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Abstract
Background: Compared with single‐drug TACE, our previous phase III study dem-
onstrated that triple‐drug transarterial chemoembolization (TACE) prolonged overall 
survival (OS) in patients with unresectable hepatocellular carcinoma (HCC). The 
aim of this study was to find which patients can benefit from the triple drugs TACE 
compared with single‐drug TACE.
Methods: Patients in the triple‐drug TACE arm received sponge embolization and 
emulsions composed of 50  mg epirubicin, 50  mg lobaplatin, 6  mg mitomycin C, 
and lipiodol, while patients in the single‐drug TACE arm received sponge emboli-
zation and emulsions composed of 50 mg epirubicin and lipiodol. From July 2007 
to November 2009, 244 patients (224 men and 20 women; age ranged from 21 to 
75 years) from our phase III study formed the initial cohort. From January 2010 to 
June 2015, external validation cohort was composed of 449 patients (411 men and 
38 women; age ranged from 18 to 75 years) from another institution. The validation 
cohort after propensity score matching (PSM) (n = 374) was analyzed. Cox propor-
tional hazard model was used to evaluate the interaction term between treatments 
for each subgroup. This retrospective study was approved by the institutional review 
board at each center.
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1 |  INTRODUCTION

Transarterial chemoembolization (TACE) is the first‐line 
treatment for patients with unresectable hepatocellular carci-
noma (HCC) at intermediate stage, and nexavar (sorafenib) 
is the first‐line treatment for patients with HCC at advanced 
stage.1,2 According to Barcelona Clinic Liver Cancer (BCLC) 
staging system, intermediate stage (BCLC B) is formed by 
those patients with single large HCCs and those with multifo-
cal disease who are asymptomatic and do not present vascular 
invasion or extrahepatic spread, and advanced stage (BCLC C) 
is formed by those patients with symptoms and/or present vas-
cular invasion or extrahepatic spread.3 Different from Western 
guidelines, Asian guidelines recommend TACE for advanced 
HCC.4,5 Additionally, a randomized, phase III of advanced 
HCC showed that TACE plus sorafenib had noninferiority in 
overall survival (OS) (12.8 vs 10.8 months, P = 0.29) but su-
periority in time to progression (5.3 vs 3.5 months, P = 0.003), 
progression‐free survival (5.2 vs 3.6 months, P = 0.01) and 
response rate (60.6% vs 47.3%, P  =  0.005) compared with 
sorafenib monotherapy, and TACE plus sorafenib had longer 
survival rate in patients who received ≥2 TACE sessions (18.6 
vs 10.8 months, P = 0.0055) in the subgroup analysis.6

Conventional TACE is composed of chemotherapy and 
embolization. However, which one played the leading role 
was controversial. Some studies showed that chemotherapy 
made a positive effect, and adding embolization did not im-
prove survival.7-10 In contrast, others believed that emboli-
zation was important, and chemotherapy was useless except 
adding adverse events.11-13 Additionally, a meta‐analysis in-
cluding six randomized controlled trials demonstrated that 
there was no superiority between TACE and bland emboli-
zation in HCC.14

However, our multicenter, randomized, phase III trial 
including HCC at intermediate or advanced stage showed 
that triple‐drug chemolipiodolization with gelatin‐sponge 

embolization improved OS compared single‐drug chemo-
lipiodolization with gelatin‐sponge embolization (10.5 vs 
5.9 months; hazard ratio [HR], 1.8; 95% confidence interval 
[CI], 1.35‐2.39; P = 0.0003). While there was no OS bene-
fit of TACE with gelatin‐sponge embolization versus TACE 
without gelatin‐sponge embolization (10.5 vs 10.1 months; 
HR, 1.21; 95% CI, 0.91‐1.61; P = 0.2).15 In addition, no sta-
tistically significant difference in the incidence of adverse 
event or serious adverse event was observed between triple‐
drug TACE and single‐drug TACE.

Although there are a number of clinical scoring systems 
that help assess patient prognosis after TACE,16-18 predictive 
factors for the additional benefit of triple‐drug chemotherapy 
compared with single chemotherapy are lacking. A predictive 
factor, which is a parameter used to distinguish subgroup of 
patients who can benefit most from a specific treatment, is 
different from a prognostic factor, which is a baseline charac-
teristics related to the natural processes of the disease in spite 
of treatment.19 The data of prospective randomized trials are 
ideal to research predictive factors. The purpose of this study 
was to find out baseline parameters that predicted the sur-
vival benefit of triple‐drug chemotherapy on OS compared 
with single‐drug TACE in patients with unresectable HCC at 
intermediate or advanced stage.

2 |  METHODS

2.1 | Study design
This prior article (ClinicalTrials.gov number NCT00493402) 
dealt with the development of the important role of triple‐drug 
chemotherapy in the TACE15 whereas in this manuscript, 
we reported on which patients can benefit from triple‐drug 
TACE in particular. In this retrospective analysis, from July 
2007 to November 2009, 244 patients who have been previ-
ously reported in our phase III clinical study15 formed the 

Results: No difference was observed in the baseline characteristic of three cohorts. 
This exploratory analysis showed that triple‐drug TACE brought a survival benefit in 
the initial cohort, validation cohort (before PSM), and validation cohort (after PSM) 
compared with single‐drug TACE. The outcomes of three cohorts all showed that a 
significantly greater OS triple‐drug chemotherapy benefit versus single‐drug chemo-
therapy was seen in patients with large tumors (larger than 10 cm) while no survival 
difference was seen in patients with small tumors (10 cm or smaller).
Conclusions: Triple‐drug TACE seems to benefit patients with HCC larger than 
10 cm in particular compared with single‐drug TACE.

