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Abstract
More than half of the patients with advanced hepatocellular carcinoma (HCC) do not respond to primary treatment with sorafenib.
Currently, there are no universally accepted methods for further treatment. This pilot study was performed to assess the safety and
effectiveness of apatinib as an optional treatment for patients with sorafenib-refractory HCC. Between January 2015 and May 2017,
43 consecutive patients with sorafenib-refractory advanced HCC who received apatinib were reviewed. The objective response rate
(ORR) and disease control rate (DCR) were assessed using modified response evaluation criteria in solid tumors. The time to
progression (TTP) and overall survival (OS) were determined using the Kaplan-Meier method. Toxicities associated with apatinib
were assessed. All patients had hepatitis B virus (HBV) related HCC. The mean follow-up time was 11 months (range: 3-37) and the
mean duration of apatinib was 7.6 months (range: 1-32). After treatment, 11 patients had partial response (PR), 18 had stable disease
(SD), and 14 had progressive disease (PD); accordingly, the ORR and DCR were 25.6% and 67.4%, respectively. The median TTP and
OS were 3 months (95% confidence interval [CI]: 1.9-4.1) and 8 months (95% CI: 6.9-9.0), respectively. The median OS times for PR,
SD, and PD were 19 months (95% CI: 15.8-22.2), 8 months (95% CI: 7.3-8.7), and 4 months (95% CI: 3.1-4.9), respectively (P < .001).
The median TTP for PR, SD, and PD was 14 months (95% CI: 11.9-16.1), 3 months (95% CI: 2.3-3.7) and 1 month, respectively (P <
.001). No patients experienced toxicity-related death. The most common toxicities were weight loss, hand–foot skin reaction, and
hypertension. Twelve adverse events of grade 3 or higher were observed. Based on our findings, apatinib is a promising treatment for
patients with sorafenib-refractory advanced HBV-related HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common

malignancy and the third leading cause of cancer-related

death worldwide.1 Approximately 40% of all cases with HCC

are diagnosed at an advanced stage (cancer with portal inva-

sion or extrahepatic metastasis according to the Barcelona

Clinic Liver Cancer [BCLC] system), and thus, patients must

rely on palliative therapy to prolong their survival time.2-4

Since the Sorafenib Hepatocellular Carcinoma Assessment

Randomized Protocol (SHARP) trial and the Asia-Pacific

trial showed that sorafenib significantly improved survival

benefits, sorafenib was recommend as the first-line systemic

therapy for advanced HCC.5-7 However, the objective

response rate (ORR) was rarely achieved, and the disease

control rate (DCR) was also limited (reported at 35.3%-

43%).5,6 In other words, more than half of the patients with

advanced HCC did not respond to primary treatment with

sorafenib. What can we do for those patients with sorafenib-

refractory HCC?

Recently, regorafenib was recommended as a second-line

systemic targeted therapy for patients with HCC who pro-

gressed on sorafenib, since Regorafenib for patients with hepa-

tocellular carcinoma who progressed on sorafenib treatment

(RESORCE) trial showed that regorafenib compared with pla-

cebo significantly improved the overall survival (OS) of

patients with HCC who progressed on sorafenib.8,9 However,

we found the majority of enrolled patients had acquired resis-

tance to sorafenib.10 Therefore, whether regorafenib benefits

patients with primary resistance to sorafenib is unclear. Apati-

nib is a novel receptor tyrosine kinase inhibitor that selectively

targets vascular endothelial growth factor receptor (VEGFR) 2,

with a binding affinity 10 times that of sorafenib.11,12 Apatinib

significantly reduced tumor growth in several established

human tumor xenograft models by inhibiting tumor-induced

angiogenesis.11,12 Recently, apatinib has been widely used for

treatment of HCC, and studies have indicated that apatinib is a

safe and effective option for unresectable HCC.13-19 Further-

more, the low price of apatinib facilitates its application in

China.

