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Abstract

Background This study aimed to assess the efficacy and safety of transarterial chemoembolization (TACE) in combi-
nation with apatinib (TACE-apatinib) for patients with unresectable hepatocellular carcinoma (HCC).

Methods This study was a multicenter, randomized, open-label, prospective, phase lll trial. Patients with unresect-
able HCC were randomly assigned in a 1:1 ratio to receive either TACE-apatinib or TACE-alone treatment. Patients

in the TACE-apatinib group began with a dosage of 500 mg/day of oral apatinib administered 4 days after the first
TACE. The primary endpoint of this study was progression-free survival (PFS). The secondary endpoints included over-
all survival (OS), objective response rate (ORR), disease control rate (DCR), time to untreatable (unTACEable) progres-
sion (TTUP), and safety assessment.

Results From November 1, 2018 to November 18, 2021, a total of 196 patients were randomly assigned to either the
TACE-apatinib (n=86) or TACE-alone (n=92) group. The median PFS in the TACE-apatinib group was significantly
longer than that of in the TACE-alone group (6.1 months vs. 3.4 months, p <0.0001). The median OS was significantly
prolonged in the TACE-apatinib group compared to the TACE-alone group (28.9 months vs. 24.0 months, p=0.0005).
The median TTUP in the TACE-apatinib group was 26.8 months, which was significantly longer than that of 20.1
months in the TACE-alone group (p=0.0003). A significantly higher ORR and DCR were observed in the TACE-apatinib
group compared to the TACE-alone group (ORR: 58.1% vs. 31.5%, p < 0.001; DCR: 87.2% vs. 69.6%, p=0.004). Most

of the treatment-related adverse events were grades 1-2, and no treatment-related deaths were observed.
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Conclusions Apatinib significantly improved the treatment effects of TACE for patients with unresectable HCC. TACE-
apatinib could serve as a promising treatment option for this patient population, offering notable survival benefits

while maintaining an acceptable safety profile.

Trial registration Chinese Clinical Trial Register, No. ChiCTR1800018621.
Keywords Transarterial chemoembolization, Apatinib, Hepatocellular carcinoma, Progression free survival

Background

Hepatocellular carcinoma (HCC) accounted for approxi-
mately 90% of all cases of primary liver cancer and ranked
seventh in terms of morbidity among human cancers
[1, 2]. It represented the third leading cause of cancer-
related deaths [2]. Since transarterial chemoembolization
(TACE) had been shown to effectively prolong survival,
organizations such as the Barcelona Clinic Liver Cancer
(BCLC) [3], the American Association for the Study of
Liver Diseases (AASLD) [4], the European Association
for the Study of the Liver [5], and the Asian Pacific Asso-
ciation for the Study of Liver [6] recommended TACE as
the standard treatment for intermediate-stage (BCLC-B)
HCC. Additionally, TACE was used as a first-line therapy
for BCLC stage C HCC without extrahepatic metastasis
(China liver cancer staging IIla stage) in China [7]. Due
to the high incidence of postoperative recurrence, multi-
ple sessions of TACE were typically administered. How-
ever, repetitive TACE procedures could contribute to
the decline in liver function, consequently leading to a
poorer prognosis [8]. In addition, TACE-induced tumor
hypoxia elevated the expression of angiogenic factors,
including vascular endothelial growth factor (VEGEF)
and platelet-derived growth factor (PDGF), leading to an
increased tumor angiogenesis after TACE [9-11]. These
findings suggested that blocking VEGF receptor could
suppress the post-TACE surge of relevant proangiogenic
factors. In 2020, a randomized, multicenter trial (TAC-
TICS) reported that TACE plus sorafenib (a multikinase
inhibitor) significantly improved progression-free sur-
vival (PES) (progression here in referred to untreatable
tumor progression) in patients with unresectable HCC
compared with TACE alone [12]. Therefore, TACE in
combination with antiangiogenic therapy may promise to
be a strategy of improving the outcomes in patients with
unresectable HCC.

Apatinib (Jiangsu Hengrui Pharmaceuticals Co., Ltd.,
China), a new small-molecule tyrosine kinase inhibi-
tor, inhibits tumor angiogenesis by targeting vascu-
lar endothelial growth factor receptor-2 (VEGEFR-2).
Compared to sorafenib, apatinib has a significantly
higher affinity for VEGFR-2 [13]. Preliminary studies
have reported that apatinib achieves a higher objective
response rate (ORR) in patients with advanced HCC
compared to sorafenib [13].

The AHELP trial [14] showed that apatinib significantly
improved the overall survival (OS) of HCC patients as
a second-line therapy as compared with placebo (8.7
months vs. 6.8 months, p=0.048). Furthermore, a small-
sized randomized controlled trial [15] and several retro-
spective control studies [16—19] report that the combined
therapy of TACE with apatinib (TACE-apatinib) yielded a
more favorable survival and a significantly higher tumor
response with unresectable HCC when compared to
TACE alone, and it was also safe for these patients. These
results suggested that TACE-apatinib might be an effec-
tive and safe therapeutic choice for patients with unre-
sectable HCC. Therefore, it is necessary to conduct a
large-scale clinical trial to further verify these findings.

