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Classification of hepatocellular carcinoma 
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and prognostic evaluation in patients 
after the combined use of transarterial 
chemoembolization and radiofrequency 
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ABSTRACT
Objective: This study aimed to classify hepatocellular carcinomas (HCCs) according to their diameter using statistic technology and evaluate 
the prognosis of the classified groups after the combined use of transarterial chemoembolization (TACE) and radiofrequency ablation (RFA).

Materials and Methods: Electronic medical records of 128 consecutive patients who underwent TACE‑RFA as the initial treatment 
for HCC from January 2010 to April 2018 were retrospectively analyzed. TACE was initially performed with subsequent RFA performed 
after 3–7 days. The decision tree model was used to classify overall survival (OS), progression‑free survival (PFS), local recurrence 
rate (LRR), and treatment complications in HCC.

Results: The tumors were divided into three groups of sizes ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm. The group of tumors >4.8 cm 
showed inferior OS, PFS, and LRR than the other two groups (P < 0.05) on long‑term follow‑up but not in the first 6 months (P > 0.05). 
The groups of tumors ≤2.9 cm and 2.9–4.8 cm showed no statistically significant difference in OS, PFS, and LRR (P > 0.05).

Conclusions: The cutoff points of 2.9 and 4.8 cm were achieved using the objective decision tree model rather than the artificial 
division of 3 and 5 cm. The prognosis was not significantly different between the groups of tumors ≤2.9 cm and 2.9–4.8 cm, and 
the prognosis of the two groups was better than the group of tumors >4.8 cm in the long‑term follow‑up but not in the first 6 months.
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INTRODUCTION

Liver cancer is the sixth most common tumor, the 
fourth leading cause of cancer death worldwide, and 
the second highest cause of death in men.[1] In 2018, 
75%–85% of liver cancer cases were hepatocellular 
carcinoma (HCC).[1] To date, there have been few 
satisfactory therapeutic outcomes achieved in 
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patients with HCC with medium‑sized or large‑sized 
tumors. Surgical resection and transplantation are 
beneficial for survival, while the ideal candidates 
for the two treatment methods are limited to 
5%–10% due to shortage of donors and the poor 
hepatic function, such as insufficient liver reserve 
and severe cirrhosis.[2,3]

Transarterial chemoembolization (TACE) is most 
commonly used for intermediate‑stage HCC Access this article online
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based on several meta‑analyses.[4,5] Cumulative studies have 
demonstrated that more than half of patients with unresectable 
HCC achieved extensive tumor necrosis and hence improved 
survival by TACE.[4,6‑10] However, TACE could adequately control 
large and advanced‑stage HCC due to remaining progressing 
or recurring tumors.[4,11‑14] Radiofrequency ablation (RFA) is the 
first‑line technique for ablation and has achieved excellent 
survival outcomes with HCC <3 cm.[15‑22] However, the 
effectiveness of RFA decreases as the size of tumor increases 
due to incomplete necrosis by heat loss for high perfusion 
of peritumoral vessels.[23,24] No consensus has been reached 
concerning the efficacy of RFA for tumors >3 cm in diameter.

Combined TACE and RFA (TACE–RFA) has been presented as a 
promising treatment in cumulative studies, as the combination 
could provide a better outcome than RFA or TACE alone.[3,15,25‑30] 
The synergistic actions of TACE and RFA, such as decreased 
blood flow caused by TACE, which enhances the ablative effect 
of RFA, are accepted as the primary theory for better prognosis, 
which is in accordance with our clinical observation.

Presently, suitable therapies for large liver tumors are limited. 
Although TACE–RFA is promising, studies comparing the 
outcomes across varied tumor diameters are rare, particularly 
for large neoplasms.[31] Therefore, we conducted a retrospective 
study on patients treated with TACE–RFA for tumors between 
0.9 and 15.6 cm. These tumors were grouped statistically 
according to the tumor diameter, and the safety and treatment 
efficacy were evaluated.

MATERIALS AND METHODS

Study design and patient selection
This study is in accordance with the ethical standards of 
our institutional committee on human experimentation and 
the Declaration of Helsinki. Written informed consent was 
obtained from all patients prior to treatment.

We reviewed the electronic medical database of 128 consecutive 
patients who underwent TACE–RFA as an initial treatment for 
HCC from January 2010 to April 2018 at our hospital. Follow‑up 
data collection was terminated on September 30, 2018. HCC 
was diagnosed according to the American Association for the 
Study of Liver Disease practice guidelines.[32] The maximal 
diameter of the tumors was measured on axial computed 
tomography (CT) or magnetic resonance imaging (MRI).

Patients were included in if they met the following eligibility 
criteria: (1) Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 or 1; (2) Child–Pugh liver disease 
class A or B; (3) ≤3 tumors; and (4) HCC stage A or B according 
to the Barcelona Clinic Liver Cancer (BCLC) system. The 
exclusion criteria were as follows: (1) any previous treatment 
for HCC; (2) other treatments, such as liver resection or 
transplantation, or iodine 125 seed implantation besides TACE 
or RFA during this study; (3) renal or cardiac failure, severe 

infection, or hemorrhagic risk (platelet count <30 × 109/L 
or prothrombin activity <40%) that could not be corrected; 
and (4) other malignancies besides HCC [Figure 1].