Currently, there are no universally accepted treatments for

patients with sorafenib-refractory HCC. Although some treat-

ments have been reported for patients with sorafenib-

refractory HCC, some of the adverse events were severe and

offset the moderate beneficial effects.20-22 Recently, 2 case

reports showed that apatinib demonstrated an excellent anti-

tumor effect in patients with sorafenib-refractory HCC.14,16

Therefore, we conducted a pilot study to investigate apatinib

use for patients with sorafenib-refractory advanced HCC

(sorafenib-refractory HCC was defined as a target lesion with

2 successive instances of progression, determined using

modified response evaluation criteria in solid tumors [mRE-

CIST]23 every month after initiation of sorafenib treatment)

to evaluate the safety and effectiveness of apatinib in these

patients.

Materials and Methods

Patient Selection

Between January 2015 and May 2017, consecutive patients

with HCC treated with sorafenib were reviewed at our center.

The inclusion criteria were as follows: (1) all patients had

pathologically or radiologically (contrast-enhanced computed

tomography) confirmed advanced HCC based on the European

Association for the Study of the Liver diagnostic criteria3; (2)

all patients had sorafenib-refractory HCC and must have toler-

ated sorafenib (at least � 400 mg daily). Sorafenib-refractory

HCC was defined as 2 successive instances of radiological

progression to confirm real disease progression and eliminate

the possibility that sorafenib did not work due to insufficient

treatment time (previous studies have reported that the onset of

reaction to sorafenib occurred within the first month of sorafe-

nib initiation in most patients)24,25; (3) all patients were trans-

ferred to apatinib treatment within 4 weeks after confirmation

of sorafenib resistance; and (4) patients must have Child-Pugh

score of less than 7 and Eastern Cooperative Oncology Group

(ECOG) score of 0 or 1. Patients were excluded if they had

received any other previous systemic treatment for HCC, if

they discontinued sorafenib due to toxicity, the duration of

apatinib administration was less than 4 weeks, or patients data

were missing.

All patients were informed that apatinib was an optional

treatment because the first-line sorafenib treatment was inef-

fective. In addition, patients were informed of the anticipated

outcomes, economic cost, and toxicity. Final treatment deci-

sions were generally made by the patients. All patients pro-

vided written informed consent, and the protocol was

approved by the ethics committees of the institution.

Treatment Protocol

The sorafenib treatment protocol was based on that described

in a previous study.26 The initial dose of oral sorafenib was 400

mg twice daily. Doses were modified depending on the intol-

erable toxicity. If a patient experienced progression 2 consec-

utive times after initiation of sorafenib treatment, apatinib

treatment was advised (250 mg per tablet; Jiangsu Hengrui

Medicine, Lianyungang, China). The initial dose of apatinib

was 500 mg every day, reduced to 250 mg in the event of

intolerable toxicity. If further dose reduction was required,

treatment was discontinued. Treatment continued until disease

progression (defined by mRECIST), clinical progression

(defined as an ECOG score �3 or symptomatic deterioration,

including liver function tests), death, unacceptable toxicity, or

withdrawal of consent by the patient.17,18

Assessment and Follow-Up

Contrast-enhanced computed tomography scans of the chest

and upper abdomen, liver function tests, and alpha-

fetoprotein level assessments were performed 1 month after

treatment to evaluate the treatment effect. The ORR was
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defined as the sum of the complete response (CR) and partial

response (PR), while the DCR was defined as the sum of the

CR, PR, and stable disease (SD). Apatinib treatment could be

continued beyond progression if the physician judged the

patient would benefit from the continuation. Overall survival

was defined as the time from the start of sorafenib treatment

until death or the last follow-up. Time to progression (TTP)

was defined as the time from initiation of apatinib treatment to

radiologic or clinical progression. Disease progression was

measured using mRECIST.23 The grade of toxicity was

recorded according to version 3.0 of the National Cancer

Institute’s Common Terminology Criteria for Adverse

Events.27

Statistical Analysis

All statistical analyses were performed using SPSS software

(SPSS version 16.0; SPSS, Chicago, Illinois). For baseline

characteristics, continuous variables are described as the mean

+ standard deviation, and categorical variables are expressed

as frequencies and percentages. The Kaplan-Meier method was

used to calculate the TTP and OS. Univariate analyses were

performed using a log-rank test. Variables with a P < .1 in

univariate analysis were entered into a multivariate analysis.

