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ABSTRACT

Obijective: This study was designed to compare the clinical efficacy and safety of transcatheter arterial
chemoembolization (TACE) combined with apatinib and TACE alone in the treatment of intermediate and
advanced hepatocellular carcinoma (HCC). Methods: From March 2015 to August 2015, a total of 44
patients with moderate and advanced HCC, who were admitted in the Navy General Hospital of China,
were included into this study. These patients were randomly divided into 2 groups: group A and group B.
Patients in group A underwent TACE alone, while patients in group B underwent the combined treatment
of TACE with apatinib. Differences in preoperative general data between these 2 groups were not
statistically significant (P > 0.05). All patients were followed up for 12-18 months. Changes in «-fetal
protein (AFP) at 3 months after treatment and the objective response rate (ORR) at 3, 6, 9 and 12 months
after treatment were compared between these 2 groups. Furthermore, progression-free survival (PFS) and
the incidence of adverse reactions were also compared between these 2 groups. Results: AFP levels in
groups A and B significantly decreased after 3 months of treatment, compared with the levels before
treatment, and the differences were statistically significant (P < 0.05). However, at 3 months after
treatment, the difference between these 2 groups was not statistically significant (P > 0.05). ORR at 3, 6, 9
and 12 months after treatment was 36.36%, 27.27%, 13.64% and 9.09%, respectively, in group A; and 60%,
50%, 45% and 35%, respectively, in group B. At 3 and 6 months after treatment, the differences between
these 2 groups were not statistically significant (P > 0.05); while at 9 and 12 months after treatment, the
differences between these 2 groups were statistically significant (P < 0.05). The median PFS was
6.0 months in group A and 12.5 months in group B, and the difference was statistically significant
(P < 0.05). The incidences of complications were related to oral apatinib, such as hypertension, hand-foot
syndrome and proteinuria, were higher in group B than in group A, and the differences were statistically
significant (P < 0.05). These symptoms all alleviated after symptomatic treatments. Conclusions: For
intermediate and advanced HCC, the long-term curative effect of TACE combined with apatinib is better
than that of TACE alone. The former can obviously prolong the PFS of patients and has a confirmed safety.

ARTICLE HISTORY
Received 13 January 2017
Revised 10 March 2017
Accepted 23 April 2017

KEYWORDS

Adverse reactions; apatinib;
hepatocellular carcinoma;
transcatheter arterial
chemoembolization

Introduction

Primary hepatocellular carcinoma (HCC) is one of the most
common malignant tumors in the world, and is the second
cause of cancer-related deaths." According to the Barcelona
Clinic Liver Cancer (BCLC) clinical staging system, the stan-
dard treatment of HCCs in BCLC stages B and C are transcath-
eter arterial chemoembolization (TACE) and oral sorafenib.?
Sorafenib is the first molecular targeted drug approved for the
treatment of liver cancer. However, its therapeutic effect is lim-
ited; and no other alternative therapy can work once drug resis-
tance occurs. Vascular endothelial growth factor receptor
(VEGFR)-2 is closely associated to the occurrence of liver can-
cer. Apatinib mesylate is a novel VEGFR-2 inhibitor that has
the highest selectivity, it has 10 times binding affinity of
VEGEFR-2 tyrosine kinase than that of sorafenib. This drug can
block the migration and proliferation of vascular endothelial
cells, reduce tumor microvessel density, and inhibit tumor

growth.” In addition, apatinib can also inhibit multiple ATP
binding sites, reverse multidrug resistance and improve the effi-
cacy of traditional chemotherapy drugs.*® Studies have revealed
that the number of vascular endothelial growth factor (VEGF)-
positive cells in residual liver cancer tissues significantly
increased after TACE operation, and VEGF-A level signifi-
cantly increased in patients with rapid progression after TACE,
promoting neovascularization.®” Therefore, due to the charac-
teristics of the selective inhibition on VEGFR-2, apatinib may
inhibit tumor neovascularization after TACE, and thereby play
an anticancer role. When concurrently used, it may increase
anti-tumor treatment efficacy.