Transarterial chemoembolization procedure
TACE was performed by senior hepatologists with at least 5 years 
of experience in interventional techniques. The procedure was 
commenced by introducing a 5‑Fr catheter (Terumo,Tokyo, 
Japan) via the femoral artery punctured using the Seldinger 
technique. Superior mesenteric, celiac angiography, and indirect 
portovenography were performed to localize the tumors and 
assess the portal blood flow. Using a coaxial catheter technique, 
a 2.6‑Fr microcatheter (Terumo, Japan) was superselectively 
advanced to the tumor feeding arteries. A chemotherapeutic 
agent was administered as slowly as possible by injecting a 
mixture of 20–60 mg doxorubicin and 2–12.5 mL lipiodol (Lipiodol 
Ultra‑Fluid; Laboratoire Andre Guerbet, Aulnay‑sous‑Bois, France) 
into the feeder vessels. Polyvinyl alcohol particles of 300 μm 
diameter (gelatin sponge particles; Cook, IN, USA) mixed with 
contrast material were slowly injected into the target arteries 
until arterial flow was static or stasis was approximated. After 
embolization, hepatic angiography was repeated to assess 
the extent of vascular occlusion. If the feeding artery was not 
completely embolized, gelatin sponge particle embolism was 
repeated.

Radiofrequency ablation procedure
Three to seven days after TACE, RFA was performed percutaneously 
under ultrasound or CT guidance by senior hepatologists with at 
least 5 years of experience in interventional techniques. Local or 
general anesthesia was administered according to the patient’s 
condition before introduction of the RFA system (RITA Medical 
Systems Inc., Mountain View, California, USA). For tumors <3 cm 
in diameter, a single electrode was inserted into the center of 
the tumor; the multilined expandable electrode (StarBurst® XL, 
RITA Medical Systems Inc., Mountain View, USA) was applied 

Figure 1: Flow diagram showing the exclusion criteria in patients 
with hepatocellular carcinoma. LR = Liver resection, LT = Liver 
transplantation, RFA = Radiofrequency ablation, TACE = Transarterial 
chemoembolization

[Downloaded free from http://www.cancerjournal.net on Friday, October 30, 2020, IP: 116.206.156.114]



Cao, et al.: Classification of HCC diameter and prognostic evaluation

358 Journal of Cancer Research and Therapeutics - Volume 16 - Issue 2 - 2020

in tumors >3 cm, and multiple overlapping zones of ablation 
were executed to cover the target lesion as described by Chen 
et al.[33] In each case, needle track ablation was performed before 
withdrawal. Early efficacy was assessed by intraoperative 
ultrasound or CT. Additional RFA was performed until complete 
ablation of the tumor or as much ablation as possible was 
achieved; otherwise, another TACE procedure was performed 
after a short interval. All procedures were performed according 
to the manufacturer’s recommended protocol.

Assessment and follow‑up
Four weeks after TACE‑RFA, all patients were required to 
undergo follow‑up laboratory tests and imaging. Laboratory 
tests included prothrombin time and α‑fetoprotein, whereas 
imaging examinations included dynamic contrast‑enhanced 
CT or MRI. If complete tumor ablation was achieved, follow‑up 
abdominal contrast‑enhanced CT or MRI and laboratory tests 
were conducted every 3 months. Otherwise, repeated TACE 
or RFA was performed according to patient’s preferences and 
experienced physicians’ clinical decision.

Tumor response during the follow‑up period was evaluated using 
the modified Response Evaluation Criteria in Solid Tumors, and 
complete response (CR), partial response (PR), stable disease (SD), 
and progressive disease (PD) were defined accordingly.[34] Local 
recurrence was classified as appearance of a viable intrahepatic 
tumor at the periphery of the original ablated lesion.

Statistical analysis
All data analyses were performed using R language version 
3.3.3 (https://cran.r‑project.org/src/base/R‑3/), and P < 0.05 
indicated a significant difference. Pearson’s Chi‑square test 
and Student’s t‑test were used to compare categorical and 
continuous variables, respectively. Decision tree models were 
established according to the arithmetic expression:

( ) ( )( ) ( )= ×∑ C

cc
if ==G x b x c G x

which splits the nodes on variables and then selects the split 
that results in most homogeneous subnodes till the terminal 
nodes, to yield the optimal cutoff points. Overall survival (OS), 
progression‑free survival (PFS), cumulative survival, and local 
recurrence rates (LRRs) were analyzed using the Kaplan–Meier 
method. Survival curves were compared by log‑rank test. 
Univariate and multivariate analyses were performed using 
the Cox regression model, and the variables were attained by 
Akaike information criterion to evaluate the related factors 
of OS, PFS, and LRR.