K E Y W O R D S
overall survival, predictive factor, propensity score matching, single‐drug chemotherapy, transarterial 
chemoembolization, triple‐drug chemotherapy
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initial cohort. Besides, between January 2010 and June 2015, 
449 patients who met the following criteria and received the 
same treatment as our phase III study therapy at the First 
Affiliated Hospital of Sun Yat‐Sen University formed the 
external validation cohort. Criteria of patients enrolled in 
the external validation cohort were the same as the phase III 
clinical study: (a) age ranging from 18 to 75 years; (b) the 
size of main tumor larger than 7 cm; (c) Child‐Pugh A liver 
cirrhosis and adequate organ function (platelet count greater 
than 60000/μL; hemoglobin greater than 8.5 g/dL; and pro-
thrombin time less than 3  seconds above control; albumin 
greater than 3.5  g/dL; total bilirubin less than 1.5  mg/dL; 
and alanine aminotransferase and aspartate aminotransferase 
less than 5×  upper limit of normal; serum creatinine less 
than 1.5 × upper limit of normal); (d) Eastern Cooperative 
Oncology Group performance status (ECOG PS) of 0 to 1; 
(e) unresectable HCC at intermediate or advanced stage; and 
(f) with no previous treatment. Exclusion criteria were as 
follows: (a) evidence of extrahepatic metastases; (b) cardiac 
ventricular arrhythmias requiring antiarrhythmic therapy; (c) 
evidence of hepatic decompensation including ascites, gas-
trointestinal bleeding or hepatic encephalopathy.

Even though we have demonstrated that triple‐drug 
TACE was superior to single‐drug TACE, no guideline rec-
ommended the triple‐drug regimen as the standard regimen. 
Therefore, some doctors used this triple‐drug regimen while 
others still used single‐drug regimen at the First Affiliated 
Hospital of Sun Yat‐sen University. This study procedure 
was approved by the ethics committee of the Sun Yat‐sen 
University Cancer Center and the First Affiliated Hospital 
of Sun Yat‐sen University, and was performed in accordance 
with the Declaration of Helsinki. Each patient included in the 
study signed informed consent.

2.2 | TACE procedure
Both the initial cohort and validation cohort were conducted 
on the basis of our previously reported protocol.15 Patients 
in the triple‐drug TACE arm (triple arm) received emulsions 
composed of 50 mg epirubicin (H20000497; Pharmorubicin, 
Pfizer, Wuxi, Jiangsu, China), 50 mg lobaplatin (H20080359; 
Hainan Changan International Pharmaceutical Co. Ltd., 
Haikou, Hainan, China), 6  mg mitomycin C (H33020786; 
Zhejiang Hisun Pharmaceutical Co. Ltd., Taizhou, Zhejiang, 
China), and lipiodol (H20150099; Lipiodol UltraFluide; 
Guerbet Laboratories, Aulnay Sous Bois, Paris, France). The 
injection was stopped when the point of near stasis within 
the feeding artery occured. Then gelatin‐sponge particles 
(H32024096; Gelfoam; Hanzhou alc Ltd, China) were used 
to achieve embolization of the tumor‐feeding artery. Patients 
in the single‐drug TACE arm (single arm) were treated with 
50  mg epirubicin, lipiodol and gelatin‐sponge particles as 
above, but without mitomycin C and lobaplatin.

Patients who received TACE with single‐drug regimen 
or TACE with triple‐drug regimen at the First Affiliated 
Hospital of Sun Yat‐Sen University were divided into the 
single‐drug TACE arm or the triple‐drug TACE arm, respec-
tively. Patients who received only one kind of TACE were 
included in analysis, and patients who received treatment 
crossover from TACE with single‐drug regimen to TACE 
with triple‐drug regimen or from TACE with triple‐drug reg-
imen to TACE with single‐drug regimen were excluded.

All patients with HBV received antiviral therapy. 
Subsequent TACE was performed as the same as initial 
TACE and on an “on‐demand” as follows: the presence of 
active lesions, and adequate liver function [Child‐Pugh score 
5‐6]). The initial cohort used the original OS date. The vali-
dation cohort was censored on 31 December 2016.

2.3 | Statistical analysis
The two tailed chi‐squared test for categorical variables were 
used to compare baseline characteristics. The Kaplan‐Meier 
method was used to calculate survival curves, and the log‐rank 
test was used for univariate analysis. A multivariate Cox anal-
ysis included all factors irrespective of P value in the univari-
ate analysis. Enter method was used in cox regression (Enter 
all variables in the model in one single step, without check-
ing). The significance level of 0.05 was used to confirm sta-
tistical significance. The Statistical Package used to perform 
analysis was SAS software (version 9.0; SAS, Cary, NC).

Retrospective variables between groups in the validation 
cohort might have adverse impact on the outcomes. Therefore, 
propensity score matching (PSM) analysis was conducted to 
reduce the influence of selection bias and potential confound-
ing factors between arms, and the data after PSM formed the 
validation cohort (after PSM).20,21 All parameters were in-
cluded in PSM (age, sex, neutrophil:lymphocyte ratio [NLR], 
prothrombin time, hepatitis B surface antigen, alanine amino-
transferase, aspartate aminotransferase, alkaline phosphatase, 
glutamyl transpeptidase [GGT], albumin (ALB), total biliru-
bin (TBil), alpha‐fetoprotein (AFP), tumor size, tumor num-
ber, and portal vein tumor thrombus [PVTT]). Matched pairs 
were then formed using a one‐to‐one nearest‐neighbor caliper 
of width 0.2. The purpose of this exploratory analysis was to 
find out possible predictors for OS benefit from triple‐drug 
chemotherapy when compared with single chemotherapy. OS 
was measured from the date of initial TACE to death from 
any cause (or was censored at the time of data cutoff). The 
cutoff of continuous variables was consistent with our pre-
vious phase III study.15 To separately evaluate the predictive 
value of each parameter for predicting the survival benefit, 
each parameter's interaction term with treatment was tested 
in a model containing only the baseline parameter, the treat-
ment and their interaction. The above statistical method was 
applied in the validation cohort.
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T A B L E  1  Baseline patient and disease characteristics

 

Initial cohort External validation cohort External validation cohort‐PSM

Triple arm 
(n = 122)

Single arm 
(n = 122) P

Triple arm 
(n = 223)

Single arm 
(n = 226) P

Triple arm 
(n = 187)

