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Abstract
Introduction: The purpose of this study was to evaluate the
treatment efficacy of transcatheter arterial chemoemboliza-
tion (TACE) for treatment-naive hepatocellular carcinoma
(HCC) according to tumor location and burden. Methods:
Between 2010 and 2019, consecutive patients who under-
went TACE as the first treatment were enrolled. Tumors were
classified into two categories based on their location, as
central or peripheral tumors. Tumors in the central zone,
which is within 1 cm of the main trunk or the first branch of
the portal vein, were classified as central tumors, while those
located in the peripheral zone were classified as peripheral
tumors. Patients were grouped according to the HCC loca-
tion and up-to-7 criteria. Patients with central tumors were
classified into the central arm and those with only peripheral

tumors were classified into the peripheral arm. Patients
within and beyond the up-to-7 criteria were classified into
the up-to-7 in and up-to-7 out-groups, respectively. Local
recurrence-free survival (LRFS) and progression-free survival
(PFS) were compared per nodule (central tumor vs. periph-
eral tumor) and per patient (central arm vs. peripheral arm),
respectively. The prognostic factors of LRFS and PFS were
analyzed by univariate and multivariate analyses. Results: A
total of 174 treatment-naive patients with 352 HCCs were
retrospectively enrolled. Ninety-six patients and 130 lesions
were selected by propensity score matching. Median LRFS
was longer for peripheral tumors than central tumors (not
reached vs. 3.3 months, p < 0.001). Median PFS was
17.1 months (8.3–24.9) in the peripheral arm and up-to-7
in, 7.0 months (3.3–12.7) in the peripheral arm and up-to-7
out, 8.4 months (4.0–12.6) in the central arm and up-to-7
in, and 3.0 months (1.2–4.9) in the central arm and up-to-
7 out-groups. The peripheral arm and up-to-7 in-groups
had significantly longer PFS than the other three groups
(p = 0.013, p = 0.015, p < 0.001, respectively). Multivariate
analysis confirmed that the central zone and central arm
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were associated with high adjusted hazard ratios for tumor
recurrence or death (2.87, p < 0.001; 2.89, p < 0.001,
respectively). Conclusion: Treatment-naive HCCs in the pe-
ripheral zone had a longer LRFS and PFS following TACE
compared to those in the central zone.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the most common
type of liver cancer, the sixth most common cancer
worldwide and the third leading cause of cancer-
related death [1–3]. Treatment of HCC ranges from
surgical resection to local ablation, transplantation, trans-
catheter arterial chemoembolization (TACE), and sys-
temic treatments, such as molecular targeted agents
(MTAs) that exhibit antitumor effects by blocking tumor
angiogenesis, and immune checkpoint inhibitors, which
exhibit an antitumor immune response [3–6].

Treatment of HCC is determined by the stage of HCC.
Although the treatment of early stage HCC is generally
surgery or local ablation, as recommended by the guide-
lines, these treatments are sometimes limited by several
factors such as tumor location, comorbidities, liver func-
tion, age, and the patient’s wish [3–5, 7]. For these
patients, superselective conventional TACE is a potential
treatment option [7, 8]. Conventional TACE is defined as
a treatment that involves injection of a mixture of ethio-
dized oil and an anticancer drug, followed by emboliza-
tion of the tumor-feeding artery with gelatin sponge
particles. This method leads to the inflow of ethiodized
oil not only into the supplying artery but also into both
hepatic arterial branches and portal veins surrounding
the tumors, through the vascular network of tumors,
resulting in tumor necrosis [8, 9]. TACE and systemic
therapies are generally recommended for patients with
intermediate-stage and advanced-stage HCC, respectively
[3–5, 10]. However, intermediate-stage HCC includes
patients with a very wide range of tumor burden and
liver function [3, 4]. There are several subclassifications of
intermediate-stage HCC that are mainly based on Child-
Pugh score and up-to-7 criteria (which indicates that the
sum of the number and largest diameter (cm) of the
tumors is within seven) [11–16]. Recently, the combina-
tion of systemic therapies and TACE has been introduced
for patients with intermediate-stage HCC [10, 17–19].
However, some reports showed that the combination of
MTAs and TACE is not effective [20–24]. Hence, the

treatment strategy for patients with intermediate-stage
HCC is still controversial. In order to choose an effective
treatment strategy, it is necessary to identify the subset of
patients that is likely to have good treatment outcomes
after TACE.

Previously, several classifications of HCC were pro-
posed to identify patient populations that would benefit
from TACE [11–14]. In these studies, patients were
mainly classified according to tumor burden and liver
function, and reportedly, TACE was likely to be beneficial
in patients with a lower tumor burden and better liver
profile [11–14]. However, to the best of our knowledge,
no studies have evaluated the long-term local and sys-
temic prognosis of treatment-naive HCC with TACE
depending on tumor location, whether central or periph-
eral. The purpose of this study was to evaluate the
treatment efficacy of TACE for treatment-naive HCC
according to tumor location and burden to investigate the
appropriate treatment options available to HCC patients.

