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Objective: The aim of the study was to compare the efficacy and safety of drug-eluting 
beads TACE plus apatinib (D-TACE-A) with those of conventional TACE plus apatinib 
(C-TACE-A) for the treatment of unresectable HCC.
Methods: We retrospectively reviewed 187 consecutive patients who received TACE plus 
apatinib in our institution from January 1, 2017, to July 1, 2019. Among them, 91 patients 
received C-TACE-A, and 96 patients received D-TACE-A. The primary endpoint was overall 
survival (OS), and the secondary endpoints were progression-free survival (PFS) and disease 
control rate (DCR). Propensity score matching (PSM) was used to reduce selection bias.
Results: Before PSM, the median OS was 15 months (95% CI: 12.5–17.5) and 13 months 
(95% CI: 11.1–14.9; P=0.480) in the C-TACE-A and D-TACE-A groups, respectively. The 
median PFS was 7 months (95% CI: 5.9–8.1) in the C-TACE-A group and 7 months (95% 
CI: 5.6–8.4; p=0.677) in the D-TACE-A group. The DCR was 81.3% in the C-TACE-A 
group and 72.9% in the D-TACE-A group. Cox regression analysis showed that D-TACE-A 
did not increase mortality risk or tumor recurrence risk. After PSM, there was no statistically 
significant difference in median OS or PFS between the two groups. In the subgroup 
analysis, after adjusting for relative factors, D-TACE-A increased the mortality risk more 
than C-TACE-A in patients with BCLC stage C (HR: 1.678, 95% CI: 1.129–2.495; P=0.011), 
but D-TACE-A lowered the tumor recurrence risk compared with C-TACE-A in patients with 
Child–Pugh B (HR: 0.210, 95% CI: 0.082–0.538; P=0.001) and cirrhosis (HR: 0.481, 95% 
CI: 0.293–0.791; P=0.004). Grade III and IV adverse events in patients with D-TACE-A were 
similar to those in patients treated with C-TACE-A (P>0.05).
Conclusion: Patients with unresectable HCC treated with D-TACE-A might not show 
increased survival compared with patients treated with C-TACE-A. Advanced HCC patients 
without cirrhosis may receive greater survival benefits from C-TACE-A than D-TACE-A.
Keywords: hepatocellular carcinoma, drug-eluting beads transarterial chemoembolization, 
conventional transarterial chemoembolization, apatinib, efficacy

Introduction
Hepatocellular carcinoma (HCC) is one of the most common and fatal cancers in 
the world.1 Because the early stages are asymptomatic, HCC is usually diagnosed at 
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the intermediate or advanced stage; therefore, only a few 
patients with HCC are candidates for liver resection or 
transplantation.

Transcatheter arterial chemoembolization (TACE) is 
the recommended first-line treatment for intermediate 
HCC according to the European Association for the 
Study of the Liver (EASL) guideline.2 Conventional 
TACE (C-TACE) kills tumors through the intra-arterial 
injection of lipiodol containing chemotherapeutic drugs 
and the subsequent embolization of the feeding artery, 
leading to a combination of cytotoxicity and ischemia.3 

However, the technique has some disadvantages. For 
example, the injection of chemotherapeutic drugs and 
embolic materials is not synchronous, and lipiodol releases 
chemotherapeutic drugs in an unsustained manner.

Recently, the use of drug-eluting beads TACE (D- 
TACE) was proposed in an attempt to overcome these 
drawbacks.4 D-TACE is a new method of chemoemboliza-
tion that employs microspheres containing antineoplastic 
drugs that can promote more sustained drug delivery and 
stable embolization of tumor-feeding arteries. Previous 
studies demonstrated that D-TACE resulted in a better 
treatment response and similar survival benefits, but 
increased the incidence of short-term adverse events, com-
pared with cTACE.5–7 Farid et al used vascular endothelial 
growth factor (VEGF) to predict the responses of patients 
with unresectable HCC after receiving C-TACE or D- 
TACE. The results showed that VEGF serum levels 
could predict the patients’ response to therapy with D- 
TACE or C-TACE, indicating that TACE combined with 
molecular targeted drugs might be a good combination 
treatment for some patients with HCC.8

