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Background: Apatinib showed promising efficacy in the treatment of advanced or meta-

static gastric cancer (mGC) in previous clinical studies. However, the real-world data are

limited, and this study aimed to assess the effectiveness and safety of apatinib for the

treatment of advanced or mGC in this setting.

Methods: In this prospective observational study, progression-free survival (PFS), overall

survival (OS), overall response rate (ORR), disease control rate (DCR) and treatment-related

adverse events (AEs) were recorded and evaluated. Univariate and multivariate analyses

were conducted to explore potential biomarkers which might be related to the effectiveness.

Results: A total of 321 mGC patients from 47 centers in China were enrolled between

July 1, 2015, and March 1, 2018. Thirty-two patients achieved partial response, 155 patients

achieved stable disease, and 115 patients had progressive disease, and no CR was achieved,

illustrating an ORR of 10.60% and a DCR of 61.92%. The median PFS and OS were 4.0 and

8.2 months, respectively. Multivariate Cox analysis showed that the potential biomarkers

associated with longer PFS were combination regimens plus taxel/docetaxel, and apatinib

initial dosage ≥500mg, occurrence of AEs of leukopenia, and hand-foot syndrome. Main AEs

were proteinuria (17.1%), hypertension (15.9%), and handfoot syndrome (8.7%).

Conclusion: The present prospective observational study showed favorable effectiveness

and safety of apatinib in real-world patients with advanced or metastatic GC in China. (A

prospective, multi-center, non-intervention study of apatinib in the treatment of advanced

gastric cancer-Trial Registry Number: ChiCTR-OPN-15006601).
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Introduction
According to global cancer statistics 2018,1 gastric cancer (GC) is ranked as the

fifth leading cancer (6% of all cancers) and the third most common cause of cancer-

related deaths (8% of all cancer deaths) worldwide.1 The highest incidence of GC is

in Asia. There are about 679,000 new cases and 498,000 GC-related deaths in

China annually, which costitutes almost 42% of the GC cases worldwide, which is

a heavy burden to public health.2 The incidence and mortality of GC have sub-

stantially declined over the past half-century; nevertheless, prognosis for patients

with metastatic disease remains poor, with a 5-year relative survival of around 5%.1

Until now, surgery remains the only curative approach for localized GC. Palliative
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chemotherapy is commonly used to prolong survival, ame-

liorate symptoms, and improve the quality of life of

patients present with advanced disease at diagnosis, meta-

static, or relapse after a prior curative surgery.3

More evidences have suggested that angiogenesis is

essential for malignant tumor growth, and metastasis,

VEGF and its receptors (VEGFRs) play a key role in

tumor angiogenesis.4–6 Apatinib, a novel antiangiogenic

agent that strongly inhibits VEGFR2, has demonstrated

promising efficacy with acceptable toxicities across

a broad range of malignancies6–9 and was licensed by

National Medical Products Administration of China as

the third-line treatment of advanced gastric cancer in

China.6,10 Previous Phase II and III clinical trials have

evaluated its efficacy and safety in patients with che-

motherapy-refractory advanced or metastatic gastric carci-

noma when compared with placebo.10,11 Results showed

that apatinib significantly improved progression-free sur-

vival (PFS) and overall survival (OS) with an acceptable

safety profile in heavily pretreated patients with advanced

or metastatic gastric cancer refractory to two or more lines

of prior chemotherapy.10,11 However, trial populations may

not well present real-world patient populations and may

have better outcomes than patients who not meet the

inclusion criteria of clinical trials. Optimization of disease

management should be based on clinical trial and real-

world experience. The effectiveness and safety of apatinib

in a real-world setting are still unclear. Herein, an observa-

tional study was implemented to investigate the effective-

ness of apatinib in the treatment of patients with advanced

or metastatic adenocarcinoma of the stomach or gastroe-

sophageal junction in a real-world clinical setting.