At present, the phase II clinical trial of apatinib for patients
with BCLC stage B or C of HCCs has been completed. The trail
reveals that apatinib is effective in treating moderate and
advanced HCCs. The objective response rate (ORR, complete
remission [CR]4 partial remission [PR]) was 5.00%, and the
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disease control rate (DCR, CR+PR+ stable disease [SD]) was
43.80% in 121 HCCs as evaluated at the end of 3 treatment cycles.
Serum AFP level was significantly decreased after the treatment.
The therapeutic effects of apatinib for liver cancer has been rec-
ognized to a certain extent.® The phase III clinical trial is being
performed. In this single-center randomized study, efficacy and
adverse reactions between TACE combined with apatinib and
TACE alone in treatment of moderate and advanced HCCs are
compared with provide more clinical bases for the combined
treatment of TACE and apatinib for moderate and advanced
HCC. At present, similar studies have not been reported.

Data and methods
Inclusion and exclusion criteria

Inclusion criteria: (1) patients with HCC diagnosed by biopsy
pathology; (2) patients who were in stage B or C according to the
BCLC staging system, and could not tolerate surgical resection or
refused surgical resection; (3) patients with Child-Pugh A or B
liver function; (4) patients without heart, lung oror kidney dys-
function; (5) patients with an Eastern Cooperative Group Perfor-
mance Status (ECOG) score of < 2 points; (4) patients who did
not receive other treatments before the operation.

Exclusion criteria: (1) patients with severe dysfunction of the
heart, lung, kidney and other important organs; (2) patients with
chemotherapy contraindications: white blood cell count <3x 10°/
L, platelet count <40x 10°/L, or hemoglobin <60 g/L; (3) patients
with severe coagulation disorders (prothrombin time > 18 seconds
or hemorrhagic tendency); (4) patients with hepatic artery-portal
vein fistula or tumor thrombi in the middle trunk or in the left and
right trunks of the hepatic vein; (5) patients with large amounts of
ascites or refractory ascites; (6) patients with metastasis in other
distant organs; (7) patients who discontinued treatment due to
severe adverse reactions of TACE (such as Child-Pugh score C,
liver abscesses, hepato-renal syndrome,etc.) or stopped taking apa-
tinib for more than one month due to various reasons.

General clinical data

From March 2015 to August 2015, a total of 58 patients with
moderate and advanced HCCs, who were admitted in the Navy
General Hospital of China, were enrolled into this study. All
patients were confirmed to have HCCs by biopsy and were in
line with the diagnostic criteria of primary liver cancer. Among
these patients, 14 patients were excluded based on exclusion
criteria, including 6 patients with distant metastasis, 2 patients
with portal vein trunk tumor thrombosis, one patient with
refractory ascites, one patient with renal dysfunction and 4
patients who have received other strategies before. All patients
were fully informed of the study and provided a signed
informed consent that stated their willingness to participate in
the randomized controlled trial. According to the random
number table method, the 44 included HCC patients were ran-
domly divided into 2 groups: group A and group B (n = 22,
each group). General clinical data such as age, gender, the etiol-
ogy of liver cancer (hepatitis B, hepatitis C, alcoholic liver and
others), the primary tumor diameter and Child-Pugh grade are
shown in Table 1. Differences in preoperative general

Table 1. Comparison of 2 groups of patients with general data.

parameter Group A(n = 22) Group B(n = 20) P
values
age 58.9 4 9.38(39- 56.1 &= 10.79(34- >0.05
75) 79)
gender(Male/female) 17/5 16/4 >0.05
Child classification(A/B) 18/4 17/3 >0.05
ECOG score 2.80 +0.50 2.50 4+ 0.60 >0.05
disease causes(Hepatitis b/Alcohol 20/2 18/2 >0.05
liver)
BCLC installment(B/C) 19/3 18/2 >0.05
Primary tumor diameter(cm) 6.86 + 2.12 7.12 +2.15 >0.05
The level of AFP 315.60(3.50- 356.40(2.8-1790) >0.05
1220)
The number of TACE 432+ 097 341+ 0.76 >0.05

data between these 2 groups were not statistically significant
(P > 0.05, Table 1).

