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Background/Aims: Transarterial chemoembolization (TACE) is performed for 
single hepatocellular carcinoma (HCC) that are not eligible for surgery or abla-
tion therapy. We investigated the clinical outcomes of patients with a single HCC 
≤ 5 cm treated with TACE.
Methods: This study analyzed 175 consecutive patients who underwent TACE as 
an initial treatment for single HCC ≤ 5 cm. Predictive factors for complete re-
sponse (CR), recurrence after CR, and overall survival (OS) were evaluated.
Results: Total 119 patients (68%) achieved CR after TACE. Tumor size < 3 cm and 
hepatitis B virus infection were significant predictors of CR (p < 0.05). Recurrent 
HCC was detected in 73 patients (61.3%) after CR. Age > 65 years and absence of 
liver cirrhosis were predictive factors for non-recurrence after CR (p < 0.05). The 
OS for all patients was 80.7 ± 5.6 months, and the 1-, 3-, and 5-year OS rates were 
88.1%, 64.8%, and 49.9%, respectively. In multivariate analysis for OS, CR (hazard 
ratio [HR], 0.467; 95% confidence interval [CI], 0.292 to 0.747) and Child class A 
(HR, 0.390; 95% CI, 0.243 to 0.626) were significant factors. The OS for the CR and 
Child class A group were 92 and 93.6 months, respectively, and that of the non-CR 
and Child B, C group were 53.3 and 50.7 months, respectively (p < 0.001).
Conclusions: TACE can be a valid treatment in patients with a single HCC ≤ 5 cm 
not suitable for curative treatment, especially in patients with Child class A and 
CR after TACE. 
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Clinical outcomes of patients with a single hepa-
tocellular carcinoma less than 5 cm treated with 
transarterial chemoembolization
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common 
form of primary liver cancer and the leading cause of 
death in patients with liver cirrhosis [1,2]. Liver trans-

plantation (LT), surgical resection or radiofrequency 
ablation (RFA) are recommended as curative treatment 
options in patients with early-stage HCC [3,4]. LT im-
proves survival in patients with HCC by removing the 
tumor and underlying cirrhosis, and is considered the 
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best therapeutic option in selected patients [5,6]. How-
ever, some patients cannot be surgical candidates be-
cause of several associated clinical factors such as old 
age, severe comorbidities and lack of liver donors [5]. In 
patients with early stage HCC not eligible for LT, surgi-
cal resection is generally used as the main treatment for 
resectable HCC. However, because of the risk of postop-
erative hepatic dysfunction, RFA has been established as 
an alternative curative treatment with better safety and 
lesser invasiveness than hepatic resection. But, RFA is 
not generally recommended when lesions for RFA are 
located near large vessels, bile ducts, intestinal loops, or 
the liver capsule [7,8]. Therefore, in patients not eligi-
ble for LT, unresectable HCC, and unsuitable for local 
ablation, the transarterial chemoembolization (TACE) is 
performed, even though TACE is usually used as a pal-
liative therapy for intermediate stage HCC [9-11]. Until 
now, results regarding the efficacy of TACE as an ini-
tial treatment for patients with single nodular HCC less 
than 5 cm are insufficient. The aim of this study was to 
investigate the clinical outcomes of patients with a sin-
gle HCC less than 5 cm treated with TACE, including 
the factors affecting complete response (CR), recurrence, 
and overall survival (OS). 

METHODS

Patients
A total of 1,726 consecutive patients were newly diag-

nosed with HCC at two tertiary hospitals (Soonchunhy-
ang University Seoul Hospital, Seoul, Korea and Soon-
chunhyang University Bucheon Hospital, Bucheon, 
Korea) between January 2004 and December 2014. 
Among these, 701 HCC patients underwent TACE as 
an initial treatment. We retrospectively enrolled 175 pa-
tients who had a single HCC less than 5 cm at the time 
of their initial diagnosis (Fig. 1). Patients were excluded 
if they had (1) another treatment such as surgery, RFA, 
chemotherapy, or radiotherapy was performed before 
or after TACE, (2) insufficient data or loss to follow-up. 
Written consent was not obtained, because the partici-
pants remained anonymous and the data were analyzed 
anonymously. The study protocol was approved by the 
Institutional Review Boards of Soonchunhyang Uni-
versity Seoul Hospital, and Soonchunhyang University 
Bucheon Hospital. The study protocol conformed to 
the ethical guidelines of the World Medical Association 
Declaration of Helsinki and was approved by the Insti-
tutional Review Board of each hospital (SCHUH, 2016-
05-011, SCHBC2018-01-007-001).

