
Izumi Miki, Satoru Murata, Daisuke Yasui, Tatsuo Ueda, 
Fumie Sugihara, Hidemasa Saito, Ryusuke Murakami, Shin-
ichiro Kumita, Department of Radiology, Center of Advanced 
Medicine, Nippon Medical School, Bunkyo-ku, Tokyo 113-8603, 
Japan

Fumio Uchiyama, Department of Radiology, Ebina-Sogo 
Hospital, Ebina-shi 243-0433, Japan

Hidenori Yamaguchi, Department of Radiology, Tamanagayama 
Hospital, Nippon Medical School, Tama-shi, Tokyo 206-8523, 
Japan

Chiaki Kawamoto,  Division of Gastroenterology and 
Hepatology, Department of Internal Medicine, Nippon Medical 
School, Bunkyo-ku, Tokyo 113-8603, Japan

Eiji Uchida, Department of Gastrointestinal and Hepato-Biliary-
Pancreatic Surgery, Nippon Medical School, Bunkyo-ku, Tokyo 
113-8603, Japan

Author contributions: Miki I and Murata S contributed equally 
to this work; Murata S designed the research; Miki I, Uchida 
F, Yasui D, Ueda T, Sugihara F and Saito H and Yamaguchi H, 
Murakami R performed the research; Miki I and Uchiyama F, 
Yasui D analyzed the data; Miki I and Murata S wrote the paper; 
Kawamoto C, Uchida E provided resources; Murata SI and 
Kumita S oversaw the project. 

Institutional review board statement: The study was reviewed 
and approved by the Nippon Medical School Institutional Review 
Board.

Informed consent statement: Patients were not required to 
give informed consent for this study because the analysis used 
anonymous clinical data that were obtained after each patient 
agreed to treatment by written consent. For full disclosure, the 

details of the study are published on the home page of Nippon 
Medical School.

Conflict-of-interest statement: There are no conflicts of interest 
to declare.

Data sharing statement: The technical appendix, statistical 
code, and dataset are available from the corresponding author at 
genji@nms.ac.jp. Participants gave informed consent for data 
sharing.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Satoru Murata, MD, PhD, Department 
of Radiology, Center of Advanced Medicine, Nippon Medical 
School, 1-1-5, Sendagi, Bunkyo-ku, Tokyo 113-8603, 
Japan. genji@nms.ac.jp
Telephone: +81-3-58146240
Fax: +81-3-56851795

Received: June 6, 2017 
Peer-review started: June 7, 2017
First decision: July 13, 2017
Revised: July 25, 2017 
Accepted: August 15, 2017
Article in press: August 15, 2017
Published online: September 21, 2017

6437 September 21, 2017|Volume 23|Issue 35|WJG|www.wjgnet.com

ORIGINAL ARTICLE

Evaluation of the relationship between hepatocellular 
carcinoma location and transarterial chemoembolization 
efficacy

Retrospective Study

Izumi Miki, Satoru Murata, Fumio Uchiyama, Daisuke Yasui, Tatsuo Ueda, Fumie Sugihara, Hidemasa Saito, 
Hidenori Yamaguchi, Ryusuke Murakami, Chiaki Kawamoto, Eiji Uchida, Shin-ichiro Kumita

Submit a Manuscript: http://www.f6publishing.com

DOI: 10.3748/wjg.v23.i35.6437

World J Gastroenterol  2017 September 21; 23(35): 6437-6447

 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)



Abstract
AIM
To evaluate the relationship between the location of 
hepatocellular carcinoma (HCC) and the efficacy of 
transarterial chemoembolization (TACE).

METHODS
We evaluated 115 patients (127 nodules), excluding 
recurrent nodules, treated with TACE between January 
2011 and June 2014. TACE efficacy was evaluated 
according to mRECIST. The HCC location coefficient 
was calculated as the distance from the central portal 
portion to the HCC center (mm)/liver diameter (mm) 
on multiplanar reconstruction images rendered (MPR) 
to visualize bifurcation of the right and left branches 
of the portal vein and HCC center. The HCC location 
coefficient was compared between complete response 
(CR) and non-CR groups in Child-Pugh grade A and B 
patients.

