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Abstract

Introduction—It remains controversial whether transarterial chemoembolization (TACE) should 

be performed in patients with advanced-stage hepatocellular carcinoma (HCC). The present large 

retrospective cohort study aimed to define the survival outcome following TACE of advanced 

HCC and to identify the prognostic factors.

Methods—508 patients with Barcelona Clinic Liver Cancer (BCLC) C-stage HCC, Child-Pugh 

A/B were who were treated with TACE between November 1998 to December 2013 were 

identified.

Results—There was no significant difference in overall survival (OS) between patients with 

Eastern Cooperative Oncology Group (ECOG) 0 and those with ECOG ≥1 (10.5 months vs. 11.9 

months, P=0.87). The median OS of patients without portal vein tumor thrombosis (PVTT) was 

longer than that of patients with PVTT (16.9 months vs. 6.1 months, P<0.001). Child-Pugh B 

class, PVTT, extrahepatic metastasis, tumor size ≥5 cm, number of tumors ≥3 and alpha-

fetoprotein ≥ 400ng/dl were significantly associated with decreased survival and were used for 

determining the risk scores. All patients were divided into two groups (low-risk and high-risk 

groups) according to the cut-off value of 6.5 for risk scores. The patients with a value <6.5 (low-

risk group) had significantly longer survival than those with >6.5 (high-risk group) (24.1 vs. 7.5 

months, respectively; P<0.001).
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Conclusions—TACE is an effective therapy for select patients with advanced stage HCC and 

may provide equal or improved survival as compared with reported outcomes with sorafenib. The 

results highlight the need for a differentiated approach to therapeutic recommendations for patients 

with BCLC C.

Keywords

Hepatocellular carcinoma; transarterial chemoembolization; overall survival; Barcelona Clinic 
Liver Cancer

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the second 

leading cause of cancer deaths worldwide with a rapidly growing incidence in the Western 

world primarily due to obesity-related non-alcoholic steatohepatitis 1, 2. Most patients with 

HCC are diagnosed at an intermediate to advanced-stage in which the chances of curative 

treatments are limited 3. According to the Barcelona Clinic Liver Cancer (BCLC) staging 

classification, patients with advanced-stage (BCLC stage C) disease have a dismal prognosis 

with expected median survival times of 6 months; in turn, sorafenib has been recommended 

as the standard treatment for these patients3–5. Transarterial chemoembolization (TACE), a 

catheter-based minimally invasive loco-regional therapy that is recommended for 

intermediate-stage patients (BCLC stage B), is, however, frequently applied to patients with 

advanced stage disease 6. In fact, the global BRIDGE study (the first multiregional large-

scale, longitudinal survey on the real-life management of HCC) demonstrated that TACE 

was the most frequently recorded treatment for advanced-stage HCC patients 7. As such, the 

clinical applicability and “real world” implementation of the BCLC staging system has been 

questioned.

While the safety and feasibility of TACE in advanced-stage HCC patients have been 

established in published studies, whether TACE provides a survival benefit for patients with 

advanced HCC remains controversial 8–10. A retrospective case-control study reported 

improved overall survival (OS) among patients with advanced-stage HCC and portal vein 

invasion compared with supportive care, regardless of Child-Pugh A or B class 10. In a 

separate retrospective case-controlled study, TACE was reported to have comparable survival 

versus sorafenib among advanced-stage HCC patients 11. Most previous studies have been 

limited, however, as they excluded patients with extrahepatic metastasis and failed to 

provide information on the Eastern Cooperative Oncology Group (ECOG) performance 

status 12. In addition, few studies reported the prognostic factors associated with outcome 

following TACE therapy among patients with the advanced HCC. Therefore, the objective of 

the current study was to define the long-term survival following TACE of advanced HCC. In 

addition, we sought to identify prognostic factors associated with overall survival using a 

large single-center cohort of patients treated with advanced-stage HCC who underwent 

TACE therapy.
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Patients and Methods

Patients

All consecutive patients with HCC treated using conventional TACE (cTACE) or drug-

eluting beads TACE (DEB-TACE) between November 1998 and December 2013 were 

analyzed. Inclusion criteria included patients with HCC categorized as BCLC stage C, and 

Child-Pugh class A or B who had ECOG performance status 0–2. Three patients with Child-

Pugh class C and 2 patients without detailed baseline information were excluded. A total of 

508 consecutive HCC patients with BCLC stage C who underwent TACE were included in 

the final analytic cohort. Of these 508 patients, 16 (3.1%) patients received previously liver 

resection and 5 (1%) had undergone previous radiofrequency ablation. Among the total 

cohort, 44 patients received post-TACE surgical treatments including transplantation (n=34) 

and liver resection (n=10); 42 patients received sorafenib administration after TACE. HCC 

was diagnosed according to histologic examination or typical findings of early tumor 

enhancement followed by wash-out on dynamic cross-sectional liver imaging 13, 3. Last 

follow-up was on December 31st 2014.

