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Abstract
Objectives  Transarterial chemoembolization (TACE) improves the survival of patients with hepatocellular carcinoma (HCC); 
however, TACE treatment outcomes of patients with treatment-naïve HCC (TN-HCC) and those with recurrent HCC after 
curative resection (R-HCC) have not yet been compared.
Methods  We recruited 448 patients with TN-HCC, and 275 patients with R-HCC treated with TACE as first-line anti-cancer 
treatment.
Results  At first TACE, patients with TN-HCC showed a significantly lower proportion of male gender (74.9% vs. 84.3%), 
higher proportion of liver cirrhosis (61.9% vs. 49.3%), higher aspartate aminotransferase (median 48 vs. 31 IU/L), alanine 
aminotransferase (median 38 vs. 26 IU/L), alpha-fetoprotein (AFP) (median 96.6 vs. 7.7 ng/mL), and total bilirubin (mean 1.0 
vs. 0.8 mg/dL) levels, longer prothrombin time (median 1.05 vs. 1.01 international normalized ratio), higher tumor number 
(mean 2.1 vs. 1.7), larger tumor size (median 3.1 vs. 1.6 cm), and lower proportion of Barcelona Clinic Liver Cancer stage 
0-A (55.6% vs. 71.9%) than patients with R-HCC (all P < 0.05). Multivariate analysis showed that TACE for TN-HCC (vs. 
R-HCC) was an independent predictor of mortality (hazard ratio, 1.328; P = 0.024) with AFP level and tumor number (all 
P < 0.05). However, treatment outcomes between TN-HCC and R-HCC became statistically similar after propensity score-
matched (PSM) analysis using liver cirrhosis, tumor size, and multiple tumors (P < 0.05).
Conclusions  Based on the similar TACE treatment outcomes observed with the PSM analysis, the current TACE treatment 
guideline for patients with TN-HCC might similarly be applied for patients with R-HCC.
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Abbreviations
HCC	� Hepatocellular carcinoma
TACE	� Transarterial chemoembolization
BCLC	� Barcelona Clinic Liver Cancer
PSM	� Propensity score-matched

TN-HCC	� Treatment-naïve HCC
R-HCC	� Recurrent HCC after curative resection
MRI	� Magnetic resonance imaging
CT	� Computed tomography
IQR	� Interquartile range
AST	� Aspartate aminotransferase
ALT	� Alanine aminotransferase
AFP	� Alpha-fetoprotein
HR	� Hazard ratio
CI	� Confidence interval

Introduction

Hepatocellular carcinoma (HCC) is one of the most preva-
lent cancers worldwide, with over 22 million cases pre-
dicted over the next two decades [1]. Furthermore, it is 
the third most common cause of cancer-related death [2]. 
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Although many advances in treatment and prevention have 
been made, > 20,000 deaths were estimated to occur due 
to HCC [3]. If HCC is detected in its early stage, curative 
treatments such as resection, transplantation, and local 
ablation can be applied [4]. In contrast, only palliative 
treatment such as transarterial chemoembolization (TACE) 
or sorafenib can be used for intermediate or advanced 
HCC [5–7].

Resection is a form of curative treatment for early HCC 
or a small proportion of intermediate HCC cases [4]. The 
long-term outcomes of curative resection for intermedi-
ate-stage HCC are significantly better (5-year survival, 
37–50%) than palliative treatment modalities such as 
TACE (5-year survival, 12–16.5%) [8–10]. However, cura-
tive resection is applicable to only a small proportion of 
patients with early- or intermediate-stage HCC among all 
patients with HCC due to poor liver function, combined 
comorbidities, or old age [5]. In addition, because of the 
high rate of post-resection recurrence (2-year recurrence, 
50–51%), [11, 12] long-term survival cannot be guaran-
teed for all patients with HCC treated with curative resec-
tion [13].

Among palliative treatments, based on the results of 
a recent meta-analysis in which 7 TACE trials showed 
higher 2-year survival rates than control supportive care, 
[14] most international guidelines recommend TACE as 
the standard treatment modality for intermediate-stage 
(Barcelona Clinic Liver Cancer [BCLC] stage B) multi-
nodular HCC [15]. Recently, due to the heterogeneity in 
the outcomes of patients with BCLC B stage HCC treated 
with TACE, several subclassifications of patients with 
BCLC B stage HCC according to the Bolondi or Kinki 
criteria have been also proposed for determining TACE 
eligibility [16].

