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Abstract
Objectives: This study was carried out to assess the efficacy and drug toxicity of anti-angiogenic tyrosine kinase inhibitor (TKI)

plus chemotherapy as second-line or above therapeutic regime in advanced or metastatic gastric cancer patients.Methods: From
November 2017 to April 2020, advanced or metastatic gastric cancer patients who have failed from prior treatment and received

apatinib combined with irinotecan or irinotecan treatment were analyzed. The primary observed indicator was progression-free

survival (PFS). Objective: response rate (ORR), disease control rate (DCR), overall survival (OS), and drug toxicity were also

evaluated. Results: 26 patients received apatinib combined with irinotecan and 29 patients received irinotecan. The ORR in the

combination therapy and monotherapy population was 26.9% and 17.2%, respectively. The DCR in the apatinib combined with

irinotecan group was higher than in irinotecan monotherapy population (80.8% vs 55.2%, P= .043). Median PFS was 4.2 months in

the combination group and 3.3 months in the monotherapy group (P= .020). Median OS was 8.0 months in the combination

group and 5.9 months in the monotherapy group (P= .048). Except for ECOG PS 2, PFS and OS were generally consistent across

subgroups by sex, age, number of metastatic sites and primary tumor site. The incidence of Grade 3–4 adverse events in com-

bination and monotherapy group was 23.1% and 20.7%, respectively. In apatinib combined with irinotecan group, adverse events

that were attributed to apatinib were secondary hypertension (in seven patients, 26.9%), hand-foot syndrome (5,19.2%), and pro-

teinuria (5, 19.2%). Univariate analysis demonstrated that secondary hypertension was considered to be a favorable factor (P=
.040) for longer OS in combination therapy group. Conclusions: Compared with chemotherapy alone, anti-angiogenic TKI plus

chemotherapy showed better PFS, OS and DCR in advanced or metastatic gastric cancer as second-line or above therapy, with a

tolerable and manageable safety profile.
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Abbreviations
TKI, tyrosine kinase inhibitor; PFS, progression free survival; ORR, objective response rate; DCR, disease control rate; OS,

overall survival; HER2, human epidermal growth factor receptor-2; VEGF, vascular endothelial growth factor; CR, complete

response; PR, partial response; SD, stable disease; PD, progressive disease; ROC, receiver operating characteristics; NLR,

neutrophil-tolymphocyte ratio; MPV, mean platelet volume; GEJ, gastroesophageal junction; AEs, adverse events.

Introduction
44% of the new gastric cancer cases are diagnosed in China.
Gastric cancer has become China’s malignant tumor with an
incidence rate of second and a mortality rate of third.1, 2 The
early diagnosis of gastric cancer is relatively difficult, and
thus most of patients are diagnosed in advanced stage. At
present, the standard first-line chemotherapy regimen for
advanced or metastatic gastric cancer is fluorouracil and plati-
num, and the second-line treatment usually chooses the drugs
which were not used in the first-line treatment, such as
taxanes and irinotecan.3–5 However, patients have limited ben-
efits from the use of such traditional chemotherapy drugs, and
the efficacy of chemotherapy has reached a bottleneck.

As a highly heterogeneous tumor, understanding of the
molecular mechanism of gastric cancer tumorigenesis and pro-
gression is deepening in recent years. The new treatment model
continues to mature,,including targeted therapy and immuno-
therapy,6–8 based on human epidermal growth factor receptor-2
(HER2) and vascular endothelial growth factor (VEGF)
pathway.9, 10 Apatinib has been approved in the third-line treat-
ment of advanced or metastatic gastric cancer. In recent years, a
number of clinical studies have confirmed the efficacy of apati-
nib in advanced or metastatic gastric cancer.11–13

Exploring the efficacy of anti-angiogenic tyrosine kinase
inhibitor (TKI) in combination with other targeted drugs, che-
motherapy, or immune checkpoint inhibitors (ICIs), and at the
same time moving the treatment time forward to the second
or even the first line, is a new research direction. This study
aimed to evaluate the real-world clinical data of anti-angiogenic
TKI plus chemotherapy versus chemotherapy in advanced or
metastatic gastric cancer.

