chemistry, and imaging ex-

amination (dynamic magnetic resonance imaging or 4-phase con-

trast-enhanced computed tomography scan) one month after the 

initial procedure. If no definite evidence of residual tumor was 

shown, then imaging examination was performed at 3-4 month 

intervals thereafter. LTR was diagnosed when arterial enhance-

ment was seen in or adjacent to the treated tumor on follow-up 

imaging. The decision to repeat the TACE procedure was based 

on tumor response, Barcelona Clinic Liver Cancer stage of the dis-

ease, and the patient’s tolerance.  

Complications

Superselective TACE-related complications were retrospectively 

reviewed with a physical examination, laboratory results, and fol-

low-up imaging. The complications were classified as major or mi-

nor following the standard Society of Interventional Radiology 

guidelines.17

Statistical analysis 

Data analyses were performed using Stata version 14.2 (Stata 

Corp, Texas, TX, USA). Numerical data are presented descriptively 

using the central tendency (mean, median, and mode) and a mea-

sure of dispersion (standard deviation and range). 

A comparison of the clinical, tumor, and procedure-related fac-

tors were initially assessed with univariate analysis. Subsequently, 

Figure 1. Schematic representation of the grade of iodized oil deposition with safety margin. Gray colored area: area of iodized oil deposition. White 
colored area: defect area of iodized oil uptake. T, tumor; C, catheter.

Complete tumor staining
complete circumferential safety margin

Complete tumor staining
incomplete circumferential safety margin

Incomplete tumor staining

C1B1

C2B2A
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all factors having a P-value ≤0.2 from the univariate analysis were 

entered into the initial multivariate Cox proportional hazard re-

gression, and the model refined by sequentially removing non-sig-

nificant variables. P-values less than 0.05 were considered indica-

tive of a statistically significance. 

The purpose of our study was to determine the relationship be-

tween the safety margin of the embolized area and LTR in super-

selective TACE. Therefore, the LTR rates were compared between 

group A and group B based on the CBCT images. The probability 

of LTR was estimated using the Kaplan-Meier method. The overall 

LTR rates at 6, 12, and 24 months were calculated and compared 

for each group. 

RESULTS

TACE procedures 

Intrahepatic arteries were embolized in 107 nodules and extra-

hepatic arteries were embolized in 2 nodules via inferior phrenic 

arteries. The mean dose of iodized oil in one session of TACE was 

about 6.2±3.0 mL (range, 2-16 mL) and the mean dose of doxo-

rubicin in one session of TACE was about 17.5±8.4 mg (range, 

5-50 mg). 

Prognostic factors of LTR

Among the 16 prognostic factors affecting LTR, univariate anal-

ysis revealed that a lower serum AFP level (≤200 ng/mL) was the 

only significant clinical factor (P=0.010). Of the two tumor fac-

tors, tumor size less than 30 mm was a significant tumor factor 

on univariate analysis (P=0.045). In addition, the grade of iodized 

oil deposition with a safety margin and portal vein visualization 

were significant procedure-related factors (P<0.001 and P=0.023) 

(Table 2). 

Multivariate analysis for the potential prognostic factors affect-

ing LTR on the univariate analysis showed that the grade of io-

dized oil deposition with a safety margin and portal vein visualiza-

Figure 2. Methods used to determine grade of iodized oil deposition and safety margin on cone-beam computed tomography images. (A, B) Grade 
A: entire tumor was embolized with complete encasement of the tumor by parenchymal iodized oil deposition. (C) Grade B1: entire tumor was embo-
lized with incomplete encasement of the tumor by parenchymal iodized oil deposition. (D) Grade B2: entire tumor was embolized with no encase-
ment by parenchymal iodized oil deposition. (E) Grade C1: defect of iodized oil uptake at the periphery of the tumor (arrow). (F) Grade C2: defect of io-
dized oil uptake in the central tumor (arrow).

