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Background: For advanced gastric cancer (GC) patients who fail first-line treatment, chemotherapy alone 
is of limited benefit. Ramucirumab combined with paclitaxel and apatinib combined with docetaxel provided 
clinical benefit in previous studies, but the feasibility of apatinib combined with other chemotherapy agents 
remains unknown. The aim of the present study was to evaluate the efficacy and safety of apatinib combined 
with chemotherapy as a second-line treatment for advanced GC.
Methods: Patients aged 18–75 years with histologically or cytologically confirmed advanced or metastatic 
GC or gastroesophageal junction adenocarcinoma that had progressed with first-line treatment were 
recruited and received apatinib 250 or 500 mg oral apatinib and chemotherapy regimens, including docetaxel, 
paclitaxel, tegafur, oxaliplatin, and capecitabine. Each treatment cycle was 28 days (4 weeks). During post-
discontinuation follow-up, all patients were followed for survival [every 8 weeks (+0 to 7 days)] until disease 
progression, death, or study completion. Overall survival (OS) was the primary endpoint. Secondary 
endpoints were overall response rate (ORR), disease control rate (DCR), and progression-free survival (PFS). 
Adverse events (AEs) were also noted. Tumor response and progression were assessed according to RECIST 
1.1. AEs were graded following the National Cancer Institute common terminology criteria for AEs (NCI-
CTCAE 4.0).
Results: Between August 31, 2016 and February 17, 2020, a total of 32 patients were enrolled in the 
present study, and 29 were evaluable. At the time of data cut-off, median follow-up was 7.00 months (IQR,  
4.60–12.23 months). The ORR and DCR were 18.52% and 92.59%, respectively. The median PFS was  
3.06 months, and the median OS was 6.93 months. In the population receipt of apatinib plus docetaxel, the 
median OS was 6.51 months. AEs were observed in 22 patients. Leukopenia was the most common AE (24.1%), 
followed by hypertension (24.1%) and neutropenia (17.2%). Patients did not develop any AEs that were grade 
4 or higher.
Conclusions: The combination of apatinib and chemotherapy demonstrated clinical activity and 
acceptable toxicity as a second-line treatment for advanced GC, and may provide new second-line treatment 
options for advanced GC patients.
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Introduction

Gastric cancer (GC) is among the world’s most common 
cancers. There are approximately 1,000,000 new cases and 
at least 780,000 deaths reported each year worldwide (1). 
Annually, there are about 498,000 GC-related deaths in 
China, with more than 679,000 new cases reported each 
year (2). With advances in chemotherapy, targeted therapy, 
and immunotherapy, GC incidence and mortality have 
dropped significantly in the past 50 years; however, the 
5-year survival rate remain low (<10%) because of low 
rates of early diagnosis and poor prognosis (3). Surgery is 
currently considered the only treatment modality. About 
80% of GC patients are preliminarily diagnosed with local 
advanced or metastatic disease and miss the best surgical 
window due to late diagnosis (3,4). For patients with 
unresectable GC, chemotherapy has been regarded as a 
standard therapy. Platinum-based and fluoropyrimidine-
based combination therapies are recommended as the first-
line treatment globally (5). However, there are limited 
treatment options when patients fail first-line therapy. In 
China, regardless of HER2 status, mono-chemotherapy 
regimens including docetaxel, paclitaxel, or irinotecan—are 
grade I recommended, followed by two-drug chemotherapy 
regimens as grade II recommendations, such as irinotecan 
plus 5-fluorouracil (5-FU) and paclitaxel/docetaxel plus 
5-FU unfortunately all had poor outcomes (6). Thus, an 
urgent unmet need for second-line treatment options 
emerges for Chinese advanced GC patients.

