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Introduction
Hepatocellular carcinoma (HCC) is a major 
health problem worldwide.1 Approximately half 
of all HCC patients are diagnosed at an advanced 
stage and have a dismal prognosis (median sur-
vival time, 3–6 months).2,3 After the SHARP and 
ORIENTAL trials demonstrated that sorafenib 
significantly improved the overall survival (OS) 

rate, sorafenib was recommended as the first-line 
standard of care for advanced HCC.4–6 However, 
we found that the disease control rate was only 
35.3–43%,4,5 and that is was especially low for 
patients with hepatitis B virus (HBV)-related 
HCC.7 In other words, more than 50% of patients 
with advanced HCC have no response to primary 
sorafenib treatment. Determining how patients 
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Abstract
Aims: This study aimed to (a) assess the effectiveness and safety of apatinib as a subsequent 
treatment for patients with sorafenib-resistant hepatocellular carcinoma (HCC), and (b) 
identify the clinical factors influencing their treatment outcomes.
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CI: 2.047, 5.965, p < 0.001] and extrahepatic spread (HR: 0.303, 95% CI: 0.231, 0.778, p = 0.003) 
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and extrahepatic spread.
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with sorafenib-resistant HCC should be treated is 
urgent because the median survival time of these 
patients is less than 3 months.8

In the National Comprehensive Cancer Network 
(NCCN) Guidelines Version 2.2019 Hepatobiliary 
Cancers, regorafenib, cabozantinib, and ramu-
cirumab are recommended as second-line systemic 
therapies for HCC patients who have disease pro-
gression while taking sorafenib; this is because 
phase III clinical trials have shown that these drugs 
provide survival benefits to patients with HCC who 
previously received sorafenib.9–13 However, we 
observed that the median duration of sorafenib 
treatment in those trials ranged from 4.1 months to 
7.2 months.10–13 In other words, sorafenib was ini-
tially effective for the majority of the included 
patients who had later developed resistance to 
sorafenib. Previous studies have shown that the 
mechanisms of acquired resistance and primary 
resistance may be different, and that the efficacy of 
the drug may also be different.14 Therefore, whether 
these drugs benefit HCC patients who have pri-
mary resistance to sorafenib remains unclear.

Apatinib, an oral tyrosine kinase inhibitor agent, 
selectively inhibits vascular endothelial growth 
factor receptor (VEGFR) 2, and its binding affin-
ity is 10 times that of sorafenib.15,16 Apatinib has 
been widely applied as an optional treatment for 
HCC patients in China, and several observational 
studies have shown that apatinib treatment is safe 
and effective for HCC patients.17–21 However, 
subsequent apatinib treatment for the specific 
subgroup of patients with sorafenib-resistant 
HCC has rarely been studied. Although our pre-
vious pilot study and several case reports showed 
that apatinib is a promising treatment for patients 
with sorafenib-resistant HCC,22–24 these studies 
were only single-arm studies or case reports and 
did not compare other treatments, nor did they 
identify which subgroup of patients would benefit 
most from apatinib treatment. Therefore, we 
conducted a comparative study for patients with 
sorafenib-resistant HCC who were either treated 
with apatinib or supportive care to evaluate 
whether apatinib treatment offers survival bene-
fits. We also sought to identify clinical factors that 
were correlated with treatment outcomes.

Materials and methods

Patient selection
From January 2015 to December 2017, the elec-
tronic medical records of consecutive patients 

with newly diagnosed advanced HCC treated with 
first-line sorafenib were retrospectively analyzed. 
The inclusion criteria were as follows: (a) Patients 
were 18–75 years old; (b) All patients were patho-
logically or radiologically [contrast-enhanced 
computed tomography (CT) or magnetic reso-
nance imaging (MRI)] diagnosed with advanced 
HCC according to the American Association for 
the Study of Liver Diseases criteria2; (c) All 
patients had sorafenib-resistant HCC [sorafenib-
resistant HCC was defined as the target tumor 
showing two successive progressions on imaging 
assessed by modified Response Evaluation Criteria 
in Solid Tumor (mRECIST) during the sorafenib 
treatment]; (d) Patients tolerated sorafenib treat-
ment (at least 400 mg every day); (e) Patients had 
an Eastern Cooperative Oncology Group (ECOG) 
score of <2; and (f) Patients had a Child-Pugh 
score of <8. Before the initiation of apatinib, all 
patients were informed that apatinib was an alter-
native treatment because sorafenib was ineffective 
and because there were no universally recom-
mended second-line treatments for patients who 
had sorafenib-resistant HCC during the study 
period. Moreover, all patients were informed of 
the approximate cost, anticipated outcomes, and 
potential side effects. Generally, the final deci-
sions were made by the patients.