Treatment

In our center, treatment decisions were routinely discussed in a multidisciplinary tumor 

board with medical oncologists, hepatologists, surgeons, pathologists, radiation oncologists, 

as well as interventional radiologists. After 2009, we started to perform DEB-TACE 

paralleling the growing evidence of its improved safety profile compared to cTACE. For 

DEB-TACE, LC Bead (BTG, Surrey, United Kingdom) with a diameter of 100–300 μm were 

loaded with 100 mg of doxorubicin hydrochloride (25 mg/mL) and mixed with an equal 

volume of nonionic contrast material (Oxilan, 300 mg of iodine/mL; Guerbet, Bloomington, 

Indiana, USA). Doxorubicin-eluting beads (up to 100 mg) were administered by alternating 

aliquot injections of the beads and contrast material until complete delivery was achieved or 

the blood flow of the feeding artery slowed down substantially 14, 15. For cTACE, an 

emulsion containing 50 mg doxorubicin (Adriamycin; Pharmacia & Upjohn, Peapack, NJ), 

and 10 mg mitomycin C in a 1:1 mixture with lipiodol (Lipiodol; Guerbet, Paris, France) 

was infused and followed by the infusion of gelatin-coated tris-acryl microspheres 

(Embosphere Microspheres; Merit Medical Systems, South Jordan, Utah, USA) until arterial 

inflow was substantially reduced as seen on fluoroscopy 15. In all cases, either a selective of 

super-selective approach was chosen. No patient received Yttrium-90 radioembolization.

Statistical analysis

Continuous variables were summarized as means and ranges. Categorical variables were 

expressed as frequencies and percentages. Survival was assessed according to the Kaplan-

Meier method and differences in survival estimates were compared using the log-rank test. 

OS was calculated from the date of the first TACE until death; patients who were still alive 

at the end of observation were censored. Univariate and multivariate analyses were 

conducted using the Cox proportional hazards model to identify risk factors associated with 

survival. On univariate analysis, survival was analyzed according to baseline features 

including age, gender, etiology, Child-Pugh classification, ECOG, presence of portal vein 

tumor thrombosis (PVTT), presence of extrahepatic metastasis, tumor size, number of HCC 
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nodules, and alpha-fetoprotein levels. Variables with a P-value <0.1 in the univariate Cox 

models were subsequently included in the multivariate model 16. Risk scores for individual 

patients were calculated by combining the prognostic indicators weighted according to the 

corresponding regression coefficients. For ease of use, the regression coefficients were 

multiplied by 10 and then rounded to the nearest integer. The receiver operating 

characteristic (ROC) curve was used to evaluate the discriminatory ability of categorizing 

patients with advanced-stage into subgroups- low risk group and high risk group. The c-

statistic may range from 0 to 1 and models with the value >0.7 are generally considered to 

be useful models 17. Cut-off values for risk scores were determined according to ROC 

curves. A two-tailed P-value of <0.05 was considered statistically significant. Statistical 

analyses were performed using SPSS (SPSS Inc., version 17.0, Chicago, IL)

Results

Baseline patient baseline clinical characteristics are noted in Table 1. Mean patient age was 

63 (range, 19–90 years) and 79.3% of patients were male. Hepatitis virus C was the 

predominant cause of HCC (45.3%). 303 patients (59.6%) were categorized as Child-Pugh 

A class and 395 patients (77.8%) had an ECOG performance score ≥1. The distribution of 

stage-defining characteristics across the ECOG scores is detailed in Table 2. Specifically, 

221 patients (43.5%) had PVTT and 84 patients (16.5%) had extrahepatic metastasis. The 

median duration of follow-up was 9.3 months (range 0.1–153.6). At the last follow-up, 377 

(74.2%) patients had died. Median OS was 11.9 months (95%CI 10.1–13.7) (Figure 1A). 

The 1-, 3-, and 5-year survival was 40.6%, 9.1% and 3.7%, respectively.