Materials and Methods

Patients and Tumors
From January 2010 to December 2019, patients who met the

following criteria were included in this study: (1) diagnosis of
treatment-naive HCC that fulfilled the criteria of the Japan Society
of Hepatology Guidelines [10]; (2) conventional TACE as the
initial treatment; (3) no local conversion therapy, such as ablation,
surgical resection, or radiation therapy within 1 year after initial
TACE; (4) no subsequent systemic therapy in those without tumor
recurrence following initial TACE; (5) performance of contrast-
enhanced computed tomography (CT) or magnetic resonance
imaging (MRI) following TACE; and (6) Barcelona Clinic Liver
Cancer (BCLC) stage-0, A or B [4]. According to the modified
Response Evaluation Criteria in Solid Tumors (mRECIST) criteria,
up to 5 tumors (>1 cm) in the liver per enrolled patient were
identified as target lesions and included in this study [25]. Our
Institutional Review Board approved this retrospective study and
waived the requirement for patient consent for this retrospective
review.

TACE Procedure
An interventional radiology CT system (Nexaris Angio-CT®;

Siemens Healthcare GmbH, Forchheim, Germany) or a C-arm
dual-phase cone-beam CT system (Artis zee BA Twin®; Siemens
Healthcare) was used for the TACE procedure. Under local
anesthesia, digital subtraction angiography was performed for
the celiac artery and common hepatic artery using a 3- or 4-Fr
catheter with a nonionic iodine contrast agent (iohexol,
Omnipaque® 300 iodine, 300 mg I/mL; GE Healthcare, Tokyo,
Japan). Then, CT during hepatic arteriography (CTHA) and CT
during arterial portography images were obtained, and CT-
maximum intensity projection images of the hepatic artery were
created using a 3-D CT workstation (Synapse Vincent®; Fujifilm
Corporation, Tokyo, Japan) to identify tumor-feeding arteries.
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Selective catheterization of the tumor-feeding arteries was per-
formed using a 3- or 4-Fr catheter and a 1.7–2.1-Fr microcatheter.
Conventional TACE was performed using digital subtraction
angiography, CTHA, and navigation images to avoid infusion
into nontarget arteries as much as possible. An emulsion of
epirubicin (Epirubicin®; Nippon Kayaku Co. Ltd., Tokyo, Japan)
solution and ethiodized oil (Lipiodol®; Guerbet Japan Co. Ltd.,
Tokyo, Japan) was prepared with the aid of a three-way stopcock.
For some patients, cisplatin (IA-call®; Nippon Kayaku Co. Ltd.) or
miriplatin (Miripla®; Sumitomo Pharma Co. Ltd., Osaka, Japan)
was used to make a suspension instead of an epirubicin emulsion.
After injection of the emulsion or suspension into the feeding
arteries, 1–2 mm gelatin sponge particles (Gelpart®; Nippon
Kayaku Co. Ltd.) were injected until tumor staining disappeared.
Doses of anticancer drugs and iodized oil were determined based
on tumor size, tumor count, and liver function. The maximum
dose of ethiodized oil, epirubicin, cisplatin, and miriplatin in a
single TACE session was 10 mL, 50 mg, 100 mg, and 120 mg,
respectively. If the tumor was too large to embolize all at once, the
next TACE was scheduled within 1 month.

Follow-up and Evaluations
Tumor location, number, and size of tumors were assessed by

preoperative CT or CTHA during TACE. Based on their location,
tumors were classified as central or peripheral tumors. Tumors in
the central zone meant that any portion of the tumors was present
within 1 cm of the main trunk or first branch of the portal vein
(central tumor), and tumors outside this zone were classified as
being in the peripheral zone (peripheral tumor; Fig. 1). Patients
with central tumors were classified into the central arm and those
with only peripheral tumors were classified into the peripheral
arm. Next, patients were classified into two groups based on up-to-
7 criteria. Patients within the up-to-7 criteria were classified into
the up-to-7 in-groups, and those exceeding the up-to-7 criteria
were classified into the up-to-7 out-groups. Within a week after

TACE, non-enhanced CT was performed to assess the safety
margin of ethiodized oil. A positive safety margin was defined
as at least 1-mm thick ethiodized oil accumulation surrounding the
tumor [26]. The radiologic response was evaluated by contrast-
enhanced CT or MRI within 1–3 months after TACE according to
mRECIST [25]. Patients without viable lesions after TACE under-
went tumor marker and contrast-enhanced CT or MRI screening
every 3–12 months. If recurrence was confirmed, additional treat-
ment was considered. Liver function was also evaluated according
to Child-Pugh score and albumin-bilirubin (ALBI) score pre-
therapy and at 1, 3, and 6 months after TACE [27].