Diagnosis 
Diagnosis and staging of HCC were based on the Amer-
ican Association for the Study of Liver Diseases criteria 
and Barcelona Clinic Liver Cancer (BCLC) and Ameri-
can Joint Committee on Cancer staging system 7th edi-
tion (AJCC-7) staging systems [12-14]. For the diagnosis 
of HCC, nodules found on ultrasound surveillance that 
are smaller than 1 cm should be followed up with ultra-
sound or helical multidetector computed tomography 
(CT) scan using contrast at 3 month intervals. Lesions 
larger than 1 cm in diameter should be evaluated by 
dynamic magnetic resonance imaging or helical mul-
tidetector CT scan using contrast. If the appearance is 
typical for HCC, no further investigation is required. 
Tumors were staged according to the modified Union 
Internationale Contre Le Cancer (modified UICC) clas-
sification system [14]. 

Procedure
All TACE procedures were performed by three experi-
enced interventional radiologists. Hepatic angiography 
and indirect photography were performed using angio-
graphic catheters, followed by selection of segmental 
arterial feeders. All procedures were performed under 

1,726 Patients with newly 
diagnosed HCC

701 Patients treated with TACE as 
first treatment modality

179 Patients with less than 
5 cm single HCC

4 Resection

263 Resection
150 RFA or PEIT
131 Chemotherapy
  54 Radiotherapy
189 No treatment
238 Insufficient data

175 Patients enroll

Figure 1. Flow diagram of the patients. HCC, hepatocellular 
carcinoma; RFA, radiofrequency ablation; PEIT, percutane-
ous ethanol injection therapy; TACE, transarterial chemo-
embolization.
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local analgesia. A mixture of iodized oil-doxorubicin 
hydrochloride emulsion was then administered into 
the feeding arteries. Once the arterial flow became slug-
gish, gelatine sponge particles mixed with mitomycin-C 
and contrast material was infected into the feeding ar-
teries until blood flow stopped completely. TACE was 
performed at baseline and a multiphasic CT scan was 
performed at 4 weeks after every TACE. When CT scan 
after TACE detected viable tumors, repeat TACE was 
performed immediately. If viable tumors were not de-
tected on CT scan, additional CT scans were conducted 
at 2-month intervals. The routine post-TACE follow-up 
protocol included biochemical liver function tests and 
serum alpha-fetoprotein (AFP) level measurements. 
Complications were documented according to the Soci-
ety of Interventional Radiology guidelines [15].

Definition
CR was defined as the disappearance of any intratumor-
al arterial enhancement in all target lesions or compact 
lipiodol uptake after TACE according to modified Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) 
[16]. Tumor recurrence was determined when a new le-
sion appeared or when an enhancing portion was seen 
within or at the margin of the original mass on the next 
follow-up CT scan after initial CR. The recurrence pat-
tern was classified as local recurrence (≤ 2 cm from the 
primary tumor or portal vein thrombosis) or distant re-
currence (> 2 cm apart from the primary tumor or vas-
cular invasion) according to the location of the recurred 
tumor. Time to local control was defined as the time 
from the date of initial treatment of HCC in group of 
CR and to the date of radiologic tumor recurrence. The 
OS was calculated from the diagnosis of HCC to the date 
of death and was censored at follow-up loss and at the 
last follow-up.

Data collection 
Clinical, laboratory, and radiologic records of all pa-
tients were retrospectively reviewed. To determine 
affecting CR of TACE, we analyzed the clinical and bi-
ological factors that influenced initial CR using the fol-
lowing parameters: age, sex, size of tumors, viral mark-
ers (hepatitis B virus [HBV] surface antigen and hepatitis 
C virus antibody), AFP, model for end stage liver disease 
(MELD), UICC stage, prescence of liver cirrhosis, and 

Child-Pugh class. In addition, we analyzed the risk fac-
tors for recurrence after TACE-induced CR according to 
the recurrence pattern using the same parameters. Fi-
nally, we evaluated the predictive factors for OS. 

