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Efficacy and toxicity of apatinib combined with or
without chemotherapy for patients with advanced
or metastatic chemotherapy-refractory gastric
adenocarcinoma

A prospective clinical study
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Abstract N\
Apatinib (Jiangsu HengRui Medicine Co. Ltd), a vascular endothelial growth factor receptor 2 (VEGFR-2) tyrosine kinase inhibitor, has |
been proven to be safe and to significantly prolong survival in advanced chemotherapy-refractory gastric cancer. This study aimed to
assess and compare the efficacy and safety of apatinib combined with chemotherapy with that of chemotherapy alone as second- or
higher-line treatment in patients with advanced and metastatic gastric or those with metastatic gastroesophageal junction
adenocarcinoma (mGC).

Patients with chemotherapy-refractory mGC at Jiangsu Cancer Hospital & Research Institute were prospectively enrolled and
assigned into 2 groups at a 2:1 ratio. The first group (combination group) comprised patients with combination treatment (apatinib +
chemotherapy), while the second group comprised patients treated with chemotherapy alone (chemotherapy group). The dose of
apatinib was 500 mg/d, and the chemotherapy regimens were based on fluoropyrimidine, platinum, and paclitaxel or irinotecan. The
primary end points were progression-free survival (PFS).

Between November 2014 and December 2016, 175 patients were enrolled. PFS was significantly improved in the combination
group compared with that in the chemotherapy group (8.5 months [95% confidence interval [Cl], 6.45-10.54] vs 7.0 months [95% Cl,
5.12-8.88] P=.021; hazard ratio (HR): 0.645 [95% ClI: 0.429-0.969] P=.035). The disease control rate (DCR) was also higher in the
combination group than that in the chemotherapy group (58.4% vs 41.9%, P=.041). Moreover, the incidence of Grade 3 to 4 hand-
foot syndrome, proteinuria, and hypertension was significantly different between the 2 groups. Combined therapy (P=.040) and
metastatic sites <2 (P=.008) were the independent prognostic factors for disease progression.

Compared with chemotherapy alone, the addition of apatinib to chemotherapy could better improve PFS and DCR with an
acceptable safety profile for mGC refractory to 1 or more line of prior chemotherapy.

Abbreviations: AEs=adverse events, Cl = confidence interval, CR = complete response, CT = computed tomography, DCR = disease
control rate, DOC = docetaxel, FU = fluorouracil, HFSR = hand-foot skin reaction, HRs = hazard ratios, mGC = metastatic
gastroesophageal junction adenocarcinoma, MRI = magnetic resonance imaging, ORR = objective response rate, OS = overall survival,
PD = progressive disease, PFS = progression-free survival, PR = partial response, RECIST = Response Evaluation Criteria in Solid Tumors,
SD = stable disease, VEGF = vascular endothelial growth factor, VEGFR-2 = vascular endothelial growth factor receptor 2.
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1. Introduction

Gastric cancer is the third leading cause of cancer-related death in
Asian patients'!! because it is usually diagnosed at an advanced
and metastatic stage. First- and second-line chemotherapy
provide survival advantage compared with best supportive care
for metastatic gastroesophageal junction adenocarcinoma
(mGC).1%3! Third-line chemotherapy with irinotecan or taxol
have also been to be effective for gastric cancer.”?! However,
salvage chemotherapy after failure of first-line treatment showed
poor results, with a 5-year survival rate of only up to 10% and a
median overall survival (OS) of <12 months."*! Therefore, more
effective treatment options are needed.

Angiogenesis is one of the main mechanisms that contribute to
tumorigenesis, proliferation and metastasis, migration, and
nutrient supply. Previously, anti-angiogenic therapy was given
for various types of cancer, including breast, lung, colon, and
hepatic cancers. Currently, molecular target therapy has become
one of the effective treatment options for mGC.
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The vascular endothelial growth factor (VEGF) family, which
binds with VEGF receptors (VEGFR) and stimulates angiogenesis
signaling, is among the key regulators of angiogenesis. The
monoclonal antibody ramucirumab and the tyrosine kinase
inhibitor apatinib have high selectivity for binding with and
strongly inhibit VEGFR-2, thus decreasing VEGF-mediated
tumor growth and metastasis. The results of phase II-II trials
have confirmed that apatinib significantly improved OS and
progression-free survival (PFS) with an acceptable safety profile
in at least 2 lines of chemotherapy-refractory advanced gastric
cancer compared with placebo.>**!