Methods
Patient Enrollment
Patients who received apatinib during the period from

July 1, 2015, to March 1, 2018, were included in this

study from 47 centers in China. The inclusion criteria

were as follows: (1) age ≥ 18 years; (2) patients who had

cytologically confirmed advanced or metastatic adenocar-

cinoma of the stomach or gastroesophageal junction with

measurable lesions (spiral CT scan ≥ 10 mm); (3) patients

with therapeutic indications, and no contraindication to

chemotherapy. Exclusion criteria were as follows: (1)

patients with pregnancy or lactation; (2) patients with

contraindications for apatinib; (3) patietns were unsuitable

to this study according to the investigators' judgements.

All patients provided written informed consent before

apatinib therapy. This study was approved by the ethical

committee of the Jiangsu Cancer Hospital.

Treatment
Apatinib was initiated from an oral dosage of 500 mg once

daily, 28 days for a cycle, which could be adjusted accord-

ing to patients’ actual performance status ranging from

850 mg to 250 mg once daily. Treatment interruptions,

dose reductions, and supportive care were allowed for the

management of adverse events (AEs). Apatinib combined

with chemotherapy or monotherapy was decided by the

physicians based on patients’ situations. The follow-up

time was 1 year.

At the end of the second and third treatment cycles,

efficacy and safety were evaluated. Later, the efficacy and

safety profile was evaluated every two treatment cycles.

Patients achieved CR, PR, and SD and continued to

receive apatinib until disease progression. Patients who

experienced PD or untolerable toxicities stopped apatinib

treatment. For patients who experienced PD, survival data

were followed-up until the completion of the study. For

patients who stopped treatment for other reasons, tumor

response and safety profile were evaluated every 8 weeks

until disease progression and completion of the study.

Efficacy and Safety Assessment
Patients who had finished at least one cycle of apatinib

therapy and whose efficacy was evaluated were included

for effectiveness assessment. All patients who received at

least one apatinib treatment were included in the safety

population for analysis. The efficacy of apatinib was eval-

uated, including PFS, OS, objective response rate (ORR)

and disease control rate (DCR). Tumor responses were

categorized as complete response (CR), partial response

(PR), stable disease (SD) and progressive disease (PD)

according to Response Evaluation Criteria in Solid

Tumors (RECIST) 1.1 criteria. All AEs were reviewed

and determined according to the National Cancer

Institute Common Terminology Criteria for Adverse

Events (NCI-CTC AEs, version 4.0) and classified as

degree 0–4.

Statistical Analysis
Quantitative variables are presented as median (range) or

number of patients (percentage). Survival analysis was

conducted by the Kaplan–Meier method and was com-

pared by the log-rank test. Exploratory univariate analyses
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were performed with the log-rank test using the following

variables: age, gender, ECOG score, line of apatinib, com-

binational treatment, initial dosage, dose adjustment and

number of metastatic sites. Responses and AEs were both

aggregated in the form of frequency counts and percen-

tages. All the statistical analyses were performed using

SAS 9.2 software (SAS Institute, Cary, NC). P < 0.05

was regarded as statistically significant.

Statement of Ethics
The lead unit of the study was Jiangsu Cancer Hospital,

and the ethical committee of the Jiangsu Cancer Hospital

approved the study. Other hospitals chose to follow the

ethical results approved by the Jiangsu Cancer Hospital

Ethics Committee. The ethical approval number is

2015NL-31. All experimental procedures were performed

in accordance with the 1964 Declaration of Helsinki and

its later amendments or comparable ethical standards.

Results
Patients and Characteristics
A total of 321 patients were enrolled from July 1, 2015, to

March 1, 2018. Most patients were male (n=208, 64.80%),

with an average age of 63 (IQR 56–70) years and had an

ECOG PS of 0 (n=88, 27.41%) or 1 (n=213, 66.36%). The

baseline demographics and clinical pathological characteristics

of patients at the initiation of apatinib are shown in Table 1.

Until the time of data cutoff (March 1, 2018), the median

follow-up time was 10.57 (IQR 7.29–12.64) months. Twenty

patients had disease progression, 225 patients died, 45 patients

were lost to follow-up, and 22 patients completed the study.

