
Apatinib for Chemotherapy-Refractory Advanced
Metastatic Gastric Cancer: Results From a Randomized,
Placebo-Controlled, Parallel-Arm, Phase II Trial
Jin Li, Shukui Qin, Jianming Xu, Weijian Guo, Jianping Xiong, Yuxian Bai, Guoping Sun, Yan Yang,
Liwei Wang, Nong Xu, Ying Cheng, Zhehai Wang, Leizhen Zheng, Min Tao, Xiaodong Zhu, Dongmei Ji,
Xin Liu, and Hao Yu

Jin Li, Weijian Guo, Xiaodong Zhu,
Dongmei Ji, and Xin Liu, Shanghai
Cancer Center and Shanghai Medical
College, Fudan University; Liwei Wang,
Shanghai First People’s Hospital;
Leizhen Zheng, XinHua Hospital Affili-
ated to Shanghai Jiaotong University
School of Medicine, Shanghai; Shukui
Qin, The 81 Hospital of PLA, Nanjing;
Hao Yu, School of Public Health,
Nanjing Medical University, Nanjing;
Jianming Xu, The 307 Hospital of the
Academy of Military Medical Sciences,
Beijing; Jianping Xiong, The First Affili-
ated Hospital of Nanchang University,
Nanchang; Yuxian Bai, The Third Affili-
ated Hospital of Harbin Medical Univer-
sity, Harbin; Guoping Sun, The First
Affiliated Hospital of Anhui Medical
University, Hefei; Yan Yang, Gansu
Cancer Hospital, Lanzhou; Nong Xu,
The First Affiliated Hospital of Zhejiang
University, Hangzhou; Ying Cheng, Jilin
Cancer Hospital, Changchun; Zhehai
Wang, Shandong Cancer Hospital,
Jinan; and Min Tao, The First Affiliated
Hospital of Soochow University,
Suzhou, China.

Published online ahead of print at
www.jco.org on August 5, 2013.

Supported by Jiangsu Hengrui Medi-
cine, Lianyungang, China.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Clinical trial information: NCT00970138.

Corresponding author: Jin Li, MD,
Department of Medical Oncology,
Fudan University Shanghai Cancer
Center, Department of Oncology,
Shanghai Medical College, Fudan
University, 270 Dong An Road, Shang-
hai, People’s Republic of China, China;
e-mail: fudanlijin@163.com.

© 2013 by American Society of Clinical
Oncology

0732-183X/13/3199-1/$20.00

DOI: 10.1200/JCO.2013.48.8585

A B S T R A C T

Purpose
Patients with metastatic gastric cancer (mGC) who do not respond to or who experience
progression with second-line chemotherapy have no treatment options that clearly confer a
survival benefit. This trial investigated the safety and efficacy of apatinib, an inhibitor of vascular
endothelial growth factor receptor, as a treatment option for heavily pretreated patients with mGC.

Patients and Methods
Patients who experienced treatment failure with at least two chemotherapeutic regimens were
randomly assigned to receive placebo (group A), apatinib 850 mg once daily (group B), or apatinib
425 mg twice daily (group C).

Results
We enrolled 144 patients onto this study. In groups A, B, and C, the median overall survival (OS)
times were 2.50 months (95% CI, 1.87 to 3.70 months), 4.83 months (95% CI, 4.03 to 5.97
months), and 4.27 months (95% CI, 3.83 to 4.77 months), respectively, and the median
progression-free survival (PFS) times were 1.40 months (95% CI, 1.20 to 1.83 months), 3.67
months (95% CI, 2.17 to 6.80 months), and 3.20 months (95% CI, 2.37 to 4.53 months),
respectively. There were statistically significant differences between the apatinib and placebo
groups for both PFS (P � .001) and OS (P � .001 and P � .0017). Nine patients had a partial
response (three patients in group B and six patients in group C). Toxicities were tolerable or could
be clinically managed. The most common grade 3 to 4 adverse events were hand-foot syndrome and
hypertension. Hematologic toxicities were moderate, and grade 3 to 4 hematologic toxicities were rare.

Conclusion
Apatinib showed improved PFS and OS in heavily pretreated patients with mGC who had
experienced treatment failure with two or more chemotherapy regimens.

J Clin Oncol 31. © 2013 by American Society of Clinical Oncology

INTRODUCTION

In the last decade, front-line chemotherapy has been
considered a standard therapeutic regimen for the
extension of survival time in patients with metastatic
gastric cancer (mGC). New evidence suggests that
salvage chemotherapies, as second-line treatments,
may have a survival advantage when compared with
best supportive care.1,2 After failure of second-line
chemotherapy, the results of further treatment are
poor, yielding response rates of 0% to 5% with no
evidence of prolonged survival.3,4 Novel, more effec-
tive treatment options are urgently needed to pro-
vide survival benefit for patients with mGC.