Due to the lack of a recommended second-line 
treatment for HCC during the study period, the 
treatment strategies included apatinib and sup-
portive care. Apatinib treatment was performed if 
the patient accepted apatinib treatment. If the 
patient did not receive apatinib treatment, sup-
portive care was performed. The exclusion criteria 
were as follows: (a) Patients who had received any 
other systemic chemotherapy, targeted therapy, or 
immune therapy; (b) Patients who discontinued 
sorafenib due to unacceptable adverse events 
(AEs); (c) patients who began apatinib treatment 
>4 weeks after the diagnosis of sorafenib resist-
ance; (d) Patients who had a duration of apatinib 
treatment of <4 weeks; (e) Patients who had previ-
ous malignant tumors; or (f) Patients who had 
missing data.

All patients provided written informed consent, 
and the protocol was approved by the ethics com-
mittees of the institution.

Treatment protocol
The treatment protocol was previously 
described.22,25 The initial dosage of sorafenib was 
400 mg given twice daily. Doses were adjusted 
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based on intolerable AEs, according to version 3.0 
of the National Cancer Institute’s Common 
Terminology Criteria for Adverse Events (CTCAE). 
If a patient was diagnosed with sorafenib-resistant 
HCC, apatinib treatment was recommended 
(250 mg per tablet, Jiangsu Hengrui Medicine, 
Lianyungang China). The initial dosage of oral 
apatinib was 500 mg daily, which was reduced to 
250 mg per day in cases of unacceptable AEs. The 
apatinib treatment was discontinued if further 
dose reduction was required. Treatment contin-
ued until disease progression, clinical progression, 
death, unacceptable side effects, or withdrawal of 
consent by the patient.

Assessment and follow up
The follow up, including contrast-enhanced scans 
of the liver and chest, tests of liver function, meas-
urements of alpha-fetoprotein levels, and physical 
examination was performed every month for the 
first 3 months after initiation of treatment, and 
every 2 months thereafter. The tumor response 
was assessed radiologically based on the mRE-
CIST criteria.26 The objective response rate 
(ORR) was the sum of the complete response 
(CR) and partial response (PR), while the disease 
control rate (DCR) was the sum of the CR, PR, 
and stable disease (SD) rate. Apatinib adminis-
tration could be continued beyond disease pro-
gression if the physician judged that the patient 
would benefit from continued administration. OS 
was defined as the time from the initiation of 
sorafenib until death or the last follow up. The 
AE grade was recorded based on CTCAE 3.0.

Statistical analysis
All statistical analyses were performed using SPSS 
software (SPSS version 16.0, SPSS, Chicago, IL, 
USA). For the baseline characteristics, categorical 
variables are described as frequencies and per-
centages, and continuous variables are expressed 
as the means ± standard deviation. The χ2 test was 
used to compare categorical variables, and t tests 
were used to compare continuous variables. The 
Kaplan–Meier method was used to estimate the 
survival curve between the two groups and com-
pared by the log-rank test. Univariate analyses 
were performed with the log-rank test. Variables 
with p < 0.1 in the univariate analysis were entered 
into the multivariate analysis. A multivariate Cox 
proportional hazards model was used to identify 
risk factors correlated with survival. All statistical 

tests were two-sided, and p < 0.05 was considered 
statistically significant.

Results

Study population
From January 2015 to December 2017, a total of 
203 consecutive patients with advanced HCC 
who were treated with first-line sorafenib were 
analyzed. A total of 118 patients (58.1%) were 
diagnosed with sorafenib-resistant HCC. A total 
of 23 patients were excluded from the study 
because they did not meet the inclusion criteria. 
In addition, three patients were excluded due to 
an apatinib duration of less than 4 weeks. Finally, 
92 patients who had advanced sorafenib-resistant 
HCC were enrolled in this study; 58 of them 
received apatinib treatment, and the other 34 
received supportive care (Figure 1). The baseline 
characteristics of the overall cohort are summa-
rized in Table 1. The mean patient age (±stand-
ard deviation) was 51.9 ± 8.7 years. Most of the 
patients were male (91.3%). Hepatitis B virus 
(HBV) infection (100%) and cirrhosis (94.6%) 
were the most common disease backgrounds. All 
patients were classified as advanced stage accord-
ing to the Barcelona Clinic Liver Cancer (BCLC) 
system, 78 (84.7%) patients presented with por-
tal vein thrombosis (PVTT), and 29 (31.5%) 
patients presented with extrahepatic spread. 
There were no differences between the two groups 
with respect to patient age, liver function, or 
tumor characteristics.