Dose Adjustment

Apatinib was initiated from the dosage of 250 mg in 111

(34.58%) patients, 500 mg in 187 (58.26%) patients, and

>500 mg in the remaining 23 (7.17%) patients. Initial dosage

of apatinib was increased from 250 to 500 mg, 500 to 750 mg,

250 to 425 mg and 500 to 750 mg in 30, 8, 1 and 1 patients

because of well tolerance and decreased from 500 to 250 mg,

750 to 500 mg, 850 to 500 mg, 425 to 250 mg, 675 to 500 mg,

750 to 250 mg, 850 to 425 mg and 850 to 750 mg in 47, 9, 2,

1, 1, 1, 1 and 1 patients because of adverse events.

Efficacy
A total of 302 patients were included in the final analysis. At

the time of data cutoff, 32 patients (10.60%) achieved PR,

155 patients (51.32%) had SD, and 115 patients (38.08%) had

PD; CR was not achieved in all patients. This resulted in an

ORR of 10.60% and a DCR of 61.92% (Table 2). For survival

outcome, the median PFS was 4.0 months (95% CI: 3.5–4.4)

and the median OS was 8.2 months (95% CI: 7.8–8.7). The

Kaplan–Meier analysis of PFS is shown in Figure 1.

As shown in Table 3, univariate analysis indicated that

there was a significant association of mPFS with the line

Table 1 Patients’ Baseline Characteristics

Characteristics N (%)

Age (years)

Mean ± SD 61.93 ± 12.05

Sex

Male 208 (64.80)

Female 113 (35.20)

ECOG PS

0 88 (27.41)

1 213 (66.36)

≥2 20 (6.23)

Initial dosage

250 mg 111 (34.58%)

500 mg 187 (58.26%)

>500 mg 23 (7.17%)

Pathological grading

Low differentiation 141 (43.93)

Moderate differentiation 72 (22.43)

Othera 108 (33.65)

Number of Organs Involved in Metastases

≤2 199 (61.99)

>2 67 (20.87)

Unknown 55 (17.13)

History of gastric cancer surgery 167 (52.02)

History of radiotherapy 34 (10.59)

Adjuvant chemotherapy 51 (15.89)

Note: aIncluded 103 patients who are unable to evaluate and 5 patients with other

situation.

Abbreviations: ECOG, Eastern Cooperative Oncology Group; PS, performance

status.

Table 2 The Efficacy of Apatinib in Patients with Advanced

Gastric Carcinoma

Response N (n=302)a Percentage (%) 95% CI

CR 0 0.00 0

PR 32 10.60 7.36–14.63

SD 155 51.32 45.53–57.09

PD 115 38.08 32.58–43.82

ORR (CR+ PR) 32 10.60 7.36–14.63

DCR (CR + PR + SD) 187 61.92 56.18–67.42

Note: aOf the 321 enrolled patients, the number of patients who could be

evaluated for efficacy was 302.

Abbreviations: CR, complete response; PR, partial response; SD, stable disease;

PD, progression disease; ORR, objective response rate; DCR, disease control rate.
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of therapy (P=0.001), apatinib initial dosage (P=0.001),

number of metastatic sites (P=0.009) and PS score

(P=0.001). In detail, the mPFS of patients treated as first

line, second line, third line, and above the third line was

5.9 months, 4.1 months, 3.4 months, and 3.4 months. The

mPFS of patients with ≤2 metastatic sites was longer than

those with >2 metastatic sites (5.0 vs 4.0 months, P =

0.0087). Patients with PS of 0 or 1 got longer mPFS (5.7

vs 4.3 vs 3.0 months, P < 0.001). Initial dosage ≥500 mg

got longer mPFS (3.4 vs.4.5 vs.5.0 months, P <0.001).