RESULTS
The median location coefficient of HCC among all 
nodules, the right lobe, and the medial segment was 
significantly higher in the CR group than in the non-CR 
group in the Child-Pugh grade A patients (0.82 vs  0.62, 
P  < 0.001; 0.71 vs  0.59, P  < 0.01; 0.81 vs  0.49, P  < 
0.05, respectively). However, there was no significant 
difference in the median location coefficient of the HCC 
in the lateral segment between in the CR and in the 
non-CR groups (0.67 vs  0.65, P  > 0.05). On the other 
hand, in the Child-Pugh grade B patients, the HCC 
median location coefficient in each lobe and segment 
was not significantly different between in the CR and in 
the non-CR groups.

CONCLUSION
Improved TACE efficacy may be obtained for HCC in 
the peripheral zone of the right lobe and the medial 
segment in Child-Pugh grade A patients.
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Core tip: The relationship between hepatocellular 
carcinoma (HCC) location and transcatheter arterial 
chemoembolization (TACE) efficacy was evaluated. In 
Child-Pugh A, the median location coefficient of HCC 
among all nodules, right lobe, and medial segment 
was significantly higher in the complete response (CR) 
group than in the non-CR group, with no significant 
differences in the lateral segment. In Child-Pugh B, the 
median location coefficient of HCC in each lobe and 
segment was not significantly different between the 
two groups. Therefore, improved TACE efficacy may 
be obtained for HCC in the peripheral zone of the right 

lobe and medial segment in Child-Pugh A patients. 
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most 
common malignant diseases worldwide, and it is 
a lethal tumor whose prognosis largely depends 
on tumor stage at diagnosis and patient access to 
radical treatment[1,2]. Management of HCC has been 
standardized according to clinical staging systems, 
such as the Barcelona Clinical Liver Cancer (BCLC) 
classification, in which patients are stratified by tumor 
stage and underlying liver disease. According to the 
BCLC staging system, transarterial chemoembolization 
(TACE) is the current standard of care for BCLC stage 
B patients. Stage B is defined as an intermediate-stage 
disease[3] that involves highly heterogeneous patients 
who have Child-Pugh grade A or B liver function with 
four or more tumors irrespective of size or two to 
three tumors larger than 3 cm in diameter, in the 
absence of cancer-related symptoms, macrovascular 
invasion, or extrahepatic spread[4]. Several studies 
and well-designed randomized trials have shown that 
TACE has a positive effect on patient outcome and 
survival[5-7]. Although many studies have reported on 
several prognostic factors for stage-B HCC patients, 
tumor number, maximal tumor diameter, Child-Pugh 
score, and tumor response to TACE are fundamentally 
strong predictors of survival in patients with initially 
unresectable HCC[8,9]. Complete necrosis following 
repeated TACE was a significant independent predictor 
of favorable survival after the first TACE[10]. 

Most HCC patients have some degree of cirrhosis. 
Regardless of etiology, compared with noncirrhotic 
livers, cirrhotic livers show right-lobe and medial-
segment atrophy and lateral-segment and caudate-
lobe hypertrophy[11]. This pattern suggests that 
microcirculatory changes play a role in the development 
of cirrhosis within segments. Indeed, an in vivo mi-
croscopic study[12] demonstrated differences in the blood 
flow in central and peripheral regions, indicating a 
direct and indirect reduction in the blood flow to the 
periphery of the main lobe. 

Histopathological investigations of HCCs that were 
resected after TACE have shown that the most viable 
tissue is located at the periphery of the tumor[13]. The 
efficacy of TACE is limited by the dual blood supply 
(artery and portal vein) of liver tumors and collateral 
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arterial supply after TACE, which make it difficult to 
achieve complete necrosis of tumor tissue because 
of insufficient tumor ischemia. However, complete 
necrosis is sometimes obtained in the long-term. 
Therefore, before performing this procedure, it is very 
important for the physician to predict whether TACE 
will be effective, particularly while considering other 
therapeutic modalities. 