Single arm 
(n = 187) P

Age, y     0.5996     0.0723     0.8354

≤50 77 72   129 111   104 101  

>50 45 50   94 115   83 86  

Sex     0.2428     0.0612     0.8446

Male 115 109   210 201   174 172  

Female 7 13   13 25   13 15  

NLR     0.8968     0.2924     0.4592

≤3 72 70   136 126   117 109  

>3 50 52   87 100   70 78  

PT, s     0.1331     0.0536     >0.9999

≤14 109 100   195 182   160 161  

>14 12 21   28 44   27 26  

HBsAg     >0.9999     0.3025     0.4781

Positive 114 114   201 196   172 167  

Negative 8 8   22 30   15 20  

ALT, U/L     >0.9999     0.6943     0.3859

≤40 40 41   81 78   70 61  

>40 82 81   142 148   117 126  

AST, U/L     >0.9999     0.2700     0.5076

≤45 24 23   45 36   38 32  

>45 98 99   178 190   149 155  

ALP, U/L     0.5091     0.0846     0.3469

≤110 49 43   100 83   85 75  

>110 73 79   123 143   102 112  

GGT, U/L     0.1806     0.3334     0.4791

≤100 35 25   63 54   52 45  

>100 87 97   160 172   135 142  

 

Initial cohort External validation cohort External validation cohort‐PSM

Triple arm 
(n = 122)

Single arm 
(n = 122) P

Triple arm 
(n = 223)

Single arm 
(n = 226) P

Triple arm 
(n = 122)

Single arm 
(n = 122) P

ALB, g/L     0.3033     0.1108     >0.9999

≤37 27 35   52 68   45 46  

>37 95 87   171 158   142 141  

TBil, µmol/L     0.6439     0.2563     >0.9999

≤20 97 93   179 171   152 152  

>20 25 29   44 55   35 35  

AFP, ng/mL     0.8929     0.3306     0.9158

≤200 43 41   79 91   73 75  

>200 79 81   144 135   114 112  

Tumor size, 
cm

    0.4341     0.0895     >0.9999

≤10 46 53   101 121   90 91  
 (Continues)
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T A B L E  2  Univariate analysis and multivariate analysis for all recruited patients (model 1)

 

Initial cohort External validation cohort External validation cohort‐PSM

UVA MVA UVA MVA UVA MVA

P1 HR P2 P1 HR P1 P1 HR P1

Group(single‐drug/triple‐drug) 0.0003 0.579 0.003 0.0044 0.714 0.0015 0.0164 0.718 0.0041

Age (≤50/>50) 0.0625 0.863 0.3525 0.0120 0.806 0.0572 0.0111 0.804 0.0823

Sex (male/female) 0.3248 0.624 0.1065 0.1048 0.745 0.1641 0.0191 0.597 0.0498

NLR (≤3/>3) 0.0119 1.288 0.1126 0.0001 1.335 0.0104 0.0081 1.192 0.1589

PT, s (≤14/>14) 0.0440 1.229 0.3161 0.0110 1.035 0.8078 0.0470 1.056 0.7375

HBsAg (positive/negative) 0.3947 1.213 0.5427 0.5189 0.812 0.2103 0.6924 0.792 0.2520

ALT,U/L (≤40/>40) 0.5694 0.752 0.1100 0.0302 1.049 0.7229 0.0308 1.058 0.7144

AST,U/L (≤45/>45) 0.0788 0.946 0.8178 0.0006 1.116 0.5336 0.0043 1.136 0.5160

ALP,U/L (≤110/>110) 0.1034 0.841 0.3078 0.0291 0.771 0.0388 0.0402 0.805 0.1083

GGT,U/L (≤100/>100) <0.0001 2.082 0.0009 <0.0001 1.406 0.0207 <0.0001 1.342 0.0643

ALB,g/L (≤37/>37) 0.0343 1.129 0.5047 <0.0001 0.509 <0.0001 <0.0001 0.483 <0.0001

TBil, µmol/L (≤20/>20) 0.0277 1.363 0.0889 0.0013 1.072 0.5892 0.1081 0.937 0.6693

AFP,ng/ml (≤200/>200) 0.0013 1.334 0.1003 <0.0001 1.457 0.0013 <0.0001 1.509 0.0013

Tumor size,cm (≤10/>10) 0.0226 1.091 0.5925 0.0055 1.136 0.2824 0.0090 1.126 0.3524

Tumor number (single/multiple) 0.8727 1.240 0.1544 0.3679 1.165 0.1590 0.4642 1.168 0.1885

PVTT (no/yes) <0.0001     <0.0001     <0.0001    

BCLC stage (B/C) <0.0001 2.199 <0.001 <0.0001 1.778 <0.0001 <0.0001 1.690 <0.0001

Notes: P1 value was calculated with two‐sided log‐rank test. Any factors irrespective of P value in the univariate analysis entry into a multivariable Cox analysis.
P2 value was calculated by multivariable Cox proportional hazards analysis (Method: Enter).
Abbreviations: AFP, alpha‐fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; GGT, glutamyl transpeptidase; HBsAg, hepatitis B surface antigen; HR, hazard ratio; MVA, multivariate analysis; NLR, neutrophil:lymphocyte 
ratio; PSM, propensity score matching; PT, prothrombin time; PVTT, portal vein tumor thrombus; TBil, total bilirubin; UVA, univariate analysis.

 

Initial cohort External validation cohort External validation cohort‐PSM

Triple arm 
(n = 122)

Single arm 
(n = 122) P

Triple arm 
(n = 223)

Single arm 
(n = 226) P

Triple arm 
(n = 122)

Single arm 
(n = 122) P

>10 76 69   122 105   97 96  

Tumor 
number

    0.6971     0.7029     0.8346

Single 49 53   96 93   79 82  

Multiple 73 69   127 133   108 105  

PVTT     0.5911     0.9202     0.9129

Absence 82 77   151 152   125 123  

Presence 40 45   72 74   62 64  

BCLC stage     0.5911     >0.9999     >0.9999

Stage B 82 77   145 147   119 118  

Stage C 40 45   78 79   68 69  

Note: P values were calculated using a two‐sided Chi‐squared test
Abbreviations: AFP, alpha‐fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; GGT, glutamyl transpeptidase; HBsAg, hepatitis B surface antigen; NLR, neutrophil:lymphocyte ratio; PSM, propensity score matching; PT, pro-
thrombin time; PVTT, portal vein tumor thrombus; Single arm, TACE with single‐drug chemotherapy; TACE, transarterial chemoembolization; TBil, total bilirubin; 
Triple arm, TACE with triple‐drug chemotherapy.