The multivariate Cox model was used to identify risk factors

that affected OS. All statistical tests were 2-sided, and P < .05

was considered statistically significant.

Results

Study Population

In total, between January 2015 and May 2017, 153 consecutive

patients with advanced HCC treated with sorafenib were

reviewed, and 91 patients were confirmed to have sorafenib-

refractory HCC. A total of 38 patients were excluded from the

analysis because they did not satisfy the inclusion criteria. As a

result, 53 patients with sorafenib-refractory HCC received apa-

tinib treatment. Additionally, 10 patients were excluded.

Finally, 43 patients with sorafenib-refractory advanced HCC

were enrolled in this analysis (Figure 1). The baseline charac-

teristics of all patients are shown in Table 1. The majority of the

patients were male (90.7%), and hepatitis B (100%) and cir-

rhosis (88.4%) were the most common underlying disease.

Among the patients, 41 (95.3%) of 43 had BCLC stage C HCC,

and the remaining 2 had multiple bilateral liver tumors (BCLC

stage B) and did not respond to chemoembolization. Moreover,

34 (79.1%) of 43 patients had a portal vein thrombosis (PVTT).

Treatment Outcome

The mean duration of sorafenib treatment was 2.1 months

(range: 1.5-2.5). The mean duration of the apatinib administra-

tion was 7.6 months (range: 1-32). At month 2 after apatinib

treatment, 11 (25.6%) patients had PR, 18 (41.9%) had SD, and

14 (32.6%) had progressive disease (PD). Accordingly, the

ORR was 25.6% and the DCR was 67.4%. The treatment

outcome details are shown in Table 2. A 51-year-old man with

HCC and multiple pulmonary metastasis experienced a disap-

pearance of all lung lesions after 6 months of apatinib treat-

ment, at the time of this writing, the patient has survived for 37

months and is fully ambulatory (Figure 2).

Survival

At the end of follow-up (May 2018), 39 (90.7%) of 43 patients

had died. The mean follow-up for these patients was 11 months

(range: 3-37). The median total patients OS was 8 months (95%
confidence interval [CI]: 6.9-9.0). The 6-month, 1-year, and 2-

year survival rates were 76.7%, 34.9%, and 9.3%, respectively.

The median OS was 19 months (95% CI: 15.8-22.2), 8 months

(95% CI: 7.3-8.7), and 4 months (95% CI: 3.1-4.9) for PR, SD,

and PD, respectively (P < .001; Figure 3A).The median total

patient TTP after apatinib treatment was 3 months (95% CI:

1.9-4.1). The median and mean TTP after sorafenib treatment

was 1 month and 1.1 months, respectively. The median TTP

was 14 months (95% CI: 11.9-16.1), 3 months (95% CI: 2.3-

3.7), and 1 month for PR, SD, and PD, respectively (P < .001;

Figure 3B).

Figure 1. Flow diagram showing patient selection. ECOG indicates
Eastern Cooperative Oncology Group; HCC, hepatocellular
carcinoma.
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In univariate analysis, cirrhosis, liver tumor burden, extra-

hepatic metastases, and PVTT were significantly associated

with OS. In multivariate Cox analysis, liver tumor burden

(�50% vs <50%; hazard ratio [HR] ¼ 1.543; 95% CI: 1.067-

2.598; P ¼ .001) and extrahepatic metastases (present vs

absent; HR ¼ 0.545; 95% CI: 0.333-0.895; P ¼ .013) were

demonstrated as the independent prognostic factors for OS. The

outcome details are shown in Table 3. The median OS was 16

months (95% CI: 13.3-18.7) for patients with liver tumor bur-

den <50% and 6 months (95% CI: 4.8-7.2) for patients with

liver tumor burden �50% (P < .001). The median OS was 18

months (95% CI: 14.6-20.2) for patients with extrahepatic

metastases and 7 months (95% CI: 5.8-8.2) for patients without

extrahepatic metastasis (P < .001).