Therapeutic methods

Patients in group A underwent TACE alone, while patients in
group B underwent the combined treatment of TACE and oral
apatinib.

TACE method The Seldinger method was adopted: Conven-
tional femoral artery puncture and intubation were performed,
and angiography of proper hepatic artery, superior mesenteric
artery, arteria phrenica, left gastric artery and adrenal gland was
performed to determine the source of the blood supply of the
tumors. General situations of the portal vein were explored by
indirect portal vein angiography through the superior mesenteric
artery or splenic artery. Next, conventional superselective catheter-
ization of the hepatic artery and other feeding arteries were per-
formed, in which the superselective catheters were inserted to each
feeding artery of the tumor lesions using a microcatheter. Subse-
quently, 30 mg of epirubicin powder, 50 mg of oxaliplatin powder,
10-20 ml of lipiodol and 10-20 ml of iodine contrast agent were
prepared into the emulsifier and was slowly infused via the trans-
catheter; and the feeding arteries were embolized using Embo-
sphere particles (300-500 pm; Merit Medical, USA). The end-
point of the embolization was the stagnation of blood flow in the
feeding arteries. Routine antiemetic, stomach protecting treat-
ments and other symptomatic treatments, as well as liver protec-
tion therapy, were performed after the operation. Abdominal CT,
blood biochemistry, and blood routine index were rechecked at 45
d after the operation. TACE would be performed again when the
following criteria were met: (1) lipiodol was not found in the
lesions, and enhanced CT revealed residual or recurrent lesions;
(2) patients had Child-Pugh A or B liver function; (3) patients did
not have contraindications of TACE treatment such as serious
hepatic and renal damage, uncorrectable coagulation dysfunction,
or dyscrasia. When lesions were completely necrotized and AFP
was reduced to normal levels, TACE treatment could be stopped.
Patients in group A were observed until the lesions progressed,
while patients in group B continued to take apatinib orally.
Patients who encountered disease progression withdrew from this
study and turned to other treatments.

Administration method of apatinib Apatinib was orally
taken for the first time 4 d after TACE, and the initial dose
was 500 mg/day. The dose was adjusted after 1-2 weeks,



according to the tolerance of patients to the drug. The origi-
nal dose was maintained when the patient had good toler-
ance or mild adverse reactions. If obvious adverse reactions
appeared, the dose was reduced to 250 mg/day; and adverse
reactions were observed for a period of time. If patients
could still not tolerate the treatment or serious adverse reac-
tions appeared, the discontinuation of the administration of
the drug was considered; and the situation of the patient was
observed for 1-2 weeks. When adverse reactions degraded or
disappeared, the dose was recovered gradually to the original
dose. Apatinib was stopped 4 d before the next course of
TACE, and was resumed 4 d after TACE. If stopped taking
the drug for more than one month, the patient was consid-
ered for exclusion from the study.

Evaluation method of therapeutic effect

Enhanced CT or MR, as well as the examination of serum AFP
value, were performed at 3, 6, 9 and 12 months after treatment.
The curative effects were evaluated according to the modified
response evaluation criteria in solid tumor (mRECIST), which
has 4 levels: CR, all enhanced imaging of the target lesions in
the arterial phase disappeared; PR, the total reduction of the
diameter of the target lesions (enhanced arterial phase) was >
30%; SD, the diameter of the target lesion did not reduce to
that in PR and did not increase to that in disease progression
(PD); PD, the diameter of the target lesion (enhanced imaging
in the arterial phase) increased by at least 20% compared with
the baseline value, or new lesions appeared.” ORR = (CR+PR)
/ total number of cases x 100%. Secondary endpoints of the
study also included progression-free survival (PFS), which was
defined as the interval from the beginning of intervention treat-
ment to the time of PD or death. The starting point was the
beginning of the first treatment, and deadline was the time of
PD or the last follow-up. Other treatments such as radiotherapy
or radiofrequency ablation were performed based on the
patient’s condition when the patient’s disease progressed.