However, the clinical efficacy of antiangiogenic drugs
combined with chemotherapy versus chemotherapy alone
remains controversial. Previous studies have reported positive
results on the OS benefits of monoclonal antibody ramucirumab
combined with paclitaxel versus paclitaxel alone for gastric
cancer after failure of first-line treatment.!”~"!

This study aimed to assess the efficacy and safety of apatinib
plus chemotherapy compared with chemotherapy alone as
second-line or later therapy in patients with advanced gastric
cancer or mGC.

2. Methods

2.1. Patient selection

Patients with histologically confirmed mGC at Jiangsu Cancer
Hospital & Research Institute were prospectively recruited in a 2-
arm cohort clinical study. Patients who met the eligibility criteria
were non-randomly assigned into 2 groups ata 2:1 ratio to receive
either apatinib plus chemotherapy or chemotherapy alone.

The inclusion criteria were as follows:

(1) pathologically confirmed advanced gastric or gastroesopha-
geal junction adenocarcinoma (advanced disease was defined
as primary tumor or local recurrence not eligible for complete
surgical resection or the presence of metastatic disease);

(2) history of failure of at least 1 line of chemotherapy;

(3) indispensable 1 measurable lesion according to the Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria as
determined via computed tomography (CT) or magnetic
resonance imaging (MRI);

(4) age 18 to 75 years old;

(5) Eastern Cooperative Oncology Group performance status
(ECOG-PS) score of 0 to 1; and

(6) a life expectancy of no less than 3 months.

The exclusion criteria were as follows:

(1) uncontrolled blood pressure (140/90 mmHg or higher);

(2) with bleeding tendency or receiving hemostatic drugs or
anticoagulants;

(3) with cardiac, hematologic, hepatic, and renal function
incompatible for chemotherapy;

(4) with health conditions influencing oral administration, for
example, inability to swallow, chronic diarrhea, and
intestinal obstruction;

(5) with gastrointestinal bleeding tendency, for example, active
ulcer lesions, stool occult blood (++), history of melena, and
hematemesis, in the past 2 months; and

(6) with any other condition that would make the treatment
unsafe.

The trial was approved by institutional review board and the
ethics committee by Jiangsu Cancer Hospital and all patients
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signed a written informed consent before participation. The study
was conducted in accordance with the International Conference
on Harmonization Good Clinical Practice guidelines, the
Declaration of Helsinki, and Chinese law.

2.2. Treatment regimen

Apatinib was administered at a dose of 500 mg once a day for a
28-day cycle. The daily dosage could be decreased to 250 mg if
patients experienced grade 3/4 adverse events (AEs). Patients in
both groups received one of the following chemotherapy regimens:

(1) modified fluorouracil (FU)-based regimen: FU 500 mg/m* on
days 1 to 5 or TS-1 50 mg bid on days 1 to 14 combined with
platinum oxaliplatin 85 mg/m? on day 1 or cisplatin 25 mg/m>
on days 1 to 3;

(2) paclitaxel-based regimen: paclitaxel 135 mg/m?* or docetaxel
(DOC) 75mg/m”> on day 1 combined with a platinum
chemotherapeutic;

(3) FU, PTX/DOC, platinum;

(4) irinotecan-based regimen: irinotecan 65 mg/m* on days 1 and
8 combined with a platinum chemotherapeutic.