Current guidelines lack a clear recommendation on the
use of TACE in combination with antiangiogenic therapy
for unresectable HCC. In this study, we conducted a mul-
ticenter, randomized, open-label, prospective, phase III
trial to assess the efficacy and safety of TACE-apatinib
and compared it with TACE alone in patients with unre-
sectable HCC. The findings from this trial may help fill
the existing evidence gap regarding the role of TACE in
combination with antiangiogenic therapy for unresect-
able HCC.

Methods

Study design and participants

This multicenter, randomized, open-label, prospec-
tive, phase III trial spanned from November 1, 2018
to November 18, 2021, was conducted at 15 hospi-
tals in China (Chinese Clinical Trial Register, No.
ChiCTR1800018621). The trial protocol was approved
by the ethics committee of all participating centers. All
patients provided a written informed consent before
inclusion.

Patients with unresectable HCC were eligible for inclu-
sion if they satisfied the following criteria: (1) patients
were diagnosed with HCC by pathological examination
or according to AASLD criteria; (2) aged 18—80 years; (3)
having a life expectancy of at least 12 weeks; (4) BCLC
stage B or stage C disease; (5) Eastern Cooperative Oncol-
ogy Group (ECOG) performance status being 0 or 1; (6)
Child—Pugh scores <7 points; (7) having a history of <2
TACE procedures; and (8) having the satisfactory blood,
renal, and hepatic function parameters (hemoglobin >90
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g/L, white blood cell count>1.5x10°/L, platelet
count>60x 10°/L, serum creatinine < 1.5 upper limit of
normal [ULN], serum albumin>29 g/L, bilirubin <50
umol/L, ALT and AST <5 ULN). Patients were excluded
if they had (1) main portal vein obstruction; (2) extrahe-
patic metastasis; (3) been preparing for liver transplan-
tation; (4) an abnormal coagulation function (INR>1.5
ULN or prothrombin time > ULN +4 s); (5) a tumor bur-
den>70%; (6) a history of allergy to any component of
apatinib; and (7) received radiotherapy, chemotherapy, or
other molecularly targeted therapies. Full lists of inclu-
sion and exclusion criteria can be found in the protocol.

Randomization and masking

Patients were randomly assigned to receive either TACE-
apatinib or TACE alone at a 1:1 ratio using a computer-
ized minimization technique. The assigned patients were
stratified by BCLC stage (B versus C). Subsequently,
patients were assigned to each group using stratified
block randomization with a block size of four. Ran-
dom measure stratification factors were unchanged.
Patients and investigators were not masked to treatment
allocation.

Treatment protocol

In the TACE-apatinib group, patients initiated treatment
with oral apatinib at a dose of 500 mg/day, starting 4 days
after the first TACE procedure. Apatinib was discontin-
ued 2 days before and 3 days after each TACE procedure.
TACE procedures in both groups involved intra-arterial
injection of lipiodol (<20 mL) plus epirubicin (<60
mg) via the hepatic artery, followed by injection of gela-
tin sponge particles to interrupt the flow of blood. For
patients who were HBsAg-positive with a HBV DNA
level >10* IU/mL, antiviral treatment was administered
for 1 to 2 weeks, and TACE was performed until the
HBV DNA level was lowered. After tumor progression,
patients could receive secondary treatments. For patients
in the TACE-alone group, if their tumors were suit-
able for TACE treatment, they received repeated-TACE
treatment as needed, and oral sorafenib or lenvatinib
treatment was added. For patients in the TACE-apat-
inib group, oral apatinib treatment was changed to oral
sorafenib or lenvatinib treatment, and TACE treat-
ment were repeated if patients were suitable for TACE
treatment.

Tumor status was assessed locally by investigators
in accordance with the modified Response Evaluation
Criteria in Solid Tumors (mRECIST). The first local
radiological assessment was conducted at baseline, and
subsequent images were obtained 4—6 weeks after TACE.
If a complete response (CR) was achieved, the radio-
graphic follow-up would be done every 2-3 months.
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However, if the initial response to the treatment was not
CR, the radiographic examinations were performed every
4—6 weeks and timely treatment of TACE would be given.
The treatment would be terminated, if the following took
place: withdrawal of consent, toxicity intolerance, disease
progression, or some other specified reasons. To manage
adverse events associated with apatinib, dose interrup-
tions and reductions were permitted. The dose of apat-
inib could be reduced stepwise from 500 to 250 mg/day
and then to 0 mg/day. Once adverse events subsided or
disappeared, the dose was incrementally adjusted to 500
mg/day.

Study endpoints

The primary endpoint was progression-free survival
(PFS), which was defined as the time from the rand-
omization to disease progression or death of any cause.
The secondary endpoints included overall survival (OS),
defined as the time from randomization to death of any
cause; ORR, defined as the percentage of patients achiev-
ing complete response (CR) and partial response (PR);
disease control rate (DCR), defined as the percentage
of patients achieving CR, PR, and stable disease (SD);
safety assessment; and time to untreatable (unTACE-
able) progression (TTUP), defined as the duration from
randomization to the point at which patients were con-
sidered unsuitable for further TACE treatment, includ-
ing liver function of patients deterioration to Child—Pugh
grade C, tumor size of patients exceeding 70% of the liver
volume, patients with complete thrombosis of the main
portal vein, patients with tumor extrahepatic metastasis,
patients with an ECOG score >2 points, and the tumor
progression of patients to the TACE refractoriness [20].
Adverse events were assessed by investigators and graded
according to the National Cancer Institute Common
Toxicity Criteria for Adverse Events (NCI-CTCAE, ver-
sion 4.0).