Targeting angiogenesis by inhibition of vascu-
lar endothelial growth factors (VEGFs) was shown

to be effective in lung, breast, renal, hepatic, and
colon cancers.5,6 However, evidence of antitumor
activity leading to improved overall survival (OS) or
progression-free survival (PFS) in patients with
mGC is still limited.

The results of studies with VEGF receptor
(VEGFR) inhibitors as a potential second-line treat-
ment for patients with mGC have, thus far, been
poor.6,7,8 Subgroup analysis of data from the phase
III Avastin in Gastric Cancer (AVAGAST) trial
showed that the VEGF inhibitor bevacizumab
tended to improve OS in non-Asian patients with
high versus low levels of plasma VEGF-A,9 indicat-
ing that the compound might have some benefit for
selected patients. More optimistic results were recently
reported from a randomized, placebo-controlled
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study. In a phase III study with ramucirumab, patients with mGC
treated with ramucirumab had significantly longer PFS and OS times
than patients given placebo.10

Preclinical experiments indicated that a novel VEGFR inhibitor,
apatinib (YN968D1), might have potential as a therapeutic agent for
malignancies.11 Apatinib is a small-molecule VEGFR tyrosine kinase
inhibitor, similar to vatalanib (PTK787), but with a binding affinity 10
times that of vatalanib or sorafenib.11,12

A phase I clinical trial showed that this agent has antitumor
activity in Chinese patients with mGC.13 On the basis of the preclinical
studies and phase I data, we conducted this phase II, randomized,
double-blind, placebo-controlled trial. The aims of the present trial
were to assess the efficacy and safety of daily administration of apatinib
as third-line or later treatment in patients with mGC and to determine
whether a once-daily or a twice-daily regimen is better tolerated by
these patients (NCT00970138).

PATIENTS AND METHODS

Patients

Patients age between 18 and 70 years with histologically confirmed ad-
vanced gastric cancer or mGC (including gastroesophageal junction adeno-
carcinoma) were eligible for enrollment. Enrollment criteria included prior
lack of response or intolerance to at least two chemotherapeutic regimens
(including both platinum and fluoropyrimidine). The criteria for progression
to second-line chemotherapy were based on computed tomography (CT) and
magnetic resonance imaging (MRI) evaluation. The study allowed recruit-
ment of patients who were intolerant to second-line chemotherapy because
there are no alternative therapeutic options for these patients. Additional
enrollment criteria were as follows: at least one measurable lesion as defined by
RECIST; an Eastern Cooperative Oncology Group performance status of 0
or 1; and acceptable hematologic, hepatic, and renal function. Patients
with uncontrolled blood pressure on medication (� 140/90 mmHg) or
with bleeding tendency or those receiving thrombolytics or anticoagulants
were excluded.

Ethical Clearance

The trial was approved by the institutional review board, the Fudan
University Shanghai Cancer Center Ethics Committee for Clinical Investiga-
tion, and conducted in accordance with the Declaration of Helsinki and Good
Clinical Practice. All patients signed informed consent before enrollment.

Study Drug Dosing and Treatment

In a phase I trial, apatinib (Jiangsu Hengrui Medicine, Lianyungang,
China) showed good oral bioavailability at a dose of 850 mg a day, the
maximum-tolerated dose.10 Considering this, we opted to give patients one of
the following regimens: apatinib 850 mg once daily, apatinib 425 mg twice
daily, or placebo. We thought that patients might tolerate a dose of 425 mg
twice daily better than a dose of 850 mg once daily because of the drug’s
relatively short half-life. Because the study was blinded, all patients received
two tablets every morning and one tablet every afternoon. One treatment cycle
was 28 days long. Treatment interruptions, dose reductions to 750 mg or 500
mg of apatinib per day, and supportive care were allowed for the management
of adverse events (AEs). We allowed treatment interruptions or dose reduc-
tions in the event of grade 3 hematologic or grade 2 nonhematologic toxicities.
The maximum allowable period of treatment interruption was 14 days in each
28-day treatment cycle, and treatment interruption was limited to two treat-
ment cycles. In each treatment cycle, dose reductions could be made twice.
However, once a dose reduction was made for toxicity, the dose could not be
re-escalated. Treatment cycles were repeated until disease progression, intol-
erable toxicity, or patient request for withdrawal from the study.