RESULTS

Baseline demographic and tumor groups
Table 1 shows the baseline characteristics of a total of 128 patients, 
including 109 (85.2%) men and 19 (14.8%) women. The median 
age of patients was 55.3 years, and the median follow‑up period 
was 38.1 months, ranging from 5.7 to 110.5 months.

According to the maximizing differences of OS between groups 
separated by optimal cutoff point in statistics considering 
the tumor size, the decision tree model was established. The 
tumors were classified by results of the decision tree model 
into groups of ≤4.8  cm and >4.8  cm  (node 2 vs. node 5, 
P = 0.004) in the first step; then, node 2 was further classified 
into the ≤2.9 cm and >2.9 cm groups (node 3 vs. node 4, 
P = 0.123) [Figure 2]. A significant difference was noted 
between groups of tumors ≤4.8 cm and >4.8 cm, while the 
difference between groups of tumors ≤2.9 cm and >2.9 cm 
was not significant. The number of patients in the graded 
groups was 50 (39.1%), 40 (31.2%), and 38 (29.7%).

Local response
During the follow‑up period, CR was achieved in 36 of 
50 (72%), 20 of 40 (50%), and 8 of 38 (21.2%) patients; PR 
was attained in 9 of 50 (18%), 14 of 40 (35%), and 20 of 
38 (52.6%) patients; SD in 1 of 50 (2%), 4 of 40 (10%), and 6 
of 38 (15.8%) patients; and PD in 4 of 50 (8%), 2 of 40 (5%), 
and  4  of  38  (10.5%)  patients  in  the ≤2.9  cm,  2.9–4.8  cm, 
and >4.8 cm groups, respectively.

Overall survival
The median observational period was 38 months 
(range, 5.7–110.5) for all patients. The median survival time 
was 30 months for the >4.8 cm group and 59 months for the 

Table 1: Pretreatment characteristics of the 128 patients
Characteristics n
Sex

Male 109 (85.2)
Female 19 (14.8)

Age (years) 55.3±10.4
Albumin (mg/dL) 38.0±5.9
Total bilirubin (μmol/L) 24.0±54.4
AFP (ng/mL)

≤mL) 95 (74.3)
>400 33 (25.7)

Child–Pugh Class
A 111 (86.5)
B 17 (13.5)

ECOG score
0 115 (89.8)
1 13 (10.2)

BCLC stage
A 88 (68.8)
B 40 (31.2)

Hepatitis type
HBV 114 (89.1)
HCV 10 (7.8)
Others 4 (3.1)

Antihepatitis treatment 128 (100)
Tumor diameter (cm)

<2.9 50 (39.1)
2.9-4.8 40 (31.2)
>4.8 38 (29.7)

Number of tumors
1 102 (79.7)
2 23 (18.0)
3 3 (2.3)

BCLC=Barcelona Clinic of Liver Cancer, ECOG=Eastern Cooperative 
Oncology Group, AFP=Alpha fetoprotein, HBV=Hepatitis B virus, 
HCV=Hepatitis C virus
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2.9–4.8 cm group. However, because the number of patients 
who died was too low, the median survival time of the ≤2.9 cm 
group and the 95% confidence interval of all the three groups 
were not suitable for statistical analyses.

Regarding OS [Figure 3], there was a statistically significant 
difference between the ≤4.8 cm and >4.8 cm groups (P = 0.004), 
while  the difference between  the ≤2.9  cm and 2.9–4.8  cm 
groups was not statistically significant (P = 0.105). The 
1‑, 3‑, and 5‑year cumulative OS rates were 98%, 92%, and 
86%,  respectively,  in  the ≤2.9  cm group;  95%,  77.5%,  and 
67.5%, respectively, in the 2.9–4.8 cm group; and 76.3%, 
55.3%, and 44.7%, respectively, in the >4.8 cm group. During 
the follow‑up, no significant difference in cumulative OS rate 
between the ≤2.9 cm and 2.9–4.8 cm groups has been shown, 
but there was a significant difference between the ≤2.9 cm 
and >4.8 cm groups after 12 months, and the difference 
between the 2.9–4.8 cm and >4.8 cm groups was significant 
after 18 months.

Univariable analysis revealed that total bilirubin level, BCLC 
B stage, and tumor diameter >4.8 cm were significantly 
associated with poor OS (P < 0.05) [Table 2], and the Cox 
regression model identified tumor diameter >4.8 cm (hazard 
ratio [HR] = 5.547; P = 0.001) to be a significant prognostic 
factor of OS [Table 3].

Progression‑free survival
Similar to OS, PFS was analyzed based on the maximal 
differences between groups, which were classified according 
to the established decision tree model [Figure 4].

The median PFS time was 14 and 45 months in the >4.8 cm 
and 2.9–4.8 cm groups, respectively. The median PFS time was 
unattainable in either the <2.9 cm group or the few patients 
who died.

