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Abstract: Apatinib, a VEGFR2 receptor tyrosine kinase inhibitor, showed survival benefits in Asian patients with
heavily pretreated advanced gastric cancer. However, the adverse event (AEs) profile of apatinib has limited its use.
Dosing schedules are used to alleviate toxicities despite no supportive evidence. This study aimed to analyze the
toxicity and effectiveness of apatinib alone, especially with different dosing strategies in advanced gastric cancer
patients under a real-world setting. Data from the subpopulation of patients who failed >2 chemotherapy regimens
enrolled in the AHEAD-G202 trial were analyzed. The primary endpoint was safety. The secondary endpoints were
overall survival (OS) and progression-free survival (PFS). Totally 120 patients were included into three groups by the
initial daily doses: 43 (35.8%) patients in the low-dose (250 mg) group, 67 (55.8%) patients in the mid-dose (425
mg to 500 mg) group, and 10 (8.3%) patients in the high-dose (675 to 850 mg) group. Grade 3/4 treatment-emer-
gent AEs were infrequent (<5%), with the most commonly reported grade 3/4 AEs being hand-foot syndrome (4.2%),
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hypertension (4.2%,), fatigue (4.2%), and difficulty in swallowing (4.2%) which gradually decreased among the high-,
mid-, and low-dose groups. The median OS and PFS were 6.33 months (95% ClI, 4.57-7.73) and 3.83 months (95%
Cl: 1.40-4.20), respectively and were comparable among the three doses groups. We found heavily pretreated ad-
vanced gastric cancer patients can tolerate and benefit from lower-doses of apatinib therapy. The lower initial daily
dosing strategy represents an alternative approach for optimizing apatinib dosing in clinical practice.

Keywords: Apatinib, advanced gastric cancer, toxicity, effectiveness, dosing strategy, real-world

Introduction

Gastric cancer is the third most common cause
of cancer-related death worldwide [1] and has
higher incidence in East Asian than European
populations, with East Asians accounting for
over 70% of total global cases [2]. First- and
second-line chemotherapy has been shown to
significantly improve the survival of patients
with advanced or metastatic gastric cancer [3,
4]. However, nearly all patients with advanced
disease develop disease progression following
treatment, and no standard treatment modality
has been accepted as third-line treatment to
date. Some studies have evaluated the efficacy
of different modalities, including chemothera-
py, anti-PD1, and anti-angiogenesis strategies,
and reported varying results [5]. TAS102 was
proven to prolong progression-free survival
(PFS) and overall survival (OS) compared with
best supportive care [6]. The anti-PD1 antibody
pembrolizumab has also showed higher effica-
cy in PD-L1-positive disease, tumors with high
microsatellite instability, or mismatch-repair-
deficient chemotherapy-refractory tumors [7].
Nivolumab, another anti-PD1 antibody, has also
demonstrated a statistically significant survival
benefit irrespective of PD-L1 status [8].

Anti-angiogenesis is an important anti-cancer
strategy [9], and several anti-angiogenic agents
have been evaluated in clinical trials in gastric
cancer to date. The anti-vascular endothelial
growth factor (VEGF) monoclonal antibody bev-
acizumab has been shown to improve PFS and
overall response rate (ORR), but not OS [10].
Ramucirumab, another VEGF monoclonal anti-
body, was also proven to prolong OS in REGARD
and RAINBOW trials [11, 12]. Meanwhile, vas-
cular endothelial growth factor receptor (VEG-
FR)-targeting tyrosine kinase inhibitors (TKIs)
such as sunitinib and sorafenib only showed
limited clinical benefit in gastric cancer [13,
14]. Regorafenib, an oral small-molecule multi-
Kinase inhibitor targeting signaling pathways
including VEGFR1-3, significantly prolonged
PFS and tended to improve OS in the phase I
INTEGRATE study [15].
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Apatinib, also known as YN968d1, is a novel
TKI selectively targeting the intracellular ATP-
binding site of VEGFR2. Apatinib prolonged PFS
and OS by approximately 1 and 2 months,
respectively, in patients with advanced gastric
cancer who have previously failed second-line
chemotherapy [16]. In the phase Il trial [16],
the therapeutic effect of apatinib on OS was
mainly derived from prolonged PFS [17]. These
results indicate that apatinib is a new option for
third-line treatment of gastric cancer [18].
Despite the observed survival benefits, the
emergence of toxicities, such as proteinuria,
hypertension, hand-foot syndrome and fatigue
has limited the use of apatinib. The standard
daily dose of apatinib used in the registration
trial was 850 mg/day. In clinical practice, how-
ever, physicians have commonly adopted vari-
ous dosing or interval schedules and topical
agents to counteract the toxicities, despite the
lack of supportive clinical data. Therefore, we
previously conducted an open label, non-inter-
ventional trial (AHEAD-G202 [clinical trial ID:
NCT02668380]) to obtain more clinical evi-
dence on the safety and effectiveness of apa-
tinib in patients with gastric cancer in the real
world.

The current study aimed to evaluate the toxicity
and effectiveness of apatinib alone therapy in
the subgroup of patients with heavily pretreat-
ed metastatic gastric cancer in the AHEAD-
G202 trial. Further, we aimed to investigate the
optimal dose of apatinib and the actual inci-
dence and grade of adverse events (AEs) during
the course of treatment.