Sample Size Considerations

Reported data indicated that the median PFS (mPFS) in patients ran-
domly assigned to the placebo arm would be less than 2 months at the first

assessment. We expected the mPFS of patients randomly assigned to receive
apatinib to have an improvement of 2.5 months, or an mPFS of 4.5 months.
We planned an accrual period of 12 months, with an additional 12 months of
follow-up. We expected a drop-out or nonevaluable rate of 20%. An estimated
144 patients needed to be enrolled with 1:1:1 random assignment when signif-
icance was set at a two-sided 5% type I error rate and at least 80% power. With
Bonferroni adjustment for the two pair-wise comparisons, the overall type I
error was 10%.

Random Assignment

The study was conducted at 15 hospitals in China. Random assignment
was centrally managed by the Department of Epidemiology and Biostatistics,
Nanjing Medical University School of Public Health, Nanjing, China, and
random assignment was stratified according to the number of meta-
static organs.

Efficacy and Safety Assessments

This was an efficacy-exploring phase II trial designed to further assess the
biologic activity of apatinib and to inform the development of a phase III trial.
Therefore, we considered PFS as the primary end point. PFS was defined as
time from random assignment until disease progression or death, whichever
occurred first. The time period before progression or death was thus consid-
ered the PFS.

Table 1. Patient Demographics and Clinical Characteristics

Characteristic

Placebo
(n � 48)

Apatinib 850
mg QD
(n � 47)

Apatinib 425
mg BID
(n � 46)

No. of
Patients %

No. of
Patients %

No. of
Patients %

Sex
Male 36 75 39 83 34 74
Female 12 25 8 17 12 26

Median age, years 54 55 53
ECOG PS

0 1 2 3 6 2 4
1 47 98 44 94 44 96

Time since initial
diagnosis, years 1.98 1.96 2.25

Prior surgery of primary
tumor

Yes 36 75 37 79 35 76
No 12 25 10 21 11 24

Stage
II 0 0 1 3 1 2
III 0 0 3 6 0 0
IV 48 100 43 91 45 98

No. of metastatic sites
� 2 34 71 36 77 30 67
� 2 14 29 11 23 16 33

Previous chemotherapy
lines 32 67 32 68 29 63

2 16 33 15 32 17 37
� 3

Prior radiotherapy 7 15 7 15 4 9
Intolerance to second-line

treatment at time of
enrollment 3 6.4 0 0 5 10.9

Metastasis site/organ
Liver 23 48 28 60 20 43
Lung(s) 9 19 5 11 11 24
Posterior peritoneum

lymph node 11 23 9 19 11 24

Abbreviations: BID, twice a day; ECOG, Eastern Cooperative Oncology
Group; PS, performance status; QD, once a day.
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Secondary end points included disease control rate (DCR), objective
response rate (ORR), OS, and quality of life (QoL). Disease control was
defined as complete response (CR), partial response (PR), or stable disease
(SD), and objective response was considered a reduction in tumor size. For
DCR, we considered whether the patient had CR, PR, or SD at week 8 of the
study. Deaths within the first 8 weeks were thus not controlled for DCR.

RECIST version 1.0 was used to assess tumor responses. Five indepen-
dent radiologists from different hospitals who were blinded to the treatment
had to agree on evidence of efficacy.

Pretreatment evaluation included physical examination, CBCs and
blood chemistry, and MRI or CT scan of measurable lesions at baseline.
Physical examinations, blood counts, and assessment of toxicity were

Randomly assigned
(N = 144)

Assigned to group A
(n = 48)

Given placebo
(intent-to-treat

population)
(n = 48)

Survived beyond 
cycle 2
(n = 4)

Survived beyond 
cycle 2
(n = 19)

Survived beyond 
cycle 2
(n = 20)

Survived beyond 
cycle 4
(n = 3)

Survived beyond 
cycle 4
(n = 11)
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cycle 4
(n = 8)

First 2 cycles
Disease 
   progression
Withdrawal of 
   consent
Investigator 
   terminate
Lost to follow-up
Protocol violation
Death
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(n = 6)

(n = 1)

(n = 3)
(n = 3)
(n = 5)
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Others
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(intent-to-treat
population)
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Withdrew 
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receiving tretament

(n = 2)

Fig 1. CONSORT diagram, enrollment
and outcome.

Table 2. Distribution of Peritoneal Metastases Among the Different Treatment Groups

Group
Total No. of

Patients

No. of Patients

Objective Response
Rate (%)

Disease Control
Rate (%)

Median Progression-Free
Survival (days)

Partial
Response

Complete
Response

Stable
Disease

Placebo 6 0 0 1 0 17 39
Apatinib 850 mg once daily 4 0 0 4 0 100 155
Apatinib 425 mg twice daily 4 0 0 2 0 50 78

Phase II Trial: Apatinib in Advanced Gastric Cancer
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performed biweekly. Hepatic and renal function tests were performed
monthly. MRI or CT scans of measurable lesions were assessed after every two
cycles (8 weeks). MRI or CT scans could be scheduled ahead of time if there
was evidence of substantial progression.