Univariate analysis of mOS showed similar results, and

line of therapy, apatinib initial dosage, number of meta-

static sites and PS score were also significantly associated

with OS. In detail, the mOS of patients treated as first

line, second line, third line, and above the third line was

12.9 months, 8.5 months, 7.6 months, and 5.9 months. The

mOS of patients with ≤2 metastatic sites was longer than

those with >2 metastatic sites (9.1 vs 6.6 months,

P=0.0006). Patients with PS of 0 or 1 got longer mOS

(8.7 vs 8.2 vs 6.6 months, P=0.0316). Initial dosage

≥500 mg got longer mOS (7.7 vs.9.5 vs.11.8 months,

P=0.0059).

In the multivariate Cox analysis which included 6

variables (Figure 2), combination regimens of apatinib

plus taxel/docetaxel, and apatinib initial dosage ≥500 mg,

occurrence of proteinuria or leukopenia remained signifi-

cantly associated with longer mPFS. The factors of occur-

rence of hand-foot syndrome and apatinib treatment as

first-line treatment showed an obvious trend in association

with longer mPFS.

We also analyzed whether hypertension, hand-foot syn-

drome, proteinuria, and leukopenia were associated with

PFS and OS; the results showed a significant association

(all P <0.05), especially, these four AEs occurred in the first

4 weeks vs more than 4 weeks was strongly correlated with

better clinical outcomes (all P <0.01).

Safety
At the end of follow-up, among 321 patients enrolled,

a total of 313 patients were included in the safety analysis

set (Table 4), of which 239 patients (76.36%) reported

AEs. Generally, toxicities were well tolerated, 4.3% of

the patients reported grade 3 AEs, and no patient reported

grade 4 AEs. The main AEs were leukopenia (18.69%),

proteinuria (17.13%), and hypertension (15.89%). The

most common grade 3 AEs were proteinuria (n=8,

2.49%), hypertension (n=7, 2.18%), and liver damage

(n=2, 0.62%). In most cases, hypertension was mild and

controllable by oral antihypertension agents. Proteinuria,

hypertension, hand-foot syndrome, and leukopenia were

the four most common AEs and occurred mostly within 4

weeks (cycle 1) after initiation of apatinib therapy.

Discussion
Apatinib, a novel small-molecule tyrosine kinase inhibitor

targeting VEGFR2, has shown promoting effect in patients

with chemotherapy-refractory mGC in a phase II and III

trial.10,11 However, the real-world data on this drug are

limited. In this observational study in a real-world setting,

when patients were treated with apatinib, an ORR of

10.60% and a DCR of 61.92% were achieved, median

PFS was 4.0 months (95% CI: 3.5–4.4 months), and med-

ian OS was 8.2 months (95% CI: 7.8–8.7 months).

In a phase II trial, apatinib therapy for the chemotherapy-

refractory advanced metastatic gastric cancer with two treat-

ment regimens (850 mg once daily and 425 mg twice daily)

led to a median PFS of 3.67 months (95% CI, 2.17–6.80

months) and 3.20 months (95% CI, 2.37–4.53 months) and

Figure 1 Kaplan–Meier curves for progression-free survival (A) and overall survival (B) in patients.
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OS of 4.83 months (95% CI, 4.03–5.97 months) and 4.27