Materials and methods
Patients

Data from patients who received apatinib as
third- or higher-line treatment in the AHE-
AD-G202 trial were analyzed. The AHEAD-G202
trial was an open label, multicenter, non-inter-
ventional study which was conducted in 29
centers in China between September 2015 and
March 2018. Eligible patients had histologically
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proven advanced gastric cancer or gastro-
esophageal junction adenocarcinoma (advan-
ced disease was defined as primary tumor or
local recurrence not eligible for complete surgi-
cal resection or the presence of metastatic
disease).

The study protocol received a centralized
review at the institutional review board of the
leader institution who also served as the
reviewing board for the participating sites and
was approved by the institutional review board
of the leader institution and all participating
sites obtained institutional review board or
ethics committee approval of the study proto-
col prior to local initiation of the study
(Supplementary List I). The trial followed the
guiding principles of the Declaration of Helsinki,
the International Conference on Harmonization
Good Clinical Practice guidelines, and accord-
ing to the laws and guidelines in China. The
diagnostic and therapeutic practices were
implemented according to the clinical practice
of each participating center. All patients pro-
vided written informed consent.

Treatment

Apatinib (Jiangsu Hengrui Medicine) was initial-
ly administered orally at a dosage of 850 mg
once daily for 4 weeks per cycle. However, as
the trial proceeded, physicians reported higher
incidences of AEs, and thus the drug manufac-
turer recommended lower doses at the discre-
tion of the attending oncologists. Therefore, the
initial dosage of apatinib could be range from
250 mg to 850 mg once daily according to the
physician’s discretion with consideration of the
patients’ physical condition. The daily dosage
could be also adjusted due to AEs. The neces-
sity of concurrent chemotherapy or targeted
therapy combined during treatment was decid-
ed by the physician according to the patients’
condition. Patients received apatinib until dis-
ease progression, unacceptable toxicities, or at
the physician’s discretion. If apatinib was dis-
continued for any reason, the date of the last
dosage and the primary reason for discontinua-
tion were documented, and the patient was
withdrawn from the study.

Data collection and treatment-related evalua-
tions

Data were obtained from the patients’ medical
and laboratory records or from telephone fol-
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low-up. The clinicodemographic characteristics
and AEs were evaluated in all patients. Data on
AEs were collected and coded to a preferred
term using the Medical Dictionary for Regulatory
Activities. Further, AEs were graded according
to the National Cancer Institute Common
Terminology Criteria for Adverse Events version
4.0. Treatment response and progression was
evaluated accordingtothe Response Evaluation
Criteria In Solid Tumors (RECIST v 1.1). Physician
evaluations were conducted, but was not man-
datory. Meanwhile, clinical assessment of
treatment response was conducted using com-
puted tomography and/or magnetic resonance
imaging during follow-up visits at approximately
8-12-week intervals, according to routine
practice.

Statistical analysis

All the data were analyzed via SAS ver. 9.4 (SAS
Institute Inc., Cary, NC, USA). The primary out-
come measures of this study were safety and
apatinib-emergent AEs. The secondary out-
come measures included OS, PFS, ORR, and
disease control rate (DCR). Treatment respons-
es and AEs were both aggregated in the form of
frequency counts and percentages. The ORR
included complete response (CR) and partial
response (PR), which were assessed using the
RECIST v 1.1. DCR was calculated as the per-
centage of patients with stable disease (SD),
CR, or PR. PFS and OS were measured from the
date of apatinib initiation to the time of disease
progression as determined by the physician
and death from any cause, respectively. 0S and
PFS and their corresponding 95% confidence
intervals (Cls) were estimated via the Kaplan-
Meier method. Survivors at the time of data col-
lection were censored at the date of last con-
tact. The ORR and DCR analyses were based on
frequency counts. The hazard ratios (HRs) and
corresponding 95% Cls were estimated using
the Cox's proportional hazards regression
model. All statistical analyses were two sided.
The statistical significance cutoff of P=0.05
was used to retain the variables in the final
model.

Results
Patient and tumor characteristics
A total of 173 patients with advanced gastric

cancer or advanced gastroesophageal junction
adenocarcinoma received third- or higher-line
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Table 1. Patient demographic and baseline characteristics for patients receiving third line or higher

