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 Background: Transarterial chemoembolization (TACE) has been used alone or in combination with three-dimensional con-
formal radiation therapy (3DCRT) for treating hepatocellular carcinoma (HCC). The overall survival rate of HCC 
patients undergoing both treatments, however, has not been systematically studied. The aim of this meta-
analysis-based study was to evaluate the overall efficacy of the combined therapy or monotherapy, thereby 
providing information for clinical treatment.

 Material/Methods: We searched Google Scholar, PubMed, and Chinese National Knowledge Infrastructure (CNKI) for eligible studies, 
and a total of 17 case-control studies (including HCC patients treated by TACE plus 3DCRT or TACE alone) were 
included to perform the meta-analysis. Based on the available data, we assessed the improvements of 1-year, 
2-year, and 3-year survival rate for the combination therapy of TACE and 3DCRT or TACE alone. Furthermore, 
the analysis was also stratified by the tumor response: complete response (CR), partial response (PR), no re-
sponse (NR) and progressive disease (PD). Statistical analysis was performed using STATA 12 (Stata Statistical 
Software: Release 12).

 Results: The results show that HCC patients receiving combination therapy have significantly increased overall survival 
rate when compared to those receiving TACE alone (1-year survival rate: OR=1.95, 95% CI 1.54–2.47, p=7.3×10–8; 
2-year survival rate: OR=1.87, 95% CI 1.49–2.34, p=1.6×10–7; 3-year survival rate: OR=2.00, 95% CI 1.52–2.64, 
p=1.8×10–6).

 Conclusions: Assessment of tumor response demonstrates that the combination therapy can efficiently increase the tumor 
response rate (CR+PR: OR=2.29, 95% CI 1.70–3.08, p=1.1×10–7), with a lower rate of subsequent tumor devel-
opment (PD: OR=0.25, 95% CI 0.15–0.40, p=5.5×10–8).
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Background

Hepatocellular cancer (HCC), a primary malignancy of the liv-
er, is one of the most common malignancies worldwide, espe-
cially in East Asian countries. For example, China, which has 
the highest overall mortality rate as well as a high incidence, 
has around 35 cases per 100 000 persons [1]. Numerous treat-
ment strategies, including surgical resection, which is a wide-
ly accepted mainstay therapy, have been developed for HCC 
treatment [2]. Resection is able to remove the part of the liv-
er that contains the hepatocellular carcinoma or malignant 
hepatoma surgically, and it largely depends on the size, num-
ber, and locations of the tumors [3]. For instance, hepatic re-
section is not suitable for patients with large tumors (>3 cm) 
or extensive disease progression [3]. Moreover, surgery is fre-
quently accompanied by recurrence due to the intrahepatic 
dissemination of the multicentric carcinoma [3]. Among the 
various treatment strategies, TACE was developed for treat-
ing unresectable hepatocellular tumors or intermediate-stage 
HCC, thereby providing an additional option for patients [4,5]. 
TACE is a minimally invasive, real-time, image-guided tech-
nology that prevents tumor progression and improves surviv-
al through inducing tumor necrosis, which represses tumors 
locally. Compared with traditional surgery, TACE has lower risk 
of complications and takes less recovery time [4,5].

It has been documented that TACE frequently becomes inef-
fective due to tumor regression, even if TACE is currently con-
sidered as one of the primary approaches, especially for large 
tumors and metastatic liver cancer [6,7]. Therefore, it is nec-
essary to develop other treatment options for favorable clini-
cal outcomes. Previous work has demonstrated that three-di-
mensional conformal radiation therapy (3DCRT) is an effective 
adjunct for parallel treatment for HCC [8]. 3DCRT is a complex 
technology for creating a digitally reconstructed 3-D image of 
the tumor and normal adjacent tissue based on computers in 
conjunction with CT scans, initially developed to provide precise 
data for targeting the tumor and to reduce adverse events of 
other traditional treatments, such as radiotherapy [9]. To date, 
numerous clinical trials have been conducted to assess the ef-
ficacy of the combination of 3DCRT and TACE for HCC [10–26], 
and these studies have provided considerable evidence that 
the combination therapy is beneficial for HCC, whereas it re-
mains unclear whether the combination therapy can improve 
overall patient survival. A previous meta-analysis [27] includ-
ing several clinical trials has evaluated the efficacy of the com-
bination of TACE and radiation therapy or TACE alone, but it 
did not specifically focus on TACE and 3DCRT. In the present 
study, we performed a meta-analysis to evaluate the efficacy 
of the combination of 3DCRT and TACE on the overall survival 
for HCC patients, thereby providing a reference for HCC therapy.