Anti-angiogenic therapy has demonstrated efficacy 
in lung, breast, brain, renal, and colon tumors. Vascular 
endothelial growth factor (VEGF) and VEGF receptor 2 
(VEGFR2)-mediated signal transduction and angiogenesis 
p lay  dominant  roles  in  the pathogenesis  of  GC. 
Ramucirumab, an anti-VEGFR2 monoclonal antibody, 
combined with paclitaxel significantly increased overall 
survival (OS) compared with placebo plus paclitaxel in a 
global, phase III trial, which supported the combination of 
anti-angiogenic therapy and chemotherapy for treatment 
of previously treated advanced GC. Based on this result, 
the Food and Drug Administration (FDA) approved 
ramucirumab, as a second-line treatment of metastatic GC (7). 
Recently, ramucirumab plus paclitaxel proved its anti-tumor 
effect in a predominantly Chinese population with advanced 

GC (8). However, so far, it is not available for patients in 
China. 

Apatinib, a small molecular oral tyrosine kinase inhibitor 
(TKI), mainly targeting VEGFR2, has been approved in 
China for the treatment of advanced GC (9). A phase III 
trial reported that apatinib improved the OS of patients 
with heavily pretreated gastric or gastroesophageal junction 
adenocarcinoma compared with the placebo (9). In a 
prospective observational study in China, apatinib exhibited 
satisfactory efficacy and safety of advanced or metastatic 
GC in the real-world (10). In a study of the second-line 
treatment of patients with advanced GC, the combination 
of apatinib and docetaxel was found to have superior 
antitumor activity and manageable toxicity compared with 
docetaxel monotherapy (11). But whether combinations of 
apatinib with other chemotherapies are feasible in advanced 
GC remains unknown and possible adverse effects of these 
combinations need to be explored. The aim of the present 
study was to assess the efficacy and safety of apatinib 
combined with chemotherapy as a second-line treatment 
for gastric or gastroesophageal junction adenocarcinoma. 
We present the following article in accordance with the 
TREND reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2752/rc).

Methods

Patients

Patients  aged 18–75 years  with histological ly  or 
cytologically confirmed advanced or metastatic gastric 
carcinoma or gastroesophageal junction adenocarcinoma 
were enrolled in the present study. Additional enrollment 
criteria were as follows: (I) a minimum of 1 measurable 
lesion per Response Evaluation Criteria in Solid Tumors, 
version 1.1 (RECIST 1.1); (II) disease progression during or 
after the course of first-line treatment; (III) anticipated life 
expectancy >3 months; (IV) Eastern Cooperative Oncology 
Group performance status (ECOG PS) of 1–2; and (V) 
satisfactory hematologic, hepatic, and renal function 
[defined as neutrophil count ≥1.5×109/L; platelet count 
≥80×109/L; hemoglobin ≥90 g/L; bilirubin ≤1.5 times the 
upper limit of the normal range; alanine aminotransferase 
(ALT) or aspartate aminotransferase (AST) <2.5 times the 
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upper limit of the normal range, or 5 times the upper limit 
of the normal range for patients with hepatic metastases; 
serum creatinine ≤1 time the upper normal limit; and 
creatinine clearance rate ≥50 mL/min]. Exclusion criteria 
included blood pressure that could not be controlled to 
<140/90 mmHg by medication, hemorrhagic tendency, and 
patients on thrombolytics or anticoagulants. Treatment 
failure was defined as intolerable adverse events (AEs) or 
progressive disease (PD).

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the ethics board of Jiangsu Cancer Hospital 
(No. 2016-043). Wuxi People’s Hospital, Jiangyin People’s 
Hospital, Dongtai People’s Hospital, Affiliated Hospital of 
Jiangnan University, Yancheng Second People’s Hospital, 
The Comprehensive Cancer Centre of Drum Tower 
Hospital, The Affiliated Hospital of Xuzhou Medical 
University were informed and agreed with the study. 
All patients provided signed informed consent prior to 
enrollment.