T A B L E  1  (Continued)
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3 |  RESULTS

3.1 | Patient characteristics
In the initial cohort, 244 patients (122 patients in each arm) 
from our phase III study were analyzed, ranging from 21 to 
75 years and including 224 men and 20 women. In the external 
validation cohort, 449 patients (226 patients in single arm and 
223 patients in triple arm) were included in the study, ranging 
from 18 to 75 years and including 411 men and 38 women. 
After performing propensity score matching, we derived one‐
to‐one paired cohorts (187 patients in each arm), ranging from 
21 to 75  years and including 346 men and 28 women. No 
significantly difference was observed in the baseline charac-
teristics of the initial cohort, validation cohort (before PSM), 
and validation cohort (after PSM) (Table 1). Most patients had 
HBV infection at baseline (93.4% in the initial cohort, 88.4% 
in the validation cohort [before PSM], and 90.6% in the valida-
tion cohort [after PSM]). The mean size of tumor was 11.5 cm, 
10.6 cm, and 10.6 cm in the initial cohort, validation cohort 
(before PSM), and validation cohort (after PSM), respectively.

3.2 | Prognostic factors for survival
Because BCLC stage was directly related to the presence 
or absence of PVTT, the multivariate analysis used Model 
1 (Table 2, excluding presence or absence of PVTT) and 
Model 2 (Table S1, excluding BCLC stage). Table 2 showed 
the results of univariate analysis, and Table S2 showed the 
survival rate (%) depending on the age, tumor size, and 
TACE type separately. In the initial cohort, survival rates 
were statistically significantly better in the triple arm (median 
OS = 10.567 months; 95% CI = 8.325‐12.809) than in the sin-
gle arm (median OS = 5.967 months; 95% CI = 4.266‐7.668) 
(P = 0.0003) (Figure 1A). In the validation cohort (before 
PSM) and validation cohort (after PSM), survival rates were 
also statistically significantly better in the triple arm than in 
the single arm (11.533 [95% CI, 9.731‐13.336] vs 7.767 [95% 
CI, 6.232‐9.301] months, P = 0.0044, Figure 1B; 11.9 [95% 
CI, 10.278‐13.522] vs 7.567 [95% CI, 5.897‐9.236] months, 
P = 0.0164, Figure 1C).

Multivariate analysis using Model 1 (Table 2, excluding 
presence or absence of PVTT) showed that prognostic indicators 
for OS of the initial cohort, validation cohort (before PSM) and 
validation cohort (after PSM) were treatment allocation, GGT 
and BCLC stage; treatment allocation, NLR, ALP, GGT, ALB, 
AFP, and BCLC stage; treatment allocation, sex, ALB, AFP, 
and BCLC stage, respectively. The multivariate analysis using 
Model 2 (Table S1, excluding BCLC stage) showed that prog-
nostic indicators for OS of the initial cohort, validation cohort 
(before PSM) and validation cohort (after PSM) were treatment 
allocation, GGT, and the presence or absence of PVTT; treat-
ment allocation, NLR, ALP, GGT, ALB, AFP, and the presence 

F I G U R E  1  Kaplan‐Meier plots of overall survival for TACE 
with triple‐drug chemotherapy versus TACE with single‐drug 
chemotherapy. (A) Initial cohort; (B) External validation cohort 
(before PSM); (C) External validation cohort (after PSM). TACE, 
transarterial chemoembolization; PSM, propensity score matching; 
HR, hazard ratio
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T A B L E  3  Test for predictive value and benefit of triple‐drug TACE (initial cohort, triple arm vs single arm)

Baseline 
covariate

n (triple; 
single) Events

Median overall survival, months
HR (95% CI) 
(triple/single)

Test for predictive 
value (Interaction)  
P (Cox Model)Triple arm Single arm

Age, y           0.9830

≤50 149 (77; 72) 127 8.467 (6.142‐10.792) 5.967 (4.304‐7.63) 0.605 (0.424‐0.862)  

>50 95 (45; 50) 74 15 (8.626‐21.374) 5.8 (1.411‐10.189) 0.581 (0.365‐0.925)  

Sex           0.47313

Men 224 (109; 115) 187 10.567 (8.654‐12.479) 5.8 (4.312‐7.288) 0.597 (0.446‐0.799)  

Women 20 (13; 7) 14 N 11.133 (4.518‐17.749) 0.399 (0.11‐1.442)  

NLR           0.9418

≤3 142 (72; 70) 116 14.233 (9.404‐19.063) 7.6 (5.174‐10.026) 0.546 (0.376‐0.794)  

>3 102 (50; 52) 85 7.467 (6.504‐8.429) 4.4 (3.559‐5.241) 0.644 (0.42‐0.988)  

PT, s           0.6821

≤14 209 (109; 100) 168 10.533 (7.836‐13.231) 6.4 (4.669‐8.131) 0.63 (0.463‐0.856)  

>14 33 (12; 21) 31 10.567 (4.909‐16.225) 4.5 (2.606‐6.394) 0.527 (0.248‐1.117)  

HBsAg           0.4913

Yes 228 (114; 114) 189 10.567 (8.503‐12.63) 5.833 (4.409‐7.258) 0.584 (0.437‐0.781)  

No 16 (8; 8) 12 9.767 (2.329‐17.204) 8.6 (0.1‐17.1) 0.886 (0.285‐2.757)  

ALT, U/L           0.2704

≤40 81 (40; 41) 66 8.467 (4.903‐12.031) 5.7 (4.111‐7.289) 0.767 (0.472‐1.244)  