In addition, TACE has been frequently used to treat recur-
rent HCC after curative resection [17, 18]. Although the 
liver function of patients with recurrent HCC was originally 
sufficient to endure liver resection and recurrent HCC fre-
quently presents in the early stages due to an intensive fol-
low-up strategy using dynamic imaging studies after initial 
HCC resection, several factors such as relatively inadequate 
remaining liver volume for re-resection, postoperative adhe-
sions, and multifocal recurrent tumors can make re-resection 
or ablation of the recurrent HCC difficult. However, most 
TACE studies focused on patients with HCC who did not 
undergo surgical resection and the applicability and treat-
ment outcomes of TACE for patients with recurrent HCC 
has not been well documented.

Thus, here we investigated whether TACE survival out-
comes differ between patients with recurrent HCC after 
curative resection and treatment-naïve patients with HCC 
treated with TACE, based on a propensity score-matched 
(PSM) analysis.

Methods

Patients in the database of Severance Hospital, Yonsei Uni-
versity College of Medicine, Seoul, South Korea, treated 
with TACE between 2005 and 2015 for treatment-naïve HCC 
(TN-HCC) and between 2003 and 2015 for recurrent HCC 
after curative resection (R-HCC) were considered eligible 
for this retrospective study. HCC was defined by histological 
or radiological evaluation with reference to European Asso-
ciation for the Study of the Liver guidelines [19]. Exclusion 
criteria included (1) anti-cancer treatments other than TACE; 
(2) combined use of other anti-cancer treatments and TACE; 
(3) serious medical comorbidity; (4) BCLC stage D HCC; (5) 
extrahepatic metastasis; and (6) insufficient clinical informa-
tion (Fig. 1).

The study methodology was in accordance with the ethical 
guidelines of the 1975 Declaration of Helsinki and approved 
by the institutional review board of Severance Hospital. 
Informed consent was waived due to the retrospective nature 
of the study.

Surveillance Before the Diagnosis of TN‑HCC 
or R‑HCC

For patients with TN-HCC, 3- or 6-month interval ultrasound-
based surveillance was usually used until the diagnosis of 
HCC [20]. Patients with R-HCC had a previous history of 
curative resection. At the time of resection, these patients 
were examined with CT, magnetic resonance imaging (MRI), 
hepatic angiography, and/or positron emission tomography to 
confirm tumor number, size, location, and extent as well as 
the existence of distant metastases. In addition to preoperative 
routine laboratory examinations and physical examination for 
Child–Pugh classification, the indocyanine green retention test 
was performed to determine liver reserve function. Indications 
for liver resection and the types of operative procedures were 
mainly determined based on the Makuuchi criteria, [21] and 
followed the anatomic definitions of segments and lobes of 
Couinaud [22]. The decision to resect was also made by preop-
eratively measuring liver stiffness using transient elastography 
[23]. Patients routinely underwent intraoperative ultrasonog-
raphy to determine tumor location and extent and exclude the 
presence of additional lesions in the residual liver [24, 25]. 
After curative resection, patients were usually followed up to 
detect R-HCC using dynamic imaging including CT or MRI. 
The median time between surgery and HCC recurrence was 
17.0 months (IQR 6.9–36.7 months).

TACE Procedure

Angiography of the superior mesenteric and hepatic arteries 
was performed before the start of TACE to determine factors 
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such as tumor vascularity and portal vein patency. A com-
bination of 5 mL of iodized oil contrast medium, 30–50 mg 
of adriamycin, and lipiodol was infused selectively to a sub-
segmental branch or, if impossible, a segmental branch of 
the feeding artery. Afterward, embolization was performed 
using gelatin sponge particles. A dynamic liver computed 
tomography (CT) scan was used to detect residual viable 
tumors, and sequential TACE procedures were scheduled at 
6- to 8-week intervals if the patient’s laboratory and clinical 
data suggested such and there was no evidence of critical 
portal vein invasion or extrahepatic spread [26].

Statistical Analysis

Continuous variables are expressed as median with inter-
quartile range (IQR), whereas categorical variables are 
expressed as percentages. Baseline characteristic compari-
sons were performed using Student’s t test for continuous 
variables and the Chi square test for categorical values. Sur-
vival rates were calculated using the Kaplan–Meier method 
and compared using the log-rank test. Independent risk fac-
tors for survival were estimated using a multivariate Cox 
proportional hazard regression analysis.