Treatment outcome
The mean durations of sorafenib administration 
for the overall patients was 1.6 months (range 
1–2.5 months). The mean durations of sorafenib 
administration for apatinib group and supportive 
care group were 1.5 months and 1.7 months, 
respectively. The median and mean durations 
of apatinib treatment were 5.2 months and 
6.1 months (range, 1–32 months), respectively. In 
the apatinib group, follow-up imaging data during 
the second month of apatinib administration were 
available for 49 of 58 patients (84.5%); 13 patients 
(22.4%) had a PR, 19 (32.8%) had SD, and 17 
(29.3%) had progressive disease (PD). 
Accordingly, the ORR was 22.4%, and the DCR 
was 55.2%. In the supportive care group, the 
treatment efficacy was not evaluated because there 
were no completely available follow-up images.
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Figure 1. Flow diagram showing the patient selection process.
ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma.

At the end of follow up (December 2018), 90 of 
the 92 (97.8%) patients had died. The median 
follow-up time of the cohort was 7.5 months 
(range, 3–37 months). The median OS of all 
patients was 5.0 months [95% confidence interval 
(CI): 3.9, 6.0]. The median OS time of the apat-
inib group was significantly longer than that of 
the supportive care group (7.0 months versus 
4.0 months, p < 0.001) (Figure 2). The median 
and mean times to progression (TTPs) of sorafenib 
treatment were 1.0 months and 1.1 months, 
respectively. The median TTP of apatinib treat-
ment was 3.0 months (95% CI: 2.5, 3.5).

Predictive factors affecting survival
In the univariate analysis, treatment allocation, 
liver tumor load, number of tumors, PVTT, 
extrahepatic spread, Child-Pugh classification, 

ascites, and albumin were significantly associated 
with OS. In the multivariate Cox analysis, treat-
ment allocation [hazard ratio (HR) = 2.837; 95% 
CI: 1.568, 5.132; p = 0.001] and liver tumor load 
(HR = 3.364; 95% CI: 2.147, 6.144; p < 0.001) 
were identified as independent prognostic factors 
associated with OS (Table 2). In the apatinib 
group, multivariate COX analysis showed that 
liver tumor load (HR = 3.653; 95% CI: 2.047, 
5.965; p < 0.001) and extrahepatic spread 
(HR = 0.303; 95% CI: 0.231, 0.778; p = 0.003) 
were significant predictive factors for OS after 
apatinib treatment (details in Table 3). The 
median OS was 16.0 months (95% CI: 13.9, 
18.1) for patients with a liver tumor load <50% 
and 5.0 months (95% CI: 4.3, 5.7) for patients 
with a liver tumor load ⩾50% (p < 0.001). The 
median OS was 15.0 months (95% CI: 12.8, 
17.2) for patients with extrahepatic spread and 
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Table 1. Baseline characteristics of patients in both groups.

Characteristics Apatinib group
(n = 58)

Supportive care group 
(n = 34)

p value

Age (years)* 50.9 ± 8.7 53.7 ± 7.4 0.125

Sex 0.973

 Male 53 (91.4) 31 (91.2)  

 Female 5 (8.6) 3 (8.8)  

Etiology –

 Hepatitis B 58 (100) 34 (100)  

 Hepatitis C 0 0  

 Other 0 0  

Cirrhosis 0.648

 Present 54 (93.1) 33 (97.1)  

 Absent 4 (6.9) 1 (2.9)  

Number of tumors 0.169

 1–5 9 (15.5) 2 (5.9)  

 >5 49 (84.5) 32 (94.1)  

Liver tumor burden 0.440

 <50% 18 (31.0) 8 (23.5)  

 ⩾50% 40 (69.0) 26 (76.5)  

PVTT 0.480

 Present 48 (82.8) 30 (88.2)  

 Absent 10 (17.2) 4 (11.8)  

Extrahepatic spread 0.206

 Present 21 (36.2) 8 (23.5)  

 Absent 37 (63.8) 26 (76.5)  

ECOG 0.666

 0–1 55 (94.8) 31 (91.2)  

 2 3 (5.2) 3 (8.8)  

AFP (ng/ml) 0.400

 <400 11 (19.0) 9 (26.5)  

 ⩾400 47 (81.0) 25 (73.5)  

(Continued)
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5.0 months (95% CI: 4.2, 5.8) for patients with-
out extrahepatic spread (p < 0.001) (Figure 3).