Thus, the aim of this retrospective study was to 
evaluate the relationship between the location of the 
HCC, in particular, the location close to the peripheral 
or hepatic portal portion of the liver, and the efficacy of 
TACE.

MATERIALS AND METHODS
This retrospective study was conducted with the 
approval of our institutional review board. The 
requirement for informed consent was waived.

Patients
Between January 2011 and June 2014, 777 patients 
with HCC were treated with TACE in our institution. 
The eligibility criteria for the study were as follows: 
(1) diagnosis of HCC based on histologic findings, 
findings on dynamic contrast-enhanced multi-
detector computed tomography (MDCT), or magnetic 
resonance imaging (MRI) performed in our institution 
in accordance with the American Association for the 
Study of Liver Disease[14] and/or findings of cirrhosis; 
(2) no indications for hepatic resection, percutaneous 
ethanol injection therapy, liver transplantation, or thermal 
ablation therapy; (3) presence of a bidimensionally 
measurable hepatic lesion; (4) adequate liver function 
(serum total bilirubin level < 2.0 mg/dL and Child-
Pugh grade A or B); (5) adequate bone marrow 
function (leukocyte count > 3000 cells/mm3 and 
platelet count > 50000 cells/mm3); (6) adequate renal 
function (serum creatinine concentration ≤ 1.2 mg/
dL); (7) no ascites; (8) absence of vascular invasion; 
(9) technical success of TACE; and (10) MDCT or MRI 
performed before TACE and at least 6 mo after TACE. 

The exclusion criteria were as follows: (1) recurrent 
HCC; (2) tumor size > 7 cm; (3) inadequate iodized 
oil accumulation in the target lesion because of large 
tumor size or anastomosis with vital vessels; (4) 
balloon-occluded TACE; and (5) drug-eluting bead 
TACE. Overall, 115 patients with 127 HCC nodules 
were included in our study. 

TACE procedure
Experienced interventional radiologists performed all 
TACE procedures. After administering local anesthesia 
in all patients, we punctured the femoral artery using 
the Seldinger technique. A 4-French sheath (Super 
Sheath; Medikit, Miyazaki, Japan) was inserted via the 

femoral artery. After performing arterial portography 
and hepatic arteriography to confirm feeding arteries 
to HCC, we inserted a 2.0-French microcatheter (Gold 
Crest-MRT; Koshin Medical, Tokyo, Japan) into the 
feeding arteries. Then, an emulsion of anticancer drugs 
[cisplatin (50 mg/m2, up to 100 mg) or epirubicin 
(30 mg/m2)] and iodized oil [Lipiodol (the sum of 
the major axis of the tumor up to 15 mL) Ultra Fluid, 
Laboratoires Guerber, Aulnay-sous-Bois, France] was 
injected slowly under fluoroscopic guidance until the 
vascular bed of the target nodule was filled with the 
emulsion. We performed embolization with 2 mm 
pieces of gelatin sponge (Gelpart; Nippon Kayaku, 
Tokyo, Japan) following TACE.

Imaging evaluation of TACE efficacy
Dynamic contrast-enhanced CT or MRI was used to 
evaluate the effect of TACE 6 mo after and on a per 
nodule basis, according to the Modified Response 
Evaluation Criteria in Solid Tumors (mRECIST)[15]: 
complete response (CR) = disappearance of any 
intratumoral arterial enhancement in all target lesions; 
partial response (PR) = at least a 30% decrease in 
the sum of the diameter of viable target lesions; 
stable disease (SD) = any cases that did not qualify as 
either PR or progressive disease; progressive disease 
(PD) = an increase by at least 20% of the sum of the 
diameters of the viable target lesions. The evaluation 
was performed by two independent and blinded 
observers. After individual evaluation, the findings 
were disclosed, and any discrepancy in the findings 
was discussed by both the observers.