Materials and Methods

Patient Population
This was a retrospective and propensity score-matched cohort
study. From November 2017 to April 2020, patients with
advanced or metastatic gastric cancer who have failed prior
treatment were collected in this study, the patients received apa-
tinib combined with irinotecan or irinotecan monotherapy as a
second-line or above therapy regimen. We have de-identified all
patient details. In this study, the patients who received apatinib
combined with irinotecan were consecutively selected, propen-
sity score matching was used to select patients who received iri-
notecan therapy.

Treatment Regimen
The patients received apatinib combined with irinotecan
regimen or irinotecan monotherapy. In the combination
therapy group, the dose of apatinib was 250 mg daily, and iri-
notecan was given at the dose of 125 mg/m2 on d1 and d8
every three weeks until disease progression, unacceptable tox-
icity, or death. If grade III or above adverse events associated
with apatinib occurred, the dose of apatinib could be reduced.
After six cycles of treatment, if the clinical evaluation is effec-
tive (CR+ PR+ SD), apatinib monotherapy is used for mainte-
nance treatment, without irinotecan therapy. In the irinotecan
monotherapy group, irinotecan was administered intravenously
at the same dose.

Efficacy and Safety
The response evaluation criteria in solid tumors (RECIST
version 1.1) was used to evaluate the clinical efficacy based
on imaging examination, which was performed every two
cycles of therapy, including complete response (CR), partial
response (PR), stable disease (SD), and progressive disease
(PD). The proportion of CR+ PR was objective response rate
(ORR), and the proportion of CR+ PR and SD was disease
control rate (DCR). Common Terminology Criteria for
Adverse Events (version 4.0) was used to assess the drug
toxicity.

Statistical Analysis
The reporting of this study conforms to STROBE guidelines.14

Propensity score matching was used to select patients to achieve
a balance of baseline clinicopathological characteristics
between the two treatment groups. Included variables were
age, gender, ECOG PS, primary tumor site, metastatic site,
number of metastatic sites, and treatment line.
Progression-free survival (PFS) was defined as starting apatinib
with irinotecan or irinotecan treatment to disease progression or
death. Overall survival (OS) was defined as starting apatinib
with irinotecan or irinotecan to patient death or last follow-up.
PFS and OS were plotted using Kaplan–Meier method, and the
follow-up period is up to June 1, 2021. Pearson’s chi squared
test or Fisher’s exact test was used to compare differences
between groups. Receiver operating characteristics (ROC) anal-
ysis was applied to determine the cut-off value of
neutrophil-to-lymphocyte ratio (NLR) and mean platelet
volume (MPV). Univariate analysis was performed to seek pre-
dictive factors for PFS and OS. SPSS 22.0 software (SPSS Inc.,

2 Technology in Cancer Research & Treatment



IL, US) software was used and P< .05 was considered to be
significant.

Results

Patient
A total of 55 patients were included in this study. 26 patients
received apatinib combined with irinotecan and 29 patients
received irinotecan. Table 1 summarized the patient and treat-
ment characteristics. In the combination therapy group, the
median age was 53 years (range from 26–70), with 21 male
and 5 female patients. 19 and 7 patients were diagnosed as
advanced gastric cancer and gastroesophageal junction (GEJ)
adenocarcinoma, respectively. Lymph node (73.1%), liver
(50.0%), lung (19.2%), and peritoneum (19.2%) were
common metastatic sites. In this study, 16 patients (61.5%)
and 10 patients (38.5%) received apatinib combined with irino-
tecan regimen as second line or third- to forth-line treatment,
respectively. Of the cases, 92.3% were identified as HER-2 neg-
ative, only two cases were HER-2 positive.

In the monotherapy group, the median age was 48 years
(range from 25–68), with 19 male and 10 female patients. 17
and the other 12 patients had advanced gastric cancer and
GEJ adenocarcinoma, respectively. Of the cases, 82.8% were
identified as HER-2 negative, and the other five cases were
HER-2 positive. Lymph node (58.6%), liver (51.7%), perito-
neum (27.6%), and lung (20.7%) were common metastatic
sites. 21 patients (72.4%) and 8 patients (27.6%) received apa-
tinib combined with irinotecan regimen as second line or third
to forth-line treatment, respectively. There were no statistically
significant differences in baseline index between the two
groups.