Material and Methods

Data collection

PubMed, Google Scholar, and Chinese National Knowledge 
Infrastructure (CNKI) databases were searched with the follow-
ing terms: “hepatocellular cancer”, “transarterial chemoembo-
lization”, and “Three-dimensional conformal radiation thera-
py”. The search included studies published before September 
2014. A total of 81 results (8 from PubMed, 58 from Google 
Scholar, and 15 from CNKI) were retrieved. Only studies meet-
ing the following inclusion criteria were pooled for our meta-
analysis: (i) case-control studies that focused on hepatocel-
lular cancer and TACE/3dCRT therapy; (ii) source information 
available for both case and control groups; (iii) the diagnosis 
of hepatocellular cancer confirmed by clinical examinations; 
(v) studies published in English. The exclusion criteria were: (i) 
irrelevant and duplicated articles; (II) study without case-con-
trol information; (iii) survival rate and tumor response infor-
mation was unavailable; (iv) article type such as meta-analy-
sis, letter, or editorial. A total of 17 studies were analyzed in 
our meta-analysis. From eligible articles, the following data 
were collected: the first author’s last name, year of publica-
tion, number of patients, overall survival rate (1-, 2-, and 3-year 
survival rates), and tumor response information. The proce-
dure for study collection is shown in Figure 1.

Statistical methods

In this study, STATA software (Release 12 College Station, TX: 
StataCorp LP) was used for data analyses. The improvement 
between case group (the combination therapy of 3DCRT and 

Figure 1.  Flow diagram of eligible studies included in the 
meta-analysis.
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TACE) and control group (TACE alone) was assessed by pooled 
odds ratios (ORs) and 95% confidence intervals (CIs). Three over-
all survival rates (1-, 2-, and 3-year survival rates) were used to 
evaluate the efficacy. Subgroup analysis was conducted with re-
spect to tumor response (complete response, partial response, 
no response, and progressive disease). The heterogeneity was 
assessed by I2 index; a higher I2 indicates more significant het-
erogeneity. When I2£25%, we assumed that there was no signif-
icant heterogeneity between pooled data. I2>75% was regarded 
as significant heterogeneity. We used a Mantel-Haenszel (M-H) 
fixed-effects model for calculation unless there was a signifi-
cant heterogeneity, in which case a DerSimonian and Laird (D-L) 
random-effects model was used. In our meta-analysis, we used 
an M-H fixed-effects model to test the heterogeneity first, and 
then we chose a different model based on the test results. Forest 
plots were generated to summarize the results. Begg’s funnel 
plots and Egger’s regression asymmetry test were used to eval-
uate potential publication bias. All reported P values were two-
sided, and P<0.05 was considered to be statistically significant.

Results

Characteristics of studies

A total of 17 eligible case-control studies [10–26] were included 
for our meta-analysis, and the characteristics of these studies 

are shown in Table 1. A total of 1652 patients that had been 
randomized into combined or monotherapy groups were en-
rolled in this analysis, and among them, 654 cases received 
the combination therapy of TACE and 3DCRT (case group) and 
998 received TACE alone (control group). The overall survival 
rates are presented in Table 1 with period length from 1 year 
to 3 years. Irrespective of the None-Applicable cases (N/A cas-
es), in case groups, the 1-year survival rate ranged from 32.5% 
to 86.7%, 2-year survival rate ranged from 20.8% to 60%, and 
3-year survival rate ranged from 25% to 34%. In control groups, 
the 1-year survival rate ranged from 25% to 78%, 2-year sur-
vival rate ranged from 12.5% to 44%, and 3-year survival rate 
ranged from 6.3% to 35%.