Sorafenib is a multitarget kinase inhibitor approved for 
the treatment of advanced HCC and has been proven to 
suppress the growth of tumor vessels and improve median 
overall survival (mOS) in advanced HCC cases.9–12 

Another antiangiogenic drug, Apatinib, is an inhibitor of 
vascular endothelial growth factor receptor-2 (VEGFR-2) 
that has shown high antitumor activity and a tolerable 
safety profile in various tumors, including HCC and gas-
tric cancer.13–15 When combined with TACE, apatinib can 
improve the survival outcomes of patients with unresect-
able HCC.16–18 As yet, there have been few studies com-
paring the efficacy and safety of D-TACE with those of C- 
TACE when both are combined with apatinib for patients 
with unresectable HCC. Thus, the study was conducted to 
compare the efficacy and safety of patients with 

unresectable HCC who received C-TACE-A with those 
received D-TACE-A.

Materials and Methods
Patient Selection
We retrospectively reviewed the records of 315 patients 
who received TACE plus apatinib in our institution from 
January 1, 2017, to July 1, 2019. We excluded 128 
patients from the analysis based on the inclusion and 
exclusion criteria, leaving 187 patients who were 
included. The study was approved by the institutional 
review board and local ethics committee of the institu-
tion. The informed consent of patients was waived by 
the institutional review board because this study was 
a retrospective study. This study is carried out in com-
pliance with the Helsinki Declaration and the patient 
data is strictly confidential.

The inclusion criteria were as follows: (1) patients who 
were diagnosed as having intermediate or advanced HCC 
based on imaging methods or pathological examination 
according to the EASL guideline;2 (2) patients who did 
not receive TACE or molecular targeted drugs before 
inclusion in the study; (3) patients with Child–Pugh A or 
B; (4) patients with Eastern Cooperative Oncology Group 
(ECOG) score 0 or 1 or 2. The exclusion criteria were as 
follows: (1) patients with platelet counts of less than 40 × 
109/L before TACE; (2) patients with diffuse HCC that 
could not be evaluated; (3) patients who did not receive 
CT, MRI, or ultrasound examination before TACE or who 
were checked again after discharge; (4) patients lost to 
follow up (Figure 1).

TACE Procedures
C-TACE Procedures
Selective celiac angiography was performed to provide 
hepatic vascular anatomy and reconfirm the location of 
the tumor. Then, hepatic arteriography was conducted to 
identify and ultra-select the tumor-feeding artery. After 
that, the lipiodol (10–20 mL) and epirubicin (10–30 mg) 
emulsion were injected into the tumor-feeding arteries for 
embolization with 500–700 μm absorbable gelatin sponge 
particles (Alicon Medical Co., Hangzhou, China).

D-TACE Procedures
Selective celiac angiography was performed to provide 
hepatic vascular anatomy and reconfirm the location of 
the tumor. Then, hepatic arteriography was conducted to 
identify and ultra-select the tumor-feeding artery. 
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CalliSphere beads (Jiangsu Hengrui Medicine Co., Ltd., 
China), with a diameter ranging from 100 μm to 300 μm, 
were used as the carriers, and epirubicin (80 mg) was used 
as the chemoembolization reagent. Firstly, epirubicin was 
dissolved to a concentration of 20 mg/mL, then mixed 
with the beads using a tee-joint and shaken every 5 min-
utes for 30 minutes. After that, the non-ionic contrast 
agent was added to the solution, and the mixture was 
subsequently injected into the tumor-feeding arteries at 
a rate of 1 mL/min until stasis.

Apatinib Administration
Each patient in the D-TACE-A group and C-TACE-A 
group received apatinib at an initial dose of 500 mg/day 
3–5 days after each TACE procedure. The apatinib dose 
was adjusted according to each patient’s tolerance, and 
a dose reduction to 250 mg/day was permitted in the 
case of grade III/IV adverse events. If a patient could not 
tolerate as much as a half dose, apatinib was temporarily 
stopped. After the adverse events disappeared, apatinib 
administration was restarted at an initial dose of 250  
mg/day.