To adjust for the differences in clinical characteristics 
between TN-HCC and R-HCC patients, a balanced cohort 
was assembled using a PSM analysis with a 1:1 ratio. Two 
PSM models were used: PSM-I adjusted for liver cirrhosis 
and PSM-II adjusted for liver cirrhosis, tumor number, and 
maximal tumor size, which were significantly imbalanced 
between the groups.

Only variables with a P value < 0.05 in univariate analysis 
were subjected to multivariate analysis unless the variables 

overlapped and interfered with multivariate analysis accu-
racy. Statistical analyses were performed using SPSS soft-
ware 24.0 for Windows (SPSS Inc., Chicago, IL, USA), 
and two-tailed P values < 0.05 were considered statistically 
significant.

Results

Baseline Characteristics

After excluding 91 and 52 patients from the R-HCC and 
TN-HCC cohorts, respectively, according to our exclusion 
criteria, 448 TN-HCC patients and 275 patients with R-HCC 
(total, 723; 584 men, 139 women) were finally included in 
the statistical analysis (Fig. 1). Baseline demographics and 
characteristics of the entire study populations are shown in 
Table 1. Median patient age was 59.8 years. Liver cirrhosis 
was found in 379 (52.7%) patients. Multiple tumors were 
found in 342 (47.3%) patients, and the average maximal 
tumor diameter was 2.0 (IQR, 1.4–3.2) cm. Of the study 
population, 539 patients (74.4%) had hepatitis B virus-
related HCC.

Comparison Between TN‑HCC and R‑HCC Patients

TN-HCC patients (n = 275, 38.0%) had a significantly 
higher percentage of liver cirrhosis (61.9% vs. 49.3%), 
higher aspartate aminotransferase (AST; median 48 vs. 
31 IU/L), higher alanine aminotransferase (ALT; median 
38 vs. 26 IU/L), alpha-fetoprotein (AFP; median 96.6 vs. 
7.7 ng/mL), higher total bilirubin (mean 0.97 vs. 0.84 mg/

1. Anti-cancer treatments other than TACE
2. Combined use of other anti-cancer treatments and TACE

1. Serious medical comorbidity
2. BCLC stage D
3. Extrahepatic metastasis
4. Insufficient clinical information

448 patients were selected 
for the statistical analysis

275 patients were selected 
for the statistical analysis

539 patients with recurrend HCC after 
curative resection between 2003 and 

2015

327  patients with treatment-naïve HCC 
between 2005 and 2015

481 patients treated with TACE 
as the first-line anti-cancer treatment

293 patients treated with TACE 
as the first-line anti-cancer treatment

Fig. 1   Flow of study population selection process. A total of 327 
patients with TN-HCC treated with TACE between 2005 and 2015 
and 539 patients with R-HCC treated with TACE between 2003 
and 2015 were considered eligible. After the exclusion of 52 and 
91 patients from the TN-HCC and R-HCC cohorts, respectively, 

according to our exclusion criteria, 275 patients with TN-HCC and 
448 patients with R-HCC were ultimately included in the statistical 
analysis. TN-HCC, treatment-naïve hepatocellular carcinoma; TACE, 
transarterial chemoembolization; R-HCC, recurrent hepatocellular 
carcinoma
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dL), longer international normalized ratio of prothrombin 
time (median 1.05 vs. 1.01), higher number of tumors (mean 
2.1 vs. 1.7), larger maximal tumor diameter (median 3.1 vs. 
1.6 cm), and lower proportion of BCLC stage 0-A (55.6% 
vs. 71.8%) (all P < 0.05), whereas R-HCC patients (n = 448, 
62.0%) included a significantly higher percentage of men 
(84.3% vs. 74.3%) (P < 0.05) (Table 1). Except for the lower 
proportion of male gender, TN-HCC patients had more unfa-
vorable characteristics than R-HCC patients.