All regimens were repeated every 21 to 28 days for 2 to 6
cycles. Treatment interruption due to intolerance to persistent AE
was allowed below 14 days (either continuously or cumulatively).
Dose escalation was not permitted. Treatment was discontinued
due to disease progression, intolerable of toxicity, or other
personal reasons. (Fig. 1)

2.3. Efficacy and safety

The primary end point was PFS, while the secondary end points
were objective response rate (ORR), disease control rate (DCR),
and toxicity. PFS was defined as the time from initiation of
apatinib to disease progression. Treatment response was
evaluated by investigators and independent radiologists as
complete response (CR), partial response (PR), stable disease
(SD), and progressive disease (PD) according to the RECIST 1.1
criteria. ORR and DCR were computed as the sum of CR and PR
and the sum of CR, PR, and SD, respectively. Treatment response
was evaluated every 2 cycles, and follow-up CT and/or MRI
findings were compared with baseline until disease progression.
All AEs were evaluated using the National Cancer Institute
Common Terminology Criteria for AEs version 3.0.1'"!

2.4. Statistical analysis

Comparison of quantitative variables between groups was
performed using # test. Pearson x> test was used to determine
the association between categorical variables. Survival curves for
PFS and corresponding 95% confidence intervals (Cls) were
estimated via Kaplan—-Meier method. The hazard ratios (HRs)
and 95% CIs were estimated using the Cox’s proportional
hazards regression model. Potential factors to predict the PFS of
apatinib were analyzed via univariate and multivariate analyses.
Univariate analyses were performed using log-rank test, while
multivariate analyses were performed using Cox’s regression
model based on results of the univariate analyses. All statistical
analyses were 2-sided. The form of frequency counts and
percentages were used to aggregate responses and AEs. All
statistical analyses were 2-sided. Data analysis was performed
using SPSS (version 21; IBM, Armonk, NY), and P<.05 was
considered significant.
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Figure 1. Kaplan—Meier estimates of PFS. (A) The median PFS was 8.5 months in the combination group as compared with 7.0 months in the chemotherapy group
(P=.021). (B) The median PFS was 8.5 months in patients with <2 metastases sites as compared with 6.5 months in patients with >2 metastases sites (P=.005).

PFS= progression-free survival.

Before investigation, the total type I error (a) was set to 0.03,
the power of test (1-B) was 80%, the enrollment period to 24
months, and the entire study period was 36 months. The required
sample size was estimated to be 180 patients.

3. Results

3.1. Patient characteristics in the 2 groups

A total of 179 patients with mGC who had progressed or relapsed
after undergoing at least 1 line of systemic therapy at Jiangsu
Cancer Hospital &Research Institute between November 2014
and December 2016 were included. Of these, 115 were
categorized to the combination group and 64 to the chemother-
apy group. The median follow-up time was 32.6 months. Two

patients in each group dropped off the study prior to first
assessment due to clinical progression, toxicity, or personal
reasons. In the end, 175 patients were analyzed (113 in the
combination group and 62 in the chemotherapy group).

The baseline characteristics of the 2 groups were well balanced
(Table 1). The median age in the combination group was 61.0
(range, 29-81) years, while it was 60.5 (range, 29-81) years in the
chemotherapy group. The percentage of patients with an ECOG-
PS of 0 in the combination group was relatively higher than that
in the chemotherapy group (55.7% vs 43.5%), but the difference
was not significant (P=.554). The percentage of patients who
underwent complete surgical excision of primary disease (49.5%
(56/113) vs 53.2% (33/62)) and received postsurgical radiother-
apy (21.2% (24/113) vs 25.8% (16/62)) was lower in the
combination group. Meanwhile, 26.8% (33/113) of patients in
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Clinical characteristics of 2 groups at baseline (Pearson x? test).