Endpoints of the Study and Their 
Definitions
The primary endpoint of the study was overall survival 
(OS), which was defined to be from the time patients 
received TACE to patients’ death or the end of the study. 
The second endpoints were progression-free survival 
(PFS) and the disease control rate (DCR). PFS was defined 
as being from the time patients received TACE to the time 
of tumor progression, patients’ death, or the end of the 
study. The DCR was defined as the percentage of patients 
with a response rate as a complete response (CR), partial 
response (PR) and stable disease (SD) based on the mod-
ified Response Evaluation Criteria in Solid Tumors 
(mRECIST) criteria.19

Follow Up
All patients who received TACE in our institution were 
followed up. Patients were required to undergo a CT or 
MRI scan and laboratory tests for 2–3 weeks after the 
initial TACE, and then 2–3 months later. The tumors 
were evaluated by two radiologists (one with 15 years of 
radiographic reading experience, and another with 23 

Figure 1 Flowchart of patient selection.
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years of radiographic reading experience). When there was 
a residual tumor or the tumor progressed, patients were 
advised to receive another TACE to control the tumor. The 
end time of the study was December 30, 2020.

Statistical Analysis
Continuous variables were compared by an independent 
sample test or Mann–Whitney U-test, and categorical vari-
ables were compared by chi-squared test or Fisher’s test 
between the two groups. The survival curves were plotted 
using the Kaplan-Meier method, and the efficacy was 
compared by Log rank test. A Cox proportional risk 
model was used to exclude potential variables that might 
influence survival and tumor progression. The variables 
with P-values less than 0.05 in the univariable analysis 
were included in the multivariable analysis. The adjusted 
Cox proportional risk model was used for subgroup 
analysis.

To reduce selection bias, propensity score matching 
(PSM) was used. Before PSM, the age, tumor size, and 
Child–Pugh classification of patients in the two groups 
were unbalanced. All variables were included in the PSM 
analysis. We conducted 1:1 ratio matching, and the opti-
mal caliper was set as 0.2. After PSM, 75 pairs of patients 
were matched, and all variables in the two groups were 
balanced. P-values of <0.05 in the study were considered 
statistically significant. All statistical analyses were con-
ducted by SPSS 24.0 and R version 3.6.

Results
Characteristics of Patients
Patients who received TACE combined with apatinib from 
January 1, 2017, to July 1, 2019, in our institution were 
included in the study. A total of 187 patients were 
included, among whom, 91 received D-TACE-A and 96 
received C-TACE-A. HCC was diagnosed for 63 patients 
by pathology. The mean age of patients was 54.3 years in 
the D-TACE-A group and 49.8 years in the C-TACE-A 
group. There were 81 male patients and 15 female patients 
in the D-TACE-A group, and 76 male patients and 15 
female patients in the C-TACE-A group (Table 1).

Survival and Tumor Response Analysis
Before PSM, the mOS and mPFS of patients in the 
C-TACE-A group were 13 months (95% CI: 11.1–14.9) 
and 7 months (95% CI: 5.6–8.4), respectively. In the 
D-TACE-A group, the mOS and mPFS of patients in the 

D-TACE-A group were 15 months (95% CI: 12.5–17.5) 
and 7 months (95% CI: 5.9–8.1), respectively. There were 
no statistically significant differences in the mOS and 
mPFS between patients in the C-TACE-A group and 
those in the D-TACE-A group (P=0.480 and P=0.677) 
(Figure 2). The DCR was 81.3% (74/91) in the C-TACE- 
A group and 72.9% (70/96) in the D-TACE-A group 
(P=0.160). After PSM, similar results were presented: 
there was no statistically significant difference in mOS 
(C-TACE-A vs D-TACE-A: 13 months, 95% CI: 10.5– 
15.5; vs 15 months, 95% CI: 12.5–17.5; P=0.149) or 
mPFS (C-TACE-A vs D-TACE-A: 6 months, 95% CI: 
4.5–7.5; vs 7 months, 95% CI: 5.8–8.2; P=0.316) in the 
two groups (Figure 3). The DCR in the C-TACE-A group 
was 82.7% (62/75), while that in the D-TACE-A group 
was 72% (54/75) (P=0.119).