In this study, tumor prognosis was assessed in terms of local
recurrence-free survival (LRFS) for each tumor and was defined as
the time interval from the date of the initial TACE to the date local
recurrence was identified by screening, i.e., no longer in a state of
complete response (CR). We separately assessed patient prognosis
in terms of progression-free survival (PFS), which was defined as
the time from the date of the initial TACE to the date local
recurrence was identified by screening, including recurrence of
nontarget lesions, or the date of death from any cause. Response
rate (RR) was defined as the percentage of patients with a CR or
partial response.

Statistical Analysis
LRFS and PFS were both evaluated using the Kaplan-Meier

method. The log-rank test was used to compare survival curves
between tumor and patient groups. Fisher’s exact test was used to
compare categorical variables, and the Mann-Whitney U test was
used to compare continuous variables. Recurrence and prognostic
factors of LRFS and PFS were both investigated using multivariate
Cox regression analysis. Changes in ALBI scores before and after
TACE were analyzed using the Wilcoxon signed-rank test. Stat-
istical significance was determined by 2-tailed tests and considered
significant at a p value of <0.05. The above analyses were per-
formed using GraphPad Prism for Windows version 9.3.0 (Graph-
Pad Software Inc., San Diego, CA, USA).

Propensity scores were calculated using a logistic regression
model fit with the following variables: age, sex, etiology, tumor
diameter, and feeding artery (single/multiple) as tumor factors,
and age, sex, etiology, Child-Pugh score, ALBI score, BCLC stage
(0, A/B), largest tumor diameter, tumor number, up-to-7 score, α-
fetoprotein, and protein induced by vitamin K absence or
antagonists-II (PIVKA-II) as patient factors. Propensity score
matching was performed with a 1:1 ratio and a caliper width of
0.2. Propensity score calculation and matching were performed
with EZR software version 1.55 (Saitama Medical Center, Jichi
Medical University, Saitama, Japan) based on R software, version
4.1.2 (The R Foundation for Statistical Computing, Vienna,
Austria) [28].

Results

Patient Characteristics
One thousand one hundred and seventy-one treatment-

naive HCC patients who were treated at our facility were
retrospectively reviewed. Among them, 357 patients who
received conventional TACE as the initial treatment

Fig. 1. Schema showing tumor location zones. Central tumor:
tumors located even partially within 1 cm of the main trunk or first
branch of the portal vein. Peripheral tumor: tumors located, even
in part, more than 1 cm away from the main trunk or first branch
of the portal vein.
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were included. Of these, 183 patients were excluded for
the following reasons: 99 patients received local con-
version therapy within 1 year after TACE, 5 patients
received systemic therapy after TACE despite no tumor
recurrence, 59 patients had no imaging follow-up with
contrast-enhanced CT or MRI, 18 patients were BCLC-
C, and 2 patients were BCLC-D. Consequently, 174
patients with 352 target lesions were enrolled in this
study, among which 96 patients and 130 lesions were
selected using propensity score matching (Fig. 2). The
characteristics of the tumors and patients are shown in
Tables 1 and 2. Before matching, central tumors and
patients in the central arm had significantly greater
maximum tumor diameters (3.6 ± 2.6 vs. 2.3 ± 1.4
cm, p < 0.001; 4.5 ± 3.0 vs. 3.0 ± 1.3 cm, p < 0.001).
PIVKA-II was also significantly higher in the central
arm (mean 236 [range 10–238,237] vs. 120 [9–27,289]
mAU/mL; p = 0.011). After matching, all the character-
istics were comparable between the peripheral and
central groups for both tumors and patients.

Median ALBI scores of all the patients before and 1, 3,
and 6 months after the first TACE were −2.33, −2.22,
−2.36, and −2.46, respectively (online suppl. Fig. 1a; for all
online suppl. material, see www.karger.com/doi/10.1159/
000530441), with scores of −2.28, −2.25, −2.36, and −2.35,

respectively, in the peripheral arm, and −2.37, −2.20,
−2.36, and −2.61, respectively, in the central arm (online
suppl. Fig. 1b, c). There were significant differences
between ALBI scores pre-TACE and 1 month after
TACE in all groups (p = 0.003, p = 0.003, p = 0.001,
respectively), although no statistically significant differ-
ences in ALBI scores were observed between pre-TACE
and 3 and 6 months after TACE.

Local Tumor Response
The LRFS rates of all the 352 lesions were 78.4% at 3

months, 67.6% at 6 months, and 54.8% at 1 year (Fig. 3a).
In peripheral tumors, the percentages were 85.6%, 76.1%,
and 62.9%, and in central tumors, they were 50.7%,
35.2%, and 23.2%, respectively, at these time periods
(Fig. 3b). The LRFS rates of the 130 lesions selected by
propensity score matching were 65.2% at 3 months,
51.7% at 6 months, and 42.1% at 1 year (Fig. 3c), those
of peripheral tumors were 78.3%, 68.7%, and 60.9%, and
those of central tumors were 52.3%, 34.9%, and 23.0%,
respectively (Fig. 3d). The median LRFS of all the tumors
before matching was 18.3 months (95% confidence in-
terval [CI]: 11.3–69.8; Fig. 3a), that of peripheral tumors
was 69.8 months (95% CI: 24.4-not available [NA]), and
of central tumors was 3.1 months (95% CI: 2.6–5.4;