Statistical analysis

Efficacy and safety analyses were conducted in all
patients who had received at least one session of TACE-
apatinib treatment in the TACE-apatinib group or one
session of TACE treatment in the TACE-alone group.
The sample size was calculated based on the assumption
of a median PFS of 4.5 months in the TACE-alone group
and 7.0 months in the TACE-apatinib group, the data of
which were calculated and estimated from unresectable
HCC patients treated with TACE-apatinib or TACE in
our center before October 2018 [17]. On the basis of a
two-sided stratified log-rank test at a significance level of
a=0.05, 161 PFS events were required for the analysis to
detect the difference in PFS between the two groups with
a power of 80% (8=0.2). Assuming a 20% dropout rate,
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280 patients should be recruited. The primary outcome
of PFS and the secondary outcome of OS were estimated
by examining differences between the TACE-apatinib
group and TACE-alone group with a stratified log-rank
test. A p value less than 0.05 was considered statisti-
cally significant. PFS and OS were evaluated by employ-
ing Kaplan—Meier method. The hazard ratio (HR) was
estimated by utilizing a stratified Cox regression model.
The baseline characteristics of patients, ORR, DCR, and
safety were compared between the two groups using the
X° test, Fisher exact test, or a Student’s t-test as appro-
priate. The statistical analyses were performed using the
SAS 9.4 software package (SAS Institute, Cary, NC) or
SPSS (version 26, Chicago, IL, USA).

Results

Patient characteristics

Between November 1, 2018 and November 18, 2021,
196 patients were randomly assigned to receive either
TACE-apatinib (n=86) or TACE-alone treatment
(n=92) (Fig. 1), and the two groups were compared in
terms of efficacy and safety. The baseline characteristics
of patients between the two groups were well balanced
(Table 1). However, due to slow enrollment resulting
from the COVID-19 pandemic and the update of BCLC
guidelines in the treatment of unresectable HCC [3], the
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recruitment was closed before reaching the intended
sample size of 280 patients. The data analysis was per-
formed in advance.

Efficacy outcomes

As the time of data cutoff on November 30, 2023, 65
patients (75.6%) in the TACE-apatinib group and 87
patients (94.6%) in the TACE-alone group had died. The
median follow-up duration of this study was 25.7 months.
The total number of PES events was 169, surpassing the
preset requirement of 161 events, thereby meeting the
statistical target for analysis. The median PFS was sig-
nificantly improved with therapy of TACE-apatinib as
compared to TACE alone (6.1 months [95% CI 4.5-7.3]
vs. 3.4 months [95% CI 2.8—4.0]; HR 0.45 [95% CI 0.33—
0.63]; two-sided p<0.0001) (Fig. 2). The median OS was
significantly prolonged with TACE-apatinib treatment
in comparison with TACE alone (28.9 months [95% CI
18.6—37.1] vs. 24.0 months [95% CI 17.1-27.1]; HR 0.55
[95% CI 0.40-0.77]; two-sided p=0.0005) (Fig. 3). After
deleting the crossover-treated patients, the median OS
in the TACE-apatinib group was also significantly longer
than that of in the TACE-alone group (31.4 months [95%
CI, 21.9-40.9] vs. 24.0 months [95% CI, 18.1-27.9];
HR 0.53 [95% CI, 0.38-0.74]; two-sided p=0.001). The
median TTUP in the TACE-apatinib group was also

| 196 patients randomly assessed |

l

| 92 assigned to TACE-Apatinib group |

6 withdrew consent and
did not receive treatment

| 86 received TACE-Apatinib treatment |

83 discontinued treatment
30 disease progression
16 withdrawal by patient
15 patient lost to follow-up
7 unknown
6 death from any cause
5 adverse events
4 protocol violation

3 continued treatment I

86 included in FAS population
86 included in safety set

| 104 assigned to TACE alone group |

12 withdrew consent and
did not receive treatment

| 92 received TACE treatment |

90 discontinued treatment
45 disease progression
16 withdrawal by patient
13 patient lost to follow-up
6 death from any cause
S unknown
4 protocol violation
1 adverse event

2 continued treatment I

92 included in FAS population
92 included in safety set

Fig. 1 Patient flow chart (consort diagram). TACE, transarterial chemoembolization; FAS, full analysis set
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Table 1 The baseline characteristics of patients in the two groups
TACE-apatinib group (n=86) TACE alone (n=92) p
Sex, n (%) 0.130
Male 77 (89.5) 75(81.5)
Female 9(10.5) 17 (18.5)
Age (years), mean +SD 5274115 529+10.1 0.105
Eastern Cooperative Oncology Group performance status, n (%) 0.494
0 48 (55.8) 56 (60.9)
1 38 (44.2) 36 (39.1)
Barcelona Clinic Liver Cancer stage, n (%) 0.992
B 42 (48.8) 45 (48.9)
C 44 (51.2) 47 (51.1)
Child-Pugh class, n (%) 0.298
A (5-6) 75(87.2) 75(81.5)
B(7) 11(12.8) 17 (18.5)
Etiology, n (%) 0.297
Hepatitis B 44 (51.2) 49 (53.3)
Hepatitis C 0 3(33)
Others? 42 (48.8) 40 (43.5)
a-Fetoprotein concentration, n (%) 0.201
<400 ng/mL 36 (41.9) 48 (52.2)
>400 ng/mL 49 (57.0) 44 (47.8)
Missing 1(1.2) 0
Prior TACE, n (%) 0.707
0 49 (57.0) 58 (63.0)
1 29(33.7) 27 (29.3)
2 8(9.3) 7(7.6)
Cirrhosis, n (%) 0.594
No 35 (40.7) 31(33.7)
Yes 45 (52.3) 55(59.8)
Unknown 6(7.0) 6 (6.5
Albumin, n (%) 0.729
>29and<35g/L 8(9.3) 10 (109
>35g/L 78 (9.1) 82 (89.1)
Mild ascites, n (%) 0481
No 67 (77.9) 68 (73.9)
Yes 18 (20.9) 24 (26.1)
Unknown 1(1.2) 0