Patients were observed until death, loss to follow-up, or end of study.
QoL was evaluated according to the Chinese version of the European Organi-
sation for Research and Treatment of Cancer Quality of Life Questionnaire
C30.14 AEs were assessed according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 3.0).

Statistical Analysis

The full analysis set (FAS) consisted of all intent-to-treat (ITT) patients,
including those who were randomly assigned to a treatment group but who
did not adhere to the full course of treatment, with the last observation taken as
the final result. The per-protocol set (PPS) was a subset of the FAS. Patients
included in the PPS met all the trial criteria, were compliant and took at least
two cycles of the treatment, did not take prohibited medication, and had a
completed case report form. Patients who did not complete the trial because of
an end point event (PD, death, or intolerable AE) were also included in the
PPS. The primary end point and other study objectives were analyzed for both
the FAS and PPS.

Quantitative variables were compared among groups using the analysis
of variance or Kruskal-Wallis tests. Pearson �2 test or Fisher’s exact test was
used to analyze categorical variables. The Kruskal-Wallis test was used to
analyze ordered variables. We compared PFS, OS, ORR, and DCR between the
treatment groups using a log-rank (Mantel-Cox) test and used the Cox pro-
portional hazards model to estimate hazard ratios (HRs) and to test for signif-
icance. We used the multiple Cox model to evaluate whether there were
significant differences in PFS and OS between the groups after adjusting for age
(� v � 60 years), sex (male v female), Eastern Cooperative Oncology Group
performance status (0 v 1), pathologic grading (1 to 2 v 3), previous chemo-
therapy lines (� three v two chemotherapy lines), and number of metastatic
sites (� v � two sites). The ORR and DCR analyses were based on frequencies.
All statistical analyses were two-sided, and significance was set at P � .025 for
pair-wise analyses and at P � .05 or at the 95% CI for the results of other
statistical tests.

RESULTS

Patient Demographics

From June 2009, we enrolled 144 patients with advanced gastric
cancer or mGC onto the study and observed them until October 2010,
when 75% of OS events were reached. The data were locked on
November 8, 2010. Three patients withdrew before random assign-
ment. The remaining 141 patients were randomly assigned to receive
28-daycyclesofplacebo(n�48),apatinib850mgoncedaily(n�47),or
apatinib 425 mg twice daily (n � 46). Eight of the enrolled patients
(5.7%) did not complete the second-line chemotherapy because of
intolerance, and one third of the 141 enrolled patients had previously
experienced progression to three or more lines of therapy (16 patients
[33%], 14 patients [30%], and 17 patients [37%] in the placebo,
apatinib 850 mg once daily, and apatinib 425 mg twice daily groups,
respectively). These patients were equally distributed among the three
treatment groups.

The baseline characteristics of patients in the different groups
were similar with regard to age, sex ratio, surgical history, disease stage,
and number of metastatic organs. Patient characteristics are listed in
Table 1, and the distribution of peritoneal metastasis in the different
treatment groups is provided in Table 2.

Study Treatment Administration

The percentages of patients receiving at least two cycles of treat-
ment were as follows: 47.9% of patients given placebo, 74.5% of

patients given apatinib 850 mg once daily, and 69.6% of patients given
apatinib 425 mg twice daily. More patients in the placebo group
discontinued treatment because of progression or worsening illness.
In total, 15.6% of patients had dose reductions. Dose reductions were
considerably more common among patients who were given apatinib
425 mg twice daily (32.6% v 12.8% of patients given apatinib 850 mg
once daily and 2% of patients given placebo; Fig 1).

Efficacy

PFS. The ITT patients given apatinib had significantly im-
proved PFS when compared with patients given placebo. mPFS was
3.67 months (110 days; 95% CI, 2.17 to 6.80 months [65 to 204 days])
and 3.20 months (96 days; 95% CI, 2.37 to 4.53 months [71 to 136
days]) for patients given apatinib 850 mg once daily and 425 mg twice
daily, respectively, and 1.40 months (42 days; 95% CI, 1.20 to 1.83
months [36 to 55 days]) for patients given placebo.