Study design and treatment

The study was a single-arm, open-label, prospective, 
multicenter study conducted at 9 centers in Jiangsu 
province, China and was registered at the Chinese Clinical 
Trial Registry (No. ChiCTR-OON-1600971). Patients who 
met the eligibility criteria were enrolled and received 250 or 
500 mg oral apatinib and chemotherapy regimens, including 
docetaxel, paclitaxel, tegafur, oxaliplatin, and capecitabine. 
Each treatment cycle was 28 days (4 weeks). A maximum 
of 2 dose reductions was allowed, with a dose not lower 
than 250 mg once per day. The treatment continued until 
PD or intolerable AEs, or the patient withdrew consent to 
continue with the study.

During post-discontinuation follow-up, all patients were 
followed for survival until PD, death, or study completion. 
For those patients who discontinued the study treatment 
for reasons other than PD, tumor assessment should be 
performed every 8 weeks.

Assessment and endpoints

The primary outcome was OS; that is, the time from 
entry to death or last follow-up. Secondary outcomes were 
objective response rate (ORR), disease control rate (DCR), 
and progression-free survival (PFS), which is the time from 
entry to PD or death of any cause and quality of life. The 

ORR consisted of the complete response (CR) and partial 
response (PR); the DCR consisted of the CR, PR, and 
stable disease (SD).

Tumor response and progression were assessed according 
to RECIST 1.1. Tumor assessments were performed at 
baseline, and then every 2 cycles. AEs were graded following 
the National Cancer Institute common terminology criteria 
for AEs (NCI-CTCAE 4.0).

Statistical analysis

This was a single-arm study, and the primary endpoint was 
OS. To calculate the sample size, OS of 3.02–5.31 months 
was expected. Under the power (1−β) of 0.8, a sample size of 
29 patients sufficed to attain 80% probability in achieving the 
95% confidence interval (CI) of the OS range. Demographic 
data, outcome data, and other clinical parameters were 
summarized. Categorical variables were presented as 
frequency, and continuous variables were presented as 
the mean ± standard deviation. Clinical and laboratory 
parameters were reported with descriptive statistics. OS and 
PFS rates were calculated using the Kaplan-Meier method 
with 95% CIs. All statistical analyses were performed using 
SPSS (version 22, IBM). All P values were two-sided. P 
values of <0.05 were considered statistically significant. 

Results

Patient characteristics

Between August 31, 2016 and February 17, 2020, a total 
of 32 patients were enrolled in the present, of which 29 
were evaluable. Patient characteristics are presented in 
Table 1. The median age was 65 years (range, 53–69 years). 
Twenty patients (68.97%) were male and 9 (31.03%) were 
female. Among them, 21 and 8 patients showed an ECOG 
PS of 1 (72.41%) and 2 (27.59%), respectively. Of the 29 
patients evaluated, 22 received apatinib plus docetaxel, which 
accounted for the largest proportion (75.86%). Twenty-
one patients were administered apatinib at an initial dose of  
250 mg, and apatinib started at a dose of 500 mg in the other 
8 patients. In 20 patients, ≥2 metastatic lesions were found. 
Twenty-one patients (72.41%) had had previous surgery and 
3 patients (10.34%) had previously had radiotherapy.

Efficacy

Overall, 29 patients were available for efficacy evaluation. 
Among them, 5 patients (17.24%) achieved PR, 20 achieved 
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SD (68.97%), and 2 were evaluated as PD. ORR as 18.52% 
and DCR was 92.59% (Table 2). The median PFS was  
3.06 months (95% CI: 1.51–3.81 months) (Figure 1), and the 
median OS was 6.93 months (95% CI: 5.62–11.50 months) 
(Figure 2). The population receiving apatinib combined with 
docetaxel treatment had a median PFS of 2.25 months (95% 

CI: 1.51–3.92 months) and a median OS of 6.51 months (95% 
CI: 3.35–12.75 months) (Figures 3,4).