Regarding PFS [Figure 5], there was a statistically significant 
difference between the ≤4.8 cm and >4.8 cm groups (P = 0.004), 
while  the difference between  the ≤2.9  cm and 2.9–4.8  cm 
groups was not statistically significant (P = 0.123). The 1‑, 3‑, 
and 5‑year PFSs for the three groups were 84%, 56%, and 
52%; 72.5%, 50%, and 42.5%; and 52.6%, 29%, and 23.7%, 
respectively. There was no significant difference between 
the ≤2.9 cm and 2.9–4.8 cm groups until the final follow‑up, 
whereas differences were significant between the ≤2.9 cm 
and >4.8 cm groups after 12 months and between the 
2.9–4.8 cm and >4.8 cm groups after 42 months.

The Cox regression model indicated a tumor diameter >4.8 cm 
and α‑fetoprotein level >400 ng/mL to be significant 
predictors of PFS (HR = 5.10, P = 0.002, and HR = 2.22, 
P = 0.037, respectively) [Table 4].

Figure 2: The tumors were classified based on the results of the decision tree model. The difference between the >4.8 cm and ≤4.8 cm 
groups was statistically significant (P = 0.001), whereas the difference between the ≤2.9 cm and 2.9–4.8 cm groups was not statistically 
significant (P = 0.105)
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Cumulative local recurrence rate
The 1‑, 3‑, and 5‑year cumulative LRRs were 6%, 14%, and 
14%; 15%, 27.5%, and 27.5%; and 44.7%, 57.9%, and 60.5% 
in the ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm groups, respectively. 
There was no  significant  difference  between  the ≤2.9  cm 
and 2.9–4.8 cm groups until the final follow‑up, whereas a 

Figure 3: The overall survival curve of the three groups was drawn 
using the Kaplan–Meier method. The median survival time was NA, 
59 months, and 30 months in the ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm 
groups, respectively (NA due to the number of patients who died being 
too low to analyze)

Figure 4: The recurrence‑free survival curve of the three groups was drawn using Kaplan–Meier method. The median survival time was NA, 
14 months, and 45 months in the ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm, respectively (NA due to the number of patients who died being too low 
for analysis)

significant difference was shown in the first 6 months between 
the ≤2.9 cm and >4.8 cm groups. A statistically significant 
difference between the 2.9–4.8 cm and >4.8 cm groups was 
noted after 12 months [Figure 6].

Univariable analysis identified tumor diameter >4.8 cm, 
α‑fetoprotein level >400 ng/mL, and ECOG score of 1 point as 
unfavorable factors leading to recurrence (P < 0.05) [Table 5]. 
However, age, albumin level, and Child–Pugh B grade were 

Table 2: Univariate analyses of factors that influenced 
overall survival
Factors HR P
Sex 0.7049 0.4643
Age (years) 1.027 0.07397
Diameter 2.9-4.8 cm 2.376 0.06524
Diameter >4.8 cm 5.613 8.386e-05
Albumin (<28 mg/dL) 0.9678 0.2341
ALT level (>80 IU/L) 0.874 0.651
Platelet count (<105/μL) 1.583 0.114
Total bilirubin (>51.3 μmol/L) 1.007 0.0007927
AFP >400 ng/mL 1.934 0.06324
Child–Pugh B 1.974 0.07317
ECOG 1 2.462 0.06988
BCLC stage B 3.169 0.00025
Number of tumors 0.6169 0.2107
Hepatitis B 0.5043 0.1267
OS=Overall survival, HR=Hazard ratio, ALT=Alanine aminotransferase, 
BCLC=Barcelona Clinic of Liver Cancer, ECOG=Eastern Cooperative 
Oncology Group, AFP=Alpha fetoprotein
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shown to be predictors in the multivariable analysis (HR = 0.96, 
P = 0.008; HR = 0.93, P = 0.029; and HR = 0.26, P = 0.038, 
respectively) [Table 6].

Complications
There was one patient with a deep‑seated, middle‑sized liver 
tumor who had needle track bleeding, and one patient sustained 
intrahepatic bile duct injury, possibly due to the large size of the 
tumor. However, these two patients recovered by conservative 
management and symptomatic treatment, respectively. 
Common complications were fever, hepatic regional pain, and 
vomiting. There was no treatment‑related death.

DISCUSSION

The liver cancer staging system graded HCC diameter 
as 3 and 5 cm by artificial division mainly depending on 
HCC pathobiological characteristics.[35] The tumors in this 
retrospective study were entirely classified into three groups 
based  on  sizes ≤2.9  cm,  2.9–4.8  cm,  and >4.8  cm by  an 
objective statistical method known as decision tree model 
from a reverse direction according to the most benefit patients 
could obtain. Then, univariable and multivariable analyses 
were conducted, and the safety and efficacy of the combined 
therapeutic strategy between the groups were assessed. To 
the best of our knowledge, we are the first to conduct such 
a therapeutic method in the field of interventional oncology. 
A remarkable finding is that the optimal cutoff points of 2.9 and 
4.8 cm attained from the statistical analysis are similar to the 
existing values of 3 and 5 cm in the current clinical practice. 
This further proved by statistics the rationale of clinical 
application of 3 and 5 cm as cutoff points of tumor diameter.