The results for tumor response are shown in Table 1, which 
contain 4 types of responses: complete response (CR, com-
plete clearance of the lesion), partial response (PR, lesion de-
creased more than 50%), no response (NR, lesion decreased 
less than 50% or increased less than 25%), and progressive 
disease (PD, lesion increased more than 25%). Specifically, de-
spite the N/A cases, 72, 309, 98, and 24 of 654 patents had 
CR, PR, NR, and PD, respectively, in case groups and the per-
centage in each arm was 11.01%, 47.25%, 14.98%, and 3.67%, 
respectively. However, 29, 235, 213, and 106 of 998 patients 
had CR, PR, NR, and PD, respectively, in control groups, and 
the percentage in each arm was 2.91%, 23.55%, 21.34%, and 
10.62%, respectively. Based on the data, the patients in case 

Author Year

Survival rate (%) in 
(TACE+3dCRT)/TACE No. of 

patients

Tumor response in TACE

1-year 2-year 3-year CR PR NR PD

Lu 2014 62.4/56.5 20.8/18.8 N/A 30/33 5/5 16/10 6/11 3/7

Gong 2011 79.2/58.3 54.2/33.3 25/16.7 24/24 1/0 16/13 5/8 2/3

Xiao 2011 45/25 27.5/12.5 N/A 40/40 6/4 24/14 8/14 2/8

Ning 2009 61.8/46.9 41.2/18.8 29.4/6.3 34/32 0/0 26/15 5/11 3/6

Zhao 2009 95/78 N/A N/A 40/50 7/4 28/30 4/12 1/4

Zhang 2009 32.5/6.9 N/A N/A 16/29 N/A N/A N/A N/A

Xiao 2008 86.7/53.3 53.3/36.7 33.3/16.7 30/30 5/1 22/18 2/7 1/4

Shang 2007 78/50 60/32 34/18 40/36 14/1 16/12 8/7 2/9

Chung 2006 65/58 35/44 26/35 64/276 N/A N/A N/A N/A

Zhao 2006 82/55 63/28 43/15 49/47 17/8 18/11 9/17 5/11

Liu 2005 66.5/53.9 48.4/37.2 37.4/17.8 54/60 N/A N/A N/A N/A

Lan 2005 57.1/61.7 40.5/30 26.2/16.7 42/60 3/0 20/22 19/38 0/0

Shim 2005 N/A 36.8/14.3 N/A 38/35 0/0 N/A N/A 1/8

Zeng 2004 71.5/59.6 42.3/26.5 24/11.1 54/149 3/1 38/45 13/68 0/35

Wu 2004 90.2/89.7 75.6/58.7 44.6/24 41/40 7/4 28/22 4/6 2/8

Li 2003 73.2/54.8 58.7/27.3 41.9/12.8 41/41 4/1 32/23 3/14 2/3

Cheng J 2001 N/A 58/56 N/A 17/16 N/A N/A N/A N/A

Table 1. Characteristics of studies included in the meta-analysis.
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groups had higher percentages in CR and PR categories, but 
lower percentages in NR and PD compared with control groups.

Survival rates

We further compared the survival rates between case and 
control groups and the results are shown in Table 2. We 
used random-effects models, and the 1-, 2-, and 3-year sur-
vival rates were analyzed. Overall, we found significant sur-
vival rate improvement for the combination of TACE and 
3DCRT over TACE alone. Specifically, the combination of TACE 
plus 3DCRT was associated with higher 1-year (OR=1.95, 
95% CI 1.54–2.47, p=7.3×10–8), 2-year (OR=1.87, 95% CI 
1.49–2.34, p=1.6×10–7), and 3-year survival rates (OR=2.00, 
95% CI 1.52–2.64, p=1.8×10–6) compared with TACE treatment. 
These results indicate that the HCC patients with the additive 
treatment of 3DCRT generally had nearly 2-fold better surviv-
al rate than those who received TACE treatment alone. Also, 
we noted that the largest overall OR occurred in 3-year sur-
vival rate, implying that this advantage becomes more appar-
ent with longer observation. Forest plots for survival rates are 
shown in Figure 2.