Statistics analysis

Statistical analysis was conducted using statistical software
SPSS 21.0. Measurement data were expressed as mean =+ stan-
dard deviation (x =+ SD). Intra-group comparison was
conducted using paired t-test. Intergroup comparison was con-
ducted using independent samples t-test. Count data were
expressed as percentage and counts, and were compared using
Chi-square test. Data with non-normal distribution were ana-
lyzed using Wilcoxon rank-sum test. The statistics of median
PES was conducted using the Kaplan-Meier method, and the
survival rate curve was drawn. Intergroup difference in survival
was analyzed using the log-rank test. Inspection level was set as
a = 0.05.

Results

In group A, 22 patients were treated with 95 times of TACE,
while in group B, 22 patients were treated with 75 times of
TACE. There were no serious complications in these 2 groups
of patients after TACE. In group B, 2 patients withdrew from
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the group. Among them, one patient developedmassive upper
gastrointestinal tract hemorrhage on the second day after oral
administration of apatinib and one course of TACE. The
treatment was stopped and the patient withdrew from the
group. The other patient developed side effects such as severe
hypertension, oral and tongue ulcers. This patient decided to
stop the administration of the drug for more than a month,
and thereby withdrew from the group. Practically, the curative
effects in a total of 42 patients were evaluated (22 patients in
group A and 20 patients in group B). There were no signifi-
cant difference in the basic situations of these 2 groups such
as age, gender, Child-Pugh classification, ECOG score, etiol-
ogy, BCLC staging, primary tumor diameter, AFP level and
TACE number between these 2 groups of patients (Table 1).
All patients were followed-up for 12-18 months. All enrolled
patient must be followed up for at least 12 months. The cut-
off date for follow-ups was August 15, 2016, namely the date
when the last enrolled patient had been followed up for
12 months. The median duration of follow-up for all the
patients was 9.65 months.

Comparison of the clinical curative effect between these
2 groups

At 3 months after treatment, AFP levels in groups A and B both
significantly decreased. These levels decreased to 67.20
(3.5-265.8) in group A and 43.80 (2.5-209.6) in group B.
Furthermore, compared with levels before treatment, the differ-
ences were statistically significant (Z: -2.289 and -2.953,
respectively; P < 0.05, both). There was no significant differ-
ence between the 2 groups (Z = -0.126, P = 0.9 > 0.05). More-
over, AFP levels decreased to normal levels in 5/19 patients in
group A, who previously had elevated AFP; while AFP levels
decreased to normal levels in 6/16 patients in group B, who
previously had elevated AFP.

As shown in Table 2, the ORR at 3 and 6 months after treat-
ment were 36.36% (8/22) and 27.27% (6/22), respectively, in
group A; while ORR was 60% (12/20) and 50% (10/20), respec-
tively, in group B. Even though there were differences between
these 2 groups, these differences were not statistically signifi-
cant (both, P > 0.05). The ORR at 9 and 12 months after
treatment were 13.64% (3/22) and 9.09% (2/22), respectively,
in group A; while ORR was 45% (9/20) and 35% (7/20), respec-
tively, in group B. Differences between these 2 groups were sta-
tistically significant (P < 0.05, for both). The oral use of
apatinib after TACE was advantageous in controlling and
reducing the lesions, thereby improving ORR (Fig. 1).

Table 2. In the 2 groups were followed up for 3, 6, 9 and 12 months ORR more.

CR PR SD PD  ORR (%) x> Pvalues

Threemonths  GroupA 2 6 8 6 3636(8/22) 2346 0.126
GroupB 3 9 5 3 60(12/20)

six months GroupA 2 4 6 10 27.27(6/22) 2295 0.130
GroupB 2 8 6 4 50(10/20)

nine months GroupA 1 2 5 14 13.64(3/22) 5.050 0.025
GroupB 2 7 5 6 45(9/20)

Twelve months GroupA 0 2 3 17 9.09(2/22) 4.177 0.041
GroupB 1 6 5 8 35(7/20)
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Figure 1. Male patients, 57, primary liver cancer. Patients with preoperative CT
scan of the right liver lobe low-density lesions, boundary is not clear, Size of 7.0 *
3.8 cm (A). Enhanced CT of the right liver lobe lesions early uneven arterial
enhancement (B).With conventional therapy and oral path for 3 months after, the
CT in tumor iodine oil deposits are good in the oven, enhanced scan did not see
lesions.Curative effect evaluation for CR (C); Follow-up of 12 months after treat-
ment tumors had the previous narrow (5.0x 2.7 cm), enhanced scan within tumors
had no reinforcement (D).