Adverse events related to apatinib
Adverse events related to apatinib are listed in 
Table 4. No patient experienced fatal AEs. A 

total of 16 patients (27.6%) had temporary reduc-
tions in their apatinib doses due to associated 
AEs. Two patients (3.4%) permanently discon-
tinued apatinib treatment due to intolerable AEs, 
including dizziness, and dysphagia. The most 
common side effects related to apatinib were alo-
pecia, weight loss, hypertension, hand-foot skin 
reaction (HFSR), fatigue, and diarrhea; 15 
(25.9%) patients experienced 18 grade 3 or higher 
AEs, such as HFSR, hypertension, proteinuria, 
diarrhea, and dizziness.

Discussion
At present, the NCCN Guidelines on Hepatobiliary 
Cancers 2019 recommend regorafenib, cabozan-
tinib, and ramucirumab as second-line systemic 
therapies for HCC patients who previously 
received sorafenib treatment.9 Nevertheless, the 
median TTP after sorafenib in these trials ranged 
from 4.1 to 7.2 months.11–13 In contrast, the 
median TTP after sorafenib treatment in the pre-
sent study was only 1.0 month. Therefore, the 
survival benefits of these treatments for patients 
with sorafenib-resistant HCC are still unclear.

The present study has two important findings. 
The first is that the median survival time of the 
apatinib group was significantly longer than that 

Characteristics Apatinib group
(n = 58)

Supportive care group 
(n = 34)

p value

Child-Pugh class 0.201

 A 49 (84.5) 25 (73.5)  

 B 9 (15.5) 9 (26.5)  

Ascites 0.068

 Present 12 (22.4) 13 (44.1)  

 Absent 46 (77.6) 21 (55.9)  

ALT (U/l) 49.5 ± 26.8 47.4 ± 25.7 0.721

GGT (U/l) 176.2 ± 102.7 194.1 ± 128.9 0.133

Albumin (g/l) 35.5 ± 4.0 34.1 ± 3.3 0.072

Bilirubin (μmol/l) 18.9 ± 6.4 18.4 ± 9.1 0.727

Data are presented as n (%).
*Represents the mean ± standard deviation.
AFP, alpha-fetoprotein; ALT, alanine aminotransferase; ECOG, Eastern Cooperative Oncology Group; GGT, γ-glutamyl 
transpeptidase; PVTT, portal vein tumor thrombosis.

Table 1.  (Continued)

Figure 2. Kaplan–Meier curves showing the mOS 
of patients with sorafenib-resistant advanced HCC 
treated with apatinib or supportive care.
HCC, hepatocellular carcinoma; mOS, median overall survival.
The median OS times were 7.0 months (95% CI: 5.8, 8.2) for 
the apatinib group and 4.0 months (95% CI: 2.9, 5.1) for the 
supportive care group (p < 0.001).
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Table 2. Univariate and multivariate analysis of prognostic factors in total patients.

Variable Univariate analysis Multivariate analysis

 Median OS, months (95% CI) p value Hazard ratio (95% CI) p value

Treatment <0.001 0.001

 Apatinib 7.0 (5.8–8.2) Ref  

 supportive care 4.0 (2.9–5.1) 2.837 (1.568–5.132)  

Age 0.409 – –

 <52 5.0 (3.9–6.1)  

 ⩾52 5.0 (3.6–6.4)  

Sex 0.536 – –

 Male 5.0 (3.9–6.1)  

 Female 5.0 (1.3–8.7)  

Cirrhosis 0.708 – –

 Absent 5.0 (3.9–6.1)  

 Present 6.0 (1.7–10.3)  

Liver tumor load <0.001 <0.001

 <50% 13.0 (7.0–18.9) Ref  

 ⩾50% 4.0 (3.7–4.3) 3.364 (2.147–6.144)  