As demonstrated by the study, the two ≤4.8 cm groups showed 
better OS and PFS than the >4.8 cm group, whereas there was 
no difference between the ≤2.9 and 2.9–4.8 cm groups. The 
Cox regression model indicated that a tumor diameter >4.8 cm 
was associated with poor OS and PFS.

Although the 1‑, 3‑, and 5‑year OS and PFS in the >4.8 cm group 
were similar to or even better than those in other studies that 
included large tumors,[25,36‑38] the effect was still inferior to 
those of the smaller diameter groups. Particularly, our study 
included tumors up to 15 cm in size. Despite the combination 
strategy implemented, it was still not possible to completely 
ablate all malignant cells in larger tumors compared to smaller 
tumors, which was identified by the Cox regression model 
to some extent. However, the cumulative OS of the >4.8 cm 
group was not inferior to those of the ≤2.9 cm and 2.9–4.8 cm 

Figure 5: The tumors were classified based on the results of the 
decision tree model. The difference between the >4.8 cm and ≤4.8 cm 
groups was statistically significant (P = 0.001), whereas the difference 
between the ≤2.9 cm and 2.9–4.8 cm groups was not statistically 
significant (P = 0.105)

Figure 6: The curve of the local cumulative recurrence rates of 
the three groups was drawn. The overall local recurrence rate in 
the ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm groups was 14%, 27.5%, and 
60.5%, respectively

Table 3: Multivariate analyses of factors that influenced 
overall survival
Factors HR P
Sex 1.013 0.9828
Age (years) 1.027 0.09708
Diameter 2.9-4.8 cm 2.216 0.1298
Diameter>4.8 cm 5.547 0.0007906
Albumin (<28 mg/dL) 0.9584 0.2454
Total bilirubin (>51.3 μmol/L) 1.008 0.6261
AFP>400 ng/mL 2.047 0.05966
Hepatitis B 0.5725 0.2951
HR=Hazard ratio, AFP=Alpha fetoprotein

Table 4: Multivariate analyses of factors that influenced 
progression‑free survival
Factors HR P
Sex 1.216 0.7488
Age (years) 1.028 0.09106
Diameter 2.9-4.8 cm 2.046 0.172
Diameter>4.8 cm 5.102 0.001656
Albumin (<28 mg/dL) 0.9489 0.1528
Total bilirubin (>51.3 μmol/L) 1.003 0.8067
AFP>400 ng/mL 2.223 0.03772
Hepatitis B 0.562 0.2861
HR=Hazard ratio, AFP=Alpha fetoprotein
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groups until 12 and 18 months, respectively, which indicates a 
comparable benefit from TACE–RFA during this period. Similar 
results were also achieved in PFS between these groups, where 
the PFS in the 2.9–4.8 cm group was not better than that in 
the >4.8 cm group in 36 months of follow‑up.

The two smaller diameter groups both achieved satisfactory 
outcomes, and there was no strong evidence for advantage in 
the ≤2.9 cm group compared to that in the 2.9–4.8 cm group in 
OS, PFS, or cumulative LRR. However, the ≤2.9 cm group still 
achieved better overall prognosis than the 2.9–4.8 cm group.

It has been suggested that the future expansion of HCC therapy 
criteria should maintain a 5‑year OS of ≥50%.[39] The OS in 
this study was 67.5% in the 2.9–4.8 cm group and 44.7% in 
the >4.8 cm group, which approximates the abovementioned 
criteria. While the methods of treating HCC >3 cm in size 
remain controversial, expanding TACE–RFA to the scope of 
tumor range from 3 to 5 cm could offer patients more benefits. 
This method may also add potential advantages to liver 
tumors >5 cm.[15,25,37,38]

As the recurrence rate and risk factors for recurrence after 
TACE–RFA are not well established,[31] this study also filled this 
information gap. Satisfactory results were achieved in the LRR. 

The overall LRRs in the ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm 
groups were 14%, 27.5%, and 60.5%, respectively. However, 
compared with smaller tumors, the >4.8 cm group had rapid 
progression as shown in Figure 6, although no significant 
difference was noted between the 2.9–4.8 cm and >4.8 cm 
groups during the 6‑month follow‑up. Despite some preclinical 
studies claiming that incomplete ablation may promote liver 
cancer progression, this relationship remains controversial in 
clinical practice.[40‑42] Our results in the Cox regression model 
are consistent with it to some extent.

TACE–RFA has several advantages. First, the heat‑sink effect 
that leads to the irregular burn shape by RFA, especially 
in medium or large tumors, could be prevented by arterial 
embolization during the TACE procedure. Accordingly, TACE 
expands the short axis of the ablated area and produces a 
more spherical ablated region, thereby further assisting RFA 
in covering the whole tumor and improving the prognosis.[43] 
Second, TACE is effective in treating undetected microlesions 
adjacent to the primary tumor, where RFA is unable to reach, 
particularly beside the large lumps. Third, intratumoral 
septae and fibrosis seemed to block the heat diffusing within 
the tumor, whereas TACE destroys the intratumoral septae, 
hence enhancing the effect of RFA.[44] Lastly, we presumed that 
the lipiodol within the tumor infused by TACE may increase 
the heat conduction of ablation, thus synergizing the effect 
of RFA and TACE.