apatinib alone therapy

) Apatinib
Variables X2 P
All 250 mg  425-500 mg 675-850 mg
No. (%) 120 43 (35.8) 67 (55.8) 10 (8.3)
Male gender, N (%) 81 (67.5) 29 (67.4) 46 (68.7) 6 (60) 0.2973 0.8619
Age, years, N (%) 0.0090 0.9955
>65 47 (39.2) 17 (39.5) 26 (38.8) 4 (40)
AJCC staging, N (%) 0.8410*
I 7 (5.8) 2(4.7) 5 (7.5) 0 (0.0)
v 113 (94.2) 41 (95.3) 62 (92.5) 10 (100)
ECOG performance score, N (%) 0.0497*
0 8 (6.7) 2(4.7) 6 (9.0) 0 (0.0)
1 73(60.8) 21(48.8) 46 (68.6) 6 (60)
>2 34 (28.3) 19 (44.2) 12 (17.9) 3(30)
N/A 5(4.2) 1(2.3) 3(4.5) 1(10)
No. of metastatic sites, N (%) 0.5642 0.7542
>2 32(26.7) 13(30.2) 17 (25.4) 2 (20)
Lauren classification, N (%) 0.5763*
Intestinal 26 (21.7) 14 (32.6) 11 (16.4) 1(10)
Diffuse 27 (22.5) 9(20.9) 16 (23.9) 2 (20)
Mixed 7 (5.8) 4 (9.3) 3(4.5) 0 (0.0)
N/A 60 (50) 16 (37.2) 37 (55.2) 7(70)
Prior radiotherapy, N (%) 3.0906 0.2132
Yes 20(16.7) 6(14.0) 14 (20.9) 0 (0.0)
Prior surgery, N (%) 0.0487*
Yes 52 (43.3) 21(48.8) 31 (46.3) 0 (0.0)
No 48 (40) 15(34.9) 28 (41.8) 5 (50)
N/A 20 (16.7) 7 (16.3) 8(11.9) 5 (50)
Line of therapy, N (%) 2.0327 0.3619
3 85(70.8) 29(67.4) 47 (70.1) 9 (90)
>3 35(29.2) 14 (32.6) 20 (29.9) 1 (10)

*Fisher’s exact test.

apatinib. Of these, 120 patients who received
apatinib alone were included in the analysis.
The patients’ baseline clinicodemographic
characteristics are shown in Table 1. Majority
of patients were male (67.5%), and 39.2% of
the population were aged at least 65 years.
Moreover, 94.2% of them had stage IV gastric
cancer. The Eastern Cooperative Oncology
Group-Performance Status (ECOG-PS) score
was 0 or 1in 67.5% and 2 or above in 28.3% of
the patients. In total, 16.7% of the patients
received prior radiotherapy, and 43.3% under-
went prior surgery. The initial dose of apatinib
ranged from 250 to 850 mg once daily. The
starting dose of apatinib was 250 mg in 43
patients (35.8%) (the-low dose group), 425 mg

990

to 500 mgin 67 (55.8%) patients (the mid-dose
group), and from 675 to 850 mg in 10 (8.3%)
patients (the high-dose group). There was a sig-
nificant difference in the rate of prior surgery
(P=0.0487) and ECOG-PS score (P=0.0497)
between the three groups.

Safety

In total, 120 patients were evaluated for apa-
tinib alone-emergent AEs. The most commonly
reported any-grade AEs (=10%) included hyper-
tension (40.8%), fatigue (30%), hand-foot syn-
drome (17.7%), nausea (16.7%), and proteinuria
(14.2%) (Table 2). Grade 3/4 AEs were infre-
quent (<5%), and the most commonly reported
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Table 2. Third line or higher apatinib alone-emergent adverse events, N (%)

All, N=120 250 mg, N=44 425-500 mg, N=66 675,;‘8=51(())mg,
AEs
Any grade G:;:;ie Any grade G:;iie Any grade G;ie g/;\;é/e G;ie
Hematologic
Leukopenia 4(3.3) 0 2(4.6) 0 2(3.0) 0 0 0
Neutropenia 3(2.5) 0 1(2.3) 0 2 (3.0) 0 0 0
Anemia 1(0.8) 0 0 0 1(1.5) 0 0 0
Thrombocytopenia 6 (5.0) 2(1.7) 3(6.8) 0 3(4.6) 2(3.0) 0] 0]
Non-hematologic
Proteinuria 17 (14.2) 4(3.3) 3(6.8) 1(2.3) 11 (16.7) 3(4.6) 3(30) 0
Hypertension 49(40.8) 5(4.2) 19(43.2) 1(2.3) 26 (39.4) 3(4.6) 4(40) 1(10)
Hand-foot syndrome 20 (17.7) 5(4.2) 5(11.4) 1(2.3) 14 (21.2) 4(6.1) 1(10) 0
Elevated-transaminase 2(1.7) 0 0 0 2(3.0) 0 0] 0
Hyperbilirubinemia 1(0.8) 0 0 0 1 0 0 0
Bleeding 11 2(1.7) 2 (4.6) 1(2.3) 8 1(1.5) 1 0
Fatigue 36(30) 5(4.2) 13(29.6) 0 20(30.3) 4(6.1) 3(30) 1(10)
Alkaline phosphatase increased 0 0 0 0 0 0 0 0
Abdominal pain 2(1.7) 0 2 (4.6) 0 0 0 0 0
Decreased appetite 3(2.5) 1(0.8) 2 (4.6) 1(2.3) 1(1.5) 0 0 0
Hypoalbuminemia 0 0 0 0 0 0 0 0
Diarrhea 9 2(1.7) 3(6.8) 0 6(9.1) 2(3.0) 0 0
Arrhythmia 0 0 0 0 0 0 0 0
Nausea 20(16.7) 3(2.5) 10(22.7) 2(4.6) 8(12.1) 1(1.5) 2(20) 0
Vomiting 6(5.0) 2(1.7) 4(9.1) 1(2.3) 2(3.0) 1(1.5) 0 0
Intestinal obstruction 2(1.7) 1(0.8) 1(2.3) 0 1(1.5) 1(1.5) 0 0
Oral mucositis 2 (1.7) 0 1(2.3) 0 1(1.5) 0 0 0
Urinary tract infection 1(0.8) 0 0 0 1(1.5) 0 0 0
Headache 2 (1.7) 0 2 (4.6) 0 0 0 0 0
Dizziness 1(0.8) 0 1(2.3) 0 0 0 0 0
Lumbar pain 0 0 0 0 0 0 0 0
Difficulty in swallowing 8(6.7) 5(4.2) 2 (4.6) 2(4.6) 6(9.1) 3(4.6) 0] 0
Hoarse voice 0 0 0 0 0 0 0 0
Stomach pain 1(0.8) 0 0 0 1(1.5) 0 0 0

