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Background: The prognosis for advanced hepatocellular carcinoma (HCC) remains clinically unsatisfying. 
Apatinib has proven to be a very effective treatment for advanced HCC in our previous retrospective study. 
Our aim in this study was to evaluate the efficacy, safety, and toxicity of apatinib in patients with advanced 
HCC.
Methods: This single-arm, open-label phase II clinical trial enrolled patients with advanced HCC. These 
patients received apatinib, 500 mg once daily, until disease progression, unacceptable toxicity, consent 
withdrawal, or death. One treatment cycle consisted of 4 weeks of apatinib treatment. The response 
evaluation criteria in solid tumors (RECIST) was used to assess tumor response every 1–2 cycles. The 
primary endpoint was the objective response rate (ORR), while the secondary endpoints were the overall 
survival (OS), progression-free survival (PFS), disease control rate (DCR), and toxicity.
Results: Between December 2016 and June 2018, 23 patients were enrolled in the study, 22 of whom were 
available for response evaluation. The cutoff date was August 10, 2018. The overall ORR and DCR were 
30.4% and 65.2%, respectively. The median OS and PFS were 13.8 (95% CI: 5.3–22.3) and 8.7 (95% CI: 
5.9–11.1) months, respectively. The most common treatment-related adverse events were proteinuria (39.1%), 
hypertension (34.8%), and hand-foot-skin reaction (34.8%).
Conclusions: Apatinib showed robust clinical activity in patients with advanced HCC. Moreover, apatinib 
was safe to use, well tolerated, and had acceptable toxicity. (NCT03046979).
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
type of cancer and the third highest cause of cancer-related 
mortality worldwide (1). The prognosis of HCC especially 
in its advanced stages, is poor overall. Systemic therapy 
using cytotoxic agents has not provided a survival benefit (2),  

and the recommended first-line treatment for advanced 
HCC is sorafenib and lenvatinib (3). However, in the 
SHARP and ORIENTAL clinical trials, the partial response 
(PR) rate for sorafenib was only 2% and 3.3%, respectively, 
with an overall survival (OS) of only 10.7 and 6.8 months, 
respectively (4,5). Meanwhile, the REFLECT study 
reported that lenvatinib yielded a slightly higher median OS 
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of 13.6 months and showed similar efficacy as sorafenib (6).
Angiogenesis plays an important role in tumorigenesis 

and development (7). Vascular endothelial growth factor 
(VEGF) signaling is considered to be the main pathway 
responsible for angiogenesis (8-11), with VEGFR2 being a 
critical mediator of VEGF-induced angiogenic signaling (12).  
Apatinib is a novel oral angiogenesis inhibitor that targets 
the intracellular ATP binding site of VEGFR2. As a 
VEGFR2-specific inhibitor, apatinib has been approved for 
use in gastric cancer as a third-line treatment (13). Recent 
studies have also shown that several other types of cancers 
are responsive to apatinib treatment, including ovarian, 
breast, and non-squamous non-small cell lung cancer 
(14-16). The efficacy of apatinib in treating advanced 
liver cancer has drawn wide interest. In our previous 
retrospective study, apatinib proved to be highly effective 
for the treatment of advanced HCC, achieving a PR rate of 
40.9% (17). However, selective bias could not be avoided 
as this was a retrospective study. Therefore, a phase II 
clinical trial was conducted to further confirm the efficacy 
and safety of apatinib as first-line treatment in patients 
with advanced HCC. We present the following article in 
accordance with the TREND reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-2990). 

Methods

All HCC patients eligible for this phase II clinical trial 
were informed of the trial details and provided written 
informed consent before participating. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of the Tianjin Medical University Cancer 
Institute and Hospital and is registered on clinicaltrials.gov 
(NCT03046979). 

Patient inclusion criteria included age ≥18 years; 
presence of portal vein tumor thrombosis (PVTT) or distant 
metastasis; Child-Pugh class A; presence of at least one 
measurable lesion as defined by the Response Evaluation 
Criteria in Solid Tumors (RECIST1.1); an Eastern 
Cooperative Oncology Group (ECOG) performance 
status of 0–2; adequate hematologic, coagulation, hepatic, 
renal, and cardiac function; and willingness to practice 
contraception during the study period. The exclusion 
criteria included concurrent malignancies; Child-Pugh score 
≥7 or severe uncontrollable ascites; severe cardiovascular 
disease; uncontrolled high blood pressure; history of 
human immunodeficiency virus infection; clinically serious 

infection [grade >2, according to the Common Terminology 
Criteria for Adverse Events (CTCAE), version 4.0]; seizures 
requiring medication (steroid or antiepileptic drugs); 
history of allogeneic organ transplantation; signs or history 
of bleeding disorders; current renal dialysis treatment; 
metastatic liver cancer; uncontrolled ascites (that are 
not easily controlled by diuretic drugs); encephalopathy; 
history of gastrointestinal bleeding within 30 days prior to 
enrollment; and a history of bleeding esophageal varices 
without receiving effective therapy or treatment.