combination chemotherapy
group group

Characteristics (n=113) (n=62) P value
Sex

Male 81 45

Female 32 17 .880
Age

<65 years 76 41

>=065 years 37 21 .504
ECOG

0 63 27

1 50 35 155
Chemotherapy regimens

FU based regimens 40 21

Docetaxel based regimens 29 12

Three drug regimens 33 16

irinotecan based regiments 11 13 207
Pathology grade

High differentiation 30 20

Middle differentiation 29 14

Poor differentiation 46 23

signet ring cell included 8 5 .850
Primary lesion

Gastric 48 21

Gastroesophageal junction 65 4 .349
Prior gastrectomy

Yes 56 33

No 57 29 752
Metastases lesion

Peritoneal Metastases 48 21

Organ Metastases 65 41 332
Number of metastases sites

<=2 80 47

>2 33 15 595
No. of previous chemotherapy lines

1 49 25

>=2 64 37 697
Radiotherapy

Yes 24 16

No 89 46 573

ECOG =Eastern Cooperative Oncology Group performance status.
(P<.05 was considered significant of difference of clinical characteristics in 2 groups at baseline).

the combination group had >2 metastasis sites, while it was
only 24.2% (15/62) in the chemotherapy group. A total of 770
cycles of chemotherapy were administered, and the mean
number of chemotherapy cycles was not significantly different
between the combination and chemotherapy groups (4.31 vs
4.56; P=.553).

3.2. Survival analysis of the 2 groups

PD occurred in 72 (63.7%) patients in the combination group
and in 44 (70.9%) in the chemotherapy group. The ORR of the
combination group was 15.0%, while it was 16.1% in the
chemotherapy group (P=.831). DCR was higher in the
combination group than that in the chemotherapy group, and
the difference was significant (58.4% vs 41.9%, P=.041;
Table 2). Kaplan—-Meier analysis demonstrated a significant
improvement in PFS in the combination group (8.5 months, 95%
CL: 6.45-10.54) as compared with that in the chemotherapy
group (7.0 months, 95% CI, 5.12-8.88, P=.021), and the HR
was 0.645 (95% CI, 0.429-0.969, P=.035).

Medicine

Analysis of efficacy in 2 groups (Pearson x2 test and Kaplan-Meier
method).

Variables combination group chemotherapy group P
PFS
Median (95% Cl), months 8.5 (6.455-10.545) 7.0 (5.117-8.883)  .021
HR (95% Cl) 0.645 (0.429-0.969) .035
Response
ORR, % 15.0 16.1 831
DCR, % 58.4 41.9 041

DCR=disease control rate, HR=hazard ratio, ORR = overall response rate, PFS = progression-free
survival,
(P<.05 was considered that difference of variables in 2 groups was significant).

3.83. Univariate and multivariate analysis of prognostic
factors with PFS

Univariate analysis showed that therapy group, number of
metastases sites were prognostic factors for PFS (Table 3).
Multivariate analysis with adjustment for confounding factors in
the Cox regression model showed that combined therapy
regimens (P=.040) and less than 2 of metastatic sites (P=.008)
were independent prognostic risk factors and the risk factors for
disease progression (Table 4).

3.4. Safety analysis of the 2 groups

The safety analysis included a total of 175 patients who had
received at least 2 cycles of therapy (Table 5). All toxicities were
generally well tolerated. As compared with the chemotherapy
group, dose modifications resulting from toxicity were more
common in the combination group (13.8% v 6.4%); the most
common of which were hand-foot skin reaction (HFSR),
proteinuria, and hypertension. The type and incidences of the
AEs are summarized in Table 5. Grade 3 to 4 HFSR (21.2% vs
8.6%; P=.0032), hypertension (13.3% vs 3.22%; P=.0034),
and proteinuria (9.73% vs 0%; P=.008) were more common in
the combination group than that in the chemotherapy group. The
incidence of Grade 3/4 neutropenia (42.5% vs 38.7%; P=.748)
and elevated transaminase (8.84% vs 8.06%; P=.551) was also
higher in the combination group but the difference was not
significant.

Univariate analysis of independent prognostic factors (COX
regression model).