Cox Proportional Risk Analysis
Before PSM, univariable analysis showed that the ALT 
(HR: 1.003, 95% CI: 1.000–1.005; P=0.032), AST (HR: 
1.001, 95% CI: 1.001–1.002; P=0.001), leukocytes (HR: 
1.055, 95% CI: 1.025–1.085; P<0.001), platelets (HR: 
1.003, 95% CI: 1.001–1.005; P<0.001), tumor size (HR: 
1.101, 95% CI: 1.064–1.139; P<0.001), AFP level (HR: 
1.399, 95% CI: 1.021–1.918; P=0.037), BCLC stage 
(HR: 20.606, 95% CI: 1.703–3.988; P<0.001), portal 
invasion (HR: 0.630, 95% CI: 0.462–0.860; P=0.004), 
distant metastases (HR: 0.545, 95% CI: 0.398–0.746; 
P<0.001), Child–Pugh Classification (HR: 3.319, 95% 
CI: 2.216–4.447; P<0.001), ECOG score (1 vs 0: HR: 
7.419, 95% CI: 4.822–11.417; P<0.001; 2 vs 0: HR: 
20.427, 95% CI: 12.178–34.263; P<0.001), and TACE 
session (HR: 0.094, 95% CI: 0.059–0.151; P<0.001) 
were predictors for OS. In the multivariable analysis, 
the BCLC stage (HR: 1.950, 95% CI: 1.063–3.575; 
P=0.031), Child–Pugh classification (HR: 2.367, 95% 
CI: 1.549–3.615; P<0.001), ECOG score (1 vs 0: HR: 
8.049, 95% CI: 4.871–13.301; P<0.001; 2 vs 0: HR: 
19.174, 95% CI: 10.579–34.751; P<0.001), and TACE 
session (HR: 0.263, 95% CI: 0.158–0.439; P<0.001) 
were independent predictors for OS (Table 2). The uni-
variable analysis of PFS showed ALT (HR: 1.003, 95% 
CI: 1.001–1.005; P=0.013), AST (HR: 1.001, 95% CI: 
1.000–1.002; P=0.005), leukocytes (HR: 1.056, 95% CI: 
1.024–1.090; P=0.001), platelets (HR: 1.002, 95% CI: 
1.001–1.004; P=0.009), tumor size (HR: 1.050, 95% CI: 
1.016–1.084; P=0.004), HBV infection (HR: 0.626, 95% 
CI: 0.441–0.887; P=0.008), portal invasion (HR: 0.713, 
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Table 1 The Characteristics of Patients Before and After PSM

