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Background: Sorafenib has been recommended as the first-line treatment and shown to prolong median 
overall survival (OS) of patients with advanced unresectable hepatocellular carcinoma (HCC). Recently, 
a growing amount of research has supported the application of transarterial chemoembolization (TACE) 
in patients with advanced-stage HCC. The aim of this study was to compare the outcomes of TACE and 
sorafenib and identify the prognostic factors related to OS for Barcelona Clinic Liver Cancer (BCLC) stage 
C patients with PS 1 but without vascular invasion or extrahepatic spread.
Methods: A total of 323 consecutive patients in BCLC stage C with PS 1 but without vascular invasion 
or extrahepatic spread were enrolled in this retrospective study. Survival analyses were performed using the 
Kaplan-Meier analysis, and the statistical differences between the TACE and sorafenib groups were examined 
by the log-rank test. Univariate and multivariate Cox regression analyses were performed to investigate the 
prognostic factors for OS.
Results: Based on the Kaplan-Meier curves, patients treated with TACE showed a better OS than those 
undergoing sorafenib, with respective OS at 1, 3, and 5 years (67.7%, 41.5%, 23.2% vs. 55.6%, 29.6%, 
4.8%; log-rank P=0.002). The univariate analysis indicated that tumor size, tumor number, and treatment 
method, along with platelet (PLT), white blood cell (WBC), and α-fetoprotein (AFP) count, were associated 
with OS. The multivariate analysis demonstrated that tumor size, tumor number, and treatment method 
were significant prognostic factors for OS. According to the subgroups analyses based on the tumor size and 
tumor number, there were significant differences in OS among overall subsets between TACE and sorafenib 
therapy.
Conclusions: TACE provided better prognostic performance than sorafenib and should be suggested as 
an alternative treatment modality to sorafenib for BCLC stage C patients with PS 1 but without vascular 
invasion or extrahepatic spread.
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Introduction

Liver cancer is the seventh most common primary 
malignant tumor and the third most significant cause of 
cancer-related mortality worldwide (1), with hepatocellular 
carcinoma (HCC) accounting for more than 90% of 
cases (2). Due to its invasive and latent characteristics, the 
majority of HCC patients are diagnosed at an advanced 
stage beyond the indications of curative treatments like 
hepatectomy, liver transplantation, and local ablation 
therapy (3). On the basis of the Barcelona Clinic Liver 
Cancer (BCLC) staging system, patients classified as BCLC 
stage C with symptomatic tumors [performance status (PS), 
1–2], vascular invasion, or extrahepatic spread have a dismal 
prognosis with expected median overall survival (OS) of 6– 
8 months (4). Sorafenib, an orally administered multikinase 
inhibitor, has been recommended as the first-line treatment 
and shown to prolong the median OS of patients with 
advanced unresectable HCC (5,6).

Transarterial chemoembolization (TACE) is the standard 
therapy for intermediate-stage HCC patients (PS 0 and 
multinodular asymptomatic tumors without vascular 
invasion or extrahepatic spread) according to the BCLC 
staging classification (4). It has been verified to improve 
survival outcomes especially when combined with other 
therapies including radiofrequency ablation and stereotactic 
body radiation therapy in several studies (7,8). Notably, 
increasing evidence supports the application of TACE in 
patients with early- and advanced-stage HCC (9,10).

The Eastern Cooperative Oncology Group performance 
status (ECOG-PS) is commonly used for stratifying HCC 
stage and selecting appropriate patients in treatment 
decisions in the BCLC system (11). Additionally, ECOG 
has been demonstrated to be one of the independently 
powerful prognostic factors of HCC patients in each stage 
undergoing different treatment modalities (12-14).

Although the availability of TACE therapy in advanced 
HCC has been preliminarily revealed in published studies, 
whether BCLC stage C patients with PS 1 with no 
vascular invasion or extrahepatic spread can benefit from 
TACE therapy as compared to sorafenib therapy remains 
controversial.

This present study aimed to compare the outcomes of 
TACE and sorafenib and identify the prognostic factors 
related to OS for BCLC stage C patients with PS 1 but 
without vascular invasion or extrahepatic spread.

Methods

Study design and participants

This retrospective study included consecutive HCC 
patients who underwent TACE or sorafenib therapy at our 
department from January 2010 to December 2017. The 
inclusion criteria for this study were as follows: (I) patients 
classified as BCLC stage C; (II) no vascular invasion or 
extrahepatic spread; (III) ECOG-PS score 1; (IV) no 
previous therapy for HCC. Patients were excluded if any 
of the following conditions were present: (I) patients with 
other uncontrolled ascites, hepatic encephalopathy, or 
simultaneous malignancies of other system; (II) patients 
with cardiopulmonary, renal, or cerebral dysfunction.