Fig. 2. Flow diagram of patient selection.
HCC, hepatocellular carcinoma; TACE,
transcatheter arterial chemoembolization;
CT, computed tomography; MRI, magnetic
resonance imaging; BCLC, Barcelona Clinic
Liver Cancer.
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Fig. 3b). Median LRFS for the entire set of matched
tumors was 6.3 months (95% CI: 4–13.3; Fig. 3c), it
was not reached for peripheral tumors (95% CI:
10.3–NA), and it was 3.3 months for central tumors
(95% CI: 2.6–5.4; Fig. 3d). Both before and after match-
ing, LRFS was significantly more prolonged in peripheral
tumors than central tumors (p < 0.001, p < 0.001,
respectively). The rate of positive safety margins of
ethiodized oil in each group was 80% among peripheral
tumors and 56.9% among central tumors, indicating a
significantly lower percentage in central tumors (p =
0.005).

Systemic Tumor Response
The RR for all 174 patients was 74.6% at 3 months,

57.1% at 6 months, and 36.7% at 1 year, with rates of
85%, 68.9%, and 48.1% in the peripheral arm, and 56.5%,
35.1%, and 14.8% in the central arm. The RR for the 96
matched patients was 73.4% at 3 months, 56.5% at 6
months, and 34.1% at 1 year, with rates of 89.4%, 72.3%,
and 47.8% in the peripheral arm, and 57.4%, 40.0%, and
19.0% in the central arm. PFS for all the 96 matched
patients was 80.2% at 3 months, 60.2% at 6 months,
39.3% at 1 year, 17.2% at 3 years, and 12.9% at 5 years
(Fig. 4a). The median PFS for all matched patients was
8.0 months (95% CI: 6–10.3; Fig. 4a). PFS rates at these
time periods were 89.6%, 72.9%, 51.5%, 25.8%, and
19.1% for the peripheral arm, and 70.8%, 47.4%,
25.7%, 6.8%, and not applicable (NA) for the central
arm, respectively (Fig. 4b). The median PFS in the
peripheral arm was 12.7 months (95% CI: 6.9–18.7),
which was significantly longer than that of 5.4 months

(95% CI: 3.6–8.3) in the central arm (p = 0.001; Fig. 4b).
With classification of the matched patients into four
groups based on up-to-7 criteria and tumor zone, PFS
rates at 3, 6, 12, 36, and 60 months were 89.2%, 75.7%,
58.9%, 30.9%, and 27.0% in the peripheral arm and up-
to-7 in, 90.9%, 63.6%, 27.3%, 9.1%, and 0% in the
peripheral arm and up-to-7 out, 84.8%, 63.1%, 35.5%,
9.5%, and NA in the central arm and up-to-7 in, and
40.0%, 13.3%, 6.7%, NA, and NA in the central arm and
up-to-7 out-groups (Fig. 4c). Median PFS in the four
groups were, respectively, 17.1 months (95% CI:
8.3–24.9), 7.0 months (95% CI: 3.3–12.7), 8.4 months
(95% CI: 4.0–12.6), and 3.0 months (95% CI: 1.2–4.9).
The peripheral arm and up-to-7 in-groups had signifi-
cantly longer PFS than the other three groups (p = 0.013,
p = 0.015, p < 0.001, respectively; Fig. 4c), while the
central arm and up-to-7 out-groups had significantly
shorter PFS than the other three groups (p < 0.001, p =
0.005, p < 0.001, respectively; Fig. 4c). Differences
between the peripheral arm and up-to-7 out-groups
and central arm and up-to-7 in-groups were not sig-
nificant (p = 0.691; Fig. 4c).

Univariate and Multivariate Analyses of Nodules
and Patients
The results of univariate and multivariate analyses are

presented in Tables 3 and 4, respectively. Multivariate
analyses confirmed that tumor location remained a sig-
nificant prognostic factor associated with LRFS and PFS
after TACE. The central zone and central arm were
associated with higher adjusted hazard ratios (2.87, p <
0.001; 2.89, p < 0.001, respectively). BCLC classification,

Table 1. Baseline characteristics of tumors before and after propensity score matching

Characteristics Before matching p value After matching p value

overall
(n = 352)

central
tumor
(n = 73)

peripheral
tumor
(n = 279)

overall
(n = 130)

central
tumor
(n = 65)

peripheral
tumor
(n = 65)

Age (mean ± SD), years 70.8±9.3 69.2±11.6 71.3±8.6 0.318 69.5±9.5 69.7±10.3 69.3±8.7 0.783
Sex (male/female) 258/94 54/19 204/75 0.883 98/32 47/18 51/14 0.415
Etiology (viral/nonviral) 254/98 46/27 208/71 0.050 90/40 44/21 46/19 0.704
Tumor diameter (mean ±
SD), cm

2.6±1.8 3.6±2.6 2.3±1.4 <0.001* 3.1±1.9 3.2±1.9 3.0±1.9 0.429

Tumor diameter (≤5 cm/>
5 cm)

329/23 62/11 267/12 <0.001* 113/17 59/6 54/11 0.193

Feeding artery (single/
multiple)

230/122 24/49 206/73 <0.001* 44/86 24/41 20/45 0.458

*p value <0.05.