A

D

B

E

C

F
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Table 2. Comparison of prognostic factors and results of univariate analysis among hepatocellular carcinoma patients with local tumor recurrence 
underwent superselective transarterial chemoembolization compared to those who did not

Factors No recurrence (n=75) Recurrence (n=34)
Odds ratio  

(95% CI)
P-value

Clinical factors

Gender 
Male
Female

46 (61)
29 (39)

24 (71)
10 (29)

1
0.63 (0.30–1.32)

0.207

Age (years)
≤60
>60

28 (37)
47 (63)

15 (44)
19 (56)

1
0.68 (0.34–1.34)

0.268

Etiology
HBV
HCV
Alcohol
Other

47 (63)
14 (19)

6 (8)
8 (10)

17 (50)
7 (21)
3 (9)
7 (20)

0.54 (0.22–1.31)
0.77 (0.27–2.21)
0.69 (0.18–2.68)

1

0.581

Child-Pugh Class
A
B

59 (79)
16 (21)

26 (77)
8 (23)

0.79 (0.36–1.76)
1

0.575

Alpha fetoprotein (ng/mL)
≤200
>200

56 (75)
19 (25)

20 (59)
14 (41)

0.39 (0.19–0.78)
1

0.010*

Albumin (ng/mL)
≤3.5
>3.5

34 (45)
41 (55)

15 (44)
19 (56)

1
0.86 (0.44–1.70)

0.668

Total bilirubin (mg/dL)
≤1.5
>1.5

68 (91)
7 (9)

27 (79)
7 (21)

0.43 (0.19–0.99)
1

0.068

Prothrombin time (s)
≤13.5
>13.5

25 (33)
50 (67)

10 (29)
24 (71)

0.77 (0.37–1.61)
1

0.483

Ascites
No
Yes

68 (91)
7 (9)

28 (82)
6 (18)

0.60 (0.25–1.46)
1

0.287

Portal hypertension
No
Yes

30 (40)
45 (60)

9 (26)
25 (74)

0.60 (0.28–1.29)
1

0.179

Tumor factors

Tumor size
≤30 mm
>30 mm

57 (76)
18 (24)

21 (62)
13 (38)

0.47 (0.23–0.96)
1

0.045*

Tumor’s location
Right lobe
Left lobe
Caudate lobe

64 (85)
10 (13)

1 (1)

26 (77)
8 (23)
0 (0)

0.57 (0.26–1.27)
1
-

0.275

Procedure-related factors

Iodized oil deposition with safety margin
Grade A
Grade B
Grade C

55 (73)
17 (23)
3 (4)

7 (21)
13 (38)
14 (41)

0.05 (0.02–0.12)
0.19 (0.08–0.42)

1

<0.001*
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tion were the only two independently significant prognostic 

factors of LTR (P<0.001 and P=0.029) (Table 3). 

In a subgroup analysis of 92 nodules with complete tumor 

staining (grade A and B group), a complete safety margin on 

CBCT images in grade A group nodules remained a significant 

contributor to lower LTR rates (odds ratio [OR], 0.25; 95% confi-

dence interval [CI], 0.10 to 0.64; P=0.004) than for tumors in the 

grade B group.

Relationship between LTR and grade of iodized oil 
deposition with a safety margin 

The mean follow-up time for each HCC nodule was 14.4±6.8 

months (range, 3.8 to 30.9 months). Cumulative overall LTR rates 

were 25.3% (95% CI, 18.0 to 35.0%) at 6 months, 35.6% (95% 

CI, 26.0 to 47.5%) at 12 months, and 44.6% (95% CI, 31.1 to 

60.8%) at 24 months. Of the 109 nodules, 62 (56.9%) had grade 

A, 30 (27.5%) had grade B, and 17 (15.6%) had grade C (Table 4). 

Of the 62 tumors in the grade A group, 55 (89%) had not re-

curred in 13.8±6.7 months (range, 4.7 to 30.9 months) after su-

perselective TACE (Fig. 3). Only seven tumors (11%) recurred after 

4.7±2.7 months (range, 1.0 to 7.5 months). Intratumoral recur-

rence was seen in 6 nodules (86%) and peritumoral recurrence 

developed in one. Of the 30 tumors in the grade B group, 17 

(57%) had not recurred in 16.1±6.7 months (range, 5.6 to 30.7 

months) after superselective TACE. Thirteen tumors (43%) re-

curred after 5.2±5.1 months (range, 1.0 to 16.6 months) (Fig. 4, 5). 