In this study, all the patients received the guideline-
recommended first-line treatment regimen, including chemo-
therapy for HER2-negative patients, which was based on
fluorouracil in combination with platinum and/or taxane, and
chemotherapy plus trastuzumab for HER2-positive patients.

Efficacy
No patients gained CR in this study. In the combination therapy
group, 7, 14, and 5 patients were evaluated as PR, SD, and PD.
The overall ORR and DCR were 26.9% (7/26) and 80.8% (21/
26), respectively (Table 2). In the irinotecan monotherapy
group, 5, 11, and 13 patients were evaluated as PR, SD, and
PD. The overall ORR and DCR were 17.2% (5/29) and
55.2% (16/29), respectively. There was no significantly differ-
ences in ORR between the two groups (26.9% vs 17.2%, P=
.385). However, the DCR in the apatinib combined with irino-
tecan group was higher than in irinotecan population (80.8% vs
55.2%, P= .043). In the combination therapy group, median
PFS and OS were 4.2 months (95% CI= 2.3–6.1) and 8.0
(95% CI= 1.8–14.2) months, respectively (Figure 1). In two
patients, the OS reached more than 2 years, of which one
patient was 27 months and the other 34 months. The 1-year sur-
vival rate was 46.2%. In the monotherapy group, median PFS
and OS were 3.3 months (95% CI= 2.1–4.5) and 5.9 (95%
CI= 4.7–7.1) months, respectively. The one patient with
longest treatment period with irinotecan monotherapy was 6.8
months. Patients who received apatinib combined with irinote-
can obtained better PFS and OS than irinotecan monotherapy.
Subgroups analysis showed that PFS and OS were generally
consistent across sex, age, number of metastatic sites, and
primary tumor site (Figure 2). However, for patients with
ECOG PS 2, apatinib combined with irinotecan did not show
a survival advantage in PFS compared with irinotecan
monotherapy (HR= 1.24, 95% CI= 0.43–3.60, P= .696).
Simultaneously, patients with ECOG PS 2 who received
irinotecan monotherapy obtained better OS (HR= 4.19, 95%
CI= 1.19–14.27, P= .026).

Safety
The toxicity was well tolerated (Table 3). The incidence of
Grade 3-4 AEs was 23.1% and 20.7% in the apatinib combined
with irinotecan group and irinotecan group, respectively.

Table 1. Patient and Treatment Characteristics.

Characteristic

Total
(n= 55)
n (%)

Combination
therapy (n= 26)

n (%)

Monotherapy
(n= 29)
n (%) P

Age (years,
median)

52(25–70) 53(26–70) 48(25–68)

Gender .205
Female 15(27.3) 5(19.2%) 10(34.5)
Male 40(72.7) 21(80.8%) 19(65.5)

ECOG .581
0-1 40(72.7) 18(69.2) 22(75.9)
2 15(27.3) 8(30.8%) 7(24.1)

Primary tumor
site

.260

Gastric 36(65.5) 19(73.1%) 17(58.6)
GEJ 19(34.5) 7(26.9%) 12(41.4)

HER-2 .289
Positive 7(12.7) 2(7.7%) 5(17.2)
Negative 48(87.3) 24(92.3%) 24(82.8)

Metastatic site .925
Lymph node 36(65.5) 19(73.1%) 17(58.6)
Peritoneum 13(23.6) 5(19.2%) 8(27.6)
Liver 28(50.9) 13(50.0%) 15(51.7)
Lung 11(20.0) 5(19.2%) 6(20.7)
Others 22(40.0) 10(38.5%) 12(41.4)

Number of
metastatic
sites

.391

1–2 37(67.3) 16(61.5%) 21(72.4)
≥3 18(32.7) 10(38.5%) 8(27.6)

Treatment line .391
2 37(67.3) 16(61.5%) 21(72.4)
3–4 18(32.7) 10(38.5%) 8(27.6)

Abbreviations: ECOG, Eastern Cooperative Oncology Group
performance status; GEJ, Gastroesophageal Junction Tumors.
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Neither treatment-related death or no unexpected side effects
occurred. The most common treatment-related AEs were hema-
tological toxicity, including decreased neutrophil count,
anemia, decreased white blood count, decreased platelet. The
incidence of hematological toxicity between the two groups
was similar. The adverse events that were attributed to apatinib
were secondary hypertension (in seven patients, 26.9%), hand-
foot syndrome (5,19.2%) and proteinuria (5, 19.2%). Other
non-hematological toxicity was also similar between the two
groups, including fatigue, nausea or vomiting and diarrhea.