Study design and treatment

This was an open-label, single-arm, investigator-initiated 
phase II clinical trial, conducted in Tianjin Medical 
University Cancer Institute and Hospital. The trial 
oversight, database management, and quality assurance were 
performed at the Department of Hepatobiliary Surgery at 
Tianjin Medical University Cancer Institute and Hospital. 
Apatinib was provided by Jiangsu Hengrui Medicine Co., 
Ltd. Patients received oral apatinib at home until disease 
progression, unacceptable toxicity, consent withdrawal, or 
death. A starting dose of apatinib 500 mg was administered, 
once daily. Dose reduction was permitted to 250 mg once 
daily or 250 mg once every 2 days if patients experienced 
grade 3/4 adverse events (AEs), at the investigator’s clinical 
discretion. One treatment cycle was defined as apatinib 
treatment for a period of 4 weeks.

Outcome evaluation

Objective response rate (ORR) was the primary endpoint in 
this study. The secondary endpoints were OS, progression-
free survival (PFS), disease control rate (DCR), and toxicity. 
PFS is defined as the time from the start of treatment to the 
onset of disease progression. OS is defined as the time from 
the start of treatment to the death. ORR is defined as the 
proportion of patients achieving complete or PR according 
to RECIST criteria.

Enhanced computed tomography (CT) and magnetic 
resonance imaging (MRI) were used to assess tumor 
response at an interval of 1–2 months. In patients with 
PVTT, Vp3 was defined as invasion of a tumor thrombus 
into the first branch of the portal vein, and Vp4 was defined 
as invasion of a tumor thrombus into the portal trunk or 
extending to a branch on the contralateral side (18). Based 
on the RECIST criteria (version 1.1), responses were 
defined as complete response (CR), PR, stable disease 
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(SD), and progressive disease (PD). AEs were classified and 
graded according to the CTCAE (version 4.0). Follow-up 
investigations were conducted monthly to determine the 
survival status, duration of tumor progression until death, 
or withdrawal of the patient from the study. The monthly 
follow-up procedures also comprised physical examination, 
assessment of ECOG performance, tumor markers, and 
quality of life (EORTC QLQ-C30). 

Statistical analysis

Simon’s optimal two-stage design was used to test the 
sample size. Our hypothesis was that the proportion of 
patients achieving an overall response would be ≤5%, while 
the alternative hypothesis was that the proportion would be 
≥30% (α=0.05, β=0.20). Based on these hypotheses, a total 
sample size of 18 patients was required for evaluation of the 
primary endpoint. Overall, the treatment regimen would be 
considered statistically significant if a total of two or more 
responses were observed. The estimated sample size was 
determined to be 23 patients, which accounted for dropouts 
and withdrawals. Patients who received at least 1 month of 
apatinib were included in the survival and safety analysis, 
which was performed on the intention-to-treat population. 
The Kaplan-Meier method was used to estimate OS and 
PFS and associated 95% confidence intervals (CIs), while 
log-rank test was used to compare the OS and PFS in 
subgroups. Statistical analyses were performed using SPSS 
22.0 (SPSS Inc., Chicago, IL, USA).

Results

Between December 2016 and June 2018, a total of 23 
patients were enrolled into the study (Figure 1). The 
characteristics of patients forming our study group are 
reported in Table 1. There were 18 male patients and 5 
female patients, with a median age of 54.1 years. There 
were 8 patients with PVTT, 5 (21.8%) with Vp3, and 3 
(13.0%) with Vp4. For metastasis type, 17 patients (73.9%) 
had distant metastasis, among whom 12 (52.2%) had 
lymph node metastasis, 6 (26.1%) had lung metastasis, and 
3 (13.0%) had bone metastasis. Meanwhile, 15 patients 
(65.2%) had hepatitis B, and 1 (4.3%) had hepatitis C, with 
the infection status being well-controlled in all patients. 
Finally, 17 patients (73.9%) had abnormally high serum 
alpha-fetoprotein, with the AFP being >400 ng/mL in 10 of 
these patients (43.5%). The median duration of follow-up 
was 7.2 months.