Before PSM After PSM

Characteristics C-TACE-A D-TACE-A P value C-TACE-A D-TACE-A P value

Age 49.8±10.34 54.3±10.8 0.004 50.6±10.3 52.5±10.2 0.273

ALT 41.7±19.9 65±84.1 0.717 42.5±20.4 48.8±53.5 0.419

AST 59±37.7 96.5±179.9 0.397 60±38.7 64.6±65.2 0.601

Leukocyte 5.9±4.7 6±2.6 0.850 5.4±2.4 5.9±2.6 0.172

Neutrophils 3.6±2.3 8.3±41 0.271 3.5±2.1 4.1±2.4 0.08

Platelet 165.5±93.6 173.4±85.3 0.546 163.8±95.1 172.7±81.5 0.538

Tumor size 8±4.2 9.9±4.7 0.005 8.3±4.4 9.5±4.7 0.119

Gender 0.873 0.827

Male 76 81 62 63

Female 15 15 13 12

HBV infection 0.182 0.168
Yes 73 69 62 55

No 18 27 13 20

AFP 0.654 0.866

≤200 38 37 29 28

>200 53 59 46 47

Tumor number 0.610 0.624

1 44 50 36 39
≥2 47 46 39 36

BCLC stage 0.715 0.196
B 19 18 16 10

C 72 78 59 65

Portal invasion 0.953 0.870

Yes 47 50 41 42

No 44 46 34 33

Distant metastases 0.427 0.191

Yes 44 52 34 42
No 47 44 41 33

Cirrhosis 0.077 0.137
Yes 59 50 48 39

No 32 46 27 36

Child–Pugh 0.033 0.185

A 74 65 60 53

B 17 31 15 22

ECOG 0.755 0.932

0 37 44 34 32
1 31 31 24 26

2 23 21 17 17

TACE session 0.119 0.125

1 12 21 9 16

≥2 79 75 66 59
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95% CI: 0.532–0.956; P=0.024), distant metastases (HR: 
0.495, 95% CI: 0.366–0.699; P<0.001), Child–Pugh clas-
sification (HR: 1.561, 95% CI: 1.122–2.173; P=0.008), 
ECOG score (1 vs 0: HR: 2.557, 95% CI: 1.797–3.637; 
P<0.001; 2 vs 0: HR: 3.064, 95% CI: 2.099–4.471; 
P<0.001), and TACE session (HR: 0.372, 95% CI: 
0.253–0.546; P<0.001) were predictors for tumor pro-
gression. The multivariable analysis showed that BCLC 
stage (HR: 1.927, 95% CI: 1.129–3.289; P=0.016), dis-
tant metastases (HR: 0.660, 95% CI: 0.448–0.970; 
P=0.035), ECOG score (1 vs 0: HR: 2.175, 95% CI: 
1.476–3.204; P<0.001; 2 vs 0: HR: 2.271, 95% CI: 
1.411–3.655; P=0.001), and TACE session (HR: 0.442, 
95% CI: 0.259–0.755; P=0.003) were independent pre-
dictors for tumor progression. (Table 3)

Subgroup Analysis
Before PSM, age, ALT, AST, leukocytes, neutrophils, pla-
telets, tumor size, gender, HBV infection, AFP level, 
tumor number, portal invasion, distant metastases, cirrho-
sis, ECOG score, and TACE session were used in the 

adjusted Cox proportional analysis. There was no differ-
ence in efficacy between D-TACE-A and C-TACE-A treat-
ments of patients with Child–Pugh A or BCLC stage 
B with regards to overall mortality rate or tumor progres-
sion rate. However, in patients with Child–Pugh B, 
D-TACE-A increased the tumor progression rate, but not 
the overall mortality rate, compared with C-TACE-A. In 
patients with BCLC stage C, D-TACE-A increased the 
overall mortality rate, but did not increase tumor progres-
sion rate, compared with C-TACE-A. In patients with 
cirrhosis, D-TACE-A reduced the tumor progression rate, 
but not the overall mortality rate, compared with C-TACE- 
A. While in patients without cirrhosis, D-TACE-A 
increased the overall mortality rate, but did not increase 
the tumor progression rate, in comparison with C-TACE-A 
(Tables 4 and 5).

Adverse Events After Combination 
Therapy
Before PSM, there were no significant differences in fever 
(80/96 vs 78/91), fatigue (35/96 vs 34/91), nausea (44/96 

Figure 2 Kaplan-Meier curves of OS and PFS in all patients before PSM. (A) Kaplan-Meier curves of OS; (B) Kaplan-Meier curves of PFS.

Figure 3 Kaplan-Meier curves of OS and PFS in all patients after PSM. (A) Kaplan-Meier curves of OS; (B) Kaplan-Meier curves of PFS.
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Table 2 Univariable and Multivariable Regression Analysis for OS Before PSM

Univariable Analysis Multivariable Analysis

Characteristics HR (95% CI) P value HR (95% CI) P value

Age 1.002 (0.988,1.015) 0.811

ALT 1.003 (1,1.005) 0.032 0.998 (0.994,1.001) 0.198

AST 1.001 (1.001,1.002) 0.001 1.001 (0.999,1.002) 0.409

Leukocyte 1.055 (1.025,1.085) <0.001 1.015 (0.968,1.063) 0.545

Neutrophils 1.004 (1,01.009) 0.055

Platelet 1.003 (1.001,1.005) <0.001 1.002 (1.000,1.004) 0.059

Tumor size 1.101 (1.064,1.139) <0.001 1.027 (0.987,1.069) 0.184

Gender 0.578

Male Reference

Female 0.888 (0.584,1.350)