Measurement of HCC location
The location of the HCC was determined using the 
most recent dynamic contrast-enhanced MDCT (within 
1 mo) before TACE. The MDCT row data of the arterial 
or portal phase of pre-TACE were transferred to a 
workstation (OsiriX 7.0; Pixmeo, Bernex, Switzerland). 
The location coefficient of HCC was defined as follows: 
multi-planar reconstructed (MPR) images were 
rendered to visualize the bifurcation of the right and 
left branches of the portal vein and the center of the 
HCC, which was defined as the intersection of the long 
axes with the short axes in the maximum cross-section 
of the target nodule. Next, we traced the straight line 
through the bifurcation of the right and left branches of 
the portal vein to the center of the target nodule and 
the peripheral surface of the liver using MPR images 
(Figure 1). The location coefficient of the HCC was 
determined as a ratio of the distance from an internal 
surface of the liver to the center of the HCC/diameter 
of the liver on the traced line. An increased location 
coefficient indicates a more peripheral nodule. The 
bifurcation was the baseline point of measurement 
of the HCC location because the bifurcation had few 
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patients.

Correlation between HCC location and efficacy
The median location coefficient of HCC was significantly 
higher in the CR group than the non-CR group among 
all 127 nodules (0.80 vs 0.63, P < 0.001). Among 
HCCs that presented in the right lobe and medial 
segment, the median location coefficient of HCC was 
also significantly higher in the CR group than in the 
non-CR group (0.81 vs 0.68, P < 0.05, 0.80 vs 0.49, 
P < 0.01, respectively). However, among HCCs in the 
lateral segment, there was no significant difference in 
the location coefficient of HCC between the CR group 
and non-CR group (0.74 vs 0.73, P > 0.05) (Figure 2 
and Table 3).

HCC location and efficacy according to Child-Pugh 
grades
In the group classified as Child-Pugh grade A, the 
median location coefficient of HCC among all nodules 
in the right lobe and of those in the medial segment 
was also significantly higher in the CR group than in 
the non-CR group (0.82 vs 0.62, P < 0.001; 0.71 vs 
0.59, P < 0.01; 0.81 vs 0.49, P < 0.05, respectively). 
However, there was no significant difference in the 
median location coefficient of HCC in the lateral 
segment between the CR group and non-CR group 
(0.67 vs 0.65, P > 0.05) (Table 3 and Figure 3). On 
the other hand, in the group classified as Child-Pugh 
grade B, the median location coefficient of HCC was 
not significantly different between the CR and non-CR 

portal venous variations.

Evaluation of efficacy due to HCC location
The location coefficient of the HCC was compared 
between the CR group and non-CR group, including 
the PR, SD, and PD subgroups, among all nodules and 
each lobe or segment in Child Pugh A and B patients. 
The relationship between the efficacy of TACE and the 
location of the HCC was assessed.

Statistical analysis
All statistical analysis was performed using R 2.15.1 
(CRAN: the Comprehensive R Archive Network at 
http://cran. R-project.org/). We compared the location 
coefficient of the HCC between the CR group and non-
CR group using the Mann-Whitney U test. Moreover, 
receiver operating characteristic (ROC) curve analyses 
were used to determine the appropriate cut-off points 
of the location coefficient to predict the efficacy of 
TACE. In all comparisons, the results of the statistical 
analyses were considered significant at a P-value < 
0.05.

RESULTS
The median patient age was 73 year (range, 49-92 
year; 88 men and 27 women). The tumor size 
ranged from 5.0 mm to 56.7 mm (mean ± standard 
deviation: 14.00 ± 10.30) (Table 1). Other patient 
characteristics are presented in Table 1. Among the 
127 HCC nodules, 81 achieved CR 6 mo after TACE 
according to the mRECIST criteria. Local recurrences 
were classified into the PR, SD, or PD subgroup in 
46 nodules. Twenty-six nodules were classified as 
PR, 13 as SD, and 7 as PD (Table 2). The median 
recurrence time was 2 mo. Table 2 summarizes the 
efficacy of TACE for each segment of the liver where 
the HCC nodule presented in Child-Pugh grade A and B 

A

B

Figure 1  A 73-year-old man with hepatocellular carcinoma. An MPR 
image of the arterial phase shows a well-defined enhanced mass in segment 
7 (arrowhead) and the bifurcation of the right and left branches of the portal 
vein. HCC location coefficient = distance from the medial surface of liver 
to the central HCC tumor (B)/diameter of the liver (A). MPR: Multi-planar 
reconstructed images; HCC: Hepatocellular carcinoma.