Comparison of PFS between the 2 groups

All patients were followed-up for 12-18 months. The median
PFS was 6.0 months in group A and 12.5 months in group B,
and the difference between these 2 groups was statistically sig-
nificant (X* = 6.576, P = 0.01 < 0.05; Fig. 2).

Comparison of adverse reactions between these 2 groups

Different extents of postembolization syndrome (PSE)
appeared in groups A and B after TACE, including fever,
abdominal pain, nausea, vomiting, etc. The incidences in
these 2 groups are listed in Table 3. Differences between
these 2 groups were not statistically significant. There was
no significant difference in the incidence of bone marrow
suppression induced by chemotherapy drugs (P > 0.05).

In group B, apatinib-related adverse reactions included
the following: hypertension (16 patients, 80%), hand-foot
syndrome (11 patients, 55%), proteinuria (9 patients, 45%),
diarrhea (4 patients, 20.0%), and oral ulcers (2 patients,
10%). Among those patients, grade 3 or 4 adverse effects
occurred in 3 patients. Severe hand-foot syndrome(grade 3)
occurred in one patient, severe diarrhea(grade 3) occurred
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Figure 2. A and B 2 groups of patients with PFS survival curves.

in one patient and massive upper gastrointestinal hemor-
rhage(grade 4) occurred in one patient. The first patient
with severe hand-foot syndrome stopped the treatment of
2 weeks. After symptomatic treatment, hand-foot skin reac-
tion degraded, and the treatment was resumed. The latter 2
patients with severe hand-foot syndrome were excluded due
to severe adverse effects. In the rest of patients, their syn-
dromes were alleviated after drug reduction and symptom-
atic treatments. The incidences of complications related to
oral apatinib such as hypertension, hand-foot syndrome
and proteinuria were higher in group B than in group A,
and the differences were statistically significant (P < 0.05,
Table 3). No severe complications such as hypertensive cri-
sis, heart failure, or liver/kidney failure were observed in
these 2 groups.

Discussion

China is one of the countries that have a high incidence of HCC
in the world. When seeing a doctor after onset, most patients
are already in the late stage of the disease. Hence, they cannot
tolerate radical surgery. TACE can effectively prolong the
survival time of patients with HCC, and improve the 2-years
survival rate of patients. Therefore, TACE has become the first-
choice non-surgical treatment of HCC.'"” The occurrence and
metastasis of HCC depend on neovascularization. However,

Table 3. Compared 2 groups of adverse reactions.

Adverse reactions Group A(n =22) Group B(n =20) P values
fever 17(77.27%) 15(75%) 0.863
Abdominal pain 12(54.55%) 9(45%) 0.537
Nausea and vomiting 10(45.45%) 7(35%) 0.491
Bone marrow suppression 5(22.73%) 3(15%) 0.524
High blood pressure 1(4.55%) 16(80%) 0.000
The brotherhood of syndrome 0(0%) 11(55%) 0.000
proteinuria 0(0%) 9(45%) 0.000
diarrhea 1(4.55%) 4(20%) 0.122
Oral ulcer 0(0%) 2(10%) 0.129




chemoembolization usually cannot completely destroy these
tumors, and the local hypoxia environment induced by emboli-
zation also stimulates neovascularization in tumors.'' At pres-
ent, it has been confirmed that there are a variety of angiogenic
factors in patients with HCC. Among these factors, vascular
endothelial growth factor (VEGF) is the strongest angiogenic
factors in the body.'> After TACE, the expression of VEGF in
remnant peripheral tumor tissues becomes higher, more inva-
sive and metastatically active."* These factors increase the inva-
sion and metastasis ability of tumors, and become the basis of
disease progression or the production of new lesions. There-
fore, inhibiting high expression levels of VEGF in tumor cells
induced by TACE may become an important link to improve
the long-term efficacy of TACE.