In the B1 group, peritumoral recurrence was noted in 9 nodules 

Factors No recurrence (n=75) Recurrence (n=34)
Odds ratio  

(95% CI)
P-value

Portal vein visualization
Prominent
Mild
No

34 (45)
32 (43)

9 (12)

8 (24)
14 (41)
12 (35)

0.29 (0.12–0.71)
0.49 (0.23–1.07)

1

0.023*

Dose of doxorubicin
≤20 mg
>20 mg

60 (80)
15 (20)

23 (68)
11 (32)

0.48 (0.24–1.00)
1

0.061

Dose of Lipiodol
≤8 mL
>8 mL

61 (81)
14 (19)

24 (71)
10 (29)

0.49 (0.23–1.03)
1

0.073

Data are presented as n (%) unless otherwise indicated.
CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis c virus.
*Likelihood ratio test.  

Table 3. Results of univariate and multivariate analyses on potential prognostic factors affecting local tumor recurrence after superselective transarte-
rial chemoembolization

Factors
Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Alpha fetoprotein (≤200 vs. >200 ng/mL) 0.39 (0.19–0.78) 0.010*

Total bilirubin (≤1.5 vs. >1.5 mg/dL) 0.43 (0.19–0.99) 0.068

Portal hypertension (No vs. Yes) 0.60 (0.28–1.29) 0.179

Tumor size (≤30 vs. >30 mm) 0.47 (0.23–0.96) 0.045*

Iodized oil deposition with SM (gr A vs. B/C) 0.15 (0.06–0.34) <0.001* 0.16 (0.07–0.39) <0.001*

PV visualization (Prominent/mild vs. None) 0.39 (0.19–0.79) 0.014* 0.40 (0.18–0.88) 0.029*

Dose of doxorubicin (≤20 vs. >20 mg) 0.48 (0.24–1.00) 0.061

Dose of lipiodol (≤8 vs. >8 mL) 0.49 (0.23–1.03) 0.073

OR, odds ratio; CI, confidence interval; SM, safety margin; gr, grade; PV, portal vein.
*Likelihood ratio test.

Table 2. Continued
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(75%) and intratumoral recurrence developed in three. One case 

in the B2 group recurred in the peritumoral region.

Of the 17 tumors in the grade C group, 3 (18%) had not re-

curred in 5.9±2.9 months (range, 3.8 to 9.2 months) after super-

selective TACE. Fourteen tumors (82%) recurred after 2.4±2.4 

months (range, 1.0 to 7.8 months). All cases in C1 and C2 groups 

recurred in the intratumoral region. 

The cumulative 6-, 12-, and 24-month LTR rates of tumors for 

grade A, grade B, and grade C were 7% vs. 35% vs. 81%, 16% 

vs. 41% vs. 100%, and 16% vs. 61% vs. 100%, respectively. The 

LTR rates for tumors in the grade A group were significantly lower 

than those for tumors in the grade B and C groups (P=0.004 and 

P<0.001, respectively) (Fig. 6). The LTR rates for tumors in the 

grade B group were also significantly lower than in the grade C 

group (P<0.001). 

Complications

None of the patients developed a major complication after su-

perselective TACE. All treatment-related adverse toxicities were 

classified as minor. Post embolization syndrome (fever, abdominal 

pain, and increased white blood cell count) developed in 7 pa-

tients (6.4%) without requiring extended stay or re-admission. 

Groin hematoma occurred in 2 patients (1.8%) but they were fol-

lowed up without any treatment due to no symptoms. 

DISCUSSION 

TACE is one of the effective treatments in patients with unre-

sectable HCC.4-9 Embolization with chemotherapeutic drugs, io-

dized oil, or embolic material in TACE leads to ischemic necrosis of 

the tumor tissue.18 Subsegmental (or superselective) TACE using a 

small microcatheter offers the advantages of targeted delivery to 

Table 4. Grades of iodized oil deposition and local tumor recurrence

Grade of iodized oil deposition Number Local tumor recurrence
Location of recurrence

(Peritumoral vs. Intratumoral)

Grade A 62 (56.9) 7 (11.3) 1 vs. 6

Grade B
B1
B2

30 (27.5)
28

2

13 (43.3)
12
1

9 vs. 3
1 vs. 0

Grade C
C1
C2

17 (15.6)
9
8

14 (82.4)
9
5

0 vs. 9
0 vs. 5

Total 109 34 (31.2) 11 vs. 23

Data are presented as n or n (%) unless otherwise indicated.