Safety

At the end of the follow-up period, 29 patients underwent 
the safety analysis (Table 3). The main AEs included 
hypertension (24.1%), white blood cell decrease (24.1%), 
anemia (20.7%), proteinuria (17.2%), neutrophil count 
decrease (17.2%), malaise (17.2%), and AST/ALT 
increase (17.2%). AEs of grade 3 included palmar-plantar 
erythrodysesthesia syndrome (3.4%) and diarrhea (3.4%). 
Toxicities were generally well tolerated. No previous 
unreported AEs and severe AEs were observed.

Table 1 Baseline characteristics of all enrolled patients

Characteristics Patients (n=29)

Median age [IQR] (years) 65 [53–69]

Age, n (%)

<60 years 8 (27.59)

≥60 years 21 (72.41)

Sex, n (%)

Male 20 (68.97)

Female 9 (31.03)

ECOG score, n (%)

1 21 (72.41)

2 8 (27.59)

Histology type, n (%)

Adenocarcinoma of stomach 28 (96.55)

Carcinoma of the gastric cardia 1 (3.45)

Surgery, n (%)

Yes 21 (72.41)

No 8 (27.59)

Radiotherapy, n (%)

Yes 3 (10.34)

No 26 (89.66)

No. metastases, n (%)

<2 9 (31.03)

≥2 20 (68.97)

Initial dose, n (%)

250 mg 21 (72.41)

500 mg 8 (27.59)

Combination therapy group, n (%)

Docetaxel 22 (75.86)

Other 7 (24.14)

Cut-off date was September 2020. ECOG, Eastern Cooperative 
Oncology Group; IQR, interquartile range.

Table 2 Response rate and disease progression

Best response Patients (n=29)

CR, n (%) 0 (0)

PR, n (%) 5 (17.24)

SD, n (%) 20 (68.97)

PD, n (%) 2 (6.90)

Missing, n (%) 2 (6.90)

ORR, % (95% CI) 18.52 (6.30–38.08)

DCR, % (95% CI) 92.59 (75.71–99.09)

The ORR consisted of the CR and PR; the DCR consisted of the 
CR, PR, and SD. Response data are best response according 
to RECIST 1.1. CI, confidence interval; CR, complete response; 
DCR, disease control rate; ORR, objective response rate; PD, 
progressive disease; PR, partial response; SD, stable disease; 
RECIST, Response Evaluation Criteria in Solid Tumors.

Figure 1 Progression-free survival. mPFS, median progression-
free survival; CI, confidence interval.
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Discussion

The prognosis of advanced or metastatic GC remains poor. 
Therapeutic regimens are limited after first-line standard 
chemotherapy, which are 2- or 3-drug combinations of 
platinum-based and fluoropyrimidine-based chemotherapies 
(12-14). Therefore, in the present open-label, prospective, 
multicenter study, we investigated the clinical efficacy 
and safety of second-line apatinib plus chemotherapy for 
advanced GC treatment. Apatinib has been approved as a 
third- or later-line GC treatment in China, and has been 
found to show obvious antitumor ability in real-world 
clinical experience when used a second-line treatment (10).

For the second-line treatment of GC, National 
Comprehensive Cancer Network (NCCN) guidelines 
recommend chemotherapeutic drugs, such as paclitaxel 
and irinotecan, as well as anti-angiogenesis agents, such 
as ramucirumab (15). In a phase II study, chemotherapy 
resulted in a median PFS of 2.2–3.6 months and a median 
OS of 5.8–9.5 months in second-line treatment (16). The 
RAINBOW study showed that ramucirumab alone or 
ramucirumab combined with paclitaxel provides clinical 
benefits, with a median OS of 5.2–9.6 months (7). In 
the present study, the median PFS was 3.06 months 
(95% CI: 1.51–3.81 months) and the median OS was  
6.93 months; the ORR and DCR were 18.52% and 92.59%, 
respectively. These data were comparable with second-line 
chemotherapy (16), and ramucirumab (7). The median OS 
of patients administrated apatinib combined with docetaxel 
in our study (6.51 months) was longer than that of docetaxel 
alone (5.2 months) (17).