Table 1  Baseline characteristics (n  = 115 patients, 127 
nodules) n  (%)

Characteristics Values

Age
   Median (range) 73 (49-92)
Sex
   Male/Female 88 (76.5)/27 (23.5)
Etiology
   Hepatitis B/C/B + C 13 (11.3)/85 (73.9)/2 (1.7)
   Alcohol 10 (8.7)
   NASH 2 (1.7)
   PBC 3 (2.6)
Child-Pugh class
   A/B 99 (86.1)/16 (13.9)
Location of target nodules
   Anterior segment 39 (30.7)
   Posterior segment 37 (29.1)
   Medial segment 27 (21.3)
   Lateral segment 24 (18.9)
   Size of target nodules (mm)1 14.00 ± 10.30 (5.0-56.7)
Chemotherapeutic drug
   Cisplatin/Epirubicin 87 (68.5)/40 (31.5)

1Values are continuous data and are presented as the means ± SD. 
Numbers in parentheses are the ranges. NASH: Non-alcoholic stea-
tohepatitis; PBC: Primary biliary cirrhosis.
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groups for nodules in any lobe or segment (Figure 4).

Boundary line of HCC location
When we performed a ROC curve analysis for the 
location coefficient of HCC in all nodules, we found 

that the area under the curve (AUC) was 0.713 and 
that the cut-off value was 0.643, with a sensitivity of 
56.5% and specificity of 85.2%. In the right lobe and 
medial segment, the ROC curve AUC was 0.678 and 
0.852, respectively, and the cut-off value was 0.643 
with a sensitivity of 50.0% and specificity of 89.6% 
and 0.674 with a sensitivity of 84.6% and specificity of 
78.6%, respectively. In the group classified as Child-
Pugh grade A, similar results were also obtained in all 
nodules, the right lobe, and medial segment; the AUC 
was 0.767, 0.753, and 0.827, respectively, and the cut-
off value was 0.743, with a sensitivity of 80.0% and 
specificity of 69.6%, 0.643 with a sensitivity of 61.1% 
and specificity of 84.8%, and 0.716 with sensitivity of 
88.9% and specificity of 77.8%, respectively (Figure 5). 

DISCUSSION
In this retrospective study, we evaluated the relationship 
between the location of the HCC (in particular, the 
location close to the peripheral or hepatic portal portion 
of the liver) and the efficacy of TACE. Among all 127 
nodules, the median location coefficient of the HCC 
was significantly higher in the CR group than in the 
non-CR group. Although the median location coefficient 
of HCC in the right lobe and medial segment was also 
significantly higher in the CR group than in the non-
CR group, there was no significant difference in the 
location coefficient of HCC in the lateral segment. 

Figure 2  Relationship between transcatheter arterial chemoembolization efficacy and hepatocellular carcinoma location. A: All lobes; B: Right lobe; C: Medial 
segment; D: Lateral segment. The relationship between TACE efficacy and HCC location among all nodules and nodules that are present in the right lobe, medial 
segment, and lateral segment. TACE: Transcatheter arterial chemoembolization; HCC: Hepatocellular carcinoma; CR: complete response.
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Table 2  Evaluation of efficacy 6 mo after transcatheter 
arterial chemoembolization according to the modified 
response evaluation criteria in solid tumors criteria

CR PR SD PD Total

All nodules 81 26 13  7 127
(63.8) (20.5) (10.2) (5.5)

   Anterior segment 26  7  5  1 39
   Posterior segment 22  8  3  4 37
   Medial segment 14  8  4  1 27
   Lateral segment 19  3  1  1 24
Patient with Child-Pugh 
grade A