Multiple Cox regression model showed that there were signifi-
cant differences between the groups (ITT patients) who received apa-
tinib 850 mg once daily versus placebo (HR, 0.18; 95% CI, 0.10 to 0.34;
P � .001), as well as between the groups who received apatinib 425 mg
twice daily versus placebo (HR, 0.21; 95% CI, 0.11 to 0.38; P � .001).
However, there was no significant difference between apatinib 425 mg
twice daily versus 850 mg once daily (HR, 1.22; 95% CI, 0.68 to 2.20;
P � .511; Fig 2). Multiple Cox regression model showed that the
results for the PPS were similar to those for the ITT patients (apatinib
850 mg once daily v placebo: HR, 0.19; 95% CI, 0.11 to 0.36; P � .001;
and apatinib 425 mg twice daily v placebo: HR, 0.21; 95% CI, 0.11 to
0.38; P � .001).

OS. The ITT patients given apatinib had significantly longer
median OS (mOS) than those given placebo. Patients in the placebo
group had a mOS time of 2.50 months (75 days; 95% CI, 1.87 to 3.70
months [56 to 111 days]). Patients given apatinib 850 mg once daily
and 425 mg twice daily had mOS times of 4.83 months (145 days; 95%
CI, 4.03 to 5.97 months [121 to 179 days]) and 4.27 months (128 days;
95% CI, 3.83 to 4.77 months [115 to 143 days]), respectively.

Multiple Cox regression model showed significant differences
between the groups who received apatinib 850 mg once daily versus
placebo (HR, 0.37; 95% CI, 0.22 to 0.62; P � .001) and between the
groups who received apatinib 425 mg twice daily versus placebo (HR,
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Fig 2. Kaplan-Meier estimates of progression-free survival in the intent-to-treat
population for the three treatment groups. BID, twice a day; QD, once a day.
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0.41; 95% CI, 0.24 to 0.72; P � .0017). There was no significant
difference between the groups who received apatinib 425 mg twice
daily and 850 mg once daily (HR, 1.28; 95% CI, 0.75 to 2.17; P � .119;
Fig 3).

Results for the PPS were similar to the results reported for the ITT
patients. Multiple Cox regression model showed that OS was signifi-
cantly improved compared with patients given placebo (apatinib 850
mg once daily v placebo: HR, 0.29; 95% CI, 0.16 to 0.52; P � .001; and
apatinib 425 mg twice daily v placebo: HR, 0.34; 95% CI, 0.18 to 0.64;
P � .001).

ORR. Nine patients treated with apatinib had a PR (confirmed
on CT scan and in accordance with RECIST version 1.0)—three
receiving apatinib 850 mg once daily and six receiving apatinib 425 mg
twice daily. Table 3 lists the ORRs for the three groups.

DCRs. Significantly more patients in the groups treated with
apatinib had CR, PR, or SD than in the placebo group. Patients treated
with apatinib had significantly better DCRs (P � .001; Table 3) than
those given placebo. Among the ITT patients, 10.42% (n � 5), 51.06%
(n � 24), and 34.78% (n � 16) in the placebo, apatinib 850 mg once
daily, and apatinib 425 mg twice daily groups, respectively, achieved
disease control. Among the PPS patients, 11.63% (n � 5), 58.54%

(n � 24), and 40% (n � 6) in the placebo, apatinib 850 mg once daily,
and apatinib 425 mg twice daily groups, respectively, achieved disease
control. Table 3 shows the comparison between groups.

Safety

Toxicities were generally well tolerated. Grade 3 to 4 AEs that
occurred in more than 5% of patients were hand-foot syndrome,
hypertension, thrombocytopenia, anemia, and liver toxicities, as indi-
cated by elevated aminotransferase and bilirubin levels, as well as
diarrhea. Grade 3 to 4 AEs that occurred in more than 10% of patients
were hand-foot syndrome and hypertension. Hematologic toxicities
were mostly moderate, and grade 3 to 4 hematologic toxicities were
rarely noted. Fatigue was a common adverse effect among patients
enrolled onto this study. In total, 10.4%, 17.0%, and 15.2% of patients
receiving placebo, apatinib 850 mg once daily, or apatinib 425 mg
twice daily, respectively, experienced fatigue. However, only approxi-
mately 2% of patients experienced grade 3 to 4 fatigue. Table 4 lists the
reported AEs.

QoL

There were no significant differences between the three treat-
ment groups with regard to the QoL scores for the different parame-
ters of the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire C30. The only significant change
in QoL over the course of treatment was found in the score for
insomnia. After two cycles of treatment, insomnia was significantly
improved in patients treated with apatinib than in those given placebo
(P � .002). Cognitive function tended to be scored higher in the
apatinib treatment groups than in the placebo group after two cycles of
treatment, but significance was not reached (P � .067).