Treatment Effects of TACE for HCC by
Tumor Location

Liver Cancer
DOI: 10.1159/000530441

5

https://doi.org/10.1159/000530441


up-to-7 criteria, and PIVKA-II also remained significant
independent factors for PFS (Table 4).

Discussion

The present study demonstrated that both LRFS
and PFS are significantly prolonged after TACE for
treatment-naive HCC, more for peripheral tumors
than central tumors, and in patients with only peripheral
tumors than those with central tumors, respectively.

Among them, patients within the up-to-7 criteria had
a significantly better prognosis. Although the peripheral
groups of both tumors and patients contained much
smaller tumors, there were still significant differences
in prognosis in terms of LRFS and PFS after adjusting
for the size of tumors using propensity score matching.

Appropriate treatment selection is critical in the
treatment of patients with HCC. The above results
indicate that the ideal treatment selection should be
considered separately for each of the four groups clas-
sified according to up-to-7 criteria and tumor location.

Table 2. Baseline characteristics of patients before and after propensity score matching

Characteristics Before matching p value After matching p value

overall
(n = 174)

central arm
(n = 64)

peripheral
arm
(n = 110)

overall
(n = 96)

central arm
(n = 48)

peripheral arm
(n = 48)

Age (mean±SD),
years

71.2±9.8 70.2±11.5 71.8±8.5 0.688 70.3±9.5 71.2±10.6 69.4±8.1 0.231

Sex (male/female) 120/54 48/16 72/38 0.189 69/27 35/13 34/14 0.820
Etiology (viral/
nonviral)

129/45 43/21 86/24 0.110 73/23 34/14 39/9 0.232

Child-Pugh score
(mean±SD)

5.85±1.13 5.77±1.07 5.90±1.17 0.515 5.94±1.20 5.83±1.10 6.04±1.30 0.529

Child-Pugh (A/B) 130/44 49/15 81/29 0.669 71/25 36/12 35/13 0.816
ALBI score
(mean±SD)

−2.37±0.52 −2.38±0.49 −2.36±0.54 0.870 −2.30±0.53 −2.35±0.48 −2.25±0.57 0.505

ALBI grade (1/2a/
2b/3)

64/37/65/8 23/15/24/2 41/22/41/6 0.868 32/20/37/7 16/12/18/2 16/8/19/5 0.549

BCLC (0/A/B) 9/92/73 1/30/33 8/62/40 0.065 4/54/38 1/26/21 3/28/17 0.474
Largest tumor
diameter
(mean±SD), cm

3.5±2.2 4.5±3.0 3.0±1.3 <0.001* 3.4±1.5 3.4±1.5 3.3±1.5 0.538

Largest tumor
diameter (n)
(≤5 cm/>5 cm)

151/23 49/15 102/8 0.002* 85/11 44/4 41/7 0.336

Tumor number/
patient (median,
range)

2 (1–150) 2 (1–82) 2 (1–150) 0.132 2 (1–100) 2 (1–82) 1(1–100) 0.199

Tumor number (n)
(<4/≥4)

123/51 40/24 83/27 0.070 70/26 31/17 39/9 0.066

Up-to-7 criteria (n)
(in/out)

121/53 37/27 84/26 0.010* 70/26 33/15 37/11 0.358

AFP, ng/mL
(median, range)

13.8
(2–1,039,586)

19.6
(2–1,039,586)

12.7
(2–5,732.5)

0.360 13.5(2–5,732.5) 11.5(2–3,479.1) 14.1(2–5,732.5) 0.287

AFP (n) (<400 ng/
mL/≥400 ng/mL)

147/27 51/13 96/14 0.183 83/13 42/6 41/7 0.766

PIVKA-II, mAU/mL
(median, range)

153
(9–238,237)

236
(10–238,237)

120
(9–27,289)

0.010* 142(10–34,603) 144(10–34,603) 133(12–19,441) 0.421

PIVKA-II (n) (<300
mAU/mL/≥300
mAU/mL)