56 17 10  3 86
  (65.1)  (19.8)  (11.6)    (3.5)

   Anterior segment 19  5  5  1 30
   Posterior segment 14  5  1  1 21
   Medial segment  9  6  3  0 18
   Lateral segment 14   1  1  1 17
Patients with Child-Pugh  
grade B

25  9  3  4 41
  (61.0) (22.0)   (7.3)    (9.7)

   Anterior segment  7  2  0 0   9
   Posterior segment  8  3  2  3 16
   Medial segment  5  2  1  1   9
   Lateral segment  5  2  0  0   7

TACE: Transarterial chemoembolization; CR: Complete response; PR ± 
Partial response; SD: Stable disease; PD: Progressive disease.
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These results suggested that the location of HCC may 
influence the efficacy of TACE for the treatment of 
HCC in the right lobe and medial segment. Moreover, 
considering the liver function represented by the Child-

Pugh grade, a significant difference was observed 
between the location of HCC and the efficacy of TACE 
only in patients classified as Child-Pugh grade A. In 
the patients classified as Child-Pugh grade B, the 
median location coefficient of HCC was not significantly 
different between the CR group and the non-CR 
group in each lobe and segment. These results may 
represent conditions that have hepatic circulatory, 
anatomical, or biological significance. 

TACE is a useful palliative treatment for HCC because 
the hepatic artery delivers > 99% of the blood supply 
to hepatic tumors. Compact lipiodol uptake results 
in complete necrosis in the resected tissues[16-19], 
and complete deposition of iodized oil in HCC lesions 
correlates with near-total necrosis[20-22]. However, HCCs 
showing a high uptake of iodized oil may continue to 
be partially fed by the collateral arteries or the portal 
vein[23]. Chan et al[24] reported that TACE induces a 
posttreatment surge of angiogenic factors, such as 
vascular endothelial growth factor (VEGF), which can 
occur as early as a few hours after TACE. This process 
may contribute to revascularization of the tumor, thus 
leading to the recurrence of HCC and reduced efficacy 
of TACE[25,26]. 

Generally, residual HCC tumor cells are observed 
in the peripheral region of the HCC. The reasons for 
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Figure 3  Results in the group classified as Child-Pugh grade A. A: All lobes; B: Right lobe; C: Medial segment; D: Lateral segment. Relationship between TACE 
efficacy and HCC location in the group classified as Child-Pugh grade A. TACE: Transcatheter arterial chemoembolization; HCC: Hepatocellular carcinoma; CR: 
Complete response.

Table 3  Hepatocellular carcinoma location coefficient in the 
complete response and non-complete response groups

Non-CR group CR group P  value

All lobes 0.63 0.8  < 0.001
   Right lobe 0.68 0.81 < 0.05
   Medial segment 0.49 0.8 < 0.01
   Lateral segment 0.73 0.74 > 0.05
Patients with Child-Pugh 
grade A
   All lobes 0.62 0.82  < 0.001
   Right lobe 0.59 0.71 < 0.01
   Medial segment 0.49 0.81 < 0.05
   Lateral segment 0.65 0.67 > 0.05
Patients with Child-Pugh 
grade B
   All lobes 0.73 0.75 > 0.05
   Right lobe 0.84 0.79 > 0.05
   Medial segment 0.43 0.69 > 0.05
   Lateral segment 0.72 0.69 > 0.05

Values are expressed as the medians. HCC: Hepatocellular carcinoma; CR: 
Complete response.
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this are complex and may be partially explained by 
the following: (1) incomplete embolization or partial 
recanalization of the hepatic artery after embolization 
or (2) formation of collateral circulation or the opening 
of communicating vessels as a microcirculatory 
reaction. Notably, residual viable tumor cells after 
TACE are exposed to an extremely hypoxic or even 
anoxic environment. Ischemic hypoxia is considered 

a physiological stimulus for angiogenesis, including 
endothelial cell proliferation[22,23]. Tumor cells induce 
neovascularization by producing VEGF, which in turn 
can nourish more tumor cells. Thus, neovascularization 
and VEGF expression may be important reasons for 
the survival of residual tumor cells after TACE.