Efficacy and survival analysis

Twenty-two patients were eligible to respond to our 
evaluation, with one patient withdrawing from the study 
before clinical evaluation. By the cutoff date of August 
10, 2018, 11 patients (47.8%) had died and 15 (65.2%) of 
the 23 patients had withdrawn from the study, with only 8 
patients (34.8%) remaining on treatment. Among the 15 
patients who withdrew from the study, 7 (46.7%) patients 
discontinued participation due to disease progression. The 

23 patients screened

0 did not receive apatinib

23 patients enrolled

15 patients discontinued study

7 disease progression

8 adverse events

11 patients died at data cutoff

8 patients remaining on treatment

23 included in intention-to-treat analysis

23 included in safety analysis

Figure 1 Trial profile.
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remaining 8 (53.3%) withdrew as a result of AEs. Overall, 
CR was not achieved in any patient. PR was confirmed in 
7 patients (30.4%), with SD identified in 8 (34.8%) and 7 
(30.4%) meeting the criterion for PD. Tumor shrinkage 
was noted in 18 (78.3%) of 23 patients who had at least one 

post-baseline efficacy assessment (Figure 2A). Changes in 
tumor size are shown in Figure 2B. The overall ORR was 
30.4%, with a DCR of 65.2% (Table 2). The median OS 
was 13.8 months (95% CI: 5.3–22.3; Figure 2C) and the 
median PFS was 8.7 months (95% CI: 5.9–11.1; Figure 2D).  
There was no statistical difference in PFS for patients with 
PVTT (9.1 months) and without PVTT (4.1 months) 
(P=0.204). Patients without PVTT achieved a better 
prognosis than those with PVTT, with more than half of 
them still alive upon completion of the observation period. 
By comparison, the median OS for patients with PVTT was 
5.1 months (P=0.007; Figure 2E). Therapeutic efficacy was 
significantly improved in patients with distant metastasis 
(DCR for patients with distant metastasis versus patients 
without distant metastasis, 81.3% versus 33.3%, P=0.032; 
PFS for patients with distant metastasis versus patients 
without distant metastasis, 9.9 versus 1.9 months, P=0.026; 
Figure 2F). However, the median OS was not statistically 
significant between the two groups, with median OS for 
patients with distant metastasis at 13.8 months versus 
patients without distant metastasis at 6.0 months (P=0.237; 
figure not shown).

Safety

The median time of apatinib treatment was 4.2 months, 
with 12 patients (52.2%) completing >4 months of 
apatinib treatment, and only 2 of these 12 patients (16.7%) 
experiencing disease progression. Eleven patients (47.9%) 
took apatinib for <4 months, with 5 of these 11 patients 
(45.4%) experiencing disease progression. Twenty-
one patients (91.3%) required a dose reduction due to 
intolerance to AEs. Most AEs were mild and clinically 
acceptable (Table 3).  The most common AEs were 
proteinuria (39.1%), hypertension (34.8%), hand-foot-
skin reaction (34.8%), and fatigue (26.1%). Proteinuria and 
hypertension were also the most common grade 3/4 AEs.

Discussion

Sorafenib and lenvatinib are the recommended first-line 
treatment for advanced HCC, according to the Barcelona 
Clinic Liver Cancer (BCLC) guidelines (3). However, 
the extended survival of patients treated with sorafenib in 
the SHARP and ORIENTAL clinical trials was limited 
to 2.8 and 2.3 months, respectively (4,5). The efficacy of 
lenvatinib was not being inferior to sorafenib (6). Hence, 
a more effective treatment is critical for the treatment of 

Table 1 Baseline characteristics of the 23 patients with advanced 
hepatocellular carcinoma

Characteristic N (%)

Age, years 54.1

Median 30–70

Range

Sex

Male 18 (78.3)

Female 5 (21.7)

Child-Pugh class 23 (100.0)

A 0

B

Positive hepatitis status 16 (69.6)

HBV 15 (65.2)

HCV 1 (4.3)

PVTT 8 (34.8)

Vp1 0

Vp2 0

Vp3 5 (21.8)

Vp4 3 (13.0)

Distant metastasis 17 (73.9)

Lymph node 12 (52.2)

Lung 6 (26.1)

Bone 3 (13.0)

AFP >ULN 

Yes 17 (73.9)

No 6 (26.1)

ECOG-PS

0 17 (73.9)

1 6 (26.1)