>40 163 (82; 81) 135 11.667 (6.923‐16.41) 6.7 (4.512‐8.888) 0.528 (0.374‐0.747)  

AST, U/L           0.2937

≤45 47 (24; 23) 35 17.4 (9.158‐25.642) 6.4 (4.365‐8.435) 0.429 (0.214‐0.861)  

>45 197 (98; 99) 166 9.533 (7.593‐11.474) 5.967 (3.987‐7.946) 0.652 (0.479‐0.887)  

ALP, U/L           0.9173

≤110 92 (49; 43) 73 12.233 (7.793‐16.674) 7.567 (3.712‐11.421) 0.598 (0.376‐0.949)  

>110 152 (73; 79) 128 9.233 (7.224‐11.243) 5.5 (3.532‐7.468) 0.605 (0.424‐0.863)  

GGT, U/L           0.8453

≤100 60 (35; 25) 41 20.833 
(15.858‐25.809)

11.267 (3.27‐19.264) 0.546 (0.291‐1.024)  

>100 184 (87; 97) 160 8.233 (7.387‐9.08) 5.433 (4.059‐6.808) 0.663 (0.484‐0.908)  

ALB, g/L           0.5588

≤37 62 (27; 35) 54 8.033 (6.281‐9.786) 5.433 (3.811‐7.056) 0.716 (0.415‐1.236)  

>37 182 (95; 87) 147 10.8 (7.536‐14.064) 6.7 (5.007‐8.393) 0.585 (0.421‐0.812)  

TBil, µmol/L           0.2550

≤20 190 (97; 93) 153 10.733 (8.16‐13.307) 6.733 (5.13‐8.337) 0.649 (0.471‐0.895)  

>20 54 (25; 29) 48 7.633 (5.729‐9.537) 4.4 (2.232‐6.568) 0.436 (0.233‐0.816)  

AFP, ng/mL           0.1935

≤200 84 (43; 41) 65 16.967 
(13.754‐20.179)

9.9 (7.433‐12.367) 0.702 (0.428‐1.149)  

>200 160 (79; 81) 142 8.467 (6.823‐10.111) 4.7 (3.459‐5.941) 0.551 (0.391‐0.777)  

Tumor size, cm           0.0452

≤10 99 (46; 53) 76 11.667 (7.362‐15.971) 8.733 (6.118‐11.349) 0.795 (0.505‐1.254)  

>10 145 (76; 69) 125 9.333 (7.087‐11.58) 4.4 (2.966‐5.834) 0.457 (0.318‐0.657)  

Tumor number           0.5813

Single 102 (49; 53) 83 9.867 (8.175‐11.558) 5.967 (2.91‐9.024) 0.676 (0.439‐1.042)  

(Continues)
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Baseline 
covariate

n (triple; 
single) Events

Median overall survival, months
HR (95% CI) 
(triple/single)

Test for predictive 
value (Interaction)  
P (Cox Model)Triple arm Single arm

Multiple 142 (73; 69) 118 10.733 (6.702‐14.764) 6.4 (4.811‐7.989) 0.543 (0.373‐0.79)  

PVTT           0.2902

No 159 (82; 77) 120 13.067 (7.686‐18.447) 8.367 (6.016‐10.717) 0.654 (0.455‐0.94)  

Yes 85 (40; 45) 81 7.267 (6.285‐8.248) 4.267 (3.171‐5.362) 0.503 (0.32‐0.792)  

BCLC stage           0.2902

B 159 (82; 77) 120 13.067 (7.686‐18.447) 8.367 (6.016‐10.717) 0.654 (0.455‐0.94)  

C 85 (40; 45) 81 7.267 (6.285‐8.248) 4.267 (3.171‐5.362) 0.503 (0.32‐0.792)  

Note: P (Cox Model) was tested in the pooled treatment arms in a model containing only the baseline factor, the treatment, and their interaction.
Abbreviations: AFP, alpha‐fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; CI, confidence interval; GGT, glutamyl transpeptidase; HBsAg, hepatitis B surface antigen; HR, hazard ratio; NLR, neutrophil:lymphocyte ratio; 
PT, prothrombin time; PVTT, portal vein tumor thrombus; Single arm, TACE with single‐drug chemotherapy; TACE, transarterial chemoembolization; TBil, total 
bilirubin; Triple arm, TACE with triple‐drug chemotherapy

T A B L E  3  (Continued)

T A B L E  4  Test for Predictive Value and Benefit of Triple‐drug TACE (external validation cohort before PSM, triple arm vs single arm)

Baseline 
covariate n (triple; single) Events

Median overall survival, months
HR (95% CI) (triple/
single)

Test for predictive 
value (Interaction) 
P (Cox Model)Triple arm Single arm

Age, y           0.2558

≤50 240 (129; 111) 207 8.2 (6.142‐10.792) 6.8 (5.265‐8.335) 0.822 (0.626‐1.08)  

>50 209 (94; 115) 170 14.8 (10.366‐19.234) 9.1 (7.295‐10.905) 0.649 (0.479‐0.881)  

Sex           0.1217

Men 411 (210; 201) 351 10.8 (9.122‐12.478) 7.767 (6.245‐9.288) 0.769 (0.624‐0.948)  

Women 38 (13; 25) 26 N 9.1 (3.334‐14.866) 0.392 (0.156‐0.982)  

NLR           0.9326

≤3 262 (136; 126) 216 13.033 (10.312‐15.754) 9.533 (7.517‐11.55) 0.774 (0.593‐1.011)  

>3 187 (87; 100) 161 7.5 (6.484‐8.516) 4.9 (3.463‐6.337) 0.711 (0.521‐0.97)  

PT, s           0.8338

≤14 377 (195; 182) 311 11.967 (10.059‐13.874) 8.167 (6.719‐9.615) 0.765 (0.613‐0.956)  

>14 72 (28; 44) 66 10.433 (5.939‐14.928) 6.233 (3.344‐9.122) 0.735 (0.446‐1.211)  

HBsAg           0.1810

Yes 397 (201; 196) 331 10.733 (8.704‐12.762) 7.5 (6.059‐8.941) 0.783 (0.631‐0.971)  