Statistical analysis
Frequencies and percentages were used for descriptive 
statistics. Statistical differences between the two groups 
were investigated using the chi-square test and Student 
t test. Patient survival probability was estimated using 
the Kaplan-Meier method, and differences between the 
curves were compared using the log-rank test. The main 
analysis tool used for survival was the Cox proportional 
hazards model. Multivariate models were created using 
variables that were significant in a univariate analysis (p < 
0.10) and clinically relevant. Backward selection was used 
for variable selection. All statistical analyses were per-
formed using PASW version 18.0 (SPSS Inc., Chicago, IL, 
USA), and statistical significance was defined as a p < 0.05. 

RESULTS

Baseline characteristics 
In total, 175 patients were included in this study. The 
baseline characteristics of these patients are summa-
rized in Table 1. The mean age of the patients was 60.1 
± 11.1 years, and 63.4% were male. The most common 
etiology for liver cirrhosis was HBV (59.4%). One hun-
dred and seven patients (66.9%) had Child-Pugh class 
A, while the others (n = 58, 33.1%) had advanced liver 
cirrhosis (Child-Pugh B/C, 54/4). Eighty-three patients 
(47.4%) had modified UICC stage I, 90 (51.4%) had stage 
II, and two (1.1%) had stage III. The mean tumor size was 
22.7 ± 10.2 mm. The median follow-up duration was 87.3 
months, and no major complications or deaths related 
to TACE occurred. 

Complete response after TACE
After TACE, 119 patients (68%) showed CR and the rep-
etition numbers of TACE for CR were as follows: one 
session, 97 patients; two sessions, 17 patients; three ses-
sions, three patients; and four sessions, two patients. 
In a multivariate analysis, tumor size < 3 cm (odds ratio 
[OR], 2.024; 95% confidence interval [CI], 1.295 to 6.135; p 
= 0.049) and HBV infection (OR, 2.672; 95% CI, 1.207 to 
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5.125; p = 0.004) were significant predictors of CR (Table 2).
Eighty of 104 patients with HBV infection showed CR. 

HBV viral load was assessed to identify whether it affect-
ed CR using a cut-off of HBV DNA < 2,000 IU/mL and 
a cut-off of HBV DNA < 20 IU/mL. Of the patients with 
HBV, 53 and 32 patients had HBV levels < 2,000 IU/mL 
and < 20 IU/mL, respectively, at TACE, and there was no 
association between viral load and CR for both cut-off 

values (p = 0.645 and p = 0.10, respectively). 

Overall survival 
The mean OS for all patients was 80.7 ± 5.6 months. To-
tal mortality included HCC-related mortality and cir-
rhosis complication-related mortality. The 1-, 3-, and 
5-year OS rates were 88.1%, 64.8%, and 49.9%, respec-
tively. In a multivariate analysis, CR (hazard ratio [HR], 
0.467; 95% CI, 0.292 to 0.747; p = 0.001) and Child-Pugh 
class A (HR, 0.390; 95% CI, 0.243 to 0.626; p = 0.000) were 
independent risk factors for OS (Table 3). The mean OS 
was 92 months (95% CI, 78.876 to 105.107) for the CR 
group and 53.3 months (95% CI, 39.165 to 67.491) for the 
non-CR group (p < 0.001). The 1-, 3-, and 5-year OS rates 
were 96%, 73%, and 61% for the CR group, and 72%, 
48%, and 34% for the in non-CR group, respectively. The 
mean OS was 93.6 months (95% CI, 80.443 to 106.766) for 
the Child-Pugh class A group and 50.7 months (95% CI, 
37.795 to 63.775) for the Child-Pugh class B, C group (p < 
0.001). The 1-, 3-, and 5-year OS rates were 92%, 78%, and 
64% in Child-Pugh class A group, while 81%, 41%, and 
33% in Child-Pugh class B,C group, respectively (Fig. 2).