DISCUSSION

The number of patients with mGC offered second-line chemotherapy
is growing, especially in Asia,4,14,15 and there is an increasing need for
further active treatments beyond second-line chemotherapy. This
study investigated the efficacy of apatinib in patients with gastric
cancer who experienced treatment failure with two or more lines
of chemotherapy.
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Fig 3. Kaplan-Meier curves with estimated overall survival in the intention-to-
treat population. BID, twice a day; QD, once a day.

Table 3. Overall Response and Disease Control Rates Among Patients in the Different Treatment Groups

Treatment Group
No. of

Patients

Overall Response Rate Disease Control Rates

No. of
Responses %

95% CI
(%)

95% CI of Rate
Difference

(group v group)

No. of Patients
With Disease

Control % 95% CI (%)

95% CI of Rate
Difference

(group v group)

Intent-to-treat patients
Group A� 48 0 0.00 0.0 to 7.4 — 5 10.42 3.5 to 22.7 —
Group B† 47 3 6.38 1.3 to 17.5 �0.61 to 13.37 (B v A) 24 51.06 36.1 to 65.9 23.94 to 57.34 (B v A)
Group C‡ 46 6 13.04 4.9 to 26.3 3.31 to 22.77 (C v A) 16 34.78 21.4 to 50.2 8.11 to 40.61 (C v A)

Per-protocol patients
Group A� 43 0 0.00 0.0 to 8.2 — 5 11.63 3.9 to 25.1 —
Group B† 41 3 7.32 1.5 to 19.9 �0.65 to 15.29 (B v A) 24 58.54 42.1 to 73.7 29.04 to 64.78 (B v A)
Group C‡ 40 6 15.00 5.7 to 29.8 3.93 to 26.07 (C v A) 16 40.00 24.9 to 56.7 10.42 to 46.32 (C v A)

�Placebo.
†Apatinib 850 mg once daily.
‡Apatinib 425 mg twice daily.

Phase II Trial: Apatinib in Advanced Gastric Cancer
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Table 4. Adverse Events

Adverse Event

Adverse Event Grade (No. of patients) Comparison
Between
Groups P

Incidence
(%) P

Incidence of
Severe

Adverse
Events (%) P0 1 2 3 4 Total

Hypertension
Group A� 46 2 0 0 0 48 20.57 � .001 4.17 � .001 0.00 .0473
Group B† 28 7 8 4 0 47 40.43 8.51
Group C‡ 28 5 8 5 0 46 39.13 10.87

Proteinuria
Group A 42 6 0 0 0 48 8.21 .0165 12.50 .0307 0.00 .2128
Group B 34 4 8 1 0 47 27.66 2.13
Group C 30 5 9 2 0 46 34.78 4.35

Hand-foot syndrome
Group A 46 1 0 1 0 48 21.26 � .001 4.17 � .001 2.08 .0877
Group B 35 4 6 2 0 47 25.53 4.26
Group C 25 7 8 6 0 46 45.65 13.04

Diarrhea
Group A 46 1 1 0 0 48 10.27 .0059 4.17 .0045 0.00 .0792
Group B 39 6 1 1 0 47 17.02 2.13
Group C 33 6 4 3 0 46 28.26 6.52

Abdominal pain
Group A 43 2 2 1 0 48 0.47 .7890 10.42 .7461 2.08 .7714
Group B 43 2 2 0 0 47 8.51 0.00
Group C 40 4 1 1 0 46 13.04 2.17

Fatigue
Group A 43 2 2 1 0 48 0.88 .6427 10.42 .6263 2.08 1.000
Group B 39 3 4 1 0 47 17.02 2.13
Group C 39 3 3 1 0 46 15.22 2.17

Vomiting
Group A 43 1 3 1 0 48 0.14 .9347 10.42 1.000 2.08 1.000
Group B 42 3 2 0 0 47 10.64 0.00
Group C 42 2 2 0 0 46 8.70 0.00

Nausea
Group A 43 2 2 1 0 48 0.69 .7071 10.42 .7647 2.08 1.000
Group B 44 2 1 0 0 47 6.38 0.00
Group C 41 4 1 0 0 46 10.87 0.00

Fever
Group A 47 1 0 0 0 48 7.62 .0222 2.08 .0166 0.00
Group B 47 0 0 0 0 47 0.00 0.00
Group C 41 2 3 0 0 46 10.87 0.00

Elevated
aminotransferase

Group A 42 3 2 1 0 48 11.79 .0028 12.50 .0037 2.08 .2604
Group B 38 6 1 2 0 47 19.15 4.26
Group C 27 9 6 4 0 46 41.30 8.70