months (95% CI, 3.83–4.77 months).10 And in a Phase III

trial, apatinib also significantly prolonged median PFS (2.6

months; 95% CI, 2.0–2.9 months) and OS (6.5 months; 95%

CI, 4.8–7.6 months) in patients with chemotherapy-

refractory advanced or metastatic adenocarcinoma of the

Table 3 Prognostic Factors Associated with Apatinib Treatment

Variable Number mPFS (m) P mOS (m) P

Total patients 321 4.0 8.2

Apatinib treatment lines <0.001 <0.001

1 85 5.9 12.9

2 84 4.1 8.5

3 104 3.4 7.6

>3 48 3.4 5.9

Combined therapy 0.0411 0.0163

Yes 114 4.5 7.8

No 207 3.7 8.7

Combination regimens retaxol/docetaxel 0.0183 0.0195

Apatinib plus other chemotherapy 81 4.8 8.8

Apatinib plus taxol/docetaxel 33 5.5 11.7

Combined therapy scheme 0.0121 0.0071

Mono-drug 66 4.2 8.5

Doublet-drug 36 4.7 8.9

Triplet-drug 12 6.3 11.4

Apatinib initial dosage (mg) <0.001 0.0059

250 111 3.4 7.7

500 187 4.5 9.5

>500 23 5.0 11.8

Metastatic sites 0.0087 0.0006

≤2 199 5.0 9.1

>2 67 4.0 6.6

Leukopenia <0.001 <0.001

Yes 60 7.3 9.6

No 261 3.5 7.7

Proteinuria 0.0003 0.0035

Yes 55 5.6 9.2

No 266 3.6 8.0

ECOG score <0.001 0.0316

0 80 5.7 8.7

1 168 4.3 8.2

≥2 73 3.0 6.6

Hypertension <0.001 0.0212

Yes 51 6.0 8.8

No 270 3.6 8.0

Hand-foot syndrome 0.0015 <0.001

Yes 28 6.2 11.3

No 293 3.8 8.0

Notes: Univariate analysis indicated that there was significant association of PFS with line of apatinib, combinational treatment, initial dosage, number of

metastatic sites, PS score, hypertension, hand-foot syndrome, proteinuria, leukopenia. P values by log-rank test are displayed.

Abbreviation: PS, performance status.
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stomach or gastroesophageal junction.11 Although in another

global multicenter phase III study (ANGEL study) sponsored

by LSK, a US company with overseas ownership of apatinib,

the primary study endpoint OS was not reached, the second-

ary study endpoint mPFS achieved was 2.8 months (95% CI,

2.8–1.8 months). In ANGEL study, all patients were from

Europe, America, Korea, and Japan; there were Chinese

patients.12 The baseline characteristics of the patients

enrolled in these two studies were different, which could

also affect the OS. Therefore, the results of the ANGEL

study could not dismiss the efficacy of apatinib in Chinese

patients. And in a real-world study performed by Zhang

et al., apatinib as the third or more line treatment for gastric

cancer achieved an mPFS of 2.65 months (95% CI 1.66–3.54

months), an mOS of 5.8 months (95%CI 4.77–6.83 months),

an ORR of 5.56%, and a DCR of 58.33%.16 Compared with

these studies,10,11,16 in our study, patients seemed to benefit

more with 10.60% ORR, 4.0 months mPFS, and 8.2 months

mOS. In this study, 52.6% of patients received apatinib as

first- and second-line therapy. While in the apatinib phase II

and phase III studies, all the patients received apatinib as

third therapy. It might mean that patients who received

apatinib as early as first- or second-line therapy could benefit

more for response and survival. The subgroup analysis also

supports this hypothesis; the mPFS and mOS were 5.9 and

12.9 months in first-line treatment, 4.1 and 8.5 months

in second-line treatment, while in third and above treatment,

the mPFS and mOS were 3.4 and 5.9 months.

The univariate analysis also showed that the survival ben-

efit was associated with combination regimen, apatinib initial

dosage, numbers ofmetastatic sites, ECOGscores, and specific

AEs related to apatinib. In this study, 37.75% of patients

received combined therapy. Among these patients, 10.3% of

patients received apatinib plus taxol/docetaxel regimen with

mPFS of 5.5 months and mOS of 11.7 months and 25.2%

received apatinib plus other chemotherapy with mPFS of 4.8

months and mOS of 8.8 months. The prolonged mPFS and

mOS in apatinib combinedwith taxol/docetaxel regimenmight

explain the fact that apatinib significantly increased the intra-

cellular accumulation of substrate drugs by reversing themulti-

drug resistance.17 The dosage of apatinib used in this real-

world setting was more flexible, 34.6% of patients initiated

apatinib with 250mg, 58.2% of patients initiated with 500mg,

and 7.2%patients initiatedwith >500mg.During the treatment

Figure 2 Multivariate Cox regression analyses for PFS.
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period, many patients experienced dose increase and dose