SD Standard deviation, TACE Transarterial chemoembolization

2 Includes alcoholic liver disease, autoimmune liver disease, and various additional etiologies

significantly longer than that of in the TACE-alone group
(26.8 months [95% CI 17.2-36.2] vs. 20.1 months [95%
CI 13.2-22.2]; HR 0.53 [95% CI 0.37-0.75]; two-sided
p=0.0003) (Additional file 1: Fig. S1). As shown in Addi-
tional file 2: Table S1, a significantly higher ORR and
DCR were observed in the TACE-apatinib group com-
pared with the TACE-alone group (ORR: 58.1% vs. 31.5%,
p<0.001; DCR: 87.2% vs. 69.6%, p=0.004).

For patients in the TACE-alone group, 86 patients
received repeated-TACE treatments, 30 patients received

sorafenib treatments, 56 patients received lenvatinib
treatments, and 6 patients refused further treatments
after tumor progression. For patients in the TACE-apat-
inib group, 82 patients received repeated-TACE treat-
ments, 29 patients received sorafenib treatments, 53
patients received lenvatinib treatments after tumor pro-
gression, and 4 patients refused further treatments after
tumor progression. The PFS rate at 1 year in the TACE-
apatinib group was significantly higher than that of in the
TACE-alone group (26.7% vs. 5.4%, p<0.001). The OS
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A Median progression-free
survival (95% Cl), months ~ Number of events
TACE alone 3.4 (2.8, 4.0) 91
(n=92)
100 TACE-Apatinib 6.1 (4.5,7.3) 78
1 (n=86)  HR0.45(95% CI0.33-0.63); p<0.0001
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Groups TACE alone  TACE-Apatinib Hazard Ratio (%95 CI)
group (n/N)  group (n/N)

Qverall 9102 78/86 - 0.45(0.33,0.63)
Gender

Female 1717 89 —_— 0.34(0.13,0.90)

Male 7475 7077 —-— 0.45(0.31,063)
ECOGPS

0 5556 44/48 —— 052(034,0.79)

1 3636 34138 - 035(0.21,058)
BCLC stage

B 37142 —-— 040(0.24,066)

C 47/47 41/44 ——— 050(0.32,0.77)
Child-Pugh score

A56 7475 7075 —-— 046 (0.32,065)

B7 1717 L2 —_— 055 (024,1.30)
HBV or HCV infectior

HBV positive 49049 3044 - 037 (0:23059)

Other 3940 3042 —— 058(037,092)
afetoprotein concen

<400 ng/mL. 47/48 3036 —-— 0.42(0.26,0.70)

2400 ng/mL 4444 47149 —-— 045 (029,0.70)
TACE history

0 5858 45/49 —-— 039(026059)

1 2727 27129 —— 052(029093)
2 7 &8 —_— 055(0.15,1.97)
Cirrhosis

No 3031 33735 —- 0.44(0250.77)
Yes 55555 30145 —-— 0.43(0.28,066)
Ascites
No 67568 61/67 —--— 041(028059)
Yes 2424 16118 —_— 060(030,1.19)
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Favours TACE-Apatinib  Favours TACE alone

Fig. 2 Kaplan-Meier curve (A) and forest plot (B) of progression-free survival for patients in the TACE-apatinib group and TACE-alone group. TACE,
transarterial chemoembolization; TACE-apatinib, TACE combined with apatinib
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Fig. 3 Kaplan-Meier curve (A) and forest plot (B) of overall survival for patients in the TACE-apatinib group and TACE-alone group. TACE,
transarterial chemoembolization; TACE-apatinib, TACE combined with apatinib

rate at 2 years was similar between the two groups (58.1%
vs. 50.0%, p=0.276), and the OS rates at 3 and 4 years in
the TACE-apatinib group were significantly higher than
those of in the TACE-alone group (3 years: 43.0% vs.
18.5%, p<0.001; 4 years: 22.1% vs. 7.3%, p =0.006).

Safety outcomes
At least one treatment-emergent adverse event (TEAE)
occurred in 67 (77.9%) of 86 patients in the TACE-apat-
inib group and in 59 (64.1%) of 92 patients in the TACE-
alone group. Among patients in the TACE-apatinib
group, dosage interruption due to TEAEs occurred in
19 (22.1%) of 86 patients, while 15 (17.4%) of 86 patients
experienced a dosage reduction because of a TEAE
(Additional file 3: Table S2).