HBV, hepatitis B virus; HCV, hepatitis C virus; PVTT, portal vein 
tumor thrombosis; AFP, alpha-fetoprotein; ULN, upper limit 
of normal; ECOG-PS, Eastern Cooperative Oncology Group 
performance status.
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Figure 2 Changes in tumor size and the prognosis of all patients. (A) The waterfall plot for the best percentage change in target lesion size 
is shown for 22 patients who had at least one post-baseline efficacy assessment. (B) Changes in tumor size from baseline of patients who had 
at least one post-baseline efficacy assessment. (C,D) The median OS was 13.8 months (C). The median PFS was 8.7 months (D). (E) The 
median OS for patients with PVTT was 5.1 months; however, the median OS was not available as more than half of the patients without 
PVTT were still alive (P=0.007). (F) The median PFS was 1.9 months in patients without distant metastasis and 9.9 months in patients with 
distant metastasis. SD, stable disease; PD, progressive disease; PR, partial response; PVTT, portal vein tumor thrombosis; PFS, progression-
free survival; OS, overall survival.
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advanced HCC. Apatinib, a VEGFR2 inhibitor, was found 
to provide a novel therapeutic effect on advanced HCC in 
our retrospective study (17). The findings from the present 
phase II clinical trial further confirm the efficacy and safety 
of apatinib.

The SHARP and ORIENTAL clinical trials reported 
PR rates of only 2% and 3.3%, respectively. In our study, 
however, PR and ORR were achieved in 7 patients (30.4%). 
Recently, the REFLECT study reported an ORR for 
lenvatinib and sorafenib of 24% and 9.2%, respectively 
(6). Therefore, this single-arm, open-label, single-center 
phase II clinical trial demonstrated that apatinib offers 
a significantly improved ORR compared to previously 
reported therapies and has acceptable toxicity in patients 
with advanced HCC.

Previous reports demonstrating the efficacy of apatinib 

in treating HCC (17,19-21) did not preclude selection bias, 
due to the retrospective nature of the studies. Furthermore, 
these reports incorporated efficacy rates of patients with 
combined antitumor therapies. This clinical trial was 
therefore designed to illustrate the efficacy of apatinib by its 
administration as a monotherapy to patients with advanced 
HCC, prior to disease progression. Interestingly, only 
three patients in this study received sorafenib treatment 
after disease progression. The finding of a sufficiently 
high PR rate and high DCR is noteworthy. For patients 
with advanced HCC, a high PR rate can provide an 
opportunity to receive alternative treatments, such as 
surgery or transarterial chemoembolization (TACE). This 
was observed in a previous clinical study where five patients 
with locally advanced HCC were initially unsuitable for 
resection. Administration of apatinib led to a significant 
PR, reinstating their eligibility for radical resection. All five 
patients underwent this surgical procedure, with one patient 
ultimately achieving pathological CR. The data indicates 
that apatinib might be a suitable option for the treatment 
of patients with advanced HCC as first-line treatment, 
providing more opportunities for these patients to receive 
alternative treatments. This is especially applicable those 
with locally advanced HCC.

The median OS and PFS in this study were 13.8 and  
8.7 months, respectively, which are comparable to the 
median OS and PFS reported for lenvatinib in the 
REFLECT study. However, it is worth noting that 
participants in our study with PVTT were in a more 
advanced stage of HCC (3 Vp4 and 5 Vp3). The median OS 
for patients with PVTT was only 5.1 months. By contrast, 
the median OS for patients without PVTT was not 

Table 2 Analysis of therapeutic efficacy

Characteristic N (%)

CR 0

PR 7 (30.4)

SD 8 (34.8)

PD 7 (30.4)

NE 1 (4.3)

ORR (%) 30.40

DCR (%) 65.20

CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; NE, no evaluated; ORR, 
objective response rate; DCR, disease control rate.

Table 3 Analysis of adverse events

Adverse event All grades, n (%) Grade 3/4, n (%)

Hypertension 8 (34.8) 3 (13.0)

Proteinuria 9 (39.1) 3 (13.0)

Hand-foot-skin reaction 8 (34.8) 1 (4.3)

Fatigue 6 (26.1) 0

Diarrhea 4 (17.4) 1 (4.3)