Figure 3. Sustained complete response after superselective transarterial chemoembolization (TACE) in a 73-year-old woman with hepatocellular car-
cinoma. (A) Enhanced computed tomography (CT) scan shows a 2.1-cm-sized hypervascular nodule at segment 8 of the right hepatic lobe (arrow). (B) 
Cone-beam CT scan obtained immediately after TACE shows dense iodized oil accumulation in the tumor (arrow) and complete encasement with pa-
renchymal iodized oil deposition (arrowheads), which was classified as grade A. (C) Unenhanced CT scan obtained 1 month after TACE shows dense 
iodized oil accumulation in the tumor (arrow). (D) Enhanced CT scan obtained 22 months later; the treated nodule was decreased in size without evi-
dence of local tumor recurrence (arrow).
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the tumor and maximizing the therapeutic effect while reducing 

the adverse effects.6,19,20 Based on histopathology, Sasaki et al.11 

reported that microsatellite lesions were found in 46% of HCC 

smaller than 5 cm and observed in 29% of HCC smaller than 2.5 cm. 

As a result, we consider that embolization of the safety margin is 

important in locoregional treatments such as TACE and RFA. The 

safety margin around a tumor that has microsatellite lesions has 

been controlled by RFA. However, the local tumor control of TACE 

is still undesirable compared with local ablative therapy.10,11 

Our study demonstrated a relationship between the grade of io-

dized oil deposition with a safety margin and LTR of patients with 

HCC who underwent superselective TACE. LTR was significantly 

lower in tumors with complete circumferential safety margin (11%) 

on CBCT images compared with tumors without or an incomplete 

circumferential safety margin (43%). In other words, tumors with 

circumferential safety margin during superselective TACE predicts 

low LTR. These findings suggest that the safety margin of iodized 

oil during TACE also affects microsatellite lesions around the tu-

mor, which results in a lower rate of LTR. The results of our study 

are similar to a previous study,21 that demonstrated sufficient 

safety margin can significantly reduce LTR (29% in the complete 

safety margin group versus 67% in the incomplete safety margin 

group). However, there are some differences in the terms of the 

methodology. In a previous study,21 the minimal safety margin 

was defined as 5 mm wide for a tumor <25 mm and at least 10 

mm wide for a tumor ≥25 mm on CT images one week after the 

TACE procedure. In our study, CBCT images were performed im-

mediately after TACE to evaluate the iodized oil deposition and 

safety margin. Although the signal to noise ratio is lower com-

pared with multidetector CT, the availability of CBCT images in 

Figure 4. Local tumor recurrence after transarterial chemoembolization (TACE) in a 63-year-old woman with hepatocellular carcinoma. (A) Enhanced 
magnetic resonance (MR) images show a 3.5-cm-sized hypervascular tumor at segment 6 of the right hepatic lobe (arrow). (B) Spot radiograph ob-
tained after TACE shows a tumor stain (arrow) with prominent portal veins in the embolized area (arrowheads). (C) Cone-beam computed tomogra-
phy (CT) scan obtained immediately after TACE shows dense iodized oil accumulation in the tumor (arrow). The anterolateral tumor aspect was not 
completely covered by parenchymal iodized oil deposition (arrowheads), which was classified as grade B. (D) Unenhanced CT scan obtained 1 month 
after TACE shows dense iodized oil accumulation in the tumor (arrow). (E) Enhanced MR images obtained 4 months later showed tumor recurred at a 
site without an adequate safety margin (arrows) (peritumoral recurrence).
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the angiography suite allows higher efficacy for targeting of the 

tumor, locating the tumor feeding artery, and evaluating the safe-

ty margin after superselective TACE.