were hand-foot syndrome (4.2%), hypertension
(4.2%), fatigue (4.2%), difficulty in swallowing
(4.2%), and proteinuria (3.3%). In the low-dose
group, grade 3/4 nausea and difficulty in swal-
lowing were each reported in 2 (4.6%) patients,
and proteinuria, hypertension, hand-foot syn-
drome, bleeding, decreased appetite, and vom-
iting occurred each in 1 (2.3%) patient. No
other grade 3/4 AEs were reported. In the mid-
dose group, grade 3/4 hand-foot syndrome and
fatigue occurred each in 4 (6.1%) patients;
hypertension, proteinuria, and difficulty in swal-
lowing occurred each in 3 (4.6%) patients.
Furthermore, in the high-dose group, grade 3/4
hypertension and fatigue each occurred in
1/10 (10%) patient.
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Dose interruption and adjustments occurred in
68 (56.7%) and 27 (22.5%) patients, respec-
tively. The dose was reduced in 2, 10, and 5
patients in the low-, mid-, and high-dose groups,
respectively, while it was increased in 8, 2, and
0 patients, respectively.

Effectiveness

The median PFS was 3.03 months (95% ClI,
1.93-3.83) in the overall population (Figure
1A), while it was 3.83 months (95% CI: 1.40-
4.20), 2.93 months (95% Cl: 1.73-3.87), and
2.40 months (95% CI: 0.80-2.87) for the low-,
mid-, and high-dose groups, respectively
(x?=0.7736, P=0.6792) (Figure 1B). The medi-
an 0S was 6.33 months (95% Cl: 4.57-7.73) in
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Figure 1. Kaplan-Meier estimates of progression-free
survival (PFS). A. PFS for the overall population. The
median PFS was 3.03 months (95% Cl, 1.93-3.83).
B. PFS stratified by dosing levels of apatinib. The me-
dian PFS was 3.83 months (95% Cl: 1.40-4.20), 2.93
months (95% Cl: 1.73-3.87) and 2.40 months (95%
Cl: 0.80-2.87) for the low, mid and high dose group,
respectively (x>=0.7736, P=0.6792).

the overall population (Figure 2A), while it was
5.73 months (95% Cl: 3.77-8.00), 7.13 months
(95% Cl: 4.57-7.93), and 7.87 months (95% ClI:
2.23-14.03) for the low-, mid-, and high-dose
groups, respectively (x?=1.8872, P=0.3892)
(Figure 2B). Multivariate Cox regression analy-
sis showed no significant difference in PFS and
0S among the three dose groups (Table 3).

Tumor response to apatinib was evaluable for
90 patients. CR/PR was achieved in 5.8% and
SD in 55% of the patients. The ORR was 5.8%,
and the DCR was 60.8%.

Discussion
Effective treatment modalities for patients with
heavily pretreated advanced gastric cancer are

yet to be identified to date. Although three more
drugs (i.e., trifluridine/tipiracil®, pembrolizum-
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Figure 2. Kaplan-Meier estimates of overall survival
(0S). A. OS for the overall population. The median 0S
was 6.33 months (95% Cl: 4.57-7.73). B. OS strati-
fied by dosing levels of apatinib. The median OS was
5.73 (95% CI: 3.77-8.00), 7.13 (95% CI: 4.57-7.93)
and 7.87 months (95% CI: 2.23-14.03) for the low,
mid and high dose group, respectively (x>=1.8872,
P=0.3892).

ab’, and nivolumab®) have been approved as
third-line treatment for gastric cancer in some
countries since apatinib has been approved in
China in 2014, apatinib remains to have sever-
al advantages over other drugs. For example,
apatinib is less expensive and an oral alterna-
tive. The oral treatment modality could have an
important benefit of convenience over frequent
infusions needed with nivolumab and pembroli-
zumab. However, apatinib-related AEs profile
has greatly limited its use so various dosing
strategies are being adopted in clinical pra-
ctice.

In this report, we report the analysis of data
from the third or higher lines subpopulation
with apatinib alone therapy in the open label,
non-interventional AHEAD-G202 trial. To the
best of our knowledge, this study is the biggest
real-world observation to investigate the safety
and effectiveness of apatinib in the third- or
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Table 3. Efficacy measures for patients receiving third line or higher apatinib alone therapy

Apatinib

Variables X2 P
Al 250 mg 425-500 mg 675-850 mg

No. (%) 120 44 (36.7) 66 (55.0) 10 (8.3)

0s

Median (95% Cl), months  6.33 (4.57-7.73) 5.73 (3.77-8.00)

PFS

713 (4.57-7.93) 7.87(2.23-14.03) 1.8872  0.3892

Median (95% Cl), months 3.03 (1.93-3.83) 3.83(1.40-4.20) 2.93(1.73-3.87) 2.40(0.80-2.87) 0.7736 0.6792

higher-line setting for metastatic gastric can-
cer. The results of this subanalysis showed con-
sistency in the safety and effectiveness of apa-
tinib between the heavily pretreated subgroup
and the pivotal phase Il study reported previ-
ously [16]. It is worth nothing that lower daily
doses (250-500 mg) of apatinib achieve com-
parable overall and progression-free survival
versus higher daily doses (675-850 mg) of apa-
tinib while maintaining a more benign safety
profile.