Tumor response

We performed tumor response analysis, and results are shown 
in Table 2 and Figure 3. Twelve trials were identified with out-
come measurements of CR+PR. The results of pooled analysis 
showed a significant improvement of the tumor response rate 

in the case group (OR=2.29, 95% CI 1.70–3.08, p=1.1×10–7) com-
pared with the control group (Figure 3A). Specifically, the case 
group had significant improvement of CR (OR=3.02, 95% CI 1.92–
4.77, p=5.0×10–6) in 11 trials (Figure 3B). Similarly, significant 
improvement of PR was also noticed in the patients receiving 
combined treatment (OR=2.35, 95% CI 1.81–3.05, p=4.7×10–10) 
(Figure 3C) in 12 trials. However, patients treated with additive 
3DCRT presented a significantly decreased progressive disease 
rate compared with those receiving TACE alone (PD: OR=0.25, 
95% CI 0.15–0.40, p=5.5×10–8) (Figure 3D). All these analyses 
demonstrated that the combination of TACE and 3DCRT was 
more effective than TACE alone for the HCC treatment.

Evaluation of heterogeneity and publication bias

Statistically significant heterogeneity was observed in the 2- 
and 3-year survival rates, since the I2 indexes were larger than 
25%, with P-value less than 0.05 (Table 2). However, no sig-
nificant heterogeneity was found in the analyses of tumor re-
sponse (Table 3). Funnel plot and Egger’s test were performed 
to assess publication bias (Figure 4). No significant publica-
tion bias was found based on the funnel plot of 2-year surviv-
al rates (P-value of Egger’s test >0.05), but significant publica-
tion bias was shown in 1- and 3- year survival rates (P-value 
of Egger’s test=0.028 and 0.013, respectively (Table 2). For tu-
mor response, the publication bias was found in the cases of 
CR+PR and CR, with Egger’s test P-value of 0.008 and 0.039, 
respectively, and the funnel plot for the tumor response is 
shown in Figure 5.

Survival 
rate

No. of 
studies

Analysis 
method

Heterogeneity OR Publication bias

I2 (%) p-value# Overall Lower Upper p-value* Begg Egger

1-year 15 Fixed 16.9 0.264 1.95 1.54 2.47 7.3×10–8 0.075 0.028

2-year 15 Fixed 41.5 0.047 1.87 1.49 2.34 1.6×10–7 0.921 0.075

3-year 11 Fixed 51.8 0.023 2.00 1.52 2.64 1.8×10–6 0.436 0.013

Table 2. Meta-analysis of entire database with respect to different survival rates.

# P-value from heterogeneity test; * P-value from OR test.

Tumor 
response

No. of 
studies

Analysis 
method

Heterogeneity OR Publication bias

I2 (%) p-value# Overall Lower Upper p-value* Begg Egger

CR+PR 12 Fixed 28.3 0.167 2.29 1.70 3.08 1.1×10–7 0.193 0.008

CR 11 Fixed 0.0 0.580 3.02 1.92 4.77 5.0×10–6 0.350 0.039

PR 12 Fixed 0.8 0.435 2.35 1.81 3.05 4.7×10–10 0.837 0.151

PD 11 Fixed 0.0 0.811 0.25 0.15 0.40 5.5×10–8 0.586 0.165

Table 3. Meta-analysis of entire database for tumor response.

# P-value from heterogeneity test; * P-value from OR test.
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Figure 2.  Forest plot of meta-analysis for the comparison of the combined therapy with TACE alone in terms of overall survival rates. 
(A) Meta-analysis of 1-year survival. (B) Meta-analysis of 2-year survival. (C) Meta-analysis of 3-year survival.
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Figure 3.  Forest plot of meta-analysis for the comparison of the combined therapy with TACE alone on tumor response. (A) Meta-
analysis of CR+PR. (B) Meta-analysis of CR. (C) Meta-analysis of PR. (D) Meta-analysis of PD.
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Discussion