A similar study revealed a PFS of 4.1 months and an 
OS of 8.5 months for apatinib alone or combined with 
chemotherapy as a second-line treatment for advanced 
cancer (11). These outcomes were better than those of the 
present study, possibly due to our smaller sample size and 
poor patient status. The ECOG PS in the present study 
was 0–2, and patients with an ECOG PS of 2 accounted 
for approximately 1/3. No patient had an ECOG PS of 0. 
Patients with ≥2 metastatic sites accounted for 2/3 in the 
present study. A cohort study indicated that ECOG PS 
>0 and >2 metastasis sites were related to shorter survival 
and higher mortality of metastatic GC (18), which was 
consistent with our findings.
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Figure 2 Overall survival. mOS, median overall survival; CI, 
confidence interval.

Figure 3 Progression-free survival of patients who received 
apatinib in combination with docetaxel.  mPFS, median 
progression-free survival; CI, confidence interval.

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

P
ro

gr
es

si
on

-f
re

e 
su

rv
iv

al
 p

ro
ba

bi
lit

y

Docetaxel group progression-free survival  
mPFS =2.25 months (95% CI: 1.51–3.92)

0      1      2      3      4      5      6      7      8      9     10
Time from treatment start, months

Number at risk

All 22    19    12      8      4      4      2      1      1      1      0

Strata All

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0O

ve
ra

ll 
su

rv
iv

al
 p

ro
ba

bi
lit

y Docetaxel group overall survival 
mOS =6.51 months (95% CI: 3.35–12.75)

10 11 12 13 14 15 16 17 18

Time from treatment start, months

Number at risk

All

Strata All

0  1  2  3  4  5  6  7  8  9

22 22 22 18 16 15 13 10 9  8  8  8  7  4  4  2  2  2  0

Figure 4 Overall survival of patients who received apatinib in 
combination with docetaxel. mOS, median overall survival; CI, 
confidence interval.



Zhang et al. Combination therapy in advanced GCPage 6 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(11):641 | https://dx.doi.org/10.21037/atm-22-2752

A preclinical study showed that apatinib could inhibit 
the efflux function of multiple adenosine-5'-triphosphate 
(ATP)-binding cassette transporters, such as ATP-binding 
cassette subfamily B member 1 (ABCB1) and ATP-binding 
cassette subfamily G member 2 (ABCG2) function, to 
reverse multidrug resistance, inducing raised intracellular 
concentrations of substrate chemotherapeutic agents (19). 
The combination of apatinib and paclitaxel demonstrated a 
significant inhibitory effect on tumor growth compared with 
animals administrated saline, paclitaxel, or apatinib alone 
(P<0.05) (19), which was also enhanced by the present study 
that the OS of patients who received apatinib in combination 
with docetaxel is longer than docetaxel alone (17).

We prescribed apatinib at an initial dose of 500 or 250 mg, 
lower than the recommended dosage in GC of 850 mg daily 
in previously published studies (10,20). Because of serious 
AEs at 850 mg, the dosage was reduced to 500 or 250 mg 
during therapy for most patients in the present study. Our 
study also supplied clinical application of apatinib in GC at 
low-dose.

Hypertension,  proteinuria,  and palmar-plantar 

erythrodysesthesia syndrome were most commonly 
observed in anti-angiogenic treatment (21-23). The primary 
AEs in our study were hypertension (24.1%), followed by 
and white blood cell decrease (24.1%) and anemia (20.7%), 
which might be caused by chemotherapy.

Conclusions

Apatinib in combination with chemotherapy was an 
effective and safe therapy for the second-line treatment of 
patients with advanced GC. The findings of the present 
study also provide insight into screening GC patients who 
are best suited to combination therapy of apatinib with 
docetaxel.
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