Follow‑Up and Survival

The median follow-up period of the entire study population 
was 32.4 (IQR, 17.3–61.4) months. The cumulative survival 
rates at 2, 4, 6, 8, and 10 years were 64.7, 33.2, 15.5, 4.4, 
and 1.4%, respectively (Supplementary Fig. 1). The median 
follow-up periods of the TN-HCC and R-HCC patients were 
statistically similar (35.0 [IQR, 12.5–65.1] vs. 31.8 [IQR, 
18.7–59.2], P = 0.813). The cumulative survival rate for TN-
HCC and R-HCC patients was 61.3% and 51.1% at 2 years, 
36.8% and 31.0% at 4 years, 13.1% and 17.0% at 6 years, 
3.3% and 5.1% at 8 years, and 1.1% and 1.6% at 10 years, 
respectively (Supplementary Fig. 1). Additional TACE was 
mostly performed for the recurred HCC in two groups (173 
[62.9%] patients in TN-HCC group and 296 [65.6%] patients 
in R-HCC group, respectively).

Independent Risk Factors for Mortality

The univariate analysis indicated that liver cirrhosis, 
higher AST, higher AFP, higher tumor number, larger 
maximal tumor diameter, and TACE for TN-HCC (vs. 
R-HCC) were significant risk factors for mortality (all 
P < 0.05). On the multivariate analysis, together with 
a higher AFP and higher tumor numbers (all P < 0.05), 
TACE for TN-HCC (vs. R-HCC) was independently 
associated with a higher risk of mortality (hazard ratio 
[HR], 1.328; 95% confidence interval [CI], 1.038–1.700; 
P = 0.024) (Table 2). Antiviral therapy for hepatitis B 
virus did not influence the risk of mortality and recurrence 
(P = 0.920 and 0.381, respectively).

The cumulative survival rate of patients with a high AFP 
(> 400 ng/mL) was significantly lower than that of patients 
with a low AFP (≤ 400 ng/mL) (P < 0.001, log-rank test). 
Similarly, the cumulative survival rate of patients with 
multiple tumors and TACE for TN-HCC was significantly 
lower than that of patients with a single tumor and TACE for 
R-HCC (all P < 0.001, log-rank test) (Fig. 2).

When patients with BCLC stage B (n = 197) and C 
(n = 50) were selected for subgroup analysis (Supplemen-
tary Table 1), the risk of mortality was statistically similar 
between TACE for TN-HCC and R-HCC in univariate analy-
sis (P = 0.498).

Table 1   Baseline characteristics

Variables are expressed as median (interquartile range) or n (%)
TACE transarterial chemoembolization, TN-HCC treatment-naïve hepatocellular carcinoma, R-HCC recurrent hepatocellular carcinoma, HCC 
hepatocellular carcinoma, INR international normalized ratio, BCLC barcelona clinic liver cancer

Variables All patients (n = 723) TACE for TN-HCC TACE for R-HCC P value
(n = 275, 38.0%) (n = 448, 62.0%)

Demographic variables
 Age, years 59.8 (52.4–67.0) 60.0 (53.0–68.0) 59.4 (52.2–66.6) 0.535
 Male gender 584 (80.7) 206 (74.9) 378 (84.3) 0.002
 Liver cirrhosis 379 (52.7) 168 (61.9) 221 (49.3) < 0.001

Laboratory values
 Aspartate aminotransferase, IU/L 36 (27–53) 48 (34–76) 31 (24–43) < 0.001
 Alanine aminotransferase, IU/L 29 (20–44) 38 (24–54) 26 (18–37) < 0.001
 Alpha-fetoprotein, ng/mL 21.6 (4.2–207.6) 96.6 (98.6–573.7) 7.7 (3.1–73.1) 0.001
 Serum albumin, g/dL 4.0 (3.6–4.3) 4.0 (3.6–4.3) 4.0 (3.7–4.2) 0.865
 Total bilirubin, mg/dL 0.8 (0.6–1.0) 0.8 (0.5–1.1) 0.8 (0.6–1.0) 0.046
 Platelet count, 109/L 126 (93–170) 124 (88–176) 127 (97–164) 0.355
 Prothrombin time, INR 1.02 (0.97-1.09) 1.05 (0.98-1.13) 1.01 (0.97–1.07) < 0.001

Tumor variables
 Tumor number 1 (1–2) 1 (1–3) 1 (1–2) < 0.001
  Multiple tumors 342 (47.3) 136 (49.5) 206 (45.9) 0.364