Safety and Toxicity

No patients experienced the toxicity-related death. Ten tempo-

rary reductions in apatinib dose were necessary because of its

toxicity. Two patients discontinued the apatinib treatment due

to dizziness and dysphagia. The most common toxicities asso-

ciated with apatinib included weight loss, hand–foot skin reac-

tion (HFSR), hypertension, fatigue, alopecia, and diarrhea.

Twelve grade 3 or higher adverse events were observed. The

most common grade 3 or higher adverse events were HFSR and

diarrhea. Toxicities related to apatinib are detailed in Table 4.

Discussion

The most important finding in our study is that we provide an

optional treatment for the majority of patients with advanced

HCC. The RESORCE study demonstrated that regorafenib can

be treated as a second-line systemic targeted therapy in patients

with HCC who progressed on sorafenib.8 However, we found

that the median TTP after sorafenib treatment was 7.2

months,10 while the median TTP after sorafenib treatment in

Figure 2. Images of a 51-year-old man with biopsy-confirmed HCC and multiple pulmonary metastases, who received apatinib treatment due to
primary resistance to sorafenib; the patient experienced disappearance of all lung lesions after 6 months of apatinib treatment. At the time of this
writing, the patient has survived for 37 months and is fully ambulatory. A, Chest computed tomography image showing multiple lesions in both
lungs before apatinib treatment. B, At 6 months after apatinib treatment, the chest computed tomography image showed disappearance of all
lesions and lung fibrosis. HCC indicates hepatocellular carcinoma.

Table 2. Tumor Response Assessed by mRECIST at Month 2 After
Apatinib Treatment.

Tumor Response n (%)

Complete response 0
Partial response 11 (25.6)
Stable disease 18 (41.9)
Progressive disease 14 (32.6)
Objective response rate 11 (25.6)
Disease control rate 29 (67.4)

Abbreviation: mRECIST, modified response evaluation criteria in solid tumors.

Table 1. Baseline Characteristics of Patients With Sorafenib-
Refractory Advanced HCC.

Characteristics N ¼ 43

Age, years, mean + SD 50.1 + 9.2
Sex (male/female) 39/4
Etiology (HBV/HCV/other) 43/0/0
Cirrhosis (present/absent) 38/5
No. of tumors (1-3/>3) 9/34
Liver tumor burden (<50%/�50%) 17/26
ECOG (0/1) 13/30
Child-Pugh score 5/6/7 30/9/4
BCLC B/C 2/41
PVTT (branch/main/no) 18/16/9
Extrahepatic spread (lung/enterocoelia/no) 6/2/35
AFP (�400/>400), ng/mL 11/32
Ascites (present/absent) 6/37
ALT, U/L 50.4 + 29.6
GGT, U/L 173.7 + 101.6
Albumin, g/L 37.9 + 4.1
Bilirubin, mmol/L 19.5 + 6.4

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BCLC,
Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group;
HBV, hepatitis B virus; GGT, g-glutamyl transpeptidase; HCC, hepatocellular
carcinoma; HCV, hepatitis C virus; PVTT, portal vein tumor thrombus; SD,
standard deviation.
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our study was only 1 month. In other words, most of the

patients enrolled in the RESORCE study acquired resistance

to sorafenib. From the 2 large randomized control trials

(RCTs), we found that more than half of the patients with

advanced HCC did not respond to sorafenib,5,6 specifically,

more than half of the patients with advanced HCC were resis-

tant to sorafenib. Therefore, the management of patients with

sorafenib-refractory advanced HCC is urgent because those

patients bear a very poor prognosis with a median survival of

less than 3 months.28

In the present study, the median TTP and OS in our popu-

lation were 3 months and 8 months, respectively. The 1-year

and 2-year survival rates were 34.9% and 9.3%, respectively.

Table 3. Univariate and Multivariate Analyses of Prognostic Factors
for Overall Survival of Patients With Sorafenib-Refractory Advanced
HCC.