Leukopenia
Group A 44 2 0 2 0 48 17.90 � .001 8.33 � .001 4.17 .4689
Group B 24 10 13 0 0 47 48.94 0.00
Group C 28 8 8 2 0 46 39.13 4.35

Thrombocytopenia
Group A 42 2 2 2 0 48 8.53 .0141 12.50 .0101 4.17 .5964
Group B 33 9 3 2 0 47 29.79 4.26
Group C 28 6 8 4 0 46 39.13 8.70

Neutropenia
Group A 45 1 0 2 0 48 13.19 .0014 6.25 � .001 4.17 .8702
Group B 29 8 9 1 0 47 38.30 2.13
Group C 31 5 8 2 0 46 32.61 4.35

Anemia
Group A 39 2 4 2 1 48 0.03 .9846 18.75 1.000 6.25 .6312
Group B 38 5 3 1 0 47 19.15 2.13
Group C 38 2 3 2 1 46 17.39 6.52

�Placebo.
†Apatinib 850 mg once daily.
‡Apatinib 425 mg twice daily.
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Patients given placebo experienced faster tumor progression
than we expected. Although the mPFS of patients given apatinib did
not reach our anticipated improvement of 2.5 months and, therefore,
the study’s primary end point, PFS was still significantly longer in
patients given apatinib than in those given placebo. The longer PFS of
patients given apatinib translated into an improvement of OS. The
mOS was significantly longer in patients treated with apatinib versus
those given a placebo (4.5 v 2.5 months, respectively). On average,
43% of patients given apatinib reached disease control, which is ac-
ceptable when compared with the treatment outcomes of antiangio-
genic agents in other solid tumors.

The leading grade 3 to 4 AE was hypertension, which occurred in
8.51% and 10.86% of patients treated with apatinib at a dose of 850 mg
once daily and 425 twice daily, respectively. Hypertension, hand-food
syndrome, and proteinuria are known to be the most common AEs of
antiangiogenic agents. The incidence of proteinuria in this study was
comparable with the results of other investigations with VEGFR in-
hibitors.16 Only 4% of patients developed grade 3 proteinuria, and
none of the patients developed glomerulonephritis secondary to apa-
tinib treatment. The incidence of hematologic toxicities was low. Al-
though one death could be related to severe AEs in this study, the
adverse effects of apatinib were considered moderate and acceptable
when compared with historical reports from other antiangiogenic
agents. We propose that apatinib had a favorable safety profile because
it is a relatively clean tyrosine kinase inhibitor that selectively inhib-
its VEGFR2.

Apatinib at the two dose levels of 850 mg once daily and 425 mg
twice daily had different safety profiles. Patients given apatinib as a

once-daily regimen had fewer grade 3 to 4 AEs than those given
apatinib at a dose of 425 mg twice daily. Also, the incidence of hyper-
tension, hand-foot syndrome, thrombocytopenia, and diarrhea was
reduced among patients treated with apatinib 850 mg once daily.
Therefore, we recommended the dosing regimen of 850 mg once daily
for the phase III trial, which is ongoing (NCT01512745).

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

The author(s) indicated no potential conflicts of interest.

AUTHOR CONTRIBUTIONS

Conception and design: Jin Li, Shukui Qin, Hao Yu
Administrative support: Jin Li
Provision of study materials or patients: Jin Li, Shukui Qin, Jianming
Xu, Weijian Guo, Jianping Xiong, Yuxian Bai, Guoping Sun, Yan Yang,
Liwei Wang, Ying Cheng, Zhehai Wang, Leizhen Zheng, Min Tao,
Xiaodong Zhu, Dongmei Ji, Xin Liu, Hao Yu
Collection and assembly of data: Jin Li, Shukui Qin, Jianming Xu,
Weijian Guo, Jianping Xiong, Yuxian Bai, Guoping Sun, Yan Yang, Liwei
Wang, Nong Xu, Ying Cheng, Zhehai Wang, Leizhen Zheng, Min Tao,
Xiaodong Zhu, Dongmei Ji, Xin Liu
Data analysis and interpretation: Jin Li, Hao Yu
Manuscript writing: All authors
Final approval of manuscript: All authors

REFERENCES

1. Thuss-Patience PC, Hofheinz RD, Arnold D, et
al: Perioperative chemotherapy with docetaxel, cis-
platin and capecitabine (DCX) in gastro-oesophageal
adenocarcinoma: A phase II study of the Arbeitsge-
meinschaft Internistische Onkologie (AIO). Ann On-
col 23:2827-2834, 2012