 Maximal tumor diameter, cm 2.0 (1.4–3.2) 3.1 (2.0–5.1) 1.6 (1.2–2.2) < 0.001
 BCLC stage, 0/A/B/C 135 (18.7)/340 (47.0)/

197 (27.2)/51 (7.1)
0 (0)/153 (55.6)/
100 (36.4)/22 (8.0)

135 (30.1)/187 (41.7)/
97 (21.7)/29 (6.5)

< 0.001
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Comparison of Early and Late HCC Recurrence

Because early (≤ 2 years) and late recurrent (> 2 years) 
HCCs have shown different prognosis in previous stud-
ies, [12] our subpopulation of patients with R-HCC was 
divided into those with early and those with late recurrent 
HCC (Supplementary Table 2). Patients with early recur-
rent HCC (n = 242) had significantly higher ALT levels 
(median 26.0 vs. 23.0 IU/L), a higher tumor number (mean 
4.2 vs. 2.0), a higher percentage of multiple tumors (55.2 
vs. 33.3%), and a lower proportion of BCLC stage 0-A 
(66.7% vs. 78.5%) than patients with late recurrent HCC 
(n = 42) (all P < 0.05).

Independent Predictors of Mortality Considering 
Early and Late Recurrent HCCs

When patients with early recurrent HCC were selected from 
the R-HCC subgroup (Supplementary Table 3), higher AFP 
level, lower platelet count, and greater tumor number were 
independent predictors of mortality on the multivariate anal-
ysis (all P < 0.05), where the risk of mortality was similar 
between TACE for early recurrent HCC and TN-HCC, even 
on univariate analysis (P = 0.069). When patients with late 
recurrent HCC were selected from the R-HCC subgroup 
(Supplementary Table 3), in addition to having higher AFP 
levels and larger maximal tumor sizes, TACE for TN-HCC 

Table 2   Cox regression analysis 
to identify independent risk 
factors for mortality after TACE

TACE transarterial chemoembolization, HR hazard ratio, CI confidence interval, TN-HCC treatment-naïve 
hepatocellular carcinoma, R-HCC recurrent hepatocellular carcinoma, HCC hepatocellular carcinoma

Variables Univariate Multivariate

P value HR 95% CI P value

Age 0.577 – – –
Male (vs. female) 0.322 – – –
Liver cirrhosis (vs. non-cirrhosis) < 0.001 1.067 0.86–1.324 0.557
Aspartate aminotransferase, IU/L < 0.001 1.002 1.000–1.004 0.092
Alanine aminotransferase, IU/L 0.227 – – –
Alpha-fetoprotein, ng/mL < 0.001 1.002 1.001–1.002 < 0.001
Platelet count, 109/L 0.232 – – –
Tumor number < 0.001 1.207 1.139–1.279 < 0.001
Maximal tumor diameter, cm < 0.001 1.036 0.993–1.080 0.100
TACE for TN-HCC HCC (vs. R-HCC) < 0.001 1.328 1.038–1.700 0.024

(A) (B) (C)

Fig. 2   Cumulative overall survival according to AFP level (a), tumor 
number (b), and treatment group (TACE for TN-HCC vs. R-HCC) 
(c). The cumulative survival rate of patients with a high AFP level 
(> 400  ng/mL) was significantly lower than that of patients with a 
low AFP level (≤ 400 ng/mL) (P < 0.001, log-rank test). Similarly, the 
cumulative survival rate of patients with multiple tumors and TACE 

for TN-HCC was significantly lower than that of patients with a sin-
gle tumor and TACE for R-HCC (all P < 0.001, log-rank test). AFP, 
alpha-fetoprotein; TACE, transarterial chemoembolization; TN-HCC, 
treatment-naïve hepatocellular carcinoma; R-HCC, recurrent hepato-
cellular carcinoma
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was the independent predictor of a higher risk of mortality 
(HR, 2.964; 95% CI, 1.546–5.719; P = 0.001) (all P < 0.05).

In the cohort of early recurrent HCC and TN-HCC, the 
cumulative survival rate of patients with a high AFP level 
(> 400 ng/mL) was significantly lower than that of those 
with a low AFP level (≤ 400 ng/mL) (P < 0.001, log-rank 
test). Similarly, the cumulative survival rate of patients with 
multiple tumors was significantly lower than that of those 
with a single tumor (P < 0.001, log-rank test). However, the 
cumulative survival rate of patients with TN-HCC was not 
significantly different from that of those with early recurrent 
HCC (P = 0.068, log-rank test) (Supplementary Fig. 2).