Exploratory Analysis of Predictive Factors
In the combination therapy group, an univariate analysis of pre-
dictive factor was carried out, including gender, ECOG, age,
number of metastatic sites, lymph node metastasis, peritoneal
metastasis, visceral metastases, primary tumor site, treatment
line, prior surgery, MPV, NLR, Grade 3 or 4 AEs, secondary
hypertension, and hand-foot syndrome. However, none of
these clinicopathologic factors were associated with PFS
(Table 4). Univariate analysis for OS demonstrated that only
secondary hypertension was considered to be a favorable
factor (P= .040) for OS (Figure 3).

Discussion
Although a variety of chemotherapy drugs are used, there is still
a lack of effective treatment options after first-line treatment

failure.15, 16 WJOG 4007 trial was a randomized, phase III clin-
ical study, which compared irinotecan and paclitaxel in
advanced gastric cancer, no statistically significant difference
was observed in PFS and OS between paclitaxel and irinote-
can.4 At present, taxanes or irinotecan monotherapy was the
standard second-line treatment regimen for metastatic gastric
cancer. However, the median PFS was only 3.6 and 2.3
months for paclitaxel and irinotecan in WJOG 4007 trial. And
therefore, it is necessary to search for new treatment strategies
for metastatic gastric cancer.

There are sufficient evidence-based medical evidences on
targeted therapy for gastric cancer, but currently, only the first-
line of anti-HER-2 therapy and the second-line or third-line
of anti-angiogenic therapy have entered clinical practice.
Recently, apatinib has been proved to be effective in a variety
of solid tumors.17–20 Preclinical studies have shown that apati-
nib exerts antitumor effects in gastric cancer through a variety
of mechanisms.21–23 A previous study that enrolled 273 patients
with gastric cancer who progressed after chemotherapy, demon-
strated that apatinib treatment significantly improved median
PFS and DCR compared with the placebo group.24 Apatinib
has been approved as a third line treatment option for advanced
or metastatic gastric cancer or GEJ in China.

The best administration mode of apatinib is still being
explored. In addition to the single-drug treatment scheme, apa-
tinib combined chemotherapy is also the preferred treatment
strategy. Apatinib has a synergistic effect with chemotherapy
and can reverse resistance to chemotherapy.23, 25, 26 Previous

Table 2. Efficacy of Apatinib Combined with Irinotecan in Patients with Advanced or Metastatic Gastric Cancer.

Parameter

Best response

ORR P DCR P
Median PFS
(95%CI) P

Median OS
(95%CI) PCR PR SD PD

Total 0 12 25 18 21.8(12/55) 67.3(37/55) 4.0(2.9-5.1) 7.0(5.5-8.5)
Treatment programs .385 .043 .020 .048
Monotherapy 0 5 11 13 17.2(5/29) 55.2(16/29) 3.3(2.1-4.5) 5.9(4.7-7.1)
Combination 0 7 14 5 26.9(7/26) 80.8(21/26) 4.2(2.3-6.1) 8.0(1.8-14.2)

Bold represents P< .05.
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, overall response rate; DCR, disease control rate;
PFS, progression free survival; OS, overall survival.

Figure 1. Kaplan–Meier curve of PFS (A) and OS (B) in the whole population.
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researches revealed that apatinib combined with chemotherapy
is more effective compared with apatinib or chemotherapy
alone.13, 27, 28 The combined chemotherapy regimen includes
oxaliplatin, FOLFOX, FBC, S-1, taxanes, FOLFIRI, etc.
There is no evidence for using apatinib alone in the second-line
treatment. In this study, we also used the programme of apatinib
combined with chemotherapy. Nevertheless, the clinical effi-
cacy of apatinib combined with irinotecan, which was the stan-
dard second-line regimen, has not been reported yet.