The median number of TACE sessions per patient was 2 (range, 1–10) for a total of 906 

procedures; 296 (58.3%) patients received conventional TACE, while 152 (29.9%) patients 

received DEB-TACE and 60 (11.8%) patients received a combination of both treatments 

over time. There was no difference in OS among patients who received conventional TACE 

and those patients who received DEB-TACE [11.1 months (95%CI 9.6–12.6) vs. 10.4 

months (95%CI 6.3–14.5), respectively; P=0.896]. In addition, there was no difference in 

OS among patients who received TACE alone versus patients who received TACE plus 

sorafenib [11.2 months (95%CI 9.6–12.6) vs. 16.5 months (95%CI 10.8–22.2), respectively; 

P=0.278].

The median OS among Child-Pugh class A patients was longer compared with Child-Pugh 

class B patients [15.7 months (95%CI 13.1–18.3) vs. 6.7 months (95%CI 4.1–9.3), 

respectively; P<0.001] (Figure 1B). In addition, there was no difference in OS among 

patients who were ECOG 0 versus those patients who had an ECOG ≥1 [10.5 months 

(95%CI 6.7–14.3) vs. 11.9 months (95%CI 9.6–14.2), respectively; P=0.87]. In contrast, 

patients with an ECOG ≤1 had a longer OS compared with patients who were ECOG ≥2 

[12.3 months (95%CI 10.4–14.2) vs. 4.8 months (95%CI 0.6–9.0), respectively; P<0.001] 

(Figure 1C). Furthermore, patients without PVTT had a longer OS compared with patients 

who had PVTT [16.9 months (95%CI 14.3–19.5) vs. 6.1 months (95%CI 4.5–7.7), 

respectively; P<0.001] (Figure 1D). In addition, the median survival of the patients without 

extrahepatic metastasis was 13.6 months (95%CI 11.2–16.0) compared with only 5 months 

(95%CI 4.0–6.0) for patients who had metastasis (P<0.001) (Figure 1E). Baseline alpha-
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fetoprotein was also associated with OS, as patients with alpha-fetoprotein ≥400ng/ml had a 

median survival three times longer than patients who had a baseline alpha-fetoprotein 

<400ng/ml [15.9 months (95%CI 13.2–18.6) vs. 5.3 months (95%CI 3.8–6.8), respectively; 

P<0.001] (Figure 1F).

On univariate analysis, variables that were associated with an increased likelihood of death 

included Child-Pugh class, presence of PVTT, presence of extrahepatic metastasis, tumor 

size, number of HCC nodules and alpha-fetoprotein level (all P<0.05). On multivariate 

analysis, after controlling for competing risk factors, Child-Pugh B class (HR=1.5, 95%CI 

1.2–1.9), PVTT (HR=1.5, 95%CI 1.2–1.9), extrahepatic metastasis (HR=1.8, 95%CI 1.4–

2.4), tumor size ≥5 cm (HR=1.4, 95%CI 1.1–1.7), number of tumors ≥3 (HR=1.4, 95%CI 

1.1–1.7) and alpha-fetoprotein ≥400ng/dl (HR=1.7, 95%CI 1.4–2.1) remained associated 

with survival (Table 3).

Risk scores for individual patients were then calculated by combining the six factors that 

were prognostic on multivariate analysis (Child-Pugh class, PVTT, extrahepatic metastasis, 

tumor size, number of HCC nodules and alpha-fetoprotein) with the corresponding 

regression coefficients. An equation was utilized to determine the risk score: 6×(metastasis: 

0 if no, 1 if yes) + 5×(alpha-fetoprotein: 0 if <400ng/dl, 1 if ≥400ng/dl) + 4×(PVTT: 0 if no, 

1 if yes) +4×(Child-Pugh: 0 if A, 1 if B) + 3×(tumor size: 0 if <5cm, 1 if ≥5cm) + 3×

(number of lesions: 0 if 1–2, 1 if ≥3). Utilizing this score, the AUC to predict 1 year survival 

was 0.7 (95%CI 0.7–0.8) (Figure 2A). Giving equal weight to sensitivity and specificity, 6.5, 

the risk score cut-off value, was to achieve the maximum sensitivity and specificity 

(sensitivity=84.2%, specificity=51%). The patients with risk score <6.5 were classified as 

low risk group and the patients with risk score >6.5 were classified as high risk group. All 

risk scores were integer according to the equation. Thus there was no patient whose score 

was 6.5. After stratifying patients into two groups according to the 6.5 cut-off value, Kaplan-

Meier analyses demonstrated a marked difference in the survival of patients with advanced 

HCC undergoing TACE. Specifically, the median survival among patient in the low risk 

group was over three times longer than patients in the high risk group [24.1months (95%CI 

20.2–28.0) vs. 7.5months (95%CI 5.8–9.2), respectively; P<0.001] (Figure 2B).