As shown in Table 2, the treatment-related adverse
events (TRAEs) of all grades were observed in 65

(75.5%) of 86 patients in the TACE-apatinib group,
with grades 1-2 occurring in 50 patients (58.1%)
and grade>3 in 15 patients (17.4%). In the TACE-
alone group, TRAEs were observed in 54 (58.7%) of
92 patients, with grades 1-2 observed in 43 patients
(46.7%) and grade>3 in 11 patients (12.0%). Three
patients of grade 4 adverse events were observed in
each group. No treatment-related deaths occurred in
either group. Apatinib-related TRAEs included hand-
foot skin reaction, hypertension, fatigue, proteinuria,
diarrhea, oral ulcer, and decreased appetite. The post-
treatment liver function profiles revealed no statisti-
cally significant differences between the two groups.
Additionally, five patients in the TACE-apatinib group
and one patient in the TACE-alone group discontinued
or withdrew treatment due to adverse events.



Kan et al. BMC Medicine (2025) 23:313 Page 7 of 10
Table 2 Treatment-related adverse events

TACE-apatinib (n=86) TACE alone (n=92) p

n (%) n (%)

Grades 1-2 Grade>3 Grades 1-2 Grade>3
Any events 0(58.1) 15(17.4) 43 (46.7) 11(12.0) 0.017
Pain 7 (43.0) 3(3.5) 39 (42.4) 0.684
Vomit 24 (27.9) 2(23) 25 (27.2) 3(33) 0.977
Hand-foot skin reaction 24 (27.9) 2(23) 0 0 <0.001
Nausea 24 (27.9) 1(1.2) 26 (28.3) 3(33 0.722
Fever 20(23.3) 2(23) 32(34.8) 222 0.102
Hypertension 20(23.3) 2(2.3) 101.1) 1011 <0.001
Fatigue 20 (23.3) 1(1.2) 2(2.2) 0 <0.001
Decreased platelet count 2(14.0) 1(1.2) 5(54) 3(3.3) 0.185
Increased aspartate aminotransferase 1(12.8) 2(23) 5(5.4) 1001.1) 0.064
Increased alanine aminotransferase 0(11.6) 1(1.2) 5(54) 0 0.086
Proteinuria 8(9.3) 2(2.3) 1(1.1) 1(1.1) 0.012
Increased blood bilirubin 8(9.3) 2(2.3) 5(54) 1(1.1) 0.234
Increased gamma (y)-glutamyl transferase 8(9.3) 1(1.2) 6 (6.5) 1(1.1) 0.506
Diarrhea 8(9.3) 1(1.2) 0 0 <0.001
Hypoalbuminemia 8(9.3) 0 6 (6.5) 0 0434
Abdominal distension 7(8.1) 1(1.2) 2(2.2) 0 0.032
Decreased appetite 7(8.1) 1(1.2) 1(1.1) 0 0.025
Oral ulcer 5(5.8) 101.2) 0 0 0.026
Decreased white blood cell 5(5.8) 0 1(1.1) 1(1.1) 0.335

Discussion

The present study represents the first randomized phase
III trial to compare TACE-apatinib with TACE alone in
terms of the efficacy and safety in patients with unresect-
able HCC. In this study, we observed that TACE-apat-
inib treatment was associated with a significantly longer
median PFS and median OS as compared to TACE alone.
The benefit in PFS was consistent across various patient
subgroups. The median TTUP was significantly pro-
longed in the TACE-apatinib group compared with the
TACE-alone group. These results strongly suggested that
TACE plus apatinib is more effective than TACE alone in
controlling intrahepatic tumors and improving patients’
survival. Besides, patients with unresectable HCC may
obtain survival benefits from the treatment of TACE with
early combination of apatinib, which may be the main
reasons for the differences of median OS and median PFS
observed between the two groups in our study.

The combination of TACE with antiangiogenic therapy
presents a promising treatment approach for patients
with unresectable HCC. The TACTICS trial [12], a ran-
domized, multicenter, prospective study conducted in
patients with unresectable HCC who were not candidate
for resection or ablation, reported that the combined use
of TACE with sorafenib resulted in a significantly pro-
longed median PFS based on unTACEable progression

(25.2 months vs. 13.5 months, p=0.006) and median
TTUP (26.7 months vs. 20.6 months, p=0.02) compared
with TACE alone. The results of our study further con-
firmed the efficacy of TACE plus antiangiogenic therapy,
exhibiting clinical benefits for patients with unresectable
HCC. The prolonged TTUP in the TACE-apatinib group
suggests that the combination therapy may help pre-
serve liver function by delaying TACE refractoriness. By
extending the period during which TACE remains effec-
tive, patients may experience better disease control and
prolonged survival without a significant deterioration in
liver function.