There are several reasons why the median location 
coefficient of HCC in the right lobe and medial segment 
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was significantly higher in the CR group than in the 
non-CR group. An in vivo microscopic study[12] indicated 
a direct and indirect reduction in the blood flow to 
the periphery of the main lobe. Moreover, several 
reports have described functional and hemodynamic 
differences between the right and left lobes or 
between the peripheral (near the subcapsular area) 
and the central areas (near the porta hepatic) in the 
liver[27-30]. Okubo et al[31], in a study with gadolinium-
ethoxybenzyl-diethylenetriamine pentaacetic acid-
enhanced MRI, reported that the right lobe or central 
zone showed significantly more enhancement than 
the left lobe or peripheral zone. The hemodynamic 
differences between the peripheral and central zones 
and between the right and left lobes could cause the 
differences in hepatic enhancement. These reports 
suggested that vascularity around the HCC in the 
peripheral area is less than that in the central area, 
and TACE may induce much more ischemia in the 
HCC tissue in the peripheral area than in the central 
area because of protecting the formation of collateral 
circulation or the opening of communicating vessels. 

We also evaluated why a significant difference 
was found only in the right lobe and medial segment 
and not in the lateral segment. The abovementioned 
reports suggested that there were differences between 
the right and left lobes. However, the medial segment 
is in the left lobe. We do not have a definitive answer 
to this question, but several phenomena may provide 
clues. First, thin anastomosis branches often present 
between the right hepatic and the middle hepatic 
arteries[32]. Second, cirrhotic livers associated with all 
etiologies demonstrate atrophy of the right lobe and 
medial segment as well as hypertrophy of the caudate 
lobe and lateral segment[11]. These phenomena suggest 
that differences in the frequency of revascularization 
between the central and peripheral areas also exist in 
the medial segment. 

Our study demonstrated a significant difference 
between the location of HCC and the efficacy of TACE 
only in the Child-Pugh grade A patients. In Child-
Pugh grade B patients, there was no relationship 
between any nodules, even in the right lobe and 
medial segment. These results suggested that hepatic 
hemodynamics may change depending on cirrhotic 
liver status. Indeed, qualitative analysis indicated 
that the parenchymal enhancement in the cirrhotic 
liver was significantly heterogeneous compared with 
that in the normal liver[33]. Moreover, the quantitative 
liver-spleen contrast ratio was significantly decreased 
with an elevation of the Child-Pugh score[31]. These 
reports suggest that hemodynamic features are 
different depending on cirrhotic liver status. In our 
study, considering a cut-off value of the location 
coefficient of HCC on the ROC curve, a boundary line 
that demonstrated a significant, effective difference 
in patients with Child-Pugh grade A was expected 
in the range of 0.6-0.7 in the right lobe and median 

segment. Considering these results and the changing 
hepatic hemodynamics that depend on cirrhotic 
liver status, we concluded that livers with advanced 
cirrhosis had atrophy of the peripheral area in the right 
lobe and medial segment. Consequently, there was 
no significant difference between the location of the 
HCC and the efficacy of TACE in Child-Pugh grade B 
patients. 

A novel finding in our study was that the median 
location coefficient of HCC in the right lobe and medial 
segment was significantly higher in the CR group than 
in the non-CR group. Therefore, the coefficient could 
be used as an index when choosing an HCC treatment 
strategy. When HCC is located in the peripheral area in 
the right lobe or medial segment, TACE is much more 
suitable for treatment. However, when HCC is located 
in the central area in the right lobe or medial segment, 
an early combination of local ablation therapy (such 
as radiofrequency ablation and percutaneous ethanol 
injection) with TACE may be efficacious. Indeed, the 
synergistic effect of such an approach has already 
been demonstrated in both nonsurgical and recurrent 
HCC patients[34-36]. Therefore, the combination of local 
ablation therapy with TACE may be considered as a 
treatment of HCC in the central area. 