Number of tumors 0.004 0.470

 >5 5.0 (4.1–5.9) Ref  

 1–5 13.0 (10.1–15.9) 0.689 (0.251–1.893)  

PVTT <0.001 0.410

 Absent 8.0 (4.3–11.7) Ref  

 Present 5.0 (4.5–5.5) 1.500 (0.572–3.933)  

Extrahepatic spread <0.001 0.543

 Present 9.0 (2.4–15.6) Ref  

 Absent 4.0 (3.3–4.7) 0.808 (0.406–1.608)  

ECOG 0.807 – –

 0–1 5.0 (3.7–6.3)  

 2 5.0 (2.7–7.3)  

Child-Pugh class <0.001 0.323

 A 7.0 (6.0–7.9) Ref  

 B 3.5 (3.1–3.9) 1.505 (0.669–3.385)  

(Continued)
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of the supportive care group (7.0 versus 4.0 months, 
p < 0.001), which indicated that the subsequent 
apatinib treatment improved the survival out-
comes of patients with an initially poor prognosis. 
This is the first study to compare the outcomes for 
patients with sorafenib-resistant HCC who either 
received apatinib or supportive care. Meantime, 
the ORR of our patients with sorafenib-resistant 
HCC who received apatinib treatment was 22.4%. 
The ORR in the present study was relatively 
higher than that of regorafenib for advanced 
HCC.10 The ORR was also higher than those 
reports in patients with sorafenib-refractory 
HCC.27–29 The most likely explanation for the 
improvement of survival outcomes by apatinib 
treatment among patients with sorafenib-resistant 

HCC may be the antitumor angiogenic actions of 
apatinib that occur via its selective inhibition of 
VEGFR-2, with a binding affinity that is 10 times 
higher than that of sorafenib.15,16 In contrast, 
because its anti-VEGFR2 ability is one-tenth that 
of apatinib, sorafenib is inefficient against 
sorafenib-resistant HCC. In our study, the median 
OS was 7.0 months in the apatinib treatment 
group, which was comparable with that of the 
study (OS: 7.2 months) for patients with sorafenib-
refractory HCC who were treated with capecit-
abine combined with peginterferon α-2a.29 
Interestingly, although the ORR of apatinib was 
relatively higher than that of regorafenib, the OS 
was significantly shorter than that of regorafenib. 
The most likely explanations may be that (a) the 

Variable Univariate analysis Multivariate analysis

 Median OS, months (95% CI) p value Hazard ratio (95% CI) p value

Ascites 0.001 0.284

 Absent 6.0 (5.0–6.9) Ref  

 Present 4.0 (3.3–4.7) 1.518 (0.707–3.260)  

Albumin (g/l) 0.024 0.737

 <35 4.0 (3.3–4.7) Ref  

 ⩾35 6.0 (4.8–7.2) 0.913 (0.537–1.552)  

AFP level 0.322 – –

 <400 7.0 (6.3–7.7)  

 ⩾400 5.0 (4.5–5.5)  

GGT (U/l) 0.608 – –

 >100 5.0 (3.8–6.2)  

 ⩽100 6.0 (4.8–7.2)  

ALT (U/l) 0.626 – –

 ⩽40 5.0 (3.8–6.2)  

 >40 6.0 (4.6–7.4)  

Bilirubin (μmol/l) 0.629 – –

 ⩽20 5.0 (4.2–5.8)  

 >20 6.0 (4.6–7.4)  

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; GGT, γ-glutamyl 
transpeptidase; OS, overall survival; PVTT, portal vein tumor thrombosis.

Table 2.  (Continued)
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Table 3. Univariate and multivariate analysis of prognostic factors in the apatinib group.

Variable Univariate analysis Multivariate analysis

 Median OS, months (95% CI) p value Hazard ratio (95% CI) p value

Liver tumor load <0.001 <0.001

 <50% 16.0 (13.9–18.1) Ref  

 ⩾50% 5.0 (4.3–5.7) 3.653 (2.047–5.965)  

Number of tumors 0.029 0.087

 >5 6.0 (4.8–7.2) Ref  

 1–5 13.0 (10.1–15.9) 0.326 (0.090–1.175)  

PVTT <0.001 0.130

 Absent 12.0 (3.1–16.9) Ref  

 Present 6.0 (4.3–7.7) 2.935 (0.728–11.835)  

Extrahepatic spread <0.001 0.003

 Present 15.0 (12.8–17.2) Ref  

 Absent 5.0 (4.2–5.8) 0.303 (0.231–0.778)  

Child-Pugh 0.001 0.088

 A 7.0 (6.1–7.9) Ref  

 B 3.5 (2.0–5.0) 2.392 (0.879–6.508)  

Ascites 0.002 0.091

 Absent 7.0 (6.0–8.0) Ref  

 Present 4.0 (3.4–4.6) 2.208 (0.882–5.525)  

CI, confidence interval; OS, overall survival; PVTT, portal vein tumor thrombosis.