In the cohort of patients with late recurrent HCC and 
TN-HCC, the cumulative survival rate of patients with a 
high AFP level (> 400 ng/mL) was significantly lower than 
that of those with a low AFP (≤ 400 ng/mL) (P < 0.001, log-
rank test). Similarly, the cumulative survival rate of TN-
HCC patients was significantly lower than that of patients 
with late recurrent HCC in addition to those with multiple 
tumors (all P < 0.001, log-rank test) (Supplementary Fig. 3).

PSM Analysis

Because the baseline characteristics were significantly 
different between patients with TN-HCC and those with 
R-HCC, a PSM analysis was performed. When the propor-
tion of liver cirrhosis was adjusted in the PSM analysis 
(PSM-I), 271 pairs were selected. When multiple tumor 
and maximal tumor size were additionally adjusted for 
in the PSM analysis (PSM-II), 159 pairs were selected 
(Table 3).

TACE for TN-HCC was independently associated with 
a high risk of mortality (HR, 1.335; 95% CI, 1.015–1.755; 
P = 0.038) together with AFP level and tumor number in 
the PSM-I cohort (all P < 0.05), whereas it did not signifi-
cantly influence the risk of mortality in further adjusted 
models (PSM-II) (Table 4). The cumulative survival rate 
of patients with TN-HCC was significantly lower than that 
of those with R-HCC in the PSM-I cohort (P = 0.001, log-
rank test), whereas it was statistically similar in the PSM-
II cohort (P = 0.067, log-rank test) (Fig. 3).

Table 3   Comparison between patients with treatment-naïve HCC and those with recurrent HCC after propensity score matching

Variables are expressed as median (interquartile range) or n (%)
HCC hepatocellular carcinoma, PSM propensity score matching, TACE transarterial chemoembolization, INR international normalized ratio, 
BCLC Barcelona Clinic Liver Cancer
PSM-I includes liver cirrhosis (1:1 ratio); PSM-II includes liver cirrhosis, multiple tumor, and tumor size (1:1 ratio)

Variables PSM-I PSM-II

TACE for TN-HCC 
(n = 271)

TACE for R-HCC 
(n = 271)

P value TACE for TN-HCC 
(n = 159)

TACE for R-HCC 
(n = 159)

P value

Demographic variables
 Age, years 60.0 (53.0–67.0) 59.1 (52.2–66.0) 0.061 61.0 (53.0–68.0) 59.5 (50.9–65.8) 0.540
 Male gender 203 (74.9) 230 (84.9) 0.004 114 (71.7) 134 (84.3) 0.007
 Liver cirrhosis 168 (62.0) 168 (62.0) 1.000 86 (54.1) 93 (58.5) 0.429

Laboratory values
 Aspartate aminotrans-

ferase, IU/L
47.0 (34.0–74.0) 31.0 (25.0–42.0) < 0.001 48.0 (35.0–67.0) 31.0 (26.0–45.00 < 0.001

 Alanine aminotrans-
ferase, IU/L

38.0 (24.0–54.0) 26.0 (20.0–38.0) < 0.001 38.0 (24.0–56.0) 27.0 (21.0–39.0) < 0.001

 Alpha-fetoprotein, 
ng/mL

96.6 (18.5–573.7) 7.9 (3.0–71.1) 0.001 86.0 (19.1–473.8) 9.8 (3.5–78.6) 0.197

 Serum albumin, g/dL 4.0 (3.6–4.3) 3.9 (3.7–4.2) 0.937 4.0 (3.6–4.3) 4.0 (3.6–4.2) 0.704
 Total bilirubin, mg/dL 0.8 (0.5–1.1) 0.7 (0.6–1.0) 0.025 0.8 (0.5–1.2) 0.8 (0.6–1.0) 0.050
 Platelet count, 109/L 123.0 (88.0–175.0) 126.0 (93.0–162.0) 0.463 123.0 (85.0–172.0) 124.0 (91.0–165.0) 0.536
 Prothrombin time, 