HBV infection 0.101

Yes Reference

No 0.732 (0.505,1.063)

AFP 0.037 0.252

≤200 Reference Reference

>200 1.399 (1.021,1.918) 1.229 (0.863,1.750)

Tumor number 0.686

1 Reference

≥2 1.065 (0.784,1.448)

BCLC stage <0.001 0.031

B Reference Reference

C 2.606 (1.703,3.988) 1.950 (1.063,3.575)

Portal invasion 0.004 0.453

Yes Reference Reference

No 0.630 (0.462,0.860) 0.865 (0.592,1.263)

Distant metastases <0.001 0.147

Yes Reference Reference

No 0.545 (0.398,0.746) 0.749 (0.508,1.107)

Cirrhosis 0.105

Yes Reference

No 1.293 (0.947.1.764)

Child–Pugh <0.001 <0.001

A Reference Reference

B 3.139 (2.216.4.447) 2.367 (1.549,3.615)

ECOG

0 Reference Reference

1 7.419 (4.822,11.417) <0.001 8.049 (4.871,13.301) <0.001

2 20.427 (12.178,34.263) <0.001 19.174 (10.579,34.751) <0.001

TACE session <0.001 <0.001

1 Reference Reference

≥2 0.094 (0.059,0.151) 0.263 (0.158,0.439)

Treatment 0.495

C-TACE-A Reference

D-TACE-A 1.113 (0.819,1.512)
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Table 3 Univariable and Multivariable Regression Analysis for PFS Before PSM

Univariable Analysis Multivariable Analysis

Characteristics HR (95% CI) P value HR (95% CI) P value

Age 0.988 (0.976.1.001) 0.074

ALT 1.003 (1.001,1.005) 0.013 1.002 (0.998,1.005) 0.267

AST 1.001 (1,1.002) 0.005 1 (0.998,1.002) 0.957

Leukocyte 1.056 (1.024,1.090) 0.001 1.022 (0.977,1.070) 0.334

Neutrophils 0.999 (0.995,1.003) 0.693

Platelet 1.002 (1.001,1.004) 0.009 1.001 (0.999,1.003) 0.261

Tumor size 1.050 (1.016,1.084) 0.004 0.986 (0.946,1.029) 0.521

Gender 0.863

Male Reference

Female 1.035 (0.699,1.532)

HBV infection 0.008 0.113
Yes Reference Reference

No 0.626 (0.441,0.887) 0.730 (0.494,1.078)

AFP 0.485

≤200 Reference

>200 1.111 (0.827,1.491)

Tumor number 0.940

1 Reference
≥2 1.011 (0.758,1.348)

BCLC stage <0.001 0.016
B Reference Reference

C 2.298 (1.590,3.322) 1.927 (1.129,3.289)

Portal invasion 0.024 0.837

Yes Reference Reference

No 0.713 (0.532,0.956) 1.041 (0.708,1.530)

Distant metastases <0.001 0.035

Yes Reference Reference
No 0.495 (0.366,0.669) 0.660 (0.448,0.970)

Cirrhosis 0.297
Yes Reference

No 1.168 (0.872,1.566)

Child–Pugh 0.008 0.163

A Reference Reference

B 1.561 (1.122,2.173) 0.722 (0.457,1.141)

ECOG
0 Reference Reference
1 2.557 (1.797,3.637) <0.001 2.175 (1.476,3.204) <0.001

2 3.064 (2.099,4.471) <0.001 2.271 (1.411,3.655) 0.001

(Continued)
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vs 46/91), vomiting (33/96 vs 31/91), poor appetite (73/96 
vs 68/91), hand-foot response (32/96 vs 28/91), hyperten-
sion (14/96 vs 13/91), diarrhea (14/96 vs 13/91), or pro-
teinuria (18/96 vs 13/91) of all grades between the 
D-TACE-A and C-TACE-A groups (all P>0.05). 
However, D-TACE-A group patients experienced signifi-
cantly less abdominal pain of all grades than those in the 
C-TACE-A group (24/96 vs 47/91; P=0.001). Patients 
experiencing III and IV grade adverse events in the 
D-TACE-A group suffered significantly less abdominal 

pain than those in the C-TACE-A group (2/96 vs 8/91; 
P=0.036) (Table 6).