Recurrence after CR
Of the 119 patients with CR after TACE, recurrent HCC 
was detected in 73 patients (61.3%). The mean duration 
to recurrence in CR patients was 14.3 months (95% CI, 
11.6 to 16.9). The overall 1-, 2-, and 3-year cumulative re-
currence rates were 39.4%, 67.4%, and 75%, respective-
ly. There were 51 cases (42.9%) of local recurrence and 
22 cases (18.5%) of distant recurrence. The overall 1-, 2-, 
and 3-year cumulative local recurrence rates were 39.5%, 
72.3%, and 85.6%, while those for distant recurrence 
were 18.5%, 45.7% and 52.4%, respectively. In a multivar-
iate analysis, male sex (HR, 1.959; 95% CI, 1.164 to 3.297; 
p = 0.011) was the only predictive factor associated with 
HCC recurrence after TACE-induced CR (Table 4). We 
also investigated the predictive factors for patients with-
out recurrence after CR during the entire follow-up pe-
riod. Forty-six patients (38.7%) maintained CR without 
recurrence until the end of the follow-up period. In a 
multivariate analysis, age > 65 years (OR, 0.284; 95% CI, 
0.100 to 0.808; p = 0.018,) and presence of liver cirrhosis 
(OR, 1.959; 95% CI 1.448 to 20.860; p = 0.012) were the 
predictive factors for patients without recurrence after 
CR (Table 5).

Table 1. Baseline characteristics of patients (n = 175)

Characteristic Value

Age, yr 60.1 ± 11.1

Male sex 111 (63.4)

Etiology

HBV infection 104 (59.4)

HCV infection 30 (17.1)

Alcohol and others 41 (23.4)

Liver cirrhosis at initial diagnosis 155 (88.6)

Albumin, g/dL 3.6 ± 0.6 (2.1–4.8)

Total bilirubin, mg/dL 1.4 ± 1.8 (0.2–4.5)

Prothrombin time INR 1.2 ± 0.3 (0.8–2.4)

Presence of ascites 52 (30)

Child-Pugh class 

A 117 (66.9)

B 54 (34.8)

C 4 (2.6)

MELD score 10.7 ± 4.7 (6.4–21.3)

Tumor size, mm 22.7 ± 10.2

AFP, ng/mL 216 (1.0–10,268)

Portal vein thrombosis 10 (5.7)

Modified UICC stage at initial diagnosis 

I 83 (47.4)

II 90 (51.4)

III 2 (1.1)

Complete response 119 (68)

Recurrence after complete response 73 (41.7)

Local recurrence 51 (29.1)

Distant recurrence 22 (12.6)

Values are presented as mean ± SD, number (%), mean ± SD 
(range), or median (range).
HBV, hepatitis B virus; HCV, hepatitis C virus; INR, inter-
national normalized ratio; MELD, model for end-stage liver 
disease; AFP, alpha-fetoprotein; UICC, Union Internationale 
Contre Le Cancer. 
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DISCUSSION

TACE is the alternative treatment of single nodular 
HCCs when other curative treatments are not possible. 
In this study we evaluated predictive factors for CR, re-
currence after CR, and OS in patients treated with TACE 
as an initial treatment for single HCC ≤ 5 cm. Tumor 
size < 3 cm and HBV infection were significant predictive 
factors of CR, and tumor size was a significant predictor 
of CR in other studies [17-20], although these studies 
included patients with advanced stage of HCC. Terzi et 
al. [21] reported that only tumor size was found to be a 

statistically significant predictor of CR, in particular, a 
tumor diameter ≤ 3 cm and, more significantly, ≤ 5 cm 
in patients with a single nodule of HCC. Although that 
study included larger tumors (median, 3.0 cm [range, 0.8 
to 15]) than our study, they similarly demonstrated that 
tumor size is significantly associated with CR.