There were several limitations in our study. First, it was a 
retrospective study. Second, the conclusion was drawn based 
on a small sample size at a single center. Finally, several giant 
HCCs with diameters up to 15 cm were included, while there 
was no visible metastasis in each case before TACE–RFA. This 
may result in a biased conclusion. Large‑scale randomized 
controlled trials are needed.

CONCLUSIONS

BCLC A/B stage tumors were classified into three groups based 
on sizes ≤2.9 cm, 2.9–4.8 cm, and >4.8 cm by the decision 
tree model according to the most benefit patients could gain 
from TACE–RFA. The prognosis of the two smaller groups was 
better than that of the >4.8 cm group, but the latter was 
not inferior to the two smaller groups at least during the 
first 6 months of follow‑up. Although the overall outcome of 
the <2.9 cm group was better than that of the 2.9–4.8 cm 
group, there was no significant difference between the two 
groups.

Acknowledgments
We thank all medical workers in our department for their 
assistance with the study. Without their encouragement 
and assistance, this study would not have been completed. 
Sincere appreciation also goes to Mr. Sun for his assistance 
in the professional statistical analyses of this study. Besides, 
we genuinely appreciate Drs. Osamah Alwalid and Joyman 

Table 5: Univariate analyses of factors that influenced local 
recurrence rate
Factors HR P
Sex 0.9511 0.87
Age (years) 0.9816 0.09725
Diameter 2.9-4.8 cm 1.196 0.5444
Diameter>4.8 cm 2 0.01528
Albumin (<28 mg/dL) 0.9923 0.7072
ALT level (>80 IU/L) 0.795 0.603
Platelet count (<105/μL) 1.658 0.125
AFP>400 ng/mL 1.885 0.03372
Child–Pugh B 0.9051 0.7457
ECOG 1 1.993 0.04259
BCLC stage B 1.583 0.05567
Number of tumors 1.068 0.7923
Hepatitis B 1.337 0.444
HR=Hazard ratio, ALT=Alanine aminotransferase, BCLC=Barcelona Clinic 
of Liver Cancer, ECOG=Eastern Cooperative Oncology Group, AFP=Alpha 
fetoprotein

Table 6: Multivariate analyses of factors that influenced 
local recurrence rate
Factors HR P
Sex 0.6059 0.3269
Age (years) 0.9565 0.008051
Diameter 2.9–4.8 cm 0.7667 0.4758
Diameter>4.8 cm 1.403 0.342
Albumin (<28 mg/dL) 0.9342 0.02931
Total bilirubin (>51.3 μmol/L) 1.014 0.5888
AFP>400 ng/mL 1.439 0.299
Child–Pugh B 0.2592 0.03828
ECOG 1 2.294 0.08471
Hepatitis B 0.7153 0.5222
ECOG=Eastern Cooperative Oncology Group, AFP=Alpha fetoprotein, 
HR=Hazard ratio

[Downloaded free from http://www.cancerjournal.net on Friday, October 30, 2020, IP: 116.206.156.114]



Cao, et al.: Classification of HCC diameter and prognostic evaluation

363Journal of Cancer Research and Therapeutics - Volume 16 - Issue 2 - 2020

Makamure for their hard work in revising the manuscript 
professionally.

Financial support and sponsorship
The analysis and interpretation of the data from this research 
was funded by the National Natural Science Foundation of 
China (No. 81873917).

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 
cancer statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J 
Clin 2018;68:394‑424.

2. Prasad KR, Young RS, Burra P, Zheng SS, Mazzaferro V, Moon DB, 
et al. Summary of candidate selection and expanded criteria for 
liver transplantation for hepatocellular carcinoma: A review and 
consensus statement. Liver Transpl 2011;17 Suppl 2:S81‑9.

3. Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 
2012;379:1245‑55.

4. Llovet JM, Bruix J. Systematic review of randomized trials for 
unresectable hepatocellular carcinoma: Chemoembolization 
improves survival. Hepatology 2003;37:429‑42.

5. Llovet JM, Brú C, Bruix J. Prognosis of hepatocellular carcinoma: The 
BCLC staging classification. Semin Liver Dis 1999;19:329‑38.

6. Llovet JM, Real MI, Montaña X, Planas R, Coll S, Aponte J, et al. 
Arterial embolisation or chemoembolisation versus symptomatic 
treatment in patients with unresectable hepatocellular carcinoma: 
A randomised controlled trial. Lancet 2002;359:1734‑9.

7. Lo CM, Ngan H, Tso WK, Liu CL, Lam CM, Poon RT, et al. Randomized 
controlled trial of transarterial lipiodol chemoembolization 
for unresectable hepatocellular carcinoma. Hepatology 
2002;35:1164‑71.

8. Takayasu K, Arii S, Kudo M, Ichida T, Matsui O, Izumi N, et al. 
Superselective transarterial chemoembolization for hepatocellular 
carcinoma. Validation of treatment algorithm proposed by Japanese 
guidelines. J Hepatol 2012;56:886‑92.