Factors

Overall Survival

Univariate Multivariate

P Value HR 95% CI P Value

Gender (M/F) .557
Age, years .283
Cirrhosis (present/absent) .026 0.354 0.103-1.222 .101
ALT (�40/>40) .744
Albumin (<35/�35) .050 0.396 0.152-1.030 .058
Bilirubin (�20/>20) .211
GGT (�100/>100) .068 1.395 0.613-3.178 .428
Ascites (present/absent) .126
Child-Pugh (A/B) .059 2.172 0.538-8.766 .276
ECOG (0/1) .729
AFP (�400/>400) .912
Liver tumor burden

(�50%/<50%)
<.001 1.543 1.067-2.598 .001

No. of tumors (1-3/>3) .129
PVTT (present/absent) .001 2.695 1.783-3.457 .104
Extrahepatic metastases

(present/absent)
<.001 0.235 0.106-0.795 .013

Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; CI, con-
fidence interval; ECOG, Eastern Cooperative Oncology Group; F, female;
GGT, g-glutamyl transpeptidase; HCC, hepatocellular carcinoma; HR, hazard
ratio; M, male; PVTT, portal vein tumor thrombosis.

Table 4. Adverse Events Associated With Apatinib in Patients With
Sorafenib-Refractory Advanced HCC.

Adverse Event
All Grades,

n (%)
Grades 1-2,

n (%)
Grades 3-4,

n (%)

Weight loss 34 (79.1) 34 (79.1) 0
HFSR 32 (74.4) 30 (69.8) 2 (4.7)
Hypertension 26 (60.5) 25 (58.1) 1 (2.3)
Fatigue 23 (53.5) 23 (53.5) 0
Alopecia 21 (48.8) 21 (48.8) 0
Diarrhea 20 (46.5) 18 (41.9) 2 (4.7)
Anorexia 16 (37.2) 15 (37.2) 1 (2.3)
Proteinuria 12 (27.9) 11 (25.6) 1 (2.3)
Pharyngolaryngeal pain 5 (11.6) 4 (9.3) 1 (2.3)
Hoarseness 5 (11.6) 5 (11.6) 0
Oral mucositis 4 (9.3) 3 (7.0) 1 (2.3)
Headache/dizziness 3 (7.0) 2 (4.7) 1 (2.3)
Stomachache 3 (7.0) 2 (4.7) 1 (2.3)
Vomiting 3 (7.0) 3 (7.0) 0
Dysphagia 1 (2.3) 0 1 (2.3)

Abbreviations: HCC, hepatocellular carcinoma; HFSR, hand–foot skin reaction.

Figure 3. Kaplan-Meier curves showing overall survival (OS) and time to progression (TTP) for partial response (PR), stable disease (SD), and
progressive disease (PD) in patients with sorafenib-refractory advanced HCC treated with apatinib. A, The median OS times were 19 months
(95% CI: 15.8-22.2), 8 months (95% CI: 7.3, 8.7), and 4 months (95% CI: 3.1-4.9) for PR, SD, and PD, respectively (P < .001). B, The median TTP
was 14 months (95% CI: 11.9-16.1), 3 months (95% CI: 2.3-3.7), and 1 month for PR, SD, and PD, respectively (P < .001). CI indicates confidence
interval; HCC, hepatocellular carcinoma.
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These results are exciting and promising. The subsequent apa-

tinib treatment dramatically prolonged the survival rate of

patients with an initially poor status. The median OS of 8

months in the present study is longer than that in Goldstein’s

(median OS: 6.3 months) and Ogasawara’s (median OS: 7.2

months) reported for patients with sorafenib-refractory

advanced HCC.21,22 That is also longer than that of Asia-

Pacific trial (median OS: 6.5 months).6 Especially for the

patients with lower liver tumor burden, extrahepatic metastasis,

and had a PR to apatinib, the median OS reached to 16 months,

18 months, and 19 months, respectively, which is significantly

longer than that of other studies.5,6,15,17,19 The most likely rea-

son is that apatinib is a receptor tyrosine kinase inhibitor that

selectively targets VEGFR-2, with a binding affinity 10 times

higher than that of sorafenib.12 Therefore, we propose a

hypothesis that the VEGFR-2 signaling pathway may play a

leading role in hepatocarcinogenesis in patients with sorafenib-

refractory HCC. Sorafenib is a small-molecule agent that inhi-

bits the activities of the serine-threonine kinases Raf-1 (c-Raf)