HCC was diagnosed by contrast-enhanced magnetic 
resonance imaging (MRI) and computed tomography (CT) 
on the basis of the American Association for the Study of 
the Liver Disease or European Association for the Study of 
Liver disease (AASLD/EASL) guidelines (15,16). Clinical, 
laboratory, and imaging data of enrolled patients were 
collected from hospital database. Given the retrospective 
study design, the requirement to obtain informed consent 
was waived. This investigation was approved by the ethics 
committee of the hospital and performed according to the 
Declaration of Helsinki on human research.

Treatment and follow-up

In the sorafenib procedure, sorafenib was initially taken as 
a standard dose of 400 mg twice daily (800 mg/d). Dose 
modification or treatment interruption temporarily was 
performed if drug-related toxicity was according to the 
National Cancer Institute Common Toxicity Criteria 
Adverse Events version 3.0. Sorafenib was constantly 
administered as long as possible until unacceptable toxicities 
occurred, disease progression developed, or the patient 
died. All patients were followed up every 2 weeks in the 
first 6 weeks and every 6–8 weeks in subsequent therapeutic 
process, as appropriate.

For the TACE procedure, the Seldinger technique was 
used and a 4.1-French RC1 catheter was introduced into 
the tumor feeding artery. Afterwards, the number, location, 
size, and branches of the feeding vessels of the tumor were 
carefully identified. A mixture of 10–20 mL iodized oil, 
gelfoam particles with 30–50 mg doxorubicin and 50–100 mg 
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cisplatinum were injected into the arterial branches. TACE 
therapy was carried out every 6 weeks in the first year and 
every 6–8 weeks thereafter, depending on the patient’s liver 
function and tumor necrosis.

Routine examinations were conducted at each follow-
up, including physical examinations, blood tests serum AFP 
level, serum biochemistry, liver biochemistry], and imaging 
examinations (chest X-ray, abdominal ultrasonography, 
abdominal CT or MRI).

Statistical analysis

OS was defined as the time from the date of TACE or 
sorafenib until death or the last follow-up. The last visit 
was completed on January 10, 2019. Categorical variables 
are expressed as frequencies. Continuous variables are 
expressed as medians and inter-quartile ranges. Differences 
of baseline characteristics of enrolled patients between the 
2 groups were compared using χ2 test or Fisher’s exact test 
for categorical variables and Mann-Whitney U test for 
continuous variables. Survival analyses were performed 
using the Kaplan-Meier analysis, and the statistical 

differences between the TACE and sorafenib groups were 
examined by the log-rank test. The Cox proportional 
hazards regression model was used for calculating the 
hazard ratio for survival and its 95% confidence intervals 
(CI) of prognostic factors for OS according to the univariate 
and multivariate analyses. Statistical significance was taken 
as a two-side P values <0.05 for all analyses. Statistical 
analyses were conducted using IBM SPSS software version 
23.0 (SPSS Inc., Chicago, IL, USA).

Results

Baseline characteristics

A c c o r d i n g  t o  t h e  i n c l u s i o n  c r i t e r i a ,  a  t o t a l  o f  
323 consecutive patients with BCLC stage C HCC were 
enrolled in this present study. Of these patients, the 
TACE group and sorafenib group comprised 233 and  
90 patients, respectively. The characteristics between the 
two groups were not significantly different according to the 
statistical analysis. The baseline demographic and clinical 
characteristics are summarized in Table 1.