No 52 (22; 30) 48 13.033 (7.326‐18.741) 9.1 (7.758‐10.442) 0.461 (0.249‐0.852)  

ALT, U/L           0.9342

≤40 159 (81; 78) 127 12.233 (9.98‐14.487) 8.6 (5.679‐11.521) 0.754 (0.532‐1.068)  

>40 290 (142; 148) 250 10.567 (7.647‐13.486) 7.5 (5.513‐9.487) 0.748 (0.584‐0.96)  

AST, U/L           0.1814

≤45 82 (45; 39) 62 14.233 (8.493‐19.973) 14.067 (5.501‐22.632) 1.02 (0.618‐1.684)  

>45 365 (178; 187) 315 10.567 (8.617‐12.516) 7.367 (5.96‐8.774) 0.702 (0.563‐0.877)  

ALP, U/L           0.2749

≤110 183 (100; 83) 148 12.233 (9.783‐14.683) 9.333 (5.501‐13.166) 0.862 (0.624‐1.191)  

>110 266 (123; 143) 229 10.567 (8.367‐12.766) 6.733 (5.197‐8.27) 0.691 (0.531‐0.898)  

GGT, U/L           0.8984

≤100 117 (63; 54) 89 17.933 (11.452‐24.415) 12.93 (9.689‐16.171) 0.762 (0.503‐1.155)  

(Continues)
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or absence of PVTT; treatment allocation, sex, ALB, AFP, and 
the presence or absence of PVTT, respectively.

3.3 | Predictive factors of treatment benefit
Predictive factors of survival benefit from triple‐drug chem-
otherapy in the initial cohort, validation cohort (before 
PSM), and validation cohort (after PSM) were summarized 
in Tables 3-5, respectively. Tumor size was predictive fac-
tor for the benefit of TACE with triple‐drug chemotherapy 
in all cohorts (interaction P = 0.0452, 0.0159, and 0.0153, 
respectively). After stratification by tumor size, there was no 
survival difference between the triple‐drug TACE and the 
single‐drug TACE in the three cohorts for tumor 10 cm or 

smaller (Figure 2A‐C). However, significantly greater tri-
ple‐drug chemotherapy benefit was observed in patients with 
tumors larger than 10 cm in the largest diameter in the initial 
cohort (P < 0.0001, Figure 2D). The survival rates were also 
particularly better in the triple arm than in the single arm for 
patients with tumors larger than 10 cm in the validation co-
hort (before PSM) (P < 0.0001, Figure 2E) and validation 
cohort (after PSM) (P = 0.0003, Figure 2F).

3.4 | Safety
Our previous showed that no difference in the incidence of 
adverse event or serious adverse event was observed between 
the triple arm and single arm.15 For the validation cohort, 

Baseline 
covariate n (triple; single) Events

Median overall survival, months
HR (95% CI) (triple/
single)

Test for predictive 
value (Interaction) 
P (Cox Model)Triple arm Single arm

>100 332 (160; 172) 288 8.467 (6.556‐10.378) 6.6 (4.886‐8.314) 0.755 (0.599‐0.952)  

ALB, g/L           0.1817

≤37 120 (52; 68) 110 8.033 (5.638‐10.428) 5.1 (3.416‐6.784) 0.612 (0.418‐0.897)  

>37 329 (171; 158) 267 12.7 (9.912‐15.488) 9.8 (7.67‐11.93) 0.821 (0.646‐1.044)  

TBil, 
µmol/L

          0.4659

≤20 350 (179; 171) 249 12.233 (10.508‐13.959) 8.6 (7.004‐10.196) 0.783 (0.622‐0.987)  

>20 99 (44; 55) 88 7.2 (5.755‐8.645) 5.833 (2.027‐9.64) 0.665 (0.434‐1.02)  

AFP, ng/
mL

          0.2981

≤200 170 (79; 91) 134 16.7 (12.198‐21.202) 12.8 (8.862‐16.738) 0.85 (0.59‐1.224)  

>200 279 (144; 135) 243 8.467 (6.83‐10.104) 5.8 (4.434‐7.166) 0.702 (0.531‐0.928)  

Tumor 
size, cm

          0.0159

≤10 222 (101; 121) 180 12.233 (10.473‐13.994) 9.933 (7.252‐12.614) 0.914 (0.681‐1.227)  

>10 227 (122; 105) 197 10.167 (7.976‐12.357) 5.433 (3.881‐6.985) 0.56 (0.423‐0.741)  

Tumor 
number

          0.9347

Single 189 (96; 93) 158 10.567 (7.686‐13.447) 8.167 (5.561‐10.733) 0.739 (0.541‐1.011)  

Multiple 260 (127; 133) 219 11.967 (10.069‐13.864) 7.667 (5.884‐9.45) 0.753 (0.577‐0.982)  

PVTT           0.7093

No 303 (151; 152) 240 14.967 (11.661‐18.272) 9.533 (7.167‐11.899) 0.752 (0.583‐0.969)  

Yes 146 (72; 74) 137 6.367 (4.842‐7.891) 4.267 (3.108‐5.426) 0.706 (0.504‐0.987)  

BCLC 
stage

          0.3281

B 292 (145; 147) 232 14.967 (11.574‐18.359) 9.8 (7.476‐12.124) 0.783 (0.605‐1.013)  

C 157 (78; 79) 145 7.167 (5.725‐8.609) 4.4 (3.239‐5.561) 0.66 (0.476‐0.915)  

Note: P (Cox Model) was tested in the pooled treatment arms in a model containing only the baseline factor, the treatment, and their interaction.
Abbreviations: AFP, alpha‐fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; CI, confidence interval; GGT, glutamyl transpeptidase; HBsAg, hepatitis B surface antigen; HR, hazard ratio; NLR, neutrophil:lymphocyte ratio; 
PSM, propensity score matching; PT, prothrombin time; PVTT, portal vein tumor thrombus; Single arm, TACE with single‐drug chemotherapy; TACE, transarterial 
chemoembolization; TBil, total bilirubin; Triple arm, TACE with triple‐drug chemotherapy.