Sorafenib is currently the only oral targeted drug approved
to treat advanced HCC. It is a multi-kinase inhibitor that plays
an anti-angiogenesis role by exerting on RAF kinase, VEGFR-
2, VEGFR-3 and PDGFR-B tyrosine kinase.'"* Llovet et al.
reported the clinical trial of SHARP. Results revealed that sora-
fenib could prolong the PFS of patients with advanced HCC by
3 months."” However, its response rate is very low in HCC ,'°
and its curative effect has some limitations when concurrently
used with TACE. A multi-center study revealed that TACE
combined with sorafenib could prolong mTTP by nearly
2 months, but the difference was not statistically significant.'”
A study in China also revealed that TACE combined with sora-
fenib in the treatment of HCC in BCLC stage B did not show
significant advantages, compared with TACE alone.

As a highly selective VEGFR-2 blocker, apatinib can block
the migration and proliferation of vascular endothelial cells,
decrease tumor microvessel density, and inhibit tumor growth.
Its affinity is 10 times of that of sorafenib.’ In a randomized,
open-labeled, multi-center Phase II clinical study, the effects of
2 different doses of apatinib on the mOS were compared. The
mOS of patients who received 850 mg/d vs. 750 mg/g of apati-
nib were 9.71 vs. 9.82 months respectively. The time to progres-
sion (TTP) were 4.21 vs. 3.32 months in patients with BCLC
stage B and C in the phase II clinical trial.* These were longer
compared with those in the study of heart and kidney protec-
tion (SHARP)." Therefore, apatinib combined with TACE can
inhibit neovascularization in tumor tissues after TACE, and
thereby plays an anti-cancer role. Furthermore, the concurrent
administration of apatinib may increase anti-tumor efficacy,
providing more choices for patients with advanced HCC

This study revealed that for patients with intermediate and
advanced HCC, TACE combined with apatinib treatment could
effectively prolong PFS compared with TACE alone; and bring
a higher long-term ORR. However, the difference in short-term
ORR was not statistically significant. The cause may be as fol-
lows: (1) the number of cases in the group was too small to
reveal a statistically significant difference; (2) VEGF level
increased after TACE and was inhibited by apatinib again, and
an amount of time was required to achieve efficacy, thereby
allowing this drug to primarily improved the long-term efficacy
instead of short-term efficacy in patients. In addition, these 2
treatment options could effectively decrease AFP levels and
inhibit tumor growth. This need to be further confirmed by
large-sample multi-center randomized controlled studies.
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One patient developed severe diarrhea in the TACE com-
bined with apatinib group, who stopped the treatment of more
than one month and withdrew from the study. The symptoms
gradually relieved after stopping treatment and symptomatic
treatment. The remaining patients could all tolerate the adverse
reactions, and all symptoms alleviated after symptomatic treat-
ments. There was no significant difference in the incidences of
PES after embolization in the 2 groups. The adverse reaction
rate was higher in the TACE combined with apatinib group
than in the TACE alone group, which mainly manifested as
hypertension, hand-foot syndrome, proteinuria and oral ulcer.
Among these patients, one patient developed grade 3 hand-foot
syndrome, and symptoms improved 2 weeks after stopping
treatment and symptomatic treatment. Afterwards, the admin-
istration of apatinib was recovered. Overall adverse reactions in
patients were acceptable and serious adverse reactions did not
occur. Furthermore, its safety was confirmed.

We conducted the first randomized control study to investi-
gate the effects of TACE combined with apatinib in the treatment
of HCC. The curative effect of TACE combined with apatinib on
intermediate and advanced HCC was better than TACE alone,
and the former significantly prolonged the PES of patients. After
symptomatic treatments, most of the adverse reactions did not
affect the treatment. Furthermore, its safety was confirmed,
which is worth of popularization and application in clinic. How-
ever, The shortcomings of our study is small number of enrolled
patients and a short time of follow-up. OS is not discussed in this
paper. Therefore, perspective randomized controlled study in
multi-center need to be conducted to demonstrate the effects
and safety of TACE combined apatinib in treatment of HCCs.
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