In this study we performed a meta-analysis based on the pub-
lished data to compare the overall survival rates and tumor 
responses for patients who received the combination therapy 
of TACE and 3DCRT or TACE alone. TACE is the most common-
ly offered treatment, which is performed clinically by deliver-
ing a highly concentrated dose of chemotherapeutic drugs, 
including doxorubicin, cisplatin, or mitomycin, into the tu-
mor through cannulating a feeding artery to reduce system-
ic toxicity [28,29]. In addition to TACE and the hepatectomy 
mentioned above, which are frequently utilized to treat HCC, 
radiotherapy is also an option for HCC treatment. Although ra-
diotherapy has been used as an effective therapy for HCC for 
over 40 years, liver toxicity from the ionizing radiation limits 
its use [30]. The newly developed technology, 3DCRT, signifi-
cantly and accurately minimizes the normal tissues exposed 
to irradiation during the treatment in combination with radio-
therapy, although the application of radiotherapy still large-
ly depends on the individual tolerance of the liver to radia-
tion-induced damage [9]. The combined treatment, 3DCRT 
plus TACE, was thus designed and used clinically for patients 

with unresectable HCC, as well as those who are sensitive to 
irradiation. However, there has been less research on wheth-
er the introduction of 3DCRT into TACE is able to substantial-
ly increase the overall survival rate of HCC patients.

In spite of the heterogeneity and publication bias, the pres-
ent study shows that the strategy of combination therapy ex-
hibited distinctly higher survival rates than the monotherapy, 
which is consistent with a previous study [27]. Specifically, in 
our study, improvements of survival rates were observed at 
1 year (OR=1.95, 95% CI 1.54–2.47), 2 years (OR=1.87c, 95% 
CI 1.49–2.34), and 3 years (OR=2.00, 95% CI 1.52–2.64) after 
treatment with TACE+3DCRT for 654 patients. The increased 
survival rates were also supported by more positive tumor re-
sponses in the combination therapy. The assessment of tumor 
response demonstrated that combined treatment was able to 
increase the tumor response rate (CR+PR: OR=2.29, 95% CI 
1.70–3.08), and simultaneously decrease the rate of further 
development of tumor tissue (PD: OR=0.25, 95% CI 0.15–0.40). 
Thus, the 2 clinical efficacies indicated a better outcome with 
the combination therapy. Importantly, heterogeneity of 2-year 
survival rate was moderate (I2=41.5%), and the I2 index of 
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Figure 4.  Begg’s funnel plot of meta-analysis 
for the comparison of the combined 
therapy with TACE alone in terms of 
overall survival rates. (A) One-year 
survival. (B) Two-year survival. (C) 
Three-year survival.
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A Figure 5.  Begg’s funnel plot of meta-analysis 
for the comparison of the combined 
therapy with TACE alone on tumor 
response. (A) CR+PR. (B) CR. (C) PR. 
(D) PD.
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3-year survival rate was over 50% (51.8%). The value of I2 in-
dex between 25% and 75% usually cannot be directly inter-
preted as significant heterogeneity. In this scenario, P-value 
is used to assess heterogeneity because it yields more infor-
mation (e.g., sample size, case-control proportion, and, more 
importantly, data from examination). Here, since the P-values 
for 2- and 3-year survival rates are 0.047 and 0.023, respec-
tively, and both of them are larger than 0.01, we assume the 
heterogeneity is acceptable.

There are several limitations that may affect the reliability of 
the conclusions regarding the positive effects of TACE plus 
3DCRT on patients in these trials. Firstly, the data in this study 
were restricted to the population of China, although the re-
striction was unexpected prior to the analysis; therefore, the 
results are probably applicable with ethnic specificity. Secondly, 
publication bias was shown in 1- and 3- year survival rates 
(P-value of Egger’s test was 0.028 and 0.013, respectively) and 
the tumor responses CR+PR and CR (P-value of Egger’s test 
was 0.008 and 0.039, respectively). Lastly, factors such as age, 
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sex, genetic background, and tumor size were not considered 
during the analysis. Given these limitations, a well-designed 
meta-analysis with large sample size among different ethnic-
ities needs to be performed. The results of our study should 
be interpreted with caution.
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