The primary endpoints of our study were safety.
As reported in the registration phase Il study,
apatinib, in which the initial daily dose was 850
mg, yielded grade 3 to 4 hand-foot syndrome
(8.5%), with approximately one of two patients
experiencing proteinuria (generally grade 1 to
2) and 5.7% of patients experiencing grade 3 to
4 neutropenia, this despite the exclusion of
elderly patients (age >70 years) from the trial
and the median age (58 years) in the two arms
being lower than that in routine practice. Among
the 40 cases of treatment discontinuation, 22
(55%) were due to toxicity. Further, the dose
was reduced in 21% of patients who completed
the apatinib treatment [16]. Thus, many physi-
cians have adopted an empirical titration
approach to manage toxicities. The current
study demonstrated that although treatment-
emergent toxicities of any grade are common
among patients with heavily pretreated advan-
ced gastric cancer, they are generally well toler-
ated even though 28.3% of patients had a
baseline ECOG-PS >1, whereas in the registra-
tion phase lll study [16], all patients were
ECOG-PS 0-1 at baseline. Grade 3 or worse AEs
were reported in less than 5% of the overall
population, and only hand-foot syndrome and
fatigue occurred in more than 5% of patients in
the mid-dose group. Hypertension, hand-foot
syndrome, nausea, and proteinuria were the
most common AEs in our study, which are also
well-known and common in antiangiogenic
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therapy. Rates of grade 3 or 4 hypertension,
hand-foot syndrome, and proteinuria increased
in mid-dose group compared with low-dose
group, which can be explained by its dose-
dependent toxicity [19]. Due to the small ratio
of high-dose group, we didn't make further
comparisons on this issue. In addition, there
were no new unreported AEs in the current
study compared with previous studies [10-16,
20, 21].

In total, 56.7% of patients required at least one
dose interruption, and 14.2% had at least one
dose reduction. The incidences of AEs were
markedly lower than in the phase Il study
except hypertension (40.8% vs. 35.2%) [16].
The difference in apatinib dosage in the two
studies may also partially explain the overall
more benign profile of our study patients
because 93.3% patients received daily dosag-
es of apatinib lower than 850 mg. A phase I
trial that used apatinib for the treatment of 25
patients with breast cancer showed that a dose
of 750 mg once daily resulted in a dose delay of
at least once cycle, with dose reductions in
84% of patients. Almost all patients experi-
enced grade >3 toxicity, and treatment-related
death occurred in two patients. The incidence
of AEs markedly decreased when the apatinib
dose was reduced to 500 mg once daily [22].
Collectively, these studies indicate that among
Chinese cancer patients, lower doses of apa-
tinib may be more preferable due to safety con-
cerns. Thus, more and more published articles
and ongoing trials selected initial dosages
lower than 850 mg daily [20, 23-28].

Effectiveness is another crucial aspect of our
study. In this study, apatinib therapy led to an
overall median PFS of 3.03 months (95% ClI:
1.93-3.83), which is slightly higher than that
reported in the pivotal phase Il trial [2.6
months (95% CI: 2.0 to 2.9)] [16]. Compared to
that of the phase lll trial, the median PFS was
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higher in the low-dose group (3.83 months
[95% CI: 1.40-4.20]) and the mid-dose group
(2.93 months [95% Cl: 1.70-3.87]), while it was
slightly lower in the high-dose group (2.40
months [95% Cl: 1.40-14.10]). The median OS
of the overall population was similar to that of
the phase lll trial (6.33 months (95% ClI: 4.57-
7.73] vs 6.5 months (95% Cl: 4.8-7.6]), but our
mid-dose group (7.13 months [95% Cl: 4.57-
7.93]) and the high-dose group (7.87 months
[95% Cl: 2.23-14.03]) had higher OS than that
in the trial. Moreover, our patients also had a
higher ORR than in the phase lll trial (5.8% vs.
2.84%) and a higher DCR (60.8% vs. 42.05%).
Our study showed the effectiveness profile was
similar between the heavily pretreated sub-
group and the previously registration phase Il
study [16]. It also found prolonged PFS did not
bring longer OS in low-dose group which meant
patients’ performance status was an important
prognostic factor for apatinib therapy because
up to 44.2% of patients had a baseline ECOG-
PS >1 in this group.