INR
1.05 (0.98–1.13) 1.01 (0.97–1.07) < 0.001 1.05 (0.99–1.12) 1.02 (0.97–1.08) 0.001

Tumor variables
 Tumor number 1.0 (1.0–3.0) 1.0 (1.0–2.0) < 0.001 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.019
  Multiple tumors 135 (49.8) 123 (45.4) 0.302 71 (44.7) 76 (47.8) 0.574

 Maximal tumor diam-
eter, cm

3.1 (2.0–5.1) 1.6 (1.2–2.3) < 0.001 2.2 (1.6–3.3) 2.0 (1.5–3.0) 0.771

 BCLC stage, 0/A/B/C 0 (0)/151 (55.7)
/98 (36.2)/22 (8.1)

82 (30.3)/110 (40.6)
/58 (21.4)/21 (7.7)

< 0.001 0 (0)/83 (52.2)
/64 (40.3)/12 (7.5)

34 (21.4)/69 (43.4)
/40 (25.2)/16 (10.1)

< 0.001
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Discussion

In this study, patients with TN-HCC showed unfavorable 
clinical characteristics at the time of the first TACE com-
pared to patients with R-HCC. Accordingly, TACE for TN-
HCC was selected as one of the independent risk factors for 
mortality (HR, 1.328) together with higher AFP level and 

tumor number. When patients with R-HCC were divided 
into two groups (early HCC recurrence and late HCC recur-
rence), TACE for TN-HCC was independently associated 
with an increased risk of mortality (HR, 2.964) in patients 
with late recurrence but not in patients with early recur-
rence (P > 0.05). After PSM analysis to adjust for the imbal-
anced baseline characteristics at the time of TACE, the risks 

Table 4   Cox regression analysis to identify potential risk factors of overall mortality after TACE

TACE transarterial chemoembolization, PSM propensity score matching, HR hazard ratio, CI confidence interval, HCC hepatocellular carcinoma
PSM-I includes liver cirrhosis (1:1 ratio); PSM-II includes liver cirrhosis, multiple tumor, and tumor size (1:1 ratio)

Variables PSM-I PSM-II

Univariate Multivariate Univariate Multivariate

P value HR 95% CI P value P value HR 95% CI P value

Age 0.724 0.461
Male (vs. female) 0.081 0.791 0.585–1.069 0.127 0.033 1.503 1.031–2.191 0.034
Liver cirrhosis (vs. non-cirrhosis) – – – – – – – –
Aspartate aminotransferase, IU/L 0.008 1.001 0.999–1.004 0.214 0.058 1.001 0.998–1.004 0.431
Alanine aminotransferase, IU/L 0.519 0.944
Alpha-fetoprotein, ng/mL < 0.001 1.000 1.000–1.000 0.001 < 0.001 1.000 1.000–1.000 0.008
Platelet count, 109/L 0.241 0.073 0.998 0.995–1.000 0.079
Tumor number < 0.001 1.226 1.146–1.312 < 0.001 – – – –
Maximal tumor diameter, cm 0.001 1.028 0.984–1.074 0.210 – – – –
TACE for TN-HCC (vs. TACE for R-HCC) 0.002 0.745 0.560–0.989 0.042 0.067 1.190 0.856–1.654 0.301

(B)(A)

Fig. 3   Cumulative overall survival rates by treatment group (TACE 
for TN-HCC vs. R-HCC) in PSM-I (a), PSM-II (b). The cumulative 
survival rates of patients with TN-HCC was significantly lower than 
that of patients with R-HCC in PSM-I cohort (P = 0.001, log-rank 

test), but it was statistically similar in the PSM-II cohort (P = 0.067, 
log-rank test). TACE, transarterial chemoembolization; TN-HCC, 
treatment-naïve hepatocellular carcinoma; R-HCC, recurrent hepato-
cellular carcinoma; PSM, propensity score-matched
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of mortality between TACE for TN-HCC and TACE for 
R-HCC were statistically similar (P > 0.05).