Figure 3. Kaplan–Meier curves showing the OS of patients with sorafenib-resistant advanced HCC treated 
with apatinib, stratified into subgroups. (A) The median OS was 16.0 months (95% CI: 13.9, 18.1) for patients 
with a liver tumor load <50% and 5.0 months (95% CI: 4.3, 5.7) for patients with a liver tumor load ⩾50% 
(p < 0.001). (B) The median OS was 15.0 months (95% CI: 12.8, 17.2) for patients with extrahepatic spread and 
5.0 months (95% CI: 4.2, 5.8) for patients without extrahepatic spread (p < 0.001).
ES, extrahepatic spread; HCC, hepatocellular carcinoma; mOS, median overall survival.

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 12

10 journals.sagepub.com/home/tam

sample size in our study was significantly smaller 
than that of RESORCE trial, and the difference of 
ORR between the two studies may not directly 
reflected by the numerical value; (b) the imaging 
tumor response induced by the two drugs may 
be different. Apatinib, selectively inhibiting 
VEGFR2, may induce tumor shrinkage (espe-
cially for the extrahepatic lesions).23–25 Meanwhile, 
regorafenib, a multi-tyrosine kinases inhibitor, like 
sorafenib, may induce tumor necrosis, and most 
of the patients presented with SD, rarely present-
ing with PR10; (c) the cohort patients in RESORCE 
trial had acquired resistance to sorafenib; thus, 
those patients may have had less aggressive tumors 
and a longer survival time. We found that in the 
RESORCE trial, the median and mean duration 
of sorafenib were 7.8 months and 11.7 months, 
respectively. The median OS from the start of 
sorafenib and regorafenib in the regorafenib group 
and placebo group were 26.0 and 10.6 months 
and 19.2 and 7.8 months, respectively.10,11 In con-
trast, in the present study the median OS from the 
start of sorafenib in apatinib group and supportive 
group were 7.0 months and 4.0 months, respec-
tively. The median and mean duration of sorafenib 

were 1.2 months and 1.6 months, respectively. 
Obviously, the cohort of patients in the RESORCE 
trial had acquired resistance to sorafenib, which 
may have had less aggressive tumors and better 
survival (the OS of patients in placebo group was 
19.2 months). In contrast, our patients had pri-
mary resistance to sorafenib, namely, sorafenib-
resistant HCC, who may have had more aggressive 
tumors (the OS of patients in supportive group 
was 4 months). In addition, another report show-
ing the median OS of patients who did not respond 
to primary treatment of sorafenib was 87 days sup-
ported our results.8

The second important finding in the present 
study is that we identified liver tumor load and 
extrahepatic spread to be critical predictive fac-
tors influencing the outcomes of apatinib treat-
ment. As presented in Figure 3, the median OS 
times of the patients in the subgroup with a lower 
liver tumor load and extrahepatic spread were 
16.0 months and 15.0 months, respectively. Liver 
tumor load is a well-known risk factor for patients 
with HCC. There are reports showing that the 
final cause of death of most HCC patients is liver 

Table 4. Adverse events associated with apatinib in patients with sorafenib-resistant advanced HCC.