In addition, due to no supportive evidence
though many physicians have adopted a per-
sonalized apatinib dose and schedule adjust-
ments in clinical practice, our study also
focused on the optimal dose of apatinib during
the course of treatment. Our data support the
use of a feasible dose-modification strategy
during apatinib treatment to optimize treat-
ment outcomes and manage toxicities in a real-
world setting. Considering the more benign
safety profile in low-dose group, we think a
lower starting dose of 250 mg/day is a feasible
alternative in patients with poor performance
status. Meanwhile, initial daily doses of 425 to
500 mg might be a good choice for heavily pre-
treated advanced gastric cancer patients with
good performance status because this dosing
schedule yielded clinical outcomes comparable
to those of higher doses and incur lower inci-
dences of grade 3 to 4 AEs versus 850 mg apa-
tinib in the registration phase Il study [16]. A
previous real-world study that used initial daily
doses of 500 mg and 250 mg apatinib for the
treatment of 36 patients with gastric cancer
also showed that lower doses of apatinib could
be beneficial to advanced gastric cancer
patients [21]. However, these findings should
be interpreted with caution because this is an
observational study which mingled with some
complicated factors. There is still some dissi-
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militude between our study and the pivotal
phase Il study [16]. On one hand, only 6.7%
patients received daily dosages of 850 mg in
our trail, likely to reduce AEs. That meant a lack
of a control group. On the other hand, dose
titration was more flexibly in our study due to
under real-world conditions. Some patients
experienced a dose-escalation strategy due to
well tolerance. However, no patients could have
dose up-regulation to the high-dose group.

This study has several limitations including
potentially missing data and possible informa-
tion bias. Nevertheless, as a prospective real
world study, we present first-hand safety and
effectiveness data of apatinib in the third- or
higher-line setting in advanced gastric cancer,
which are valuable for deciding the appropriate-
ness of apatinib in this setting in clinical
practice.

In conclusion, our study revealed that heavily
pretreated advanced gastric cancer patients
can tolerate and benefit from lower-doses of
apatinib therapy. Our data also support the use
of a lower starting dose of 250 mg/day in
patients with higher ECOG-PS, and daily initial
doses of 425 to 500 mg might be a good choice
in patients with good performance status.
Therefore, physicians might view these strate-
gies, which also will lower the patients’ eco-
nomic burden, as a welcome alternative app-
roaches for optimizing apatinib dosing in the
management of patients with heavily pretreat-
ed advanced gastric cancer. However, the opti-
mal dose still needs further investigation in a
larger population.

Acknowledgements

We thank all of the patients, their families, and
the investigators for their participation in this
study. This research was funded by the National
Natural Science Foundation of China, grant
number 61435001, and the CAMS Innovation
Fund for Medical Sciences, grant number,
2016-12M-1-001.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Chunmei Bai,
Department of Medical Oncology, Peking Union
Medical College Hospital, Chinese Academy of

Am J Cancer Res 2020;10(3):987-996



Safety and effectiveness of apatinib in patients with previously treated GC

Medical Sciences, Beijing 100032, China. E-mail:
baichunmeil964@163.com; Dr. Aimin Zang, Depart-
ment of Medical Oncology, Affiliated Hospital of
Hebei University, Baoding 071000, China. E-mail:
booszam@sina.com; Dr. Xiubao Ren, Department
of Biotherapy, Tianjin Medical University Cancer
Institute and Hospital, Tianjin 300060, China.
E-mail: rwziyi@yahoo.com

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

995

International Agency for Research on Cancer:
Cancer Today: Population fact sheets. http://
globacan. larc. Fr/pages/ fact_sheets_popula-
tion. Aspx.

Ferlay J, Soerjomataram |, Ervik M, et al.
GLOBOCAN 2012 v1.0, cancer incidence and
mortality worldwide. |IARC CancerBase. Int
Agency Res Cancer 2014 [accessed 16/
12/14].

Smyth EC, Verheij M, Allum W, Cunningham D,
Cervantes A and Arnold D; ESMO Guidelines
Committee. Gastric cancer: ESMO clinical
practice guidelines for diagnosis, treatment
and follow-up. Ann Oncol 2016; 27 Suppl 5:
v38-49.

National Comprehensive Cancer Network. Ga-
stric cancer (version 1.2019). https://www.
ncen.org/professionals/physician_gls/pdf/
gastric.pdf (accessed Mar 14, 2019).

Edwards P, Davidson M, Calamai V,
Cunningham D and Starling N. Third line treat-
ment of advanced oesophagogastric cancer: a
critical review of current evidence and evolving
trends. Cancer Treat Rev 2018; 71: 32-38.
Shitara K, Doi T, Dvorkin M, Mansoor W,
Arkenau HT, Prokharau A, Alsina M, Ghidini M,
Faustino C, Gorbunova V, Zhavrid E, Nishikawa
K, Hosokawa A, Yalcin §, Fujitani K, Beretta
GD, Cutsem EV, Winkler RE, Makris L, llson DH
and Tabernero J. Trifluridine/tipiracil versus
placebo in patients with heavily pretreated
metastatic gastric cancer (TAGS): a ran-
domised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol 2018; 19: 1437-
1448.

Shitara K, Ozgiiroglu M, Bang YJ, Di Bartolomeo
M, Mandala M, Ryu MH, Fornaro L, Olesinski T,
Caglevic C, Chung HC, Muro K, Goekkurt E,
Mansoor W, McDermott RS, Shacham-Shmueli
E, Chen X, Mayo C, Kang SP, Ohtsu A and Fuchs
CS; KEYNOTE-O61 investigators. Pembrolizu-
mab versus paclitaxel for previously treated,
advanced gastric or gastro-oesophageal junc-
tion cancer (KEYNOTE-061): a randomised,
open-label, controlled, phase 3 trial. Lancet
2018; 392: 123-133.