T A B L E  4  (Continued)
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T A B L E  5  Test for predictive value and benefit of triple‐drug TACE (external validation cohort after PSM, triple arm vs single arm)

Baseline 
covariate n (triple; single) Events

Median overall survival, months
HR (95% CI) 
(triple/single)

Test for predictive 
value (Interaction)  
P (Cox Model)Triple arm Single arm

Age, y           0.2613

≤50 205 (104; 101) 178 8.2 (5.663‐10.737) 6.8 (5.268‐8.332) 0.862 (0.642‐1.158)  

>50 169 (83; 86) 137 15 (9.989‐20.011) 8.967 (5.877‐12.057) 0.673 (0.48‐0.942)  

Sex           0.2976

Men 346 (174; 172) 298 11.133 (9.362‐12.905) 7.5 (5.858‐9.142) 0.786 (0.626‐0.986)  

Women 28 (13; 15) 17 N 9.933 (2.822‐17.045) 0.467 (0.171‐1.271)  

NLR           0.7098

≤3 226 (117; 109) 190 13.033 (10.642‐15.425) 9.533 (6.774‐12.293) 0.756 (0.568‐1.005)  

>3 148 (70; 78) 125 7.467 (5.314‐9.619) 5.133 (3.438‐6.828) 0.764 (0.537‐1.087)  

PT, s           0.9852

≤14 321 (160; 161) 267 12.067 (10.156‐13.978) 8.167 (6.119‐10.215) 0.76 (0.598‐0.967)  

>14 53 (27; 26) 48 10.433 (4.949‐15.918) 4.9 (1.569‐8.231) 0.762 (0.43‐1.35)  

HBsAg           0.5862

Yes 339 (172; 167) 284 11.8 (10.134‐13.466) 7.4 (5.985‐8.815) 0.775 (0.614‐0.978)  

No 35 (15; 20) 31 12.233 (8.152‐16.315) 9.833 (5.524‐14.143) 0.614 (0.293‐1.286)  

ALT, U/L           0.9794

≤40 131 (70; 61) 104 12.233 (9.956‐14.511) 7.767 (3.211‐12.322) 0.761 (0.517‐1.118)  

>40 243 (117; 126) 211 10.967 (8.167‐13.766) 7.4 (5.698‐9.102) 0.778 (0.593‐1.02)  

AST, U/L           0.2021

≤45 70 (38; 32) 52 13.233 (6.085‐20.382) 12.8 (3.098‐22.502) 1.055 (0.61‐1.827)  

>45 304 (122; 141) 263 10.967 (8.707‐13.226) 6.733 (5.442‐8.025) 0.716 (0.562‐0.913)  

ALP, U/L           0.1124

≤110 160 (85; 75) 129 12.233 (9.523‐14.944) 11.167 (6.861‐15.473) 0.94 (0.665‐1.329)  

>110 214 (102; 112) 186 10.967 (8.135‐13.798) 6.6 (4.871‐8.329) 0.658 (0.493‐0.88)  

GGT, U/L           0.4922

≤100 97 (52; 45) 74 17.3 (11.725‐22.875) 14.167 (6.718‐21.615) 0.877 (0.556‐1.385)  

>100 277 (135; 142) 241 9.533 (7.509‐11.558) 5.967 (4.41‐7.524) 0.736 (0.571‐0.948)  

ALB, g/L           0.0876

≤37 91 (45; 46) 83 8.067 (5.306‐10.827) 4.267 (2.199‐6.335) 0.538 (0.348‐0.832)  

>37 283 (142; 141) 232 12.7 (9.78‐15.62) 9.9 (7.081‐12.719) 0.824 (0.637‐1.066)  

TBil, 
µmol/L

          0.7449

≤20 304 (152; 152) 255 12.233 (10.471‐13.995) 8.167 (6.203‐10.13) 0.775 (0.606‐0.992)  

>20 70 (35; 35) 60 7.633 (5.246‐10.021) 5.833 (2.163‐9.504) 0.702 (0.422‐1.167)  

AFP, ng/
mL

          0.4511

≤200 148 (73; 75) 116 16.967 (12.439‐21.494) 13.367 (7.803‐18.93) 0.85 (0.59‐1.224)  

>200 193 (114; 112) 199 8.467 (6.428‐10.506) 5.8 (4.676‐6.924) 0.702 (0.531‐0.928)  

Tumor 
size, cm

          0.0153

≤10 161 (90; 91) 147 12.067 (9.866‐14.267) 11.833 (8.777‐14.89) 0.989 (0.715‐1.367)  

>10 193 (97; 96) 168 10.8 (7.788‐13.812) 5.433 (3.833 1‐7.034) 0.576 (0.425‐0.781)  

Tumor 
number

          0.9580

(Continues)
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there was no difference in any grade or grade 3‐4 adverse 
event between the two arms (Table S3).

4 |  DISCUSSION

This study showed that triple‐drug TACE significantly pro-
longed the survival of patients with unresectable HCC in 
all cohorts, which was consistent with our previous phase 
III study.15 It may be explained that chemotherapy played 
a positive and major effect in TACE, and our another 
study showed that hepatic artery infusion chemotherapy 
(abandoning embolization completely and strengthening 
chemotherapy) had better tumor responses and less serious 
adverse events than TACE.9 Then, the triple‐drug TACE 
were common in clinical used in our hospital,9,22 and the 
overall efficacy of triple‐drug TACE in patients with in-
termediate HCC seen in another study22 was comparable 
with that reported in our previous phase III study15 (17.67 
vs 13 months). Treatment allocation and BCLC stage (or 
PVTT) were independent negative prognostic factors in all 
cohorts. There were discrepancies of identified prognostic 
factors between this study and original study.15 That might 
be explained: First, sample size varied greatly; Second, 
initial and validation cohort were from different hospital; 
Finally, the multivariate analysis of original study included 
three arms (triple‐drug TACE with embolization arm, sin-
gle‐drug TACE arm with embolization, and triple‐drug 
TACE without embolization arm) while this study only in-
cluded two arms (triple‐drug TACE with embolization arm 
and single‐drug TACE arm with embolization).