Discussion

The main finding of our study is that TACE may be considered an effective therapy for 

select advanced-stage HCC patients, potentially outperforming reported outcomes in patients 

treated with sorafenib. Specifically, the multi-variate analysis identified Child-Pugh class, 

presence of PVTT, extrahepatic metastasis, tumor size, number of HCC nodules and alpha-

fetoprotein value as strong predictors of therapeutic outcomes. This data gathered from a 

large cohort reflects a real-life clinical experience of a North-American tertiary care center 

which highlights the need to further improve the BCLC staging system primarily by further 

stratifying among therapeutic allocation for patients classified as BCLC C. The herein 

proposed risk score does just that by offering an improved allocation of those patients into 

the TACE treatment arm with an overall life expectancy which would exceed the current 

standard of sorafenib.
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Although TACE is not recommended for patients with advanced-stage HCC in the BCLC 

staging system, two guidelines from Asia give different opinions. The consensus-based 

clinical practice guidelines proposed by the Japan Society of Hepatology and the treatment 

algorithms proposed by the Asia-Pacific Association for the Study of Liver argued that 

vascular invasion is not an absolute contraindication to TACE 18, 19. Xu, et al. compared 

different staging systems in a cohort with 647 patients and concluded that the BCLC staging 

system was limited in the prognosis of survival 20. The BCLC staging system was based on 

the prognostic analysis of several small cohorts with early-stage HCC and a cohort of 102 

patients with untreated intermediate- or advanced-stage HCC 21, 22. Thus, both the 

applicability and accuracy of BCLC in allocating treatment strategy for intermediate- or 

advanced-stage HCC may be limited. Yau et al. established the Hong Kong Liver Cancer 

(HKLC) classification based on a large cohort of 3856 patients and showed that the HKLC 

treatment algorithm yielded better survival discrimination compared to the BCLC system. 

As a result of their well-designed and statistically very robust data analysis, they suggested 

that the survival benefit of TACE over systemic therapy was significant in BCLC-C patients 

who were classified as HKLC-III 22.

The results in the current study support the opinions in the HKLC system to some degree. 

First, as showed in the multivariate analysis, extrahepatic metastasis was the most important 

prognostic factor. Similarly in HKLC system, extrahepatic metastasis plays the most 

important role in prognosis of patients with Child-Pugh A/B class. Second, in the BCLC 

staging system, the cut-off point of ECOG is 1 and all patients with ≥1 are classified into 

stage C. However in our study, ECOG ≥1 was found to be not an independent prognostic 

factor, which is in agreement with the results of the HKLC system. As showed in table 2, 

even patients with ECOG 1 had less PVTT and metastasis compared with patients with 

ECOG 0. The PVTT was present in 74 (65.4%) patients with ECOG 0, 134 (36.8%) patients 

with ECOG 1 and 13 (41.9%) patients with ECOG 2, respectively. The metastasis was 

present in 30 (26.5%) patients with ECOG 0, 45 (12.4%) patients with ECOG 1 and 9 (29%) 

patients with ECOG 2, respectively. Moreover, Hsu C et al. proposed that patients with 

ECOG performance status 0 or 1 should be reassigned to BCLC stage B in order to enhance 

the prognostic ability of the BCLC system 23. Therefore we believe that patients with ECOG 

1 should not lose the opportunity to get access to TACE therapy though they are clinically 

more symptomatic.

Moreover, the BCLC definition of advanced-stage is heterogeneous–consisting of patients 

with PVTT, ECOG ≥1 and/or extrahepatic metastasis 6. However, the only treatment 

recommendation for this category of patients is sorafenib which is known to have modest 

efficacy. In the Sorafenib Hepatocellular Carcinoma Assessment Randomized Protocol 

(SHARP) and Asia-Pacific study, the median OS in the sorafenib group was only 10.7 and 

6.5 months, respectively, in spite of the fact that these studies had enrolled a small 

proportion of intermediate-stage HCC patients 5, 4. Reported OS in advanced-stage HCC 

patients after sorafenib treatment ranged from 5 to 10.7 months 8, 5. In our study, the median 

OS for the entire cohort reached a promising result of 11.9 months. Most importantly we 

found that the median OS of low risk advanced-stage patients could be as long as 24.1 

months, which is a much better outcome than reported results with systemic therapy 5. Thus, 

this subgroup of patients may possibly benefit the most from TACE. On the contrary, the 
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median OS of patients with high-risk score was only 7.5 months, which is similar as the 

reported OS in advanced-stage patients treated with sorafenib. We consider that TACE 

should not be performed to this subgroup of patients. Taken together, these results 

highlighted the importance of stratifying the BCLC stage C classification and remaking the 

treatment recommendations accordingly.