Kang YK, Boku N, Satoh T, Ryu MH, Chao Y,
Kato K, Chung HC, Chen JS, Muro K, Kang WK,

)

(10]

(11]

[12]

(13]

(14]

Yeh KH, Yoshikawa T, Oh SC, Bai LY, Tamura T,
Lee KW, Hamamoto Y, Kim JG, Chin K, Oh DY,
Minashi K, Cho JY, Tsuda M and Chen LT.
Nivolumab in patients with advanced gastric or
gastro-oesophageal junction cancer refractory
to, or intolerant of, at least two previous che-
motherapy regimens (ONO-4538-12, ATTRA-
CTION-2): a randomised, double-blind, place-
bo-controlled, phase 3 trial. Lancet 2017; 390:
2461-2471.

Lee SH, Jeong D, Han YS and Baek MJ. Pivotal
role of vascular endothelial growth factor path-
way in tumor angiogenesis. Ann Surg Treat Res
2015; 89: 1-8.

Ohtsu A, Shah MA, Van Cutsem E, Rha SY,
Sawaki A, Park SR, Lim HY, Yamada Y, Wu J,
Langer B, Starnawski M and Kang YK.
Bevacizumab in combination with chemother-
apy as first-line therapy in advanced gastric
cancer: a randomized, double-blind, placebo-
controlled phase Ill study. J Clin Oncol 2011;
29: 3968-3976.

Fuchs CS, Tomasek J, Yong CJ, Dumitru F,
Passalacqua R, Goswami C, Safran H, Dos
Santos LV, Aprile G, Ferry DR, Melichar B, Tehfe
M, Topuzov E, Zalcberg JR, Chau |, Campbell W,
Sivanandan C, Pikiel J, Koshiji M, Hsu Y, Liepa
AM, Gao L, Schwartz JD and Tabernero J;
REGARD Trial Investigators. Ramucirumab
monotherapy for previously treated advanced
gastric or gastro-oesophageal junction adeno-
carcinoma (REGARD): an international, ran-
domised, multicentre, placebo controlled,
phase 3 trial. Lancet 2014; 383: 31-39.

Wilke H, Muro K, Van Cutsem E, Oh SC, Bodoky
G, Shimada Y, Hironaka S, Sugimoto N, Lipatov
0, Kim TY, Cunningham D, Rougier P, Komatsu
Y, Ajani J, Emig M, Carlesi R, Ferry D,
Chandrawansa K, Schwartz JD and Ohtsu A;
RAINBOW Study Group. Ramucirumab plus pa-
clitaxel versus placebo plus paclitaxel in pa-
tients with previously treated advanced gastric
or gastro-oesophageal junction adenocarcino-
ma (RAINBOW): a double-blind, randomized
phase 3 trial. Lancet Oncol 2014; 15: 1224-
1235.

Bang YJ, Kang YK, Kang WK, Boku N, Chung
HC, Chen JS, Doi T, Sun Y, Shen L, Qin S, Ng
WT, Tursi JM, Lechuga MJ, Lu DR, Ruiz-Garcia A
and Sobrero A. Phase Il study of sunitinib as
second-line treatment for advanced gastric
cancer. Invest New Drugs 2011; 29: 1449-
1458.

Janjigian YY, Vakiani E, Ku GY, Herrera JM, Tang
LH, Bouvier N, Viale A, Socci ND, Capanu M,
Berger M and llson DH. Phase Il trial of
sorafenib in patients with chemotherapy re-
fractory metastatic esophageal and gastro-
esophageal (GE) junction cancer. PLoS One
2015; 10: e0134731.

Am J Cancer Res 2020;10(3):987-996



[15]

[16]

[17]

(18]

[19]

[20]

[21]

996

Safety and effectiveness of apatinib in patients with previously treated GC

Pavlakis N, Sjoquist KM, Martin AJ, Tsobanis E,
Yip S, Kang YK, Bang YJ, Alcindor T, O’Callaghan
CJ, Burnell MJ, Tebbutt NC, Rha SY, Lee J, Cho
JY, Lipton LR, Wong M, Strickland A, Kim JW,
Zalcberg JR, Simes J and Goldstein D.
Regorafenib for the treatment of advanced
gastric cancer (INTEGRATE): a multinational
placebo-controlled phase Il trial. J Clin Oncol
2016; 34: 2728-35.

Li J, Qin S, Xu J, Xiong J, Wu C, Bai Y, Liu W,
Tong J, Liu Y, Xu R, Wang Z, Wang Q, Ouyang X,
Yang Y, Ba Y, Liang J, Lin X, Luo D, Zheng R,
Wang X, Sun G, Wang L, Zheng L, Guo H, Wu J,
Xu N, Yang J, Zhang H, Cheng Y, Wang N, Chen
L, Fan Z, Sun P and Yu H. Randomized, double-
blind, placebo-controlled phase lll trial of apa-
tinib in patients with chemotherapy-refractory
advanced or metastatic adenocarcinoma of
the stomach or gastroesophageal junction. J
Clin Oncol 2016; 34: 1448-54.

Huang L. Wei Y, Shen S, Shi Q, Bai J, Li J, Qin S,
Yu H and Chen F. Therapeutic effect of apatinib
on overall survival is mediated by prolonged
progression-free survival in advanced gastric
cancer patients. Oncotarget 2017; 8: 29346-
29354.