There are several limitations in our study. First, 
there were very few HCC nodules in the caudate lobe 
in our study. If there were more HCCs in the caudate 
lobe, further studies could evaluate the difference 
in the efficacy of TACE in each lobe or segment in 
detail. Second, the baseline point of the center when 
measuring the HCC location was the bifurcation of 
the portal vein because of few portal vein variations 
in this study. The HCC location coefficient and the 
boundary line, demonstrating the difference in efficacy 
of TACE between the peripheral area and central area, 
may change when other baseline points, such as the 
bifurcation of the right and left branches of the hepatic 
artery, are defined. Therefore, further studies are 
necessary to confirm our findings.

In conclusion, our study suggested that improved 
efficacy of TACE may be obtained for treatment of 
HCC in the peripheral area of the right lobe and medial 
segment in Child-Pugh grade A patients. 
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clinical liver cancer stage B, which includes a highly 
heterogeneous group of patients. TACE has a positive 
effect on patient outcome and survival. Studies 
have shown that tumor number, maximal tumor 
diameter, Child-Pugh score, and tumor response to 
TACE are fundamentally strong predictors of survival 
in patients with initially unresectable hepatocellular 
carcinoma (HCC). Most HCC patients have some 
degree of cirrhosis. Microcirculatory changes play a 
role in the development of cirrhosis within segments. 
Histopathological investigations of HCCs that were 
resected after TACE have shown that the most viable 
tissue is located at the tumor periphery. Considering 
all these factors, it is very important for the physician 
to distinguish effective and ineffective TACE before 
performing this procedure. In this study, we evaluated 
the relationship between HCC location-in particular, a 
location close to the peripheral or hepatic portal portion 
of the liver-and TACE efficacy.

Research frontiers
Predicting whether TACE will be effective before 
performing this procedure is very important for 
the physician, especially while considering other 
therapeutic modalities. The results of this study 
evaluating the relationship between HCC location 
and TACE efficacy may prove to be an index when 
determining a HCC treatment strategy.

Innovations and breakthroughs
Several studies and well-designed randomized trials 
have shown that TACE has a positive effect on patient 
outcome and survival. However, no previous study has 
evaluated the relationship between the efficacy of this 
procedure and HCC. This retrospective study evaluated 
the relationship between the location of HCC and the 
efficacy of TACE and suggested that an improved 
efficacy of TACE may be obtained for treatment of 
HCC in the peripheral area of the right lobe and medial 
segment in patients with Child-Pugh grade A tumors. 
For patients with Child-Pugh grade B or HCC located in 
the central area or in the lateral segment, it might be 
difficult to obtain complete necrosis with TACE only.

Applications
This study suggests that improved TACE efficacy may 
be obtained for HCC in the peripheral zone of the right 
lobe and the medial segment in Child-Pugh grade A 
patients. When HCC is located in the central area in the 
right lobe or the medial segment, an early combination 
of local ablation therapy with TACE may be efficacious.

Terminology
TACE: A minimally invasive procedure performed in in-
terventional radiology to reduce a tumor’s blood supply. 

Child-Pugh score: A score to assess the prognosis of 
liver cirrhosis.

Peer-review
In this retrospective study, the authors evaluated 
the relationship between the location of the HCC 
(in particular, the location close to the peripheral or 
hepatic portal portion of the liver) and the efficacy of 
TACE. It is an interesting study on TACE for HCC. The 
results demonstrated a significant difference between 
the location of HCC and the efficacy of TACE only in 
the Child-Pugh grade A patients. When HCC is located 
in the peripheral area in the right lobe or medial 
segment, TACE is much more suitable for treatment. 
When HCC is located in the central area in the right 
lobe or medial segment, an early combination of local 
ablation therapy (such as radiofrequency ablation and 
percutaneous ethanol injection) with TACE may be 
efficacious. These findings will provide very important 
clinical guidance for the selection of TACE for HCC.
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