Vascular endothelial growth factor (VEGF) signal-
ing is important in angiogenesis and has been identi-
fied as an effective therapeutic target in diverse cancer
types, including HCC [21]. Among the VEGF recep-
tors, VEGFR-2 was considered the main receptor, and
VEGER-2 activation promoted endothelial cell mitogen-
esis and vascular permeability [21]. A randomized phase
III trial [22], brivanib (a VEGFR-2 inhibitor) as adjuvant
therapy to TACE in patients with HCC, showed brivanib
significantly improved time to extrahepatic spread or
vascular invasion and time to radiographic progression.
The results of our study confirmed that the VEGFR-2
inhibitors could improve the effect of TACE on unresect-
able HCC.
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The China liver cancer (CNLC) staging system recom-
mended TACE as the first-line therapy for BCLC stage B
HCC, and its indications were extended to BCLC stage C
HCC without extrahepatic metastasis (CNLC IIla HCC)
[7]. Moreover, TACE has long been used in East Asian
countries beyond China for the treatment of tumors con-
fined within the liver with microvascular invasion (MVI)
that would benefit from local therapy. The Japan Soci-
ety of Hepatology (JSH) consensus recommends TACE
for select patients with minor vascular invasion and for
Child-Pugh class C patients (aged <65 years) who meet
the Milan criteria (a single tumor up to 5 cm in diameter,
or with<3 tumors up to 3 cm in diameter) [23]. Simi-
larly, the 2022 Korean Liver Cancer Association (KLCA)-
National Cancer Center (NCC) guidelines recommended
TACE treatment for patients with portal vein invasion,
intrahepatic localized tumors, and well-preserved liver
function [24]. Previous studies [25-27] have also shown
significant survival benefits from TACE in patients with
BCLC stage C HCC. In view of these, in the present
study, BCLC stage C HCC patients without extrahepatic
metastasis and tumor thrombus in the main portal vein
treated with TACE-apatinib and those in the control
group received TACE-alone treatment. Additionally,
the modified RECIST criteria were used for treatment
assessment over a relatively short duration. If tumor pro-
gression occurred in TACE-alone group or TACE-apat-
inib group, patients had an option to promptly initiate
the systemic treatment with oral sorafenib or lenvatinib.
Subgroup analysis demonstrated that patients with both
BCLC stage B and C benefited from TACE-apatinib, as
indicated by the subgroup analyses of PFS and OS. These
findings suggest that the combination of TACE with
apatinib may serve as an effective treatment strategy for
BCLC-B and C stages of unresectable HCC.

In this study, apatinib was tolerated by most patients,
and the related adverse events were acceptable for
patients with unresectable HCC. These events included
hand-foot skin reaction, hypertension, fatigue, proteinu-
ria, diarrhea, oral ulcer, and decreased appetite, predomi-
nantly of grade 1 or 2. The symptoms could be mitigated
or fully resolved through dose reduction or symptomatic
treatments. In the TACE-apatinib group, the adverse
events were well-tolerated, and there were no reports
of new safety signals. These results demonstrated that
apatinib did not increase the incidence of TACE-related
adverse events. Moreover, no significant statistical dif-
ferences were observed in serum elevation of hepatic
enzymes or hyperbilirubinemia between the two groups,
indicating that apatinib did not significantly impact liver
function when it was used in combination with TACE.
Overall, our results demonstrate that TACE-apatinib is
safe for patients with unresectable HCC.
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Our study is subject to some limitations. Firstly, the
COVID-19 pandemic and the update of BCLC guide-
lines in the treatment of unresectable HCC resulted in
the enrollment of fewer patients than planned. Secondly,
only Chinese patients were included, and additional stud-
ies involving more diverse geographic populations are
necessary to further validate our findings. Thirdly, despite
not achieving the planned sample size, the trial met the
required number of PFS events, ensuring statistical reli-
ability. However, the reduced enrollment may still limit
the generalizability of the findings.

Conclusions

In conclusion, TACE-apatinib is a safe and effective treat-
ment for patients with unresectable HCC, offering signif-
icant improvements in survival outcomes compared with
TACE-alone treatment, with an acceptable safety profile.
This combination therapy could serve as a promising
treatment option for this patient population.

Abbreviations

AASLD American Association for the Study of Liver Diseases

ALT Alkaline phosphatase

AST Aspartate aminotransferase

BCLC Barcelona Clinic Liver Cancer

CNLC China liver cancer

CR Complete response

DCR Disease control rate

ECOG Eastern Cooperative Oncology Group

HBV Hepatitis B virus

HBsAg Hepatitis B surface antigen

HCC Hepatocellular carcinoma

HR Hazard ratio

JSH Japan Society of Hepatology

KLCA Korean Liver Cancer Association

mRECIST Modified Response Evaluation Criteria in Solid Tumors

MVI Microvascular invasion

NCC National Cancer Center

NCI-CTCAE National Cancer Institute Common Toxicity Criteria for
Adverse Events

ORR Objective response rate

oS Overall survival

PDGF Platelet-derived growth factor

PFS Progression free survival

PR Partial response

SD Stable disease

TACE Transarterial chemoembolization

TACE-apatinib ~ The combination of TACE with apatinib

TEAE Treatment-emergent-related adverse event

TRAE Treatment-related adverse events

ULN Upper limit of normal
VEGF Vascular endothelial growth factor
VEGFR-2 Vascular endothelial growth factor receptor-2

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512916-025-04159-y.

Additional file 1: Fig. S1 Kaplan-Meier curve of time to unTACEable pro-
gression for patients in the TACE-apatinib group and TACE-alone group.
TACE, transarterial chemoembolization; TACE-apatinib, TACE combined
with apatinib.



https://doi.org/10.1186/s12916-025-04159-y
https://doi.org/10.1186/s12916-025-04159-y

Kan et al. BMC Medicine (2025) 23:313

Additional file 2: Table ST The best tumor response after treatments.
Additional file 3: Table S2 Summary of adverse events.

Additional file 4.

Additional file 5.

Acknowledgements

We thank all the patients who participated in this study and their families.

We also thank Professor Jing Wu (Department of Epidemiology and Health
Statistics, School of Public Health, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China) for his or her assistance in statistical
analysis.