Variable HR P 95% CI

Sex 0.753 163 0.505-1.122
Age 0.803 270 0.857-2.095
ECOG 0.963 838 0.668-1.387
Primary lesion 1.225 291 0.841-1.785
Prior gastrectomy 1.147 463 0.795-1.654
previous chemotherapy lines 1.046 812 0.722-1.516
Chemotherapy regimens 0.995 958 0.834-1.187
therapy group 1.550 025 1.058-2.272
Number of metastases sites>2 0.565 .007 0.374-0.853
Organ Metastases 0.952 .988 0.668-1.461
Peritoneal Metastases 0.824 327 0.560-1.213
Radiotherapy 1.244 318 0.811-1.909

(P<.05 was considered that variables was prognostic factors for PFS).
Cl=confidence interval, ECOG=Eastern Cooperative Oncology Group performance status, PFS=
progression-free survival.
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Multivariate analysis of independent prognostic factors (COX
regression model).

95% confidence

Variable HR P interval
Male sex 0.762 207 0.499-1.163
Age>=65 years 0.759 219 0.490-1.177
Poor differentiationPathology grade 1.008 937 0.823-1.235
Gastroesophageal junction lesion 1.222 .349 0.803-1.859
Prior gastrectomy 1.107 625 0.737-1.661
Previous chemotherapy lines>=2 0.941 787 0.607-1.460
Chemotherapy regimens 0.951 .635 0.773-1.170
Combined therapy group 1.535 .040 1.020-2.310
Number of metastases sites>2 1.718 .008 1.151-2.565
Organ metastases 0.981 935 0.620-1.551
Peritoneal metastases 0.751 .200 0.485-1.164
Radiotherapy 0.974 910 0.620-1.531
ECOG 1.051 814 0.697-1.584

(P<.05 was considered that variables was prognostic factors for PFS).
PFS= progression-free survival.

4. Discussion

To our knowledge, this is the first prospective study demonstrat-
ing the efficacy of combined chemotherapy with or without
apatinib for patients with at least first-line-failure mGC with an
acceptable safety profile. The combination group met the primary
end point by extending PFS for 1.5 months compared with
chemotherapy group with an HR of 0.645. And we also
demonstrated the improvements of DCR with statistical signifi-
cance.

Gastric and gastroesophageal junction adenocarcinoma is the
most common malignancy in East Asia and has high mortality
rates owing to their high risk of recurrence and metastasis. First-
to second-line chemotherapy often have poor efficacy and yield
high toxicity, and patients often fail rescue treatment. Molecular-
targeted has addressed the issue on lack of effective treatments for
these malignancies. VEGF binds to VEGFR and triggers the
dimerization and transphosphorylation of the intracellular
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tyrosine kinase domains. This causes cellular proliferation and
endothelial cell survival and plays an important role in
tumorigenesis and metastasis. Blocking angiogenesis pathways
via specific inhibitors may lead to inhibition of malignant cell
proliferation and differentiation.''"! VEGFR-2 antagonists are
primarily linked to angiogenesis stimulation. Prolonged exposure
to VEGF inhibitors could delay tumor growth and even maintain
tumor regression. Anti-angiogenic blockers have been found to
be effective in several tumors.!*!! However, because of its poor
efficacy when used alone, antiangiogenic therapies, regardless of
type, are usually combined with chemotherapy, but the efficacy of
combined treatment compared with chemotherapy alone is
controversial. A meta-analysis showed a statistically significant
improvement in OS and PFS via inhibition of VEGFR-2 pathways
in patients with mGC."* The REGARD and RAINBOW
triall”13! showed a significantly prolonged OS among patients
treated with the monoclonal antibody ramucirumab combined
with paclitaxel or placebo compared to those in the control
group. Meanwhile, contrasting results were obtained in a small
sample trial of ramucirumab combined with FOLFOX4.[%!
The tyrosine kinase inhibitor apatinib (Hengrui Pharmaceuti-
cal Co. Ltd) has been shown to significantly improve OS and PFS
with an acceptable safety profile in patients with mGC refractory
to 2 or more lines of prior chemotherapy. Apatinib has been
proven to be safe and effective as third-line treatment for patients
with advanced gastric cancer in phase Il and Il trials.”***! A small-
sample retrospective study has also reported showed positive
results about the therapeutic effect of apatinib as second-line
treatment.['3! This prospective clinical trial aimed to evaluate the
efficacy and safety of apatinib combined with chemotherapy after
failure of at least first-line treatment. Our results showed that
there was statistically significant trend toward improved PFS and
good safety profiles in the combined group compared with that in
the chemotherapy group. These findings are consistent with those
reported in a prospective randomized controlled clinical study
that combined apatinib and DOC for second-line therapy.!**!!
In this study, PFS but not OS was analyzed as the primary end
point in this study because follow-up time was limited, and
measuring OS was not possible. Meanwhile,2 studies concluded

Analysis of safety in 2 groups (Pearson x? test).