2. Kang JH, Lee SI, Lim do H, et al: Salvage
chemotherapy for pretreated gastric cancer: A ran-
domized phase III trial comparing chemotherapy
plus best supportive care with best supportive care
alone. J Clin Oncol 30:1513-1518, 2012

3. Hawkes E, Okines AF, Papamichael D, et al:
Docetaxel and irinotecan as second-line therapy for
advanced oesophagogastric cancer. Eur J Cancer
47:1146-1151, 2011

4. Park SH, Kim YS, Hong J, et al: Mitomycin C
plus S-1 as second-line therapy in patients with
advanced gastric cancer: A noncomparative phase II
study. Anticancer Drugs 19:303-307, 2008

5. Folkman J: Angiogenesis in cancer, vascular,
rheumatoid and other disease. Nat Med 1:27-31,
1995

6. Tanigawa N, Amaya H, Matsumura M, et al:
Correlation between expression of vascular endo-
thelial growth factor and tumor vascularity, and

patient outcome in human gastric carcinoma. J Clin
Oncol 15:826-832, 1997

7. Bang YJ, Kang YK, Kang WK, et al: Phase II
study of sunitinib as second-line treatment for ad-
vanced gastric cancer. Invest New Drugs 29:1449-
1458, 2011

8. Kang Y, Ohtsu A, Van Cutsem E, et al: AVAGAST:
A randomized, double-blind, placebo-controlled, phase III
study of first-line capecitabine and cisplatin plus bevaci-
zumab or placebo in patients with advanced gastric
cancer (AGC). J Clin Oncol 28:240s, 2012 (suppl; abstr
LBA4007)

9. Van Cutsem E, de Haas S, Kang YK, et al:
Bevacizumab in combination with chemotherapy as
first-line therapy in advanced gastric cancer: A bio-
marker evaluation from the AVAGAST randomized
phase III trial. J Clin Oncol 30:2119-2127, 2012

10. Fuchs CS, Tomasek J, Cho JY, et al:
REGARD: A phase III, randomized, double-blinded
trial of ramucirumab and best supportive care (BSC)
versus placebo and BSC in the treatment of metastatic
gastric or gastroesophageal junction (GEJ) adenocarci-
noma following disease progression on first-line
platinum- and/or fluoropyrimidine-containing combina-
tion therapy. Presented at the American Society of
Clinical Oncology Gastrointestinal Cancers Sympo-
sium, San Francisco, CA, January 24-26, 2013 (abstr
LBA5)

11. Tian S, Quan H, Xie C, et al: YN968D1 is a
novel and selective inhibitor of vascular endothelial
growth factor receptor-2 tyrosine kinase with potent
activity in vitro and in vivo. Cancer Science 102:
1374-1380, 2011

12. Wilhelm SM, Carter C, Tang L, et al: BAY
43-9006 exhibits broad spectrum oral antitumor
activity and targets the RAF/MEK/ERK pathway and
receptor tyrosine kinases involved in tumor progres-
sion and angiogenesis. Cancer Res 64:7099-7109,
2004

13. Li J, Zhao X, Chen L, et al: Safety and phar-
macokinetics of novel selective vascular endothelial
growth factor receptor-2 inhibitor YN968D1 in pa-
tients with advanced malignancies. BMC Cancer
10:529, 2010

14. Zhao H, Kanda K: Translation and validation of
the standard Chinese version of the EORTC QLQ-C30.
Qual Life Res 9:129-137, 2000

15. Lee J, Lim T, Uhm JE, et al: Prognostic model
to predict survival following first-line chemotherapy
in patients with metastatic gastric adenocarcinoma.
Ann Oncol 18:886-891, 2007

16. Rino Y, Yukawa N, Wada N, et al: Phase II
study of S-1 monotherapy as a first-line, combina-
tion therapy of S-1 plus cisplatin as a second-line,
and weekly paclitaxel monotherapy as a third-line
therapy in patients with advanced gastric carcinoma.
Clin Med Oncol 2:375-383, 2008

■ ■ ■

Phase II Trial: Apatinib in Advanced Gastric Cancer

www.jco.org © 2013 by American Society of Clinical Oncology 7
Information downloaded from jco.ascopubs.org and provided by at Fudan Univ Lib on August 6, 2013 from 61.129.42.15

Copyright © 2013 American Society of Clinical Oncology. All rights reserved.



Acknowledgment

We thank Manette Marais, PhD, for assistance with writing and editing the article. Her contribution to the manuscript was funded by the
Fudan University Shanghai Cancer Center.

Li et al

8 © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at Fudan Univ Lib on August 6, 2013 from 61.129.42.15
Copyright © 2013 American Society of Clinical Oncology. All rights reserved.