Table 1 Baseline characteristics of study patients

Variable TACE group (n=233) Sorafenib group (n=90) P value

Sex (M/F) 202/31 73/17 0.206

Age (years) 56 [45–64] 51 [45–60] 0.078

Age (<60/≥60) 146/87 66/24 0.070

HBsAg (P/N) 214/19 80/10 0.405

ALT level (U/L) 41.0 (25.4–66.5) 33.0 (25.5–60.0) 0.140

AST level (U/L) 55.0 (37.0–83.8) 48.5 (31.0–79.3) 0.072

Albumin (g/L) 39.0 (35.6–42.2) 38.9 (36.2–41.6) 0.830

Total bilirubin level (μmol/L) 16.4 (13.1–21.9) 15.7 (11.2–21.6) 0.231

Platelet count (×109/L) 138 [100–208] 142 [101–205] 0.685

Serum AFP level (≤400/>400) 128/105 43/47 0.248

Child-Pugh Score (A5/A6/B7) 177/37/19 62/21/7 0.292

No. of HCC nodules (1/2–3/≥4) 113/85/35 48/21/21 0.043

Tumor size (cm) 8.7 (6.4–11.8) 10.0 (7.1–11.9) 0.157

WBC 5.6 (4.2–6.9) 5.8 (4.3–8.1) 0.209

BUN 4.8 (3.8–5.7) 4.8 (4.0–5.6) 0.957

Cr 80.4 (71.0–90.3) 91.0 (72.0–93.0) 0.588

AFP, alpha fetoprotein; ALBI, Albumin-Bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; PT, prothrombin time; SD, 
standard deviation; P, positive; N, negative; WBC, white blood cell; BUN, blood urea nitrogen; Cr, creatinine.
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Survival analyses of patients between in the ACE and 
sorafenib groups

The last follow-up for all included patients was December 
2019. For the patients undergoing TACE therapy,  
106 patients died during a median follow-up period of 

20.9 months. Meanwhile, in the sorafenib group, only  
14 patients were alive while the median follow-up reached 
39.7 months. Based on the Kaplan-Meier curves, patients 
treated with TACE showed a better OS than those 
undergoing sorafenib, with respective OS at 1, 3, and  
5 years (67.7%, 41.5%, 23.2% vs. 55.6%, 29.6%, 4.8%; log-
rank P=0.002; Figure 1).

Univariate and multivariate analyses of OS

Based on the univariate analysis for OS, the following 
factors were associated with survival: tumor size, tumor 
number, and treatment method, along with platelet (PLT), 
white blood cell (WBC), and AFP count (P<0.05; Table 2). 
The factors above were calculated in multivariate analysis. 
The results of multivariate analysis revealed that tumor size 
(HR 1.067, P=0.004), tumor number (HR 1.606, P<0.001), 
and treatment method (HR 1.544, P=0.004) were identified 
as independent predictors of OS (Table 3).

Subgroup analysis

Tumor size and tumor number were further stratified 
into different groups to identify whether the two factors 
influenced the efficacy of HR. Tumor size was divided into 
three groups. For patients with a tumor size hence, those 
undergoing TACE showed a better OS than those treated 
with sorafenib (log-rank P=0.021). For patients with a tumor 
size between 3–5 cm, there was a significant difference in 
OS between the two groups (log-rank P=0.016). Among the 
patients with a tumor size 016). Athose undergoing TACE 
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Figure 1 Kaplan-Meier curves for overall survival (OS). TACE, 
transarterial chemoembolization.

Table 2 Univariable analysis of prognostic factors of overall survival

Factors
Univariable Cox regression

hazard rate (95% CI) P value

Male sex 1.033 (0.698−1.529) 0.869

Age (≥60 years) 0.897 (0.660−1.218) 0.485

Tumor size (cm) 1.061 (1.020−1.103) 0.003

Serum AFP level (>400 ng/mL) 1.467 (1.096−1.965) 0.010

Albumin (g/L) 0.997 (0.967−1.027) 0.822

Total bilirubin level (μmol/L) 1.005 (0.989−1.022) 0.528

Platelet count (×109/L) 1.002 (1.001−1.003) 0.020

AST (U/L) 1.000 (0.998−1.002) 0.950

ALT (U/L) 0.999 (0.996−1.002) 0.473

WBC 1.057 (1.004−1.112) 0.035

Child-Pugh score 0.995 (0.795−1.245) 0.963

No. of HCC nodules 1.493 (1.233−1.808) <0.001

Positive HBsAg 1.293 (0.961−1.739) 0.090

BUN 0.946 (0.864−1.036) 0.231

Cr 0.998 (0.990−1.007) 0.674

Treatment (TACE/sorafenib) 1.593 (1.185−2.140) 0.002

HCC,  hepatoce l lu la r  carc inoma;  TACE,  t ransar te r ia l 
chemoembolization.

Table 3 Multivariate analysis of prognostic factors of overall 

survival

Factors
Multivariate Cox regression

Hazard rate (95% CI) P value

Tumor size (cm) 1.067 (1.021−1.116) 0.004

Serum AFP level (>400 ng/mL) 1.001 (0.999−1.002) 0.654

Platelet count (×109/L) 1.001 (0.998−1.002) 0.881

WBC 1.049 (0.989−1.113) 0.112

No. of HCC nodules 1.606 (1.329−1.941) <0.001

Treatment (TACE/sorafenib) 1.544 (1.144−2.083) 0.004

HCC,  hepatoce l lu la r  carc inoma;  TACE,  t ransar te r ia l 
chemoembolization.
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showed a better OS than those treated with sorafenib (log-
rank P=0.043). Furthermore, tumor number was classified 
into three groups (1 tumor, 2–3 tumors, ≥4 tumors). In 
entire subsets according to the subgroup analyses, patients 
in the TACE group showed a better OS than those in the 
sorafenib group. The results of the subgroup analysis are 
summarized in Table 4.