decrease according to physician’s discretion. The subgroup

analysis showed that initial dosage >500 mg got longer

mPFS compared with 500 mg and 250 mg (5.0 vs.4.5 vs.3.4

months) and mOS (11.8 vs.9.5 vs.7.7 months). Patients with

ECOG score of 0–1 and less metastasis also achieved longer

mPFS and mOS. The specific AEs of hypertension, hand-foot

syndrome, proteinuria, and leukopenia, which especially

occurred in the first 4 weeks vs more than 4 weeks, were

associated with better clinical outcomes, which was consistent

with previous studies.13–15

The multivariate Cox analysis showed that combination

regimens of apatinib plus taxel/docetaxel, and apatinib initial

dosage ≥ 500 mg, occurrence of leukopenia or proteinuria

remained significantly associated with longer mPFS, which

mean that patients who received combination therapy of apa-

tinib plus taxel/docetaxel, received apatinib initial dosage ≥

500 mg, and occurred leukopenia or proteinuria especially in

the first 4 weeks might benefit longer mPFS.

The most common AEs were leukopenia, proteinuria,

hypertension, and hand-foot syndrome which occurred in

18.69%, 17.13%, 15.89%, and 8.72% of patients, respectively,

and the most common AEs over grade 3 were proteinuria

(2.49%), hypertension (2.18%), and liver damage (0.62%).

The safety profile of apatinib was almost consistent in our

study with previous clinical trials, except that the incidence

of specific AEs such as hand-foot syndrome was a little

lower.10,11 Moreover, dose upregulation and combination

with taxol or docetaxel-based chemotherapy did not increase

the incidence and severity of AEs, which meant a well-

tolerance of patients. The present study observed the effective-

ness and safety of apatinib in mGC patients in a real-world

setting. The major limitation of this study is its relative small

sample size and potential bias of the observational design.

In conclusion, the present prospective observational study

in 47 centers in China demonstrated that apatinib has

a favorable effectiveness and safety profile in patients with

advanced or metastatic adenocarcinoma of the stomach or

gastroesophageal junction. Patients with combination regi-

mens of apatinib plus taxel/docetaxel, and apatinib initial

dosage ≥ 500 mg, occurrence of leukopenia or proteinuria

especially in the first 4 weeks might benefit more. Further

well-designed studies with larger numbers will be needed and

the specific application strategies need further exploration.
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Table 4 Analysis of Adverse Events

Adverse Events No. (%)

Grade 1 Grade 2 Grade 3 Any Grade

Leukopenia 39 (12.15) 20 (6.23) 1 (0.31) 60 (18.69)

Proteinuria 28 (8.72) 19 (5.92) 8 (2.49) 55 (17.13)

Hypertension 33 (10.28) 11 (3.43) 7 (2.18) 51 (15.89)

Anorexia 30 (9.35) 9 (2.80) 0 (0.00) 39 (12.15)

Fatigue 25 (7.79) 6 (1.87) 1 (0.31) 32 (9.97)

Diarrhea 23 (7.17) 8 (2.49) 0 (0.00) 31 (9.66)

Hand-foot syndrome 21 (6.54) 7 (2.18) 0 (0.00) 28 (8.72)

Hyperbilirubinemia 20 (6.23) 3 (0.93) 0 (0.00) 23 (7.17)

ALP increased 19 (5.92) 4 (1.25) 0 (0.00) 23 (7.17)

Elevated LDH 15 (4.67) 5 (1.56) 0 (0.00) 20 (6.23)

Elevated transaminase 14 (4.36) 3 (0.93) 2 (0.62) 19 (5.92)

Abdominal pain 12 (3.74) 5 (1.56) 1 (0.31) 18 (5.61)

Hypoproteinemia 13 (4.05) 3 (0.93) 0 (0.00) 16 (4.98)

Occult blood 10 (3.12) 5 (1.56) 0 (0.00) 15 (4.67)

Abbreviations: ALP, alkaline phosphatase; LDH, lactate dehydrogenase.
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