The purpose of this study was to find out particular 
patients who gained the greatest benefit from triple‐drug 

chemotherapy. In the initial cohorts, validation cohort (be-
fore PSM), and validation cohort (after PSM), tumor size 
was the strongest baseline predictive factor for the benefit of 
triple‐drug chemotherapy. A significant survival difference 
was seen in large tumors (>10 cm) but no survival differ-
ence was seen in small tumors (≤10  cm) between triple‐
drug chemotherapy and single‐drug chemotherapy. Several 
explanations could account for this result. First, small 
HCCs had fewer feeding arteries and were less invasive; 
thus, it is feasible to completely block all tumor‐feeding ar-
teries. However, it is especially difficult for large HCCs to 
completely block all tumor‐feeding arteries because these 
HCCs usually have multiple intrahepatic or extrahepatic 
collateral circulation.23,24 Second, embolization could only 
block the hepatic artery. However, as tumors grow, more 
HCCs accompanied hepatic arteriovenous shunts,25 and 
the hepatic artery supply decreased while the portal vein 
supply increased. Third, large tumors needed more embolic 
agents while the amount of embolic agents was limited be-
cause patients with large tumors frequently had poor liver 
reserve.23,26 Finally, chemotherapy drugs can flow to the 
whole liver by means of a hepatic artery portal vein traf-
fic branch that was not affected by the tumor blood supply 
vessels. Tumor size was also one of the strongest prog-
nostic factors for survival in HCC,27 and previous studies 
showed that TACE for large HCC had a poor prognosis.23,28 
Guidelines from the American Association for the Study 
of Liver Diseases showed that tumor burden (size >10 cm) 
is relative to contraindications for TACE.29 Our previous 
studies also showed that TACE without embolization did 
not reduce survival,15 and hepatic artery infusion chemo-
therapy had better tumor responses and less serious ad-
verse events than TACE.9 Therefore, embolization might 

Baseline 
covariate n (triple; single) Events

Median overall survival, months
HR (95% CI) 
(triple/single)

Test for predictive 
value (Interaction)  
P (Cox Model)Triple arm Single arm

Single 161 (79; 82) 135 10.533 (8.727‐14.34) 7.767 (5.075‐10.459) 0.76 (0.541‐1.066)  

Multiple 213 (108; 105) 180 11.967 (10.071‐13.862) 7.367 (5.541‐9.192) 0.767 (0.573‐1.028)  

PVTT           0.4710

No 248 (125; 123) 198 14.8 (11.148‐18.452) 11.167 (7.393‐14.954) 0.795 (0.602‐1.051)  

Yes 126 (62; 64) 117 6.3 (4.985‐7.615) 4.267 (3.189‐5.345) 0.689 (0.479‐0.992)  

BCLC 
stage

          0.1712

B 237 (119; 118) 190 14.8 (11.237‐18.363) 11.167 (6.938‐15.393) 0.84 (0.632‐1.118)  

C 137 (68; 69) 125 7.167 (5.349‐8.984) 4.4 (3.276‐5.524) 0.641 (0.45‐0.912)  

Note: P (Cox Model) was tested in the pooled treatment arms in a model containing only the baseline factor, the treatment, and their interaction.
Abbreviation: AFP, alpha‐fetoprotein; ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona 
Clinic Liver Cancer; CI, confidence interval; GGT, glutamyl transpeptidase; HBsAg, hepatitis B surface antigen; HR, hazard ratio; NLR, neutrophil:lymphocyte ratio; 
PSM, propensity score matching; PT, prothrombin time; PVTT, portal vein tumor thrombus; Single arm, TACE with single‐drug chemotherapy; TACE, transarterial 
chemoembolization; TBil, total bilirubin; Triple arm, TACE with triple‐drug chemotherapy.
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be ineffective, and chemotherapy might play the major role 
in large HCCs. Whether embolization plays a major role in 
small HCCs requires further research.

Our findings could explain why different studies inves-
tigating TACE with combination chemotherapy vs TACE 
with mono‐chemotherapy had contrasting results. One study 
with large tumors (mean size = 8 cm) showed that TACE 
with combination chemotherapy had better survival than 
did TACE with mono‐chemotherapy,30 while another study 
with small tumors (mean size ≤3 cm) showed no survival 
difference.31 In addition, the reason why studies of TACE 
vs transarterial embolization without  chemotherapy32-37 
showed no survival difference could be explained. First, 
most studies had small tumors (mean size ≤5 cm), except 
for the study of Malagari K (mean size >8 cm).37 Second, all 
studies used a single chemotherapeutic drug. Doxorubicin 
or cisplatin alone might be ineffective. Whether a single 
chemotherapeutic drug is sufficient to cause a survival dif-
ference requires further study. Third, different chemothera-
peutic drugs might cause a survival difference. Compared 
with cisplatin, lobaplatin was reported to have less toxicity, 
better therapeutic index, and higher solubility.38,39

There were many limitations in this study. The first limitation of 
this trial was the retrospective nature of the external validation co-
hort; however, there were no significant differences in the baseline 
characteristics between the two arms, and the same results were 

attained after PSM was used. Because this was not a prespecified 
hypotheses but a post hoc exploratory analysis, this result needs 
confirmation in other prospective trials. The second limitation 
was that TACE was not the current standard treatment for HCC 
with PVTT. However, previous studies showed that TACE was 
the safe and effective treatment for HCC patients with PVTT.40,41 
Finally, this study was done only in China. The predominant eti-
ology of HCC in China was hepatitis B virus. Therefore, whether 
the results could be adapted to western countries where the etiol-
ogy of HCC is mainly hepatitis C virus remains to be proved.

In summary, this retrospective explorative trial showed 
that TACE with triple‐drug chemotherapy had better survival 
rates than TACE with single‐drug chemotherapy, particularly 
in patients with large tumors (>10  cm). However, patients 
with small tumors (≤10 cm) could not benefit from the che-
motherapy of TACE. Tumor size was a predictive factor for 
the benefit of TACE with triple‐drug chemotherapy.
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