Our study evaluated the efficacy and drug toxicity of apati-
nib combined with irinotecan versus irinotecan. The main
scheme of the second-line treatment for advanced or metastatic
gastric cancer is single drug chemotherapy with paclitaxel and
irinotecan or a combination of two drug chemotherapy schemes
according to clinical guidelines. Therefore, in this study, we

choose chemotherapy alone as standard control group. In the
combination therapy group, the overall ORR and DCR were
26.9% (7/26) and 80.8% (21/26). No statistical difference in
ORR was found, but the DCR in the combination group was
significantly higher than in monotherapy population. The
median PFS and OS reached 4.2 and 8.0 months, respectively,
compared with irinotecan monotherapy, apatinib combined
with irinotecan obtained better PFS and OS. Although the
PFS and OS in our study is similar with previous second-line
trials, the difference is that 38.5% patients received apatinib
plus irinotecan as third-fourth-line therapy in this study. So apa-
tinib plus irinotecan therapy still demonstrated well efficacy as
late-line treatment regimen.

However, except for ECOG PS 2, PFS and OS were gener-
ally consistent across subgroups by sex, age, number of

Figure 2. Subgroup analysis of PFS (A) and OS (B) according to clinicopathologic factors, including sex, age, ECOG PS, number of metastatic
sites, and primary tumor site.
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metastatic sites, and primary tumor site. Our present study dem-
onstrated that for patients with ECOG PS 2, apatinib combined
with irinotecan did not show a survival advantage in PFS com-
pared with irinotecan monotherapy, and simultaneously,
patients with ECOG PS 2 who received irinotecan monotherapy
obtained better OS. This may be related to the increased inci-
dence of drug-related toxicity caused by combination therapy.
And thus, for patients with advanced or metastatic gastric
cancer, the choice of treatment should fully take into account
the patient’s performance status and accompanying diseases.
For patients with better physical condition, the combination
regimen is better than monotherapy. However, for patients
with poor physical status, monotherapy maybe preferred option.

To our knowledge, this is the first real-word study evaluating
the efficacy of apatinib combined with chemotherapy in
advanced or metastatic gastric cancer. A previous real-world
study evaluated the clinical efficacy of apatinib combined
with chemotherapy in advanced or metastatic gastric cancer.13

Apatinib showed a favorable efficacy, the DCR was 82.72%
and 81.82% in second-line and third-line or above treatment,
respectively. For survival outcomes, the mPFS and OS was
5.0 and 7.5 months in second-line and above treatment popula-
tion. The effectiveness of apatinib combined with irinotecan in
our present study is consistent with this study. But the differ-
ence is that a significant proportion of patients in this study
received combined chemotherapy regimen, including
XELOX, EOX, and DCF. Apatinib combined with irinotecan
single-agent chemotherapy has achieved similar clinical
effects in our present study.

Adverse events (AEs) of irinotecan and anti-angiogenesis
therapy observed in this study were consistent with the known
safety data in previous study.29, 30 Overall, the toxicity was well

Table 3. Treatment-Related AEs (TRAEs).

Adverse Event

Combination
therapy Monotherapy

All
Grade

≥
Grade3

All
Grade

≥
Grade3

Non-hematologic
Secondary
hypertension

7(26.9) 0 0 0

Hand-foot syndrome 5(19.2) 1(3.8) 0 0
Proteinuria 5(19.2) 0 0 0
Fatigue 9(34.6) 0 8(27.6) 0
Nausea or Vomiting 10(38.5) 1(3.8) 11(37.9) 2(6.9)
Diarrhea 6(23.1) 0 5(17.2) 1(3.4)
Increased ALT/AST 5(19.2) 0 5(17.2) 0

Hematologic
Decreased neutrophil
count

16(61.5) 2(7.7) 19(65.5) 1(3.4)

Decreased white
blood count

15(57.7) 2(7.7) 19(65.5) 2(6.9)

Anemia 12(46.2) 0 11(37.9) 0
Decreased platelet 4(15.4) 0 4(13.8) 0

Abbreviation: AE, adverse event.

Table 4. Exploratory Univariate Analysis of Factors to Predict PFS
and OS of Apatinib Combined with Irinotecan Treatment.