Authors’ contributions

CSZ, XFK, BL, XLZ, CZ, and MH conceived and designed the study; XFK, BL,
XLZ, LY, YCL, SZ, RBL, GHX, HLL, ZYL, HX, WL, LFX, YLM, XWX, KQ, XJD, FX, SLS,
CZ, and MH enrolled patients and collected the data; XFK, BL, and CSZ ana-
lyzed the data; All authors participated in data interpretation and manuscript
development; All authors approved the final version to be submitted.

Funding

This study was supported by the grants of National Natural Science Founda-
tion of China (No. 82372069, No. 82072041, and No. 81873919), Science

and Technology Development Foundation Research Fund of Academician
Xiaoping Chen for Hepatobiliary and Pancreatic Malignant Tumor (CXP-
JJH11800001-2018102), and the Outstanding Youth Foundation of Hubei
Province, China (2023 AFA107). The funding sources had no role in the writing
of the report, or the decision to submit the paper for publication.

Data availability
The data that support the findings of this study are available by contacting the
corresponding authors.

Declarations

Ethics approval and consent to participate

This multicenter, randomized, open-label, prospective, phase Ill trial was car-
ried out in accordance with the principles of the Declaration of Helsinki. The
trial protocol was approved by the ethics committee of all participating cent-
ers (No. 5249-1). All the patients provided a written informed consent before
inclusion. This study was registered with the Chinese Clinical Trial Register
(Number: ChiCTR1800018621).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Radiology, Union Hospital, Tongji Medical College, Huazhong
University of Science and Technology, Wuhan 430022, China. ?Department

of Interventional Radiology, The First College of Clinical Medical Science,
Yichang Central People’s Hospital, China Three Gorges University, Yichang,
Hubei, China. *Department of Interventional Radiology, Guangxi Zhuang
Autonomous Region People’s Hospital, Nanning, China. “Department of Cath-
eter Intervention, First Affiliated Hospital of Guangxi, University of Traditional
Chinese Medicine, Nanning, China. >Department of Interventional Radiol-
ogy, The Affiliated Cancer Hospital of Guizhou Medical University, Guiyang,
China. °Department of Interventional Radiology, The Affiliated Hospital

of Guizhou Medical University, Guiyang, China. ' Department of Interven-
tional Radiology, Harbin Medical University Cancer Hospital, Harbin, China.
8Department of Interventional Radiology, School of Medicine, Sichuan
Cancer Hospital and Institute, Sichuan Cancer Center, University of Electronic
Science and Technology of China, Chengdu, China. Department of Radiol-
ogy and Intervention, The Affiliated Tumor Hospital of Zhengzhou University
and Henan Cancer Hospital, Zhengzhou, China. mDepartmem of Abdominal
Oncology, West China Medical School, West China Hospital, Sichuan University,

Page 9 of 10

Chengdu, China. "' Department of Interventional Radiology and Vascular
Surgery, Hunan Provincial People’s Hospital, Changsha, China. '?Department
of Interventional Medicine, The Sixth Medical Center of Chinese PLA General
Hospital, Beijing, China. >Department of Interventional Radiology, Sun Yat-Sen
Memorial Hospital, Sun Yat-Sen University, Guangzhou, China. "*Department
of Interventional Radiology, Guangxi Medical University Cancer Hospital,
Guangxi Medical University, Nanning, China. '°Department of Minimally Inva-
sive International Therapy, The Third Affiliated Hospital of Kunming University,
Tumor Hospital of Yunnan Province, Kunming, Yunnan Province 650000, China.

Received: 6 June 2024 Accepted: 21 May 2025
Published online: 28 May 2025

References

1. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet.
2018;391(10127):1301-14.

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2021,71(3):209-49.

3. Reig M, Forner A, Rimola J, Ferrer-Fabrega J, Burrel M, Garcia-Criado A,
et al. BCLC strategy for prognosis prediction and treatment recommenda-
tion: the 2022 update. J Hepatol. 2022;76(3):681-93.

4. Heimbach JK, Kulik LM, Finn RS, Sirlin CB, Abecassis MM, Roberts LR, et al.
AASLD guidelines for the treatment of hepatocellular carcinoma. Hepa-
tology. 2018;67(1):358-80.

5. European Association for the Study of the Liver. EASL clinical practice
guidelines: management of hepatocellular carcinoma. J Hepatol.
2018;69(1):182-236.

6.  Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, et al. Asia-Pacific
clinical practice guidelines on the management of hepatocellular carci-
noma: a 2017 update. Hepatol Int. 2017;11(4):317-70.

7. Xie DY, Ren ZG, Zhou J, Fan J, Gao Q. 2019 Chinese clinical guidelines for
the management of hepatocellular carcinoma: updates and insights.
Hepatobiliary Surg Nutr. 2020;9(4):452-63.

8. Hiraoka A, Kumada T, Kudo M, Hirooka M, Koizumi'Y, Hiasa Y, et al. Hepatic
function during repeated TACE procedures and prognosis after introduc-
ing sorafenib in patients with unresectable hepatocellular carcinoma:
multicenter analysis. Dig Dis. 2017;35(6):602-10.

9. Wang B, Xu H, Gao ZQ, Ning HF, Sun YQ, Cao GW. Increased expression
of vascular endothelial growth factor in hepatocellular carcinoma after
transcatheter arterial chemoembolization. Acta Radiol. 2008;49(5):523-9.