Prognostic factors and risk-groups play an essential role in the design, conduction and 

analysis of clinical trials. Our study identified six prognostic factors that affected the OS in 

patients with advanced-stage HCC after TACE treatment: Child-Pugh class, presence of 

PVTT, extrahepatic metastasis, tumor size, number of HCC nodules and alpha-fetoprotein 

value. Although alpha-fetoprotein is not included in the BCLC staging system, its 

importance has been highlighted in other studies 24. The Cancer of the Liver Italian Program 

(CLIP) staging system included alpha-fetoprotein value as an independent prognostic 

value 25. Our results suggested a 2-fold increased risk of death in patients with an alpha-

fetoprotein baseline level ≥ 400ng/ml. A recent study based on 2938 patients also showed 

that the baseline alpha-fetoprotein value ≥ 400ng/ml was an independent risk factor of 

OS 20. These results strengthen the prognostic value of alpha-fetoprotein in advanced-stage 

patients treated using TACE. In addition, tumor-related factors are absent in the current 

advanced-stage BCLC classification. Our results demonstrated that the tumor burden in 

terms of tumor size and number play an important role in determining survival outcomes. 

These findings would also help the clinical community to pay attention to the tumor burden 

as the factor to balance the experimental group and control group in randomized controlled 

studies.

The strengths of our study were the large sample size and the consecutive enrollment of all 

advanced-stage HCC patients with PVTT, extrahepatic metastasis or ECOG ≥ 1 in the real 

clinical setting. However, this study has limitations. First, the selection bias may exist 

because of the retrospective nature and all the patients were enrolled from single center. 

Second, the lack of control arm prevents us from drawing a definite conclusion about the 

efficacy of TACE in advanced-stage HCC patients.

In conclusion, our study demonstrated that select patients with advanced-stage HCC may 

benefit from TACE treatment, providing a more comprehensive evidence to challenge the 

current definition and treatment recommendations in BCLC stage C. Moreover, Child-Pugh 

class, presence of PVTT, extrahepatic metastasis, tumor size, number of HCC nodules and 

alpha-fetoprotein value were found to be key indicators in the prognosis of advanced HCC 

patients after TACE treatment, and these indicators could be used as valuable factors for 

designing future randomized controlled studies in term of pretreatment stratification.
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Abbreviations

HCC hepatocellular carcinoma

BCLC Barcelona Clinic Liver Cancer

TACE transarterial chemoembolization

OS overall survival

ECOG Eastern Cooperative Oncology Group

DEB drug-eluting bead

PVTT portal vein tumor thrombosis

ROC Receiver Operating Characteristic
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Figure 1. 
(A) Overall survival of 508 patients with advanced-stage HCC treated using TACE. (B) 

Comparison of survival times based on Child-Pugh class, (C) based on Eastern Cooperative 

Oncology Group (ECOG) performance score, (D) based on presence of Portal vein tumor 

thrombosis (PVTT), (E) based on presence of extrahepatic metastasis, and (F) based on 

alpha-fetoprotein level.
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Figure 2. 
(A) Receiver operating characteristic (ROC) curves of the low risk and high risk groups; (B) 

Comparison of survival times between low risk and high risk groups.

Zhao et al. Page 11

J Gastrointest Surg. Author manuscript; available in PMC 2017 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Zhao et al. Page 12

Table 1

Baseline patient demographics and clinical characteristics (n=508).

Variable No. %

Age/years, mean (range) 63 (19–90)

Gender

 Male 403 79.3

 Female 105 20.7

Etiology

 Hepatitis C infection 230 45.3

 Hepatitis B infection 83 16.3

 Alcohol 173 34.1

Child-Pugh class

 A 303 59.6

 B 205 40.4

ECOG performance status

 0 113 22.2

 1 364 71.7

 2 31 6.1

Disease Burden

 Portal vein tumor thrombosis 221 43.5

 Extrahepatic metastasis 84 16.5

 Tumor size (cm) 7.9 ± 4.6 (1–22)

 No. of HCC nodules (1–2/≥3) 231/277 45.5/54.5

AFP

 <400ng/mL 324 63.8

 ≥400ng/mL 184 36.2

Ascites

 Yes 135 26.6

 No 373 73.4

Baseline laboratory values, mean (range)

 International normalized ratio 1.1 (0.7–4.2)

 Albumin, g/dL 3.6 (1.8–5)

 Total bilirubin, mg/dL 1.3 (0.2–16.7)

ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein.
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