In terms of HBV infection, HBV viral load did not af-
fect the CR in our study. Although there is no reference 
for the effect of HBV infection to CR, we assume that the 
microcirculation of hepatic arterial blood flow might be 
different in HBV infection comparing with other caus-
es, and it may afford effective superselective approach 

Table 2. Predictive factors for complete response after transarterial chemoembolization 

Variable
Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Age > 65 years 0.602 0.312–1.60 0.129

Male sex 0.844 0.434–1.643 0.619

Tumor size (< 3 cm) 2.100 1.061–4.166 0.033 2.024 1.295–6.135 0.049

Etiology 2.735 1.423–5.256 0.003 2.672 1.207–5.125 0.004

HBV infection

Non-HBV infection

AFP, ng/mL (≥ 20) 1.206 0.609–2.389 0.591

MELD score (> 10) 0.630 0.332–1.196 0.158

UICC stage I 0.955 0.506–1.803 0.886

Presence of liver cirrhosis 1.073 0.532–2.163 0.845

Child-Pugh class A 1.492 0.768–2.898 0.238

OR, odds ratio; CI, confidence interval; HBV, hepatitis B virus; AFP, alpha-fetoprotein; MELD, model for end-stage liver dis-
ease; UICC, Union Internationale Contre Le Cancer.

Table 3. Univariate and multivariate analyses of predictive factors for overall survival

Variable
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age > 65 years 1.154 0.720–1.849 0.552

Male sex 1.041 0.640–1.694 0.870

Complete response 0.437 0.274–0.697 0.001 0.467 0.292–0.747 0.001

AFP, ng/mL (> 20) 1.140 0.704–1.845 0.594

MELD score (> 10) 1.507 0.947–2.396 0.083

UICC stage I 0.718 0.449–1.147 0.165

Presence of liver cirrhosis 1.073 0.532–2.163 0.845

Child-Pugh class A 0.369 0.231–0.592 0.000 0.390 0.243–0.626 0.000

HR, hazard ratio; CI, confidence interval; AFP, alpha-fetoprotein; MELD, model for end-stage liver disease; UICC, Union In-
ternationale Contre Le Cancer.
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Factor Patients
Survival, %

Mean, mon p value
1 year 3 years 5 years

Overall 175 88 65 50 80.7 ± 5.6

CR 119 96 73 61 92.0 ± 6.7 < 0.001

Non-CR 56 72 48 34 53.3 ± 7.2

Child A 117 92 78 64 93.6 ± 6.7 < 0.001

Child B,C 58 81 41 33 50.7 ± 6.6

Table 4. Predictive factors for recurrence after complete response

Variable
Univariate analysis Multivariate analysis

HR 95% CI p value HR 95% CI p value

Age > 65 years 0.528 0.305–0.912 0.022

Male sex 2.168 1.302–3.608 0.003 1.959 1.164–3.297 0.011

Tumor size (< 3 cm) 0.679 0.388–1.187 0.174

Etiology 1.127 0.679–1.872 0.644

HBV infection

Non-HBV infection

AFP, ng/mL (≥ 20) 0.862 0.529–1.406 0.551

MELD score (> 10) 0.888 0.551–1.431 0.624

UICC stage I 0.911 0.574–1.445 0.691

Presence of liver cirrhosis 1.585 0.638–3.938 0.322

Child-Pugh class A 0.739 0.448–1.219 0.237

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; AFP, alpha-fetoprotein; MELD, model for end-stage liver dis-
ease; UICC, Union Internationale Contre Le Cancer.

A

C

B

Figure 2. The cumulative overall survival rates according to the predictive factors. (A) The cumulative survival rates in patients 
with complete response (CR) was significantly higher than that of the patients with non-CR (p < 0.001). (B) The cumulative sur-
vival rates in patients with Child A was significantly higher than that of the patients with Child B and C (p < 0.001). (C) Table 
summarize the cumulative overall survival rates according to the tumor response and Child classification.
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in TACE. However, it needs further study in the future. 
Among 119 patients with CR, recurrence of HCC oc-

curred in 73 patients (61.3%). Recent studies have report-
ed that non-compact lipiodol intake, tumor size, AFP 
> 20 ng/mL, and high serum des-gamma-carboxy pro-
thrombin (DCP) levels were predictive factors for recur-
rence after CR [22,23]. 