108/66 35/29 73/37 0.126 62/34 32/16 30/18 0.670

ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; AFP, α-fetoprotein; PIVKA-II, protein induced by vitamin K absence
or antagonists-II. *p value <0.05.
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In patients with very early and early stage HCC defined
according to BCLC stage, the recommended treatment is
curative treatment, such as ablation and resection [4].
Previous papers have reported a median time to tumor
recurrence of 18 (IQR: 7–42) months, and 3- and 5-year
cumulative incidences of first recurrence of 70.8% and
81.7%, respectively [29]. In the current study, median
PFS was 17.1 months in the peripheral arm and up-to-
7 in-groups, and the overall 1-, 3-, and 5-year PFS rates
were 58.9%, 30.9%, and 27.0%, respectively, which were
comparable to the results of most previous radiofre-
quency ablation (RFA) studies in the literature [29, 30].
However, curative treatments might not be available
even in the very early and early stages of HCC in

some cases, for reasons such as patient refusal, status
after biliary surgery, or the presence of other serious
comorbidities. In such cases, TACE can be regarded as
an alternative to curative treatment in the peripheral
arm and up-to-7 in-groups. On the other hand, accord-
ing to the recommendation by the Asia-Pacific Primary
Liver Cancer Expert (APPLE) Consensus Statement,
drug treatments, such as MTA or immune checkpoint
inhibitor, which can lead to a high RR, are preferred in
patients beyond the up-to-7 criteria [11]. In the central
arm and up-to-7 out-groups in our study, median PFS
was just 3.0 months. This result supports the fact that
TACE is not indicated as the first-line therapy in TACE-
unsuitable patients, as suggested by the APPLE

dc

ba

Fig. 3. Kaplan-Meier curves of LRFS before and after propensity
score matching. a All the tumors before matching: Median LRFS 18.3
months (95% CI: 11.3–69.8). b Peripheral tumor versus central tumor
before matching: Median LRFS 69.8 months (95% CI: 24.4–NA) versus
3.1 months (95% CI: 2.6–5.4); p < 0.001. c All the tumors after matching:

Median LRFS 6.3 months (95% CI: 4.0–13.3). d Peripheral tumor versus
Central tumor aftermatching: LRFS not reached (95%CI: 10.3–NA)
versus 3.3 months (95% CI: 2.6–5.4); p < 0.001. LRFS, local
recurrence-free survival; CI, confidence interval; NA, not available.
*p value <0.05.
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Consensus Statement [11]. In the peripheral arm and
up-to-7 out-groups and central arm and up-to-7 in-
groups in this study, median PFS were 7.0 and 8.4
months, respectively, which were significantly longer
than those in the central arm and up-to-7 out-groups,
suggesting that these two groups might be candidates for
TACE. However, in both of these groups, TACE might
not play a sufficient role as curative treatment, since both
groups had a relatively high recurrence rate, suggesting
the need for careful follow-up.

The effect of combination therapy with TACE and
systemic therapy is still controversial. Several large studies
showed no significant differences in local recurrence or
survival between the combination of TACE with multi-
kinase inhibitors like sorafenib, brivanib, or orantinib
versus TACE alone [20–24]. In particular, from the
results of two of the studies, the author concluded that
there were definitive evidences that combined therapy of
drug-eluting beads TACE and sorafenib does not im-
prove outcomes [22, 23]. However, in certain patients

c

ba

Fig. 4. Kaplan-Meier curves of PFS after propensity score matching.
a All the patients: median PFS 8.0 months (95% CI: 6.0–10.3).
b Peripheral arm versus central arm: median PFS 12.7 months
(95% CI: 6.9–18.7) versus 5.4 months (95% CI: 3.6–8.3); p = 0.001.
c Peripheral arm and up-to-7 in versus peripheral arm and up-to-7 out
versus central arm and up-to-7 in versus central arm and up-to-7 out:
median PFS 17.1 months (95% CI: 8.3–24.9) versus 7.0 months (95%

CI: 3.3–12.7) versus 8.4 months (95% CI: 4.0–12.6) versus 3.0 months
(95% CI: 1.2–4.9). The peripheral arm and up-to-7 in-groups had
significantly longer PFS than the other three groups (p = 0.013, p =
0.015, p < 0.001, respectively); the central arm and up-to-7 out-groups
had significantly shorter PFS than the other three groups (p < 0.001,
p = 0.005, p < 0.001, respectively). PFS, progression-free survival; CI,
confidence interval. *p value <0.05. †p value ≥0.05.
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with intermediate-stage HCC, favorable results have re-
cently been reported with the combination and switching
of TACE and systemic therapy [17, 18, 31, 32]. Incom-
plete TACE for HCC with a high tumor burden has been
reported to increase the expression of hypoxia-inducible
factor 1-α in the tumor, leading to upregulation of
vascular endothelial growth factor (VEGF) and
angiopoietin-2 [33, 34]. These phenomena result in in-
creased angiogenesis, vascular invasion, and metastasis
[34]. Blocking these receptors might prevent this negative
feedback. MTAs have also been reported to improve the
delivery and distribution of anticancer drugs within the
tumor [35, 36]. In fact, it has been reported that combi-
nation adjuvant treatment using MTAs with anti-VEGF
effects and TACE is beneficial for improving PFS and OS
[17, 18]. In a previous study, median PFS was significantly
longer in the TACE plus sorafenib group than in the
TACE alone group (25.2 vs. 13.5 months; p = 0.006) [17].
Moreover, combination therapy of TACE and lenvatinib
in patients with unresectable HCC has been reported to
produce estimated median PFS, OS, and time to untreat-
able progression of at least 2 years [18]. Hence, intro-
duction of adjuvant treatment withMTAs before TACE is
considered as one of the treatment options not only for

patients beyond the up-to-7 criteria but also for patients
within the up-to-7 criteria with central tumors.