Parameter
No. of

patients (%)

Univariate
analysis for PFS

Univariate
analysis for OS

P P

Age .954 .856
≥60 8(30.8)
<60 18(69.2)
Gender .323 .822
Male 21(80.8)

Female 5(19.2)
ECOG .676 .561

0–1 18(69.2)
2 8(30.8)

Primary tumor
site

.762 .964

Gastric 19(73.1)
GEJ 7(26.9)

Number of
metastatic sites

.246 .575

1–2 16(61.5)
≥3 10(38.5)

Lymph node
metastasis

.614 .902

Yes 19(73.1)
No 7(26.9)

Peritoneal
metastasis

.931 .279

Yes 5(19.2)
No 21(80.8)

Visceral
metastases

.676 .554

Yes 19(73.1)
No 7(26.9)

Treatment line .059 .899
2 16(61.5)
3–4 10(38.5)

Prior surgery .797 .769
Yes 10(38.5)
No 16(61.5)

MPV .487 .941
≥9.95 14(53.8)
<9.95 12(46.2)

NLR .945 .639
≥3.41 7(26.9)
<3.41 19(73.1)

Grade 3 or 4 AEs .612 .090
Yes 5(19.2)
No 21(80.8)

Secondary
hypertension

.358 .040

Yes 7(26.9)
No 19(73.1)

Hand-foot
syndrome

.619 .090

Yes 5(19.2)
No 21(80.8)

Bold represents P< .05.
Abbreviations: ECOG, Eastern Cooperative Oncology Group performance
status; GEJ, Gastroesophageal Junction Tumors; MPV, Mean Platelet Volume;
NLR, Neutrophil-to-Lymphocyte Ratio; AE, adverse event; PFS, progression
free survival.
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tolerated, and most of the AEs were in grades 1–2. Compared with
irinotecan monotherapy, apatinib plus irinotecan increased the inci-
dence of adverse events that were attributed to apatinib, including
secondary hypertension, proteinuria, and hand-foot syndrome. The
inhibition of VEGFR in vascular endothelial cells by apatinib will
reduce the production of nitric oxide and prostacyclin, leading to an
increase in blood pressure. The occurrence of hand foot syndrome
is related to a variety of mechanisms and shows a dose dependence.
The proteinuria is related to the inhibition of VEGF in glomerular
mesangial cells by apatinib. Most of apatinib related AEs were in
grades 1–2, and only one patient developed ≥ Grade3 of hand-foot
syndrome. The incidence of hematological toxicity and other non-
hematological toxicity was similar between the two groups.
Because the number of cases in the dose reduction group is
small, we did not carry out statistical analysis between the standard
treatment group and dose reduction group. We will continue to
explore the impact of dose reduction on therapeutic efficacy and
patient prognosis. In previous clinical trials, the adverse events
included hyperbilirubinemia and bleeding. However, patients in
these studies received 850 mg of apatinib, or used a combination
chemotherapy regimen. In our present study, the patients received
apatinib plus single drug chemotherapy, and we did not observe
significant hyperbilirubinemia and bleeding.

Anti-angiogenesis therapy including apatinib have great indi-
vidual differences in clinical efficacy due to tumor heterogeneity.
An exploratory univariate analysis of was carried out in our study
to seek possible predictors in the combination therapy group.
Unfortunately, we did not find an effective predictor for PFS.
Multiple previous studies had shown that the presence of
apatinib-related AEs including hand-foot syndrome, hypertension
or proteinuria were biomarkers of antitumor efficacy.13, 31

Consistently, the results of our study showed that secondary
hypertension was considered to be a potential predictive factor
for longer OS. Generally speaking, adverse events caused by anti-
angiogenic TKI represent a reaction of the body to drug therapy,
which may indicate a better clinical therapeutic efficacy.
Therefore, these adverse events may be used as a simple and intu-
itive biomarker for anti-angiogenic TKI therapy. However, the

value of these biomarkers still needs further prospective clinical
researches to verify.

Our study had several limitations, including an observational
study obtained from a single center, and not very large patient
cases. Thus, we will continue to accumulate clinical data and
design prospective clinical studies to confirm the value of apa-
tinib combined with irinotecan for advanced or metastatic
gastric cancer as second-line or above therapy.

Conclusion
Anti-angiogenic TKI plus chemotherapy showed better PFS,
OS and DCR compared with chemotherapy alone for advanced
or metastatic gastric cancer as second-line or above therapy
regimen, with a tolerable and manageable safety.
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