and B-Raf; the receptor tyrosine kinases VEGFR-1, -2, and -3;

and platelet-derived growth factor receptor a (PDGFR-a) and

PDGFR-b.29 Therefore, sorafenib with one-tenth the anti-

VEGFR-2 efficacy is insufficient for antitumor angiogenesis.

Of course, the mechanism of antitumor angiogenesis is com-

plex, and this hypothesis requires further confirmation in

experimental studies.

In this study, which focused on apatinib treatment for

patients with sorafenib-refractory advanced HCC, liver tumor

burden and extrahepatic metastasis were identified as the inde-

pendent prognostic factors for survival. In the present study,

liver tumor burden was the most significant risk factor for

patients with advanced HCC treated with apatinib. There are

reports showing that most patients with HCC die due to the

progression of interhepatic tumors, resulting in liver function

failure.30,31 Other studies indicate that tumor burden is a sig-

nificant risk factor in patients with HCC, which was confirmed

by our results.31,32 Although extrahepatic metastasis is a known

risk factor for patients with HCC, it was found to be a favorable

factor in survival in our study. In fact, this does not contradict

to previous reports. It is known that advanced HCC includes

cancer with either PVTT or extrahepatic metastasis. In other

words, PVTT was a worse factor compared with extrahepatic

metastasis for patients with advanced HCC treated with apati-

nib. This is accordant with the fact that PVTT is one of the most

robust risk factors for patients with HCC.31,33 Recently, an

ePoster in the Annual of International Liver Cancer Associa-

tion showed that apatinib treatment had a significant benefit for

patients having HCC with lung metastasis was confirmed by

our results.34

The toxicity of apatinib is has also been a concern. Apatinib

induces many potential adverse events, similar to other mole-

cular targeted drugs, although no serious adverse events were

observed in the current study. The most frequent adverse events

were weight loss, HFSR, hypertension, fatigue, alopecia, and

diarrhea, which are easily managed and can be alleviated

through dose reduction or suspension of apatinib treatment.

Although some cytotoxic chemotherapies and targeted thera-

pies, such as capecitabine, Leucovocin and oxaliplatin (FOL-

FOX), epirubicin, cisplatin, and cetuximab, are also used in the

treatment of sorafenib-refractory advanced HCC, associated

morbidities, such as neutropenia, thrombocytopenia, and gastro-

intestinal toxicity, frequently occur.20-22 More serious toxicities,

including cytotoxicity-related neutropenic sepsis and liver

injury, have also been reported after treatment.21 However, in

the present study, patients treated with apatinib for sorafenib-

refractory HCC did not experience treatment-related death.

Although a few grade 3 or more toxicities related to apatinib

treatment occurred, they were alleviated when the apatinib dose

was reduced or treatment was suspended.

This study has some limitations. First, it is a retrospective

pilot study, and the data were obtained from a single center.

The center had the largest population of liver cancer patients

and had considerable experience with treatment of HCC in

South China.29 Second, the enrolled patients were all diagnosed

with hepatitis B virus related HCC, the other causes of HCC,

including hepatitis C virus and alcohol abuse, should be studied

further. Third, it was a single-arm study with a small sample

size. Thus, large randomized controlled trials are needed to

examine the utility of apatinib in this setting.

In conclusion, the results suggest that apatinib treatment

prolonged the TTP and OS of patients with sorafenib-

refractory advanced HBV-related HCC. The results provided

a promising option for the majority of patients with advanced

HCC. This finding is important and a prospective RCT is

ongoing to confirm these results.
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