Aoyama T and Yoshikawa T. Apatinib-new third-
line option for refractory gastric or GEJ cancer.
Nat Rev Clin Oncol 2016; 13: 268-270.

Li J, Zhao X, Chen L, Guo H, Lv F, Jia K, Yv K,
Wang F, Li C, Qian J, Zheng C and Zuo Y. Safety
and pharmacokinetics of novel selective vas-
cular endothelial growth factor receptor-2 in-
hibitor YN968D1 in patients with advanced
malignancies. BMC Cancer 2010; 10: 529.

Li J, Qin S, Xu J, Guo W, Xiong J, Bai Y, Sun G,
Yang Y, Wang L, Xu N, Cheng Y, Wang Z, Zheng
L, Tao M, Zhu X, Ji D, Liu X and Yu H. Apatinib
for chemotherapy-refractory advanced meta-
static gastric cancer: results from a random-
ized, placebo-controlled, parallel-arm, phase Il
trial. J Clin Oncol 2013; 31: 3219-3225.
Zhang Y, Han C, Li J, Zhang L, Wang L, Ye S, Hu
Y and Bai L. Efficacy and safety for Apatinib
treatment in advanced gastric cancer: a real
world study. Sci Rep 2017; 7: 13208.

[22]

(23]

[24]

[25]

[26]

(27]

(28]

Hu X, Zhang J, Xu B, Jiang Z, Ragaz J, Tong Z,
Zhang Q, Wang X, Feng J, Pang D, Fan M, Li J,
Wang B, Wang Z, Zhang Q, Sun S and Liao C.
Multicenter phase Il study of apatinib, a novel
VEGFR inhibitor in heavily pretreated patients
with metastatic triple-negative breast cancer.
Int J Cancer 2014; 135: 1961-19609.

Zhang Y, Gou M, Han C, Li J, Wang L, Qiao Q,
Hu Y, Bai L and Liu Z. Efficacy and safety of
apatinib as second-line therapy for advanced
gastric cancer: a single-center observational
study. Anticancer Drugs 2017; [Epub ahead of
print].

Lin H, Han D, Fu G, Liu C, Wang L, Han S, Liu B
and Yu J. Concurrent apatinib and docetaxel vs
apatinib monotherapy as third- or subsequent-
line therapy for advanced gastric adenocarci-
noma: a retrospective study. Onco Targets Ther
2019; 12: 1681-1689.

Guo Y, Tang J, Huang XE and Cao J. Efficacy
and toxicity of apatinib combined with or with-
out chemotherapy for patients with advanced
or metastatic chemotherapy-refractory gastric
adenocarcinoma. Medicine (Baltimore) 2019;
98: e13908.

Zeng DX, Lei W, Wang CG, Huang JA and Jiang
JH. Low dosage of apatinib monotherapy as
rescue treatment in advanced lung squamous
cell carcinoma. Cancer Chemother Pharmacol
2019; 83: 439-442.

Chen X, Qiu T, Zhu Y, Sun J, Li P, Wang B, Lin P,
Cai X, Han X, Zhao F, Shu Y, Chang L, Jiang H
and Gu Y. A Single-arm, phase Il study of apa-
tinib in refractory metastatic colorectal cancer.
Oncologist 2019; 24: 883-e407.

Hu X, Cao J, Hu W, Wu C, Pan Y, Cai L, Tong Z,
Wang S, Li J, Wang Z, Wang B, Chen X and Yu
H. Multicenter phase Il study of apatinib in
non-triple-negative metastatic breast cancer.
BMC Cancer 2014; 14: 820.

Am J Cancer Res 2020;10(3):987-996



Safety and effectiveness of apatinib in patients with previously treated GC

Supplementary List |
List of ethics committees for the AHEAD-G202 study

The study protocol was approved by the ethics committees or institution review boards of the following
institutions (Approval number: HS-806):

Peking Union Medical College Hospital, Chinese Academy of Medical Sciences
The Fourth Hospital of Hebei Medical University

Fourth Medical Center of PLA General Hospital

Shanxi Tumor Hospital

Affiliated Hospital of Hebei University

Shanxi Provincial Hospital of Traditional Chinese Medicine

Peace Hospital of Changzhi Medical College

Cangzhou Central Hospital

Shanxi Academy of Medical Sciences, Shanxi Dayi Hospital

First Hospital of Qinhuangdao

Yangquan First People’s Hospital

Peking University Third Hospital

Xingtai People’s Hospital, Hebei Medical University Affiliated Hospital
Affiliated Hospital of Chengde Medical University

Chinese PLA General Hospital, Medical School of Chinese PLA

Air Force General Hospital, PLA

Second Hospital of Shanxi Medical University

Handan Central Hospital

Shijiazhuang People’s Hospital

Peking University Binhai Hospital

Seventh Medical Center of PLA General Hospital

Datong Second People’s Hospital

First Hospital of Shanxi Medical University

Fifth Medical Center of PLA General Hospital

Tianjin People’s Hospital

Strategic Support Force Characteristic Medical Center/Former The 306 Hospital of PLA
Sixth Medical Center of PLA General Hospital

Tianjin Medical University Cancer Institute and Hospital

Tianjin Medical University General Hospital