The present study showed that tumor location is partic-
ularly important from the perspective of local and systemic
control of HCCs. There have been various reports on
prognostic factors for local tumor control and survival
after TACE [9, 26, 37–44]. However, only few prognostic
factors related to location have been reported. In previous
reports, tumors in the segmental border zone and in the
median liver (Couinaud’s segments 1 or 4) had a poor
prognosis [40–42]. Another report showed that contact
with the liver surface was a significant risk factor for local
recurrence [43]. It has also been reported that tumors
abutting the hepatic capsule, within 1 cm of the capsule,
or adjacent to visible (>1-mm diameter) blood vessels did
not have a significantly different prognosis [41, 42]. Bryant
et al. reported that tumor location was a predictive factor
for local recurrence during short-term follow-up [44]. They
showed that central tumors (defined as less than 4 cm from
the portal vein bifurcation) had a very low rate of complete
or >90% tumor necrosis (23%). However, the report had
some limitations: it did not demonstrate long-term results,
such as LRFS or PFS according to tumor location, it
included partial response as local control, it did not

Table 3. Results of univariate and multivariate Cox regression analyses of local recurrence-free survival in matched tumors

Survival time (median, month) (95% CI) Univariate analysis Multivariate analysis

p value hazard ratio (95% CI) p value

Sex
Male 5.7 (3.3–10.9)
Female 13.3 (2.7–NA) 0.163 0.64 (0.35–1.08) 0.109

Age
<75 years 6.0 (3–14.1)
≥75 years 8.3 (3.3–19.8) 0.564 0.84 (0.5–1.35) 0.477

Etiology
Viral 9.2 (3.6–15.8)
Nonviral 4.6 (2.1–10.9) 0.208 1.33 (0.82–2.11) 0.237

Tumor diameter
<5 cm 8.4 (4.2–14.4)
≥5 cm 3.3 (2.4–NA) 0.611 1.15 (0.56–2.15) 0.677

Feeding artery
Single 10.3 (3.9–NA)
Multiple 5.6 (3.1–10.9) 0.169 1.4 (0.86–2.33) 0.182

Safety margin of ethiodized oil
Positive 13.3 (5.4–NA)
Negative 3.3 (2.4–6. 3) <0.001* 1.55 (0.96–2.48) 0.072

Tumor location
Peripheral Not reached (10.3–NA)
Central 3.3 (2.6–5.4) <0.001* 2.87 (1.75–4.78) <0.001*

CI, confidence interval; NA, not available. *p value <0.05.
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consider tumor diameters between central and peripheral
locations, and TACE was not an initial treatment. The
classification method used in our study was different from
the above report. Selective or superselective TACE is used
to enhance treatment efficacy of peripheral tumors [8, 45].
Intrahepatic arteries generally accompany portal veins.
Portal veins are more discernable than the intrahepatic
arteries in contrast-enhanced CT and MRI images.
Segmental branches of intrahepatic arteries, which
are the targets of selective TACE, are generally located
less than 1 cm away from the main trunk or first branch

of the portal vein [46, 47]. Consequently, we considered
it appropriate to use the boundary of 1 cm away from
the main portal trunk or 1st branch of the portal vein
to differentiate between central and peripheral tumors
in this study. Compared to peripheral tumors, since
central tumors require more extensive treatment from
the central side of the feeder, they might be more
difficult to treat completely. Generally, obtaining
safety margins in TACE is an important technical
factor for improving local tumor control [7]. Our study
demonstrated that there was a significant difference

Table 4. Results of univariate and multivariate Cox analyses of progression-free survival in matched patients

Survival time (median, month) (95% CI) Univariate analysis Multivariate analysis

p value hazard ratio (95% CI) p value

Sex
Male 6.5 (4.1–8.3)
Female 13.3 (8.4–63.7) 0.001* 0.65 (0.34–1.20) 0.183

Age
<75 years 6.9(3.9–10.3)
≥75 years 8.6 (6.3–19.8) 0.050 0.62 (0.37–1.04) 0.069

Etiology
Viral 8.6 (6.5–14)
Nonviral 5.6 (3.9–8.3) 0.007* 1.43 (0.78–2.56) 0.229

Child-Pugh
A 7.9 (5.6–10.2)
B 10.9 (3.9–16.4) 0.822 1.08 (0.56–2.05) 0.819

ALBI
1 8.6 (4.9–14)
2, 3 7.8 (5.3–10.9) 0.108 1.65 (0.94–2.93) 0.084

BCLC
0, A 13.3 (8.4–17.1)
B 4.2 (3.1–6.3) <0.001* 3.38 (1.55–7.08) 0.002*

Tumor diameter
<5 cm 8.0 (6–10.9)
≥5 cm 6.3 (2.7–16.4) 0.348 0.43 (0.16–1.07) 0.076