Discussion
The efficacy of D-TACE in the treatment of unresectable 
HCC has proven to be similar to that of C-TACE,5,20 and 
some studies showed that patients with unresectable HCC 
who received TACE combined with apatinib received more 
survival benefits than those given single treatment.17,18,21 

However, whether patients attain more survival benefits 

Table 3 (Continued). 

Univariable Analysis Multivariable Analysis

Characteristics HR (95% CI) P value HR (95% CI) P value

TACE session <0.001 0.003
1 Reference Reference

≥2 0.372 (0.253,0.546) 0.442 (0.259,0.755)

Treatment 0.698

C-TACE-A Reference

D-TACE-A 0.945 (0.709,1.259)

Table 4 Subgroup Analysis of Patients with Portal Invasion, Metastases, Cirrhosis for OS Before PSM

Crude Analysis Adjusted Analysis

Characteristics HR (95% CI) P value HR (95% CI) P value

Child–Pugh A 0.430 0.125

C-TACE-A Reference Reference
D-TACE-A 0.863 (0.599,1.244) 1.403 (0.910,2.163)

Child–Pugh B 0.081 0.206

C-TACE-A Reference Reference

D-TACE-A 1.768 (0.932,3.352) 1.760 (0.733.4.226)

BCLC B 0.158 0.636

C-TACE-A Reference Reference
D-TACE-A 0.567 (0.258,1.246) 1.421 (0.331,6.097)

BCLC C 0.112 0.011
C-TACE-A Reference Reference

D-TACE-A 1.314 (0.938,1.840) 1.678 (1.129,2.495)

With cirrhosis 0.078 0.478

C-TACE-A Reference Reference

D-TACE-A 0.688 (0.454,1.043) 1.225 (0.699,2.148)

Without cirrhosis 0.003 0.001

C-TACE-A Reference Reference
D-TACE-A 2.137 (1.295,3.526) 3.422 (1.701,6.885)
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from D-TACE or C-TACE when combined with apatinib is 
still unknown. This study was conducted to compare the 
efficacy and safety of D-TACE-A compared with C-TACE- 
A for HCC treatment.

The main finding of the study was that patients with 
unresectable HCC who received D-TACE-A had similar 
mOS and mPFS compared with those who received 
C-TACE-A both before and after PSM. The findings of 
the study provide new evidence for the optimal treatment 

of patients with unresectable HCC, and might lead to more 
selective treatments for these patients. Previous studies 
have shown that patients with unresectable HCC who 
received C-TACE-A have mOS from 12.2 months to 
18.2 months and mPFS or median time to progression 
from 4.5 months to 12.5 months.17,21–24 The difference 
between previous studies and the current study with 
regards to the mOS and mPFS of patients who underwent 
C-TACE-A may be due to the heterogeneity of the 

Table 6 Adverse Events of Patients After They Receiving TACE or Apatinib Before PSM

All Grades III and IV Grades

Adverse Events C-TACE-A D-TACE-A P value D-TACE C-TACE-A P value

Fever 78 80 0.653 6 7 0.851

Fatigue 34 35 0.898 2 2 0.957
Nausea 46 44 0.519 8 11 0.546

Vomiting 31 33 0.954 2 3 0.693

Poor appetite 68 73 0.835 1 1 >0.999
Abdominal pain 47 24 0.001 8 2 0.036

Hand-foot response 28 32 0.707 4 6 0.572

Hypertension 13 14 0.954 1 1 >0.999
Diarrhea 10 13 0.595 0 0 >0.999

Proteinuria 13 18 0.412 1 2 >0.999

Table 5 Subgroup Analysis of Patients with Portal Invasion, Metastases, Cirrhosis for PFS Before PSM