Our study has several strength and issues. Primarily, to 
the best of our knowledge, our study is the first to compare 
the survival outcomes of TACE for patients with TN-HCC 
and those with R-HCC. Based on the proven survival benefit 
of TACE for unresectable HCC patients compared to con-
servative care only, [27] a significant number of studies have 
shown the treatment efficacy of TACE on the survival of 
patients with TN-HCC, particularly 2-year survival [14, 28]. 
On the other hand, few studies have reported the outcomes 
of TACE for patients with R-HCC. Choi et al. evaluated the 
efficacy and safety of TACE for R-HCC after resection and 
found that time to recurrence (> 6 months) and favorable 
tumor-node-metastasis stage (I vs. III) of R-HCC at the time 
of TACE were independently associated with better survival 
outcomes [18]. In contrast, our study compared the treatment 
efficacy of TACE for patients with TN-HCC and those with 
R-HCC and found that its outcome was significantly better 
in patients in the R-HCC cohort but was statistically simi-
lar between the two cohorts after PSM adjustment. These 
findings support the idea that the use of dynamic imaging 
is important in detecting R-HCC as early as possible for a 
better prognosis. Thus, the current treatment guidelines for 
TACE might be applicable to patients with R-HCC based on 
the similar TACE outcomes after PSM adjustment shown 
here.

Second, our study had a relatively large sample 
size (> 700 patients overall) and long-term follow-up 
(> 10 years), which enhanced its statistical power. Because 
of the large sample size, we could divide our cohort with 
R-HCC into early and late recurrence subgroups and analyze 
their TACE outcomes versus those of the TN-HCC. The 
risk of mortality was statistically similar among the patients 
with TN-HCC and those with early R-HCC, whereas the 
TACE outcomes of patients with TN-HCC were signifi-
cantly poorer than those of patients with late R-HCC. The 
similarity between the early R-HCC and TN-HCC subgroups 
could most likely be explained by the fact that early R-HCC 
might be associated with unfavorable tumor factors such 
as microscopic vascular invasion or poor differentiation, 
[29] although the overall outcomes were favorable among 
patients with R-HCC compared to those of patients with 
TN-HCC. In contrast, patients with late R-HCC would 
most likely be those who underwent successful resection 
and had de novo HCC formation [29]. In addition, patients 
with R-HCC might have received frequent follow-up based 
on dynamic imaging studies such as CT scans [30]. All of 
these factors would ensure that tumors would be found ear-
lier in TN-HCC patients, resulting in their favorable TACE 
outcomes. Additionally, when patients with BCLC B and C 
were selected, no significant difference in the risk of mortal-
ity was found. Furthermore, based on the large sample size, 

we could use the PSM analysis to ensure balance between 
various clinical characteristics at the time of TACE between 
the TN-HCC and R-HCC cohorts.

Third, considering the significantly different characteris-
tics of the two cohorts at the time of TACE, we performed 
a PSM analysis. Surgical resection is generally reserved for 
patients with BCLC stage A HCC and preserved liver func-
tion to prevent liver failure after resection. Indeed, patients 
with R-HCC showed a significantly lower proportion of liver 
cirrhosis, lower AST and ALT levels, lower total bilirubin 
levels, and lower prothrombin times as well as favorable 
tumor characteristics. Accordingly, TACE outcomes were 
better in patients with R-HCC than in those with TN-HCC. 
However, the outcomes became similar after PSM.

We are also aware of several issues in our study that 
remain unresolved. First, despite the study’s large sample 
size and long-term follow-up, the baseline characteristics 
of the two cohorts at the time of TACE were significantly 
different. Although the PSM analysis was adopted to bal-
ance the populations, a risk of selection bias persisted. 
Specifically, patients with R-HCC were theoretically cured 
after curative resection, but factors related to surgical tech-
nique, tumor stage prior to surgery, and histological features 
of HCC likely affected our final results. Second, although 
we adjusted for several factors in the PSM analysis, the 
large decrease in sample size seen in the PSM-II cohort 
may weaken the conclusions of our study. Thus, additional 
studies with larger sample sizes are needed to validate our 
results. In addition, due to the skewed distribution of AFP 
level at the time of TACE between patients with TN-HCC 
and those with R-HCC, AFP level, which can affect clinical 
outcomes [31], it could not be analyzed in the PSM analysis. 
Third, because of the retrospective nature of our study, we 
were not able to control the decision to resect and perform 
TACE rather than using other anti-cancer treatment modali-
ties. Therefore, the possibility of selection bias in terms of 
treatment modality might have affected our final results.

In conclusion, the treatment outcomes of TACE for 
patients with TN-HCC and R-HCC were similar in the PSM 
analysis. Accordingly, the current treatment guidelines for 
TACE in patients with TN-HCC might be similarly applied 
for patients with R-HCC after curative resection.
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