9. Burrel M, Reig M, Forner A, Barrufet M, de Lope CR, Tremosini S, 
et al. Survival of patients with hepatocellular carcinoma treated 
by transarterial chemoembolisation (TACE) using drug eluting 
beads. Implications for clinical practice and trial design. J Hepatol 
2012;56:1330‑5.

10. Malagari K, Pomoni M, Moschouris H, Bouma E, Koskinas J, 
Stefaniotou A, et al. Chemoembolization with doxorubicin‑eluting 
beads for unresectable hepatocellular carcinoma: Five‑year survival 
analysis. Cardiovasc Intervent Radiol 2012;35:1119‑28.

11. Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Radiofrequency ablation 
improves prognosis compared with ethanol injection for hepatocellular 
carcinoma or =4 cm. Gastroenterology 2004;127:1714‑23.

12. Takayasu K, Arii S, Ikai I, Omata M, Okita K, Ichida T, et al. Prospective 
cohort study of transarterial chemoembolization for unresectable 
hepatocellular carcinoma in 8510 patients. Gastroenterology 
2006;131:461‑9.

13. Park JW, Sherman M, Colombo M, Roberts LR, Schwartz ME, Degos F, 
et al. Observations of hepatocellular carcinoma (HCC) management 
patterns from the global HCC bridge study: First characterization of 
the full study population. J Clinic Oncolo 2012;30 Suppl 15:4033.

14. Yu Q, Zhang L, Fan S, Huang L, Wang X, Xindun C. The significance 
of transarterial chemoembolization combined with systemic 
chemotherapy for patients with KRAS wild‑type unresectable 

metachronous colorectal carcinoma with liver metastases. J Cancer 
Res Ther 2016;12:C205‑C211.

15. Nault JC, Sutter O, Nahon P, Ganne‑Carrié N, Séror O. Percutaneous 
treatment of hepatocellular carcinoma: State of the art and 
innovations. J Hepatol 2018;68:783‑97.

16. Livraghi T, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C, et al. 
Sustained complete response and complications rates after 
radiofrequency ablation of very early hepatocellular carcinoma in 
cirrhosis: Is resection still the treatment of choice? Hepatology 
2008;47:82‑9.

17. Roayaie S, Obeidat K, Sposito C, Mariani L, Bhoori S, Pellegrinelli A, 
et al. Resection of hepatocellular cancer ≤2 cm: Results from two 
Western centers. Hepatology 2013;57:1426‑35.

18. Cho YK, Kim JK, Kim WT, Chung JW. Hepatic resection versus 
radiofrequency ablation for very early stage hepatocellular 
carcinoma: A Markov model analysis. Hepatology 2010;51:1284‑90.

19. Lencioni R. Loco regional treatment of hepatocellular carcinoma. 
Hepatology 2010;52:762‑73.

20. Cho YK, Kim JK, Kim MY, Rhim H, Han JK. Systematic review of 
randomized trials for hepatocellular carcinoma treated with 
percutaneous ablation therapies. Hepatology 2009;49:453‑9.

21. Germani G, Pleguezuelo M, Gurusamy K, Meyer T, Isgrò G, 
Burroughs AK. Clinical outcomes of radiofrequency ablation, 
percutaneous alcohol and acetic acid injection for hepatocellular 
carcinoma: A meta‑analysis. J Hepatol 2010;52:380‑8.

22. Changyong E, Wang D, Yu Y, Liu H, Ren H, Jiang T. Efficacy comparison 
of radiofrequency ablation and hepatic resection for hepatocellular 
carcinoma: A meta‑analysis. J Cancer Res Ther 2017;13:625‑30.

23. Maruyama H, Takahashi M, Shimada T, Sekimoto T, Kamesaki H, 
Kanai F, et al. Pretreatment microbubble‑induced enhancement 
in hepatocellular carcinoma predicts intrahepatic distant 
recurrence after radiofrequency ablation. AJR Am J Roentgenol 
2013;200:570‑7.

24. Lin ZY, Li GL, Chen J, Chen ZW, Chen YP, Lin SZ. Effect of heat 
sink on the recurrence of small malignant hepatic tumors after 
radiofrequency ablation. J Cancer Res Ther 2016;12:C153‑C158.

25. Peng ZW, Zhang YJ, Chen MS, Xu L, Liang HH, Lin XJ, et al. 
Radiofrequency ablation with or without transcatheter arterial 
chemoembolization in the treatment of hepatocellular carcinoma: 
A prospective randomized trial. J Clin Oncol 2013;31:426‑32.

26. Lu Z, Wen F, Guo Q, Liang H, Mao X, Sun H. Radiofrequency ablation 
plus chemoembolization versus radiofrequency ablation alone for 
hepatocellular carcinoma: A meta‑analysis of randomized‑controlled 
trials. Eur J Gastroenterol Hepatol 2013;25:187‑94.

27. Yamakado K, Nakatsuka A, Ohmori S, Shiraki K, Nakano T, Ikoma J, 
et al. Radiofrequency ablation combined with chemoembolization in 
hepatocellular carcinoma: Treatment response based on tumor size 
and morphology. J Vasc Interv Radiol 2002;13:1225‑32.