Crude Analysis Adjusted Analysis

Characteristics HR (95% CI) P value HR (95% CI) P value

Child–Pugh A 0.430 0.125

C-TACE-A Reference Reference
D-TACE-A 0.863 (0.599,1.244) 1.403 (0.910,2.163)

Child–Pugh B 0.081 0.206
C-TACE-A Reference Reference

D-TACE-A 1.768 (0.932,3.352) 1.760 (0.733.4.226)

BCLC B 0.158 0.636

C-TACE-A Reference Reference

D-TACE-A 0.567 (0.258,1.246) 1.421 (0.331,6.097)

BCLC C 0.112 0.011

C-TACE-A Reference Reference
D-TACE-A 1.314 (0.938,1.840) 1.678 (1.129,2.495)

With cirrhosis 0.078 0.478
C-TACE-A Reference Reference

D-TACE-A 0.688 (0.454,1.043) 1.225 (0.699,2.148)

Without cirrhosis 0.003 0.001

C-TACE-A Reference Reference
D-TACE-A 2.137 (1.295,3.526) 3.422 (1.701,6.885)
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included patients and the different inclusion criteria. The 
mOS of patients given C-TACE-A in the current study was 
slightly higher than that observed in Kan et al’s study, 
which compared the efficacy of TACE-A to TACE alone 
for patients with advanced HCC using data from the same 
institution. This difference may be because Kan et al 
included patients with advanced HCC, whereas the current 
study focused on patients with unresectable HCC.21 Only 
one retrospective study has reported the efficacy of 
D-TACE-A for patients with HCC, and that study reported 
that the mOS, mPFS and DCR were 22 months (95% CI: 
20.2–23.9), 9.5 months (95% CI: 8.1–10.9), and 90.6% in 
the third month after the initial therapy.25 The mOS, 
mPFS, and DCR in that study were all higher than the 
mOS, mPFS, and DCR in the current one, possibly 
because the previous study included 18 patients (56.3%) 
with BCLC stage B, while the current study included 18 
(18.8%) patients with BCLC stage B, who received 
D-TACE-A.

The univariable regression showed that providing 
patients with D-TACE-A did not increase the mortality 
rate or tumor progression rate and the data were not 
included in the multivariable analysis, which showed that 
patients with unresectable HCC who received D-TACE-A 
had similar survival benefits compared with those who 
received C-TACE-A.

Previous studies showed that Child–Pugh classifica-
tion, BCLC stage, and presence of cirrhosis may influence 
survival.26–29 Thus, the subgroup analysis was conducted 
before PSM. An adjusted Cox proportional risk model was 
used to reduce the impact of potential confounding factors 
on the results. Patients with BCLC stage C or patients 
without cirrhosis who received D-TACE-A had a higher 
mortality rate than those who received C-TACE-A, which 
meant that C-TACE-A might be more suitable for 
advanced HCC patients without cirrhosis.

One study demonstrated that HCC patients receiving 
D-TACE experienced less post-operative pain compared 
with patients receiving C-TACE.7 In the current study, simi-
lar results were presented, as patients in the D-TACE-A 
group felt less pain of all grades or III and IV grades 
compared with patients in the C-TACE-A group. All patients 
with pain after TACE received symptomatic treatment and 
were relieved. There were no significant differences in 
TACE-related adverse events or drug-related adverse events 
between the groups, suggesting that D-TACE-A is safe for 
patients with unresectable HCC.

There were some limitations apparent in this study. 
Firstly, this was a retrospective study, which can lead to 
selection bias; however, PSM was conducted to reduce the 
risk of selection bias. Secondly, there was a small sample 
of patients of BCLC stage B, which might have influenced 
the subgroup analysis. Thus, we hope future studies can be 
conducted that include more patients to verify the results 
of this study.

Conclusions
The study showed that advanced HCC patients without 
cirrhosis obtain more survival benefits from C-TACE-A 
than C-TACE-A, providing new evidence for clinicians 
when choosing suitable treatments for patients with unre-
sectable HCC.

Data Deposition and Data Sharing
The data used in the study are available from the corre-
spondence author on reasonable request.
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