10. Li X, Feng GS, Zheng CS, Zhuo CK, Liu X. Expression of plasma vascular
endothelial growth factor in patients with hepatocellular carcinoma
and effect of transcatheter arterial chemoembolization therapy on
plasma vascular endothelial growth factor level. World J Gastroenterol.
2004;10(19):2878-82.

11. Carmeliet P, Jain RK. Angiogenesis in cancer and other diseases. Nature.
2000;407(6801):249-57.

12. Kudo M, Ueshima K, Ikeda M, Torimura T, Tanabe N, Aikata H, et al. Ran-
domised, multicentre prospective trial of transarterial chemoemboliza-
tion (TACE) plus sorafenib as compared with TACE alone in patients with
hepatocellular carcinoma: TACTICS trial. Gut. 2020;69(8):1492-501.

13. He W, Liao L, Hu D, Li B, Wang C, Qiu J, et al. Apatinib versus sorafenib in
patients with advanced hepatocellular carcinoma: a preliminary study.
Annals of Translational Medicine. 2020;8(16):1000.

14. Qin'S,LiQ,Gu S, Chen X, Lin L, Wang Z, et al. Apatinib as second-line
or later therapy in patients with advanced hepatocellular carcinoma
(AHELP): a multicentre, double-blind, randomised, placebo-controlled,
phase 3 trial. Lancet Gastroenterol Hepatol. 2021,6(7):559-68.

15. LuW, Jin XL, Yang C, Du P, Jiang FQ, Ma JP, et al. Comparison of efficacy
between TACE combined with apatinib and TACE alone in the treatment
of intermediate and advanced hepatocellular carcinoma: a single-center
randomised controlled trial. Cancer Biol Ther. 2017;18(6):433-8.

16. Wang H, Liu D, Wang C,Yu S, Jin G, Wang C, et al. Transarterial chemoem-
bolization (TACE) plus apatinib-combined therapy versus TACE alone in
the treatment of intermediate to advanced hepatocellular carcinoma
patients: a real-world study. Clin Res Hepatol Gastroenterol. 2022;46(6):
101869.



Kan et al. BMC Medicine (2025) 23:313

20.

21.

22.

23.

24.

25.

26.

27.

Yang Z, Chen G, CuiY, Xiao G, SuT, Yu J, et al. The safety and efficacy of
TACE combined with apatinib on patients with advanced hepatocellular
carcinoma: a retrospective study. Cancer Biol Ther. 2019,20:321-7.

Kan X, Liang B, Zhou G, Xiong B, Pan F, Ren Y, et al. Transarterial chem-
oembolization combined with apatinib for advanced hepatocellular car-
cinoma: a propensity score matching analysis. Front Oncol. 2020;10:970.
Fan W, Yuan G, Fan H, Li FWu'Y, Zhao Y, et al. Apatinib combined with
transarterial chemoembolization in patients with hepatocellular carci-

noma and portal vein tumor thrombus: a multicenter retrospective study.

ClinTher. 2019;41(8):1463-76.

Kudo M, Izumi N, Kokudo N, Matsui O, Sakamoto M, Nakashima O, et al.
Management of hepatocellular carcinoma in Japan: consensus-based
clinical practice guidelines proposed by the Japan Society of Hepatology
(JSH) 2010 updated version. Dig Dis. 2011,29(3):339-64.

Apte RS, Chen DS, Ferrara N. VEGF in signaling and disease: beyond
discovery and development. Cell. 2019;176(6):1248-64.

Kudo M, Han G, Finn RS, Poon RT, Blanc JF, Yan L, et al. Brivanib as
adjuvant therapy to transarterial chemoembolization in patients with
hepatocellular carcinoma: a randomized phase il trial. Hepatology.
2014,60(5):1697-707.

Kudo M, Kawamura'Y, Hasegawa K, Tateishi R, Kariyama K, Shiina S,

et al. Management of hepatocellular carcinoma in Japan: JSH con-
sensus statements and recommendations 2021 update. Liver cancer.
2021;10(3):181-223.

Association KLC. 2022 KLCA-NCC Korea practice guidelines for

the management of hepatocellular carcinoma. Korean J Radiol.
2022,23(12):1126-240.

Chung GE, Lee JH, Kim HY, Hwang SY, Kim JS, Chung JW, et al. Transarte-
rial chemoembolization can be safely performed in patients with hepa-
tocellular carcinoma invading the main portal vein and may improve the
overall survival. Radiology. 2011;258(2):627-34.

Pinter M, Hucke F, Graziadei |, Vogel W, Maieron A, Konigsberg R, et al.
Advanced-stage hepatocellular carcinoma: transarterial chemoemboliza-
tion versus sorafenib. Radiology. 2012;263(2):590-9.

Kim KM, Kim JH, Park IS, Ko GY, Yoon HK, Sung KB, et al. Reappraisal of
repeated transarterial chemoembolization in the treatment of hepato-
cellular carcinoma with portal vein invasion. J Gastroenterol Hepatol.
2009;24(5):806-14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10



	Transarterial chemoembolization plus apatinib for unresectable hepatocellular carcinoma: a multicenter, randomized, open-label, phase III trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Study design and participants
	Randomization and masking
	Treatment protocol
	Study endpoints
	Statistical analysis

	Results
	Patient characteristics
	Efficacy outcomes
	Safety outcomes

	Discussion
	Conclusions
	Acknowledgements
	References