Discussion

In this present retrospective study, we demonstrated that 
TACE showed a significantly better OS in BCLC stage 
C patients with PS 1 but without vascular invasion or 
extrahepatic spread, compared with patients undergoing 
sorafenib therapy. Furthermore, TACE therapy (vs. 
sorafenib) was an independent predictive factor of better 
OS, while tumor size and tumor number were independent 
predictors of poorer OS.

Based on the BCLC staging system, sorafenib is 
proposed as the standard treatment option for HCC 
patients in BCLC stage C which includes a great diversity 
of patients with single or multiple factors, such as 
symptomatic tumors causing an adverse effect on PS (ECOG 
PS 1–2), macrovascular invasion (either segmental or portal 
invasion), or extrahepatic spread (lymph node involvement 
or metastases). As for the considerable heterogeneity, a 
diversity in prognosis was observed in the C stage under 
the treatment of sorafenib with unsatisfactory efficacy (17). 
Multiple previous studies have advocated for TACE in 
patients with vascular invasion, showing a better survival 
outcome compared with sorafenib (18). Additionally, PS, 
which is applied to assess patient’s capability of self-care, is 
deemed to be a powerful predictive factor with respect to 

OS for HCC patients. As is well known, treatment modality 
is highly related to the OS of HCC patients. PS, to some 
extent, could influence treatment decisions. In order to 
avoid confounding factors, only patients with PS 1 but 
without vascular invasion or extrahepatic spread undergoing 
TACE or sorafenib were enrolled in this present study. 
The findings indicated that TACE was more effective than 
sorafenib in enhancing prognostic survival in these patients. 
This result gives credence to TACE as a potentially more 
effective treatment option for BCLC stage C patients with 
PS 1 but without vascular invasion or extrahepatic spread.

Univariate and multivariate analyses were conducted 
to revealed prognostic factors in relation to OS. Patients 
with poor prognosis were associated with a high grade of 
ECOG-PS which has been proven in previous studies. 
Additionally, in this study, different treatment methods 
became a significant independent predictor of OS other 
than tumor size and number. Nevertheless, the Child-Pugh 
score, albumin (ALB) and total bilirubin (TBLI)  exhibited 
no statistical significance which might have been due to 
the small sample size. Additionally, the subgroup analysis 
revealed that both TACE and sorafenib were significantly 
related to OS in the entire subsets in which TACE provided 
a better prognostic performance than sorafenib.

Despite these findings, there are still several limitations 
for this study that should be addressed. The primary 
limitation is that the retrospective design of this study 
might have introduced information bias, even though all the 
procedures and administrations were conducted by the same 
seasoned team in order to ensure the quality control and 
alleviate potential bias. Additionally, this study was carried 
out at a single center with a relatively small sample size 
which might have reduced its representativeness. Further 

Table 4 Subgroup analyses of prognostic factors of overall survival

Variables N (TACE/sorafenib) Median survival (TACE vs. sorafenib) P value

Tumor number

1 113/48 50.800±21.636 vs. 17.300±7.841 0.027

2–3 85/21 20.600±3.329 vs. 10.300±2.136 0.003

≥4 35/21 12.500±0.624 vs. 8.000±0.151 0.043

Tumor size (cm)

≤3 56/16 35.600±15.714 vs. 17.900±1.342 0.021

3–5 86/29 21.100±2.408 vs. 13.600±1.704 0.016

≥5 91/45 16.400±3.316 vs. 9.700±1.844 0.043
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high-quality prospective studies with a large sample size 
are needed. Finally, most of the patients in our study were 
Chinese with an infection of hepatitis B virus as the cause 
of HCC, compared with most western countries where the 
etiologies of HCC are mainly hepatitis C virus infection 
and alcoholic liver disease.

In conclusion, this retrospective study demonstrated that 
TACE therapy could provide a better survival outcome and 
should be suggested as an alternative treatment modality to 
sorafenib for BCLC stage C patients with PS 1 but without 
vascular invasion or extrahepatic spread.
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