Peritumoral recurrence may represent residual minute tumor 

growth adjacent to the parent tumor mass that may not be com-

pletely embolized during TACE. A total of 10 (77%) of the 13 HCC 

nodules in the grade B groups (without or incomplete circumfer-

ential safety margin) had tumor recurrence at the peritumoral re-

gion which was contrary with grade A group (complete circumfer-

ential safety margin) that had only 1 (14%) in 7 nodules of 

peritumoral recurrence. In other words, most cases of peritumoral 

recurrence were found in HCC tumors with inadequate safety 

margin. These findings also suggest that a safety margin after su-

perselective TACE is important. However, achieving a circumferen-

tial safety margin requires additional embolization of the hepatic 

artery that supplies the liver parenchyma surrounding the tumor 

nodule. This would cause decrease of hepatic functions in HCC 

patients with borderline or poor liver function when the emboliza-

tion area is large. Therefore, the size of the TACE area and hepatic 

function reserve of the patient need to be considered.   

In grade C group, all residual or recurrent nodules occurred at 

the intratumoral region. All cases were seen in nodules with de-

fective iodized oil uptake on CBCT images. This was possibly re-

lated to technical issues, such as incomplete embolization of the 

feeding artery or missing some small feeding branches during 

chemoembolization. In superselective TACE, catheterization into 

the distal subsegmental artery may increase the risk of missing a 

small feeding artery arising proximately to the microcatheter tip 

which may lead to incomplete embolization of the tumor.7

Our study determined that prominent portal vein visualization 

at spot digital radiography is an independent prognostic factor for 

a lower LTR rate, which was a result that was similar to a previous 

study by Miyayama et al.7 For the same reason, a markedly dem-

onstrated portal vein during superselective TACE may suggest ad-

Figure 5. Local tumor recurrence after transarterial chemoembolization (TACE) in a 72-year-old woman with hepatocellular carcinoma. (A) Enhanced 
computed tomography (CT) scan shows a 2.6-cm-sized hypervascular nodule at segment 8 of the right hepatic lobe (arrow). (B) Superselective TACE 
was performed at the anterior superior segmental artery of the right hepatic artery until complete tumor staining (arrow). The arrowhead indicate an-
other tumor staining. (C) Cone-beam CT scan obtained immediately after TACE shows dense iodized oil accumulation in the tumor (arrow). (D) En-
hanced CT scan obtained 1 month after TACE shows a defect of iodized oil accumulation in the tumor (arrow) (intratumoral recurrence). (E) Another 
branch of the anterior superior segmental artery of the right hepatic artery (arrow) was selected, and a second TACE was performed. (F) Unenhanced 
CT scan obtained 1.5 months after the second TACE shows dense iodized oil accumulation in the tumor (arrow) without any defect.
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equate blockage of both arterial and portal supply to the tumor. 

One important cause of tumor recurrence after TACE could be the 

portal venous supply to the tumor that increases after hepatic ar-

terial embolization22 leading to survival of tumor cells. Therefore, 

iodized oil injected into the feeding artery of an HCC passes 

deeply into the surrounding portal venules through the peribiliary 

plexus. As a result, LTR can be reduced. Accordingly, LTR of the 

tumors with prominent or mild portal vein visualization during 

TACE were significantly lower than those of tumor with no portal 

vein visualization. For these reasons, we suggest that superselec-

tive catheterization should be done initially into the distal portion 

of the subsegmental feeding artery of the tumor and the iodized 

oil should be injected until the portal vein is demonstrated. Next, 

the microcatheter should be pulled back proximately and iodized 

oil injected again to fill some of the missing small feeding arteries 

to accomplish a circumferential safety margin. Eventually, super-

selective TACE with prominent portal vein visualization and cir-

cumferential safety margin may lead to a good therapeutic out-

come and lower rate of tumor recurrence.     

Our study has several limitations. First, this study was limited by 

its retrospective nature and being a single-center study. Second, 

we did not evaluate the image quality and motion artifacts of 

CBCT images that may influence the interpretation of the safety 

margin. Third, we did not evaluate the overall survival rate related 

to the safety margin. However, we believe that local control of tu-

mors with safety margin is one of the most important factors to 

improve the prognosis of patients with inoperable HCC.

In summary, LTR was significantly lower when treatment had a 

greater degree of iodized oil deposition with a safety margin. In 

superselective TACE, the safety margin of the embolized areas us-

ing intraprocedural CBCT affected LTR in HCC patients. 
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