Combination group (n=113)

Chemotherapy (n=62)

Adverse event no. (%) Any grade Grade 3 or 4 Any grade Grade 3 or 4 P value
Hematologic
Leucopenia 73 (64.6) 42 (37.1) 39 (62.9) 20 (17.7) .620
Neutropenia 62 (54.9) 48 (42. 5) 41 (66.1) 24 (38.7) .748
Anemia 37 (32.7) 088 15 (24.2) 4 (6.45) 773
Thrombocytopenia 39 (34.5) 7 (15. 0) 23 (20.3) 9 (14.5) .557
Nonhematologic
Proteinuria 35 (30.9) 11 .(9.73) 4 (3.54) 0(0) .008
Hypertension 39 (34.5) 15 (13.3) 5 (8.06) 2 (322 .034
Hand-foot syndrome 47 41.5) 24 (21.2) 12 (19.35) 5 (8.06) .032
Elevated transaminase 32 (28.3) 10 (8.84) 11 (17.74) 5 (8.06) .b51
Hyperbilirubinemia (23 01) 17 (15.04) 14 (22.58) 5 (8.06) .236
Bleeding 1(18.58) 9 (7.96) 8 (12.90) 3(4.83) .543
Sensory neuropathy (52 21) 22 (19.47) 34 (54.83) 15 (24.19) .562
Abdominal pain 7 (41.59) 11 (9.73) 24 (38.71) 11 (17.74) 154
Vomiting or decreased appetite 82 (72.56) 7 (6.19) (75.81) 8 (12.90) 0.160
Hypoproteinemia 31 (27.43) 10 (8.85) 13 (20.97) 4 (6.45) 773
Diarrhea 0 (26.54) 16 (14.15) 13 (11.50) 6 (5.31) 479

(P<.05 was considered that difference in toxicity of 2 groups was significant).
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that PFS was strongly correlated with OS at 0.84 among patients
mGC who underwent multi-line chemotherapy."'®'”! So we can
concluded that combination of apatinib and chemotherapy could
improve survival of mGC according to statistical difference of
PES in 2 groups.

No indicator for the efficacy of apatinib as a VEGFR-2
inhibitor has been identified. A retrospective study showed that
early presence of anti-angiogenesis-related AEs including hyper-
tension, proteinuria, or hand and foot syndrome during the first
cycle of apatinib treatment was a viable biomarker of antitumor
efficacy in patients with metastatic GC.I'®'! A study of patients
with breast cancer showed that both hypertension and high
expression of phosphorylated VEGFR-2 could serve as potential
biomarkers for its treatment efficacy.'*°! In this study, we found
that combined therapy and metastatic sites <2 were independent
prognostic factors of advanced gastric cancer, which is in
accordance with the results of clinical trials on apatinib
monotherapy.!°!

In conclusion, this prospective study showed that apatinib, a
small-molecule VEGFR-2 inhibitor, combined with FU-, plati-
num-, paclitaxel-, or irinotecan-based chemotherapy is associat-
ed with prolonged PFS and increased DCR as compared with
chemotherapy alone, in patients with gastric or gastroesophageal
junction adenocarcinoma refractory to at least first-line chemo-
therapy, with manageable and tolerable side effects. The ongoing
follow-up will provide more clinical data about the OS and AEs
of apatinib and chemotherapy combination regimens in order to
guide clinical practice. The results of this trial demonstrated that
apatinib combined with chemotherapy could be a new treatment
option for patients with mGC who progressed after 1 or more line
of chemotherapy.
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