Pain 4 (17.4) 0

Nausea and vomiting 5 (21.7) 0

Increased transaminase 6 (26.1) 0

Anorexia 5 (21.7) 0
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available as more than half of these patients were still alive 
at the end of the study (Figure 2E). The PFS for patients 
without distant metastasis was only 1.9 months (Figure 2F). 
By contrast, in the REFLECT study, patients with a more 
advanced PVTT stage were excluded. In addition, 3 patients 
in that study received sorafenib treatment after disease 
progression, and 20 received only supportive treatment, 
thereby affecting the median OS. Therefore, we believe 
that treatment with apatinib could have provided a better 
prognosis if patients with more advanced PVTT were 
excluded. Notably, 5 of 8 (62.5%) patients with PVTT, 8 of 
12 (66.7%) patients with lymph node metastasis, and 8 of 
9 (88.9%) patients with distant metastasis achieved PR or 
SD. This suggests that apatinib was highly effective in the 
treatment of patients with advanced HCC, especially those 
with metastases (Figure 2F).

In our study, proteinuria (39.1%), hypertension 
(34.8%), hand-foot-skin reaction (34.8%), and fatigue 
(26.1%) were the most common AEs. The most common 
grade 3/4 AEs were proteinuria and hypertension. 
Proteinuria and hypertension are the most common AEs 
reported for patients treated with antiangiogenic drugs  
(22-24). However, the specific mechanisms underlying the 
development of hypertension and proteinuria with apatinib 
treatment are unknown. Some studies have suggested that 
the occurrence of these AEs is dose-dependent (25-27). In 
this study, we also found that the occurrence of AEs was 
related to a higher dose of apatinib. These AEs decreased 
and became easier to manage when the apatinib dose 
was adjusted to 250 mg. Thus, apatinib generally has an 
acceptable safety profile as an antiangiogenic agent.

The recommended oral dose of apatinib for advanced 
gastric adenocarcinoma or gastroesophageal junction 
adenocarcinoma is 850 mg/day (13). However, as most 
patients with HCC have liver cirrhosis and hepatic 
insufficiency, we set the initial dose in our study to 500 mg, 
once daily. Most patients (21/23) could not tolerate serious 
apatinib-related AEs. However, only one participant in this 
study required a dose interruption in patients receiving 
a low dose (250 mg) of apatinib. More importantly, the 
therapeutic effect of apatinib treatment was clinically 
acceptable, despite the low dose. The mechanism of 
apatinib may not be limited to the anti-VEGFR2 effect. 
One study showed that a low dose of apatinib can reshape 
the immunosuppressed tumor microenvironment into 
a permissive anti-tumor immunity (28) and may also 
contribute to a high response rate. Therefore, we propose 
that an initial daily dose of 250 mg may be appropriate for 

apatinib treatment in patients with advanced HCC.
Over the past few years, the focus on immunotherapy 

has broadened and intensified. Immunotherapy has likewise 
contributed to breakthroughs in the field of advanced HCC. 
Among these is PD-1 monoclonal antibody which has been 
approved by the Food and Drug Administration for treating 
advanced HCC (29). Recent studies have shown that the 
combination of PD-1 antibody and anti-angiogenesis 
therapy may be a better approach to treating HCC, 
achieving ORRs of 40–50% (30,31). At the ESMO 2018 
congress, it was reported that PD-L1 monoclonal antibody 
combined with bevacizumab could achieve an ORR of 34%. 
Additionally, at the ASCO GI 2019 symposium, a 37.5% 
pathological CR was reported when CTLA-4 antibody was 
combined with PD-1 monoclonal antibody for neoadjuvant 
therapy. These studies provide new hope for improving 
the curative effect of HCC, especially locally advanced 
or resectable HCC (32,33). However, how to choose the 
combination of drugs has still not yet been determined. The 
therapeutic effect of immunotherapy may be enhanced by 
apatinib, as it can optimize the tumor microenvironment. 
Meanwhile, our study showed that apatinib has a satisfactory 
therapeutic effect, and is thus a strong contender for future 
combination therapies.

Although satisfactory results were obtained with 
apatinib treatment for advanced HCC in our study, several 
improvements can still be made. Firstly, a larger scale, 
randomized phase III clinical trial is required to confirm 
the findings presented in this article. Secondly, biomarkers 
are needed to identify patients who are most likely to 
benefit from apatinib. Furthermore, the mechanism of 
apatinib resistance is still unknown, and understanding how 
apatinib resistance can be overcome remains a major clinical 
challenge. At last, it also remains unclear whether apatinib 
combined with TACE or other modalities can improve the 
efficacy for treating advanced HCC (34).

Conclusions

In conclusion, the findings of our phase II clinical trial 
support the use of apatinib as a new treatment option for 
patients with advanced HCC, with moderate, reversible, 
and acceptable AEs. 
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