28. Yamakado K, Nakatsuka A, Akeboshi M, Shiraki K, Nakano T, Takeda K. 
Combination therapy with radiofrequency ablation and transcatheter 
chemoembolization for the treatment of hepatocellular carcinoma: 
Short‑term recurrences and survival. Oncol Rep 2004;11:105‑9.

29. Tanaka K, Nakamura S, Numata K, Okazaki H, Endo O, Inoue S, et al. 
Hepatocellular carcinoma: Treatment with percutaneous ethanol 
injection and transcatheter arterial embolization. Radiology 
1992;185:457‑60.

30. He C, Zhou Z, Xiao Z, Wang J. Treatment strategy for huge 
hepatocellular carcinoma with intrahepatic metastasis and 
macrovascular invasion: A case report and literature review. J Cancer 
Res Ther 2018;14:S1233‑6.

31. Takuma Y, Takabatake H, Morimoto Y, Toshikuni N, Kayahara T, 
Makino Y, et al. Comparison of combined transcatheter arterial 
chemoembolization and radiofrequency ablation with surgical 
resection by using propensity score matching in patients with 
hepatocellular carcinoma within Milan criteria. Radiology 
2013;269:927‑37.

[Downloaded free from http://www.cancerjournal.net on Friday, October 30, 2020, IP: 116.206.156.114]



Cao, et al.: Classification of HCC diameter and prognostic evaluation

364 Journal of Cancer Research and Therapeutics - Volume 16 - Issue 2 - 2020

32. Bruix J, Sherman M, American Association for the Study of Liver 
Diseases. Management of hepatocellular carcinoma: An update. 
Hepatology 2011;53:1020‑2.

33. Chen MH, Yang W, Yan K, Zou MW, Solbiati L, Liu JB, et al. Large 
liver tumors: Protocol for radiofrequency ablation and its clinical 
application in 110 patients‑mathematic model, overlapping mode, 
and electrode placement process. Radiology 2004;232:260‑71.

34. Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for 
hepatocellular carcinoma. Semin Liver Dis 2010;30:52‑60.

35. Wu MC, Cong WM, Tang ZY, Wang HY, Cao GW, Tan WX, et al. Surgical 
pathology of Hepatobiliary Tumors. Beijing: People’s Medical 
Publishing House; 2015. p. 304.

36. Lin CC, Cheng YT, Chen MW, Lin SM. The effectiveness of multiple 
electrode radiofrequency ablation in patients with hepatocellular 
carcinoma with lesions more than 3 cm in size and Barcelona clinic 
liver cancer stage A to B2. Liver Cancer 2016;5:8‑20.

37. Veltri A, Moretto P, Doriguzzi A, Pagano E, Carrara G, Gandini G. 
Radiofrequency thermal ablation (RFA) after transarterial 
chemoembolization (TACE) as a combined therapy for unresectable 
non‑early hepatocellular carcinoma (HCC). Eur Radiol 2006;16:661‑9.

38. Tang C, Shen J, Feng W, Bao Y, Dong X, Dai Y, et al. Combination therapy 
of radiofrequency ablation and transarterial chemoembolization 
for unresectable hepatocellular carcinoma: A retrospective study. 

Medicine (Baltimore) 2016;95:e3754.
39. Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma: Clinical 

frontiers and perspectives. Gut 2014;63:844‑55.
40. Yoshida S, Kornek M, Ikenaga N, Schmelzle M, Masuzaki R, Csizmadia E, 

et al. Sublethal heat treatment promotes epithelial‑mesenchymal 
transition and enhances the malignant potential of hepatocellular 
carcinoma. Hepatology 2013;58:1667‑80.

41. Zhang N, Wang L, Chai ZT, Zhu ZM, Zhu XD, Ma DN, et al. Incomplete 
radiofrequency ablation enhances invasiveness and metastasis 
of residual cancer of hepatocellular carcinoma cell HCCLM3 via 
activating β‑catenin signaling. PLoS One 2014;9:e115949.

42. Dong S, Kong J, Kong F, Kong J, Gao J, Ke S, et al. Insufficient 
radiofrequency ablation promotes epithelial‑mesenchymal transition 
of hepatocellular carcinoma cells through Akt and ERK signaling 
pathways. J Transl Med 2013;11:273.

43. Morimoto M, Numata K, Kondou M, Nozaki A, Morita S, Tanaka K. 
Midterm outcomes in patients with intermediate‑sized hepatocellular 
carcinoma: A randomized controlled trial for determining the efficacy 
of radiofrequency ablation combined with transcatheter arterial 
chemoembolization. Cancer 2010;116:5452‑60.

44. Higuchi T, Kikuchi M, Okazaki M. Hepatocellular carcinoma after 
transcatheter hepatic arterial embolization. A histopathologic study 
of 84 resected cases. Cancer 1994;73:2259‑67.

[Downloaded free from http://www.cancerjournal.net on Friday, October 30, 2020, IP: 116.206.156.114]