In this study, age > 65 years and presence of liver cir-
rhosis were predictive factors for the maintenance of 
CR during the follow-up period. Prognosis according to 
age is controversial for HCC. Indeed, some authors have 
reported better survival rates in young patients than in 
older ones [24-27], while other studies have shown op-
posite or arbitrary results [28-31]. However, these studies 
are heterogeneous in relation to the treatment provid-
ed, the criteria defining old age, and the HCC stage. In 
our study, we assumed that patients with age > 65 years 
might have less aggressive tumor biology and less ac-
tive tumor neo-angiogenesis than younger patients, as 
shown in a recent study [32]. 

In this study, the mean OS for all patients was 80.7 ± 5.6 
months, and the 1-, 3-, and 5-year median OS rates were 
88.1%, 64.8%, and 49.9%, respectively. Recent studies in 
which patients with early HCC or HCC < 4 cm received 
TACE as the initial treatment modality have shown that 
the 1-, 3-, and 5-year survival rates were 89% to 100%, 
63% to 81%, and 43% to 52%, respectively [33-37]. The re-

sults of our study are in line with those of these stud-
ies. Another study investigated the long-term survival 
of patients with HCC who met the Milan criteria and 
underwent RFA (n = 315) or TACE (n = 215) as an initial 
treatment. The two groups did not show any significant 
differences in terms of long-term survival rates (the 1-, 
3-, and 5-year survival rates were 85%, 60%, and 41% for 
RFA, and 86%, 55%, and 36% for TACE, respectively) [33]. 
Recently, Kim et al. [7] reported that TACE can be a viable 
alternative treatment modality for small HCCs (< 2 cm) 
when RFA is not indicated, although RFA showed better 
tumor response and tumor progression. These reports 
suggest that TACE plays an important role as a first-line 
therapy for early stage HCC. In our study, independent 
prognostic factors for OS were Child-Pugh class A and 
CR. Because tumor size < 3 cm and HBV infection were 
significant predictors of CR, they were excluded from 
the OS analysis to prevent overlapping with CR. Male 
sex, age > 65 years, and presence of liver cirrhosis were 
associated with recurrence after CR in this study; how-
ever, they did not show significance for OS. Previous 
studies have suggested that various factors, such as tu-
mor stage, response to treatment, liver function, and 
performance status, are associated with prognosis after 
TACE [9,38]. In this study, there was a remarkable differ-
ence in OS according to CR and Child-Pugh class A. In 
patients with Child-Pugh class A and CR, it is expected 

Table 5. Predictive factors for patients without recurrence after complete response

Variable
Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Age > 65 years 0.253 0.093–0.687 0.007 0.284 0.100–0.808 0.018

Male sex 2.476 0.932–6.580 0.069

Tumor size (< 3 cm) 0.749 0.252–2.226 0.602

Etiology 2.476 0.932–6.580 0.069

HBV infection

Non-HBV infection

AFP, ng/mL (≥ 20) 1.050 0.378–2.915 0.926

MELD score (> 10) 1.258 0.456–3.471 0.658

UICC stage I 0.911 0.574–1.445 0.691

Presence of liver cirrhosis 6.347 1.771–22.749 0.005 1.959 1.448–20.860 0.012

Child-Pugh class A 2.913 0.783–10.840 0.111

OR, odds ratio; CI, confidence interval; HBV, hepatitis B virus; AFP, alpha-fetoprotein; MELD, model for end-stage liver dis-
ease; UICC, Union Internationale Contre Le Cancer.
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that TACE will result in long-term OS and thus better 
prognosis. While several studies have investigated the 
effects of TACE for small single HCC or small multi-
ple HCC, this is the first study to determine the effects 
of TACE as an initial treatment in patients with single 
HCC ≤ 5 cm. We identified CR and Child-Pugh class A 
as predictive factors of OS, and there were definite dif-
ferences in OS between groups. The main limitations of 
this study are that data were obtained in a retrospective 
manner and only a small number of patients were in-
cluded due to strict inclusion criteria.

In conclusion, our study showed that TACE may be an 
efficient alternative treatment option for single HCC ≤ 5 
cm when patients are not eligible for curative treatment 
options. Specifically, TACE might offer better prognosis 
in patients with CR and a Child-Pugh class A.
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