Adverse event All grades. n (%) Grade 1–2. n (%) Grade 3–4. n (%)

Weight loss 45 (77.6) 45 (77.6) 0

HFSR 42 (72.4) 39 (67.2) 3 (5.2)

Hypertension 35 (60.3) 33 (56.9) 3 (5.2)

Fatigue 31 (53.4) 31 (53.4) 0

Alopecia 30 (51.7) 30 (51.7) 0

Diarrhea 27 (46.6) 25 (43.1) 2 (3.4)

Anorexia 21 (36.2) 19 (32.8) 2 (3.4)

Proteinuria 16 (27.6) 15 (25.9) 2 (3.4)

Pharyngolaryngeal pain 6 (10.3) 5 (8.6) 1 (1.7)

Hoarseness 7 (12.1) 7 (12.1) 0

Oral mucositis 4 (9.3) 3 (5.1) 1 (1.7)

Headache/dizziness 5 (8.5) 3 (5.1) 2 (3.4)

Stomach ache 5 (8.5) 4 (6.8) 1 (1.7)

Vomiting 4 (6.8) 4 (6.8) 0

Dysphagia 3 (5.1) 2 (3.4) 1 (1.7)

HCC, hepatocellular carcinoma; HFSR, hand-foot skin reaction.
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function failure resulting from the progression of 
intrahepatic tumors.30 Other studies have indi-
cated that tumor load is an independent prognos-
tic factor for HCC patients, as confirmed by our 
results.22,31 Although extrahepatic spread is a 
known predictive factor for a poor prognosis of 
HCC patients, it was found to be a favorable pre-
dictive factor for patients with sorafenib-resistant 
HCC after apatinib treatment. The most likely 
explanations are as follows: (a) first our enrolled 
advanced HCC patients included either PVTT or 
extrahepatic spread. In other words, PVTT was a 
worse factor than extrahepatic spread for patients 
with advanced HCC treated with apatinib, which 
is accordant with the fact that PVTT is a robust 
risk factor for patients with HCC31; (b) all 
enrolled patients were diagnosed with simultane-
ous HCC and extrahepatic spread, which may 
represent a specific group of HCC and have a 
specific biological nature. To our knowledge, the 
biological mechanism in the specific group of 
patients is not clear.32 In turn, based on our 
results, apatinib, inhibiting VEGFR2 10 times 
more than sorafenib activity, is effective while 
sorafenib is ineffective for the specific group of 
patients. Therefore, we propose a hypothesis that 
the VEGFR2 signaling pathway may play a key 
role in hepatocarcinogenesis in patients with 
HCC and extrahepatic spread. Of course, the 
mechanism of antitumor angiogenesis is singu-
larly complex, and this hypothesis requires fur-
ther confirmation in experimental studies. 
However, several observational studies demon-
strating that apatinib treatment provides signifi-
cant survival benefits to HCC patients with 
extrahepatic spread support this result.23–25,33

The side effects associated with apatinib have also 
been a priority in the management of cancer. 
Similarly, apatinib may induce many side effects on 
other targeted agents. The most frequent side effects 
were weight loss, alopecia, HFSR, fatigue, hyper-
tension, and diarrhea, which are easily manageable 
and can be relieved with a dose reduction or the sus-
pension of apatinib treatment. Although no patients 
experienced fatal AEs in the present study, the inci-
dence rate of grade 3 or higher AEs reached 25.9%. 
Therefore, the side effects related to apatinib need 
to be closely monitored. Interestingly, we observed 
that patients who respond to apatinib can tolerate 
apatinib treatment well.

This study has several limitations. First, it is a 
retrospective study with a small sample size. 
Second, the data came from a single center. 

Nevertheless, the center had the largest popula-
tion of liver cancer patients and had considera-
ble experience in the treatment of liver cancers 
in South China.34 Third, all included patients 
had HBV-related HCC, which may be mainly 
because HBV is the major cause of hepatitis in 
China. If possible, other causes of HCC, such as 
hepatitis C virus infection, fatty liver, and alco-
hol abuse, should be further researched. Fourth, 
the apatinib treatment decision generally made 
by the patients may have potential selection bias 
despite the matched characteristics of the two 
groups. Although lenvatinib and immunother-
apy are emerging and promising treatments, 
these drugs were not available during the present 
study periods. Nevertheless, the optional treat-
ment using apatinib may be valuable for improv-
ing the survival of patients with sorafenib-resistant 
HCC who reach the endpoint in this study. 
Thus, a prospective randomized controlled trial 
is needed to test the efficacy of apatinib in the 
specific group of patients with sorafenib-resist-
ant HCC.

In conclusion, this study suggests that subsequent 
apatinib treatment, compared with supportive 
care, improves the survival outcomes of patients 
with sorafenib-resistant advanced HCC. Apatinib 
treatment may serve as an alternative therapy for 
patients with advanced sorafenib-resistant HCC, 
especially for patients who have a lower liver 
tumor load and extrahepatic spread.
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