Tumor number
<4 10.3 (7.7–16.1)
≥4 3.9 (2.9–6.8) <0.001* 0.50 (0.10–1.24) 0.127

Up-to-7 criteria
Within 10.9 (7.8–16.2)
Beyond 4.0 (3–6.3) <0.001* 3.37 (1.38–8.47) 0.008*

AFP
<400 7.9 (6–10.2)
≥400 13.3 (4.4–55.6) 0.262 0.70 (0.31–1.43) 0.349

PIVKA-II
<300 8.7 (6.8–13.3)
≥300 4.9 (3.3–7.9) 0.004* 1.69 (1.01–2.80) 0.041*

Tumor location
Peripheral 12.7 (6.9–18.7)
Central 5.4 (3.6–8.3) 0.001* 2.89 (1.75–4.82) <0.001*

CI, confidence interval; ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer; AFP, α-fetoprotein; PIVKA-II, protein induced
by vitamin K absence or antagonists-II. *p value <0.05.
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in the percentage of positive safety margin of ethio-
dized oil between peripheral and central tumors. The
difference in the positive safety margin might also
support the idea that treatment is difficult for the
central tumors.

In previous reports, other prognostic factors for local
tumor control included tumor size, number, markers, and
vascularity, accumulation of ethiodized oil, safety margin
of ethiodized oil, type of TACE, and number of TACEs [9,
26, 37–42]. Systemic prognostic factors included all of
these factors except type and number of TACE, plus liver
function, portal vein thrombus, achievement of CR after
the first TACE, early local recurrence within 1 year,
performance status, BCLC stage, and C-reactive protein
level [26, 38–40, 48–58]. Tumor size, number, and
markers, and liver function have been frequently reported
and are widely accepted as prognostic factors of HCC
[37–41, 50–59]. There are many scoring systems and
models that employ the above factors, such as the sub-
classification of BCLC B HCC, hepatic arterial emboliza-
tion prognostic (HAP) score, modified HAP score, modi-
fied HAP-II score, modified HAP-III score, SANCOR
model, the prognostic nomogram, the ALBI-TAE model,
the seven-eleven criteria, the six-and-twelve score, the
pre-TACE-predict, and the post-TACE-predict [12, 38,
50–59]. However, some of these might be difficult to use
practically because of the complexity of cutoff values and
calculations. On the other hand, the classification accord-
ing to tumor location and the up-to-7 criteria used in this
paper can be easily performed using only CT or MRI
and is intuitive to use. In particular, classification accord-
ing to tumor location determined using preoperative
contrast-enhanced CT or MRI is simple and easy to
understand and can be used in combination with other
subclassifications.

In this study, large tumor diameter was not found to be
a significant factor for local recurrence in both univariate
and multivariate analyses. The study also showed that
patients with high AFP levels tended to have a better
prognosis (Tables 3, 4). These results are contrary to those
of other studies that showed that large tumor size was a
significant factor for local recurrence, and that high AFP
level was a worse prognostic factor [37, 40, 51, 53, 54].
Further analysis of tumor diameter ≥5 cm and <5 cm
groups in this study showed that the large-size tumor
group had fewer coexisting tumors and tended to present
as a single nodule. Conversely, the small-size tumor group
tended to have multiple tumors (data not shown). Sim-
ilarly, analysis of the AFP ≥400 and <400 groups showed
a trend toward fewer tumors in the high AFP group and
more tumors in the low AFP group (data not shown). We

considered that these are the reasons why the present
study results were inconsistent with previous papers
about tumor size and AFP. Some previous reports have
also suggested that tumor number is a more significant
prognostic factor than tumor size in relation to prognosis
after TACE [60, 61]. Hence, tumor number might have
affected LRFS and PFS in this study.

The effect of TACE on liver function is still contro-
versial. In previous studies, patients who continued to
receive TACE despite TACE refractoriness or high tumor
burden had a poor prognosis in terms of liver function
[31, 62]. In another study, the deterioration ratios of liver
function did not increase with repeated TACE [60]. In
this study, long-term deterioration of liver function was
not observed in either the peripheral or central arms.
However, a further large cohort study is needed to
confirm the long-term safety of TACE in treatment-
naive HCC patients.

There are several limitations in the present study. This
was a single-center retrospective study with propensity
score matching. Further, large-scale prospective studies
are required to enhance the validity of our results. In
addition, since the study only included patients with
treatment-naive HCCs, it is not clear whether similar
results would be obtained in patients with previously
treated HCCs.

Conclusion

TACE for treatment-naive HCCs in the peripheral
zone was associated with prolonged LRFS and PFS com-
pared to those in the central zone. Alternative therapies
with a combination of TACE and systemic therapy
should be considered in patients with central tumors
or a high tumor burden.
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