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Summary

Purpose: To observe the mechanism of the effects of Apatinib
on the proliferation and apoptosis of human gastric cancer
(HGC-27) cells via the phosphatidylinositol 3-kinase (PI3K)/
protein kinase B (Akt) signaling pathway through in vitro
cytology experiments.

Methods: The human gastric cancer HGC-27 cell line was
taken as the research object, and LY294002, an inhibitor of
the PI3K/Akt signaling pathway, as the positive control. The
experimental methods were as follows: (1) The proliferation
of HGC-27 cells inhibited by Apatinib and LY294002 were
observed by MTT assay; (2) flow cytometry was performed to
detect the apoptosis of cells after they were treated with drugs
and the positive control; (3) different effects of varying con-
centrations of Apatinib on apoptosis-related genes and pro-
teins, B-cell lymphoma 2 (Bcl-2), Bcl-2-associated X protein
(Bax) and cysteine-aspartic acid protease (Caspase) 9, were
detected via fluorescence quantitative reverse transcription-
polymerase chain reaction (GRT-PCR) and Western blotting,
and the effects of different concentrations of Apatinib on the
protein expressions of PI3K, phosphorylated (p)-PI3K, Akt

Introduction

Gastric cancer is one of the most common ma-
lignant tumors of the digestive system. There are
more than 900,000 new cases every year, and the
cancer was in the middle and advanced stage when
found in 90% of the patients. It frequently occurs

and p-Akt were detected by Western blotting.

Results: (1) MTT results showed that Apatinib could ef-
fectively inhibit the proliferation of HGC-27 cells in a dose-
dependent manner. (2) Flow cytometry results showed that
Apatinib could induce the apoptosis of HGC-27 cells. (3) The
results of qRT-PCR and Western blotting demonstrated that
Apatinib was capable of inducing the expression of the pro-
apoptotic genes, Bax and Caspase 9, and inhibit the expres-
sion of the anti-apoptotic gene Bcl-2. The final results of
Western blotting confirmed that Apatinib could decrease the
protein expression levels of p-PI3K and p-Akt, thus inhibiting
the phosphorylation of the PI3K/Akt pathway.

Conclusions: This study proves that Apatinib can effec-
tively suppress the proliferation and induce the apoptosis of
human gastric cancer HGC-27 cells, the mechanism of which
is related to the inhibition of phosphorylation of the PI3K/
Akt signaling pathway.

Key words: HGC-27 cell, PI3K/Akt signaling pathway, ap-
atinib, LY294002, gastric cancer

in Southeast Asia, and its mortality rate is second
only to those of liver cancer and lung cancer [1].
According to the 2015 Annual Report of China’s
Cancer Registration published by the National
Cancer Registration Center, gastric cancer is a se-
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rious threat to the life and health of people in the
whole nation [2]. The formation of gastric cancer
is a complicated process, and its occurrence and
development involve interaction among various
signal pathways, but the specific pathogenesis is
still unclear. The literature has pointed out that
the phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (Akt) signaling pathway can affect the pro-
liferation and apoptosis of gastric cancer [3,4].

PI3K/Akt is one of the important signaling
pathways in cells. When activated abnormally, it
can activate downstream signaling molecules, thus
further affecting the occurrence and development
of various malignant tumors, such as gastric cancer
and lung cancer [5-7]. The literature has indicated
that gastric cancer development is related to exces-
sive cell proliferation and apoptosis inhibition, and
that the PI3K/Akt signaling pathway can prevent
cells from initiating programmed death [8]. It has
also been pointed out that LY294002, as an inhibi-
tor of the PI3K/Akt signaling pathway, can induce
apoptosis and inhibit the proliferation of gastric
cancer, colon cancer and other cancer cells [9-12].
Apatinib is a new oral targeted drug, which blocks
the signal transduction pathway after the vascu-
lar endothelial growth factor (VEGF), binds to its
corresponding receptors by inhibiting the activity
of the VEGF receptor-2 (VEGFR-2) tyrosine kinase,
thus effectively suppressing the formation of tu-
mor blood vessels and playing an anti-tumor role
[13-15].

In this study, the inhibitory effect of Apatinib
on the proliferation and apoptosis of gastric cancer
cells was observed through in vitro experiments, so
as to further explore the molecular mechanism of
action of Apatinib on gastric cancer and its sign-
aling pathway, thus providing a theoretical basis
for the research on it in the treatment of gastric
cancer and potent theoretical support for later drug
development.

Methods

Materials

The human gastric cancer HGC-27 cell line (Shang-
hai Fusheng Industrial Co., Ltd., Shanghai, China), Ap-
atinib (Jiangsu Hengrui Pharm Co., Ltd., Nanjing, Chi-
na), LY294002 (PI3K Inhibitor) (Sigma, St. Louis, MO,
USA), the bicinchoninic acid (BCA) protein assay Kkit
(Beyotime Institute of Biotechnology, Shanghai, Chi-
na), 3-(4,5)-dimethylthiahiazo(-z-y1)-3,5-diphenytetra-
zoliumro-mide (MTT) (Sigma, St. Louis, MO, USA), the
Annexin V-fluorescein isothiocyante (FITC)/propidium
iodide (PI) apoptosis detection kit (Jiangsu KeyGEN Bio-
TECH Co., Ltd., Nanjing, China), Roswell Park Memorial
Institute (RPMI)-1640 medium (Gibco, Rockville, MD,
USA), and rabbit anti-human primary antibodies [PI3K,
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phosphorylated (p)-PI3K, Akt, p-Akt, B-cell lymphoma
2 (Bcl-2), Bcl-2-associated X protein (Bax), cleaved-
cysteine-aspartic acid protease (Caspase) 9] and rabbit
anti-human glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) and horseradish peroxidase (HRP)-labeled goat
anti-rabbit secondary antibodies (Beijing Transgen Bio-
tech Co., Ltd., Beijing, China).

Cell culture

HGC-27 cells were cultured using RPMI-1640 me-
dium with 10% fetal bovine serum (FBS) in an environ-
ment with 5% CO, at 37°C. The state of the cells was
observed every day, and when the cells grew to 70-80%
confluence, passage began. After the RMPI-1640 with
10% FBS was discarded, the cells were washed with
phosphate-buffered saline (PBS) for 3 times, added with
0.25% trypsin until the bottom of the plate could be
covered, and observed under a microscope. When the
cells became round, the RPMI-1640 with 10% FBS cul-
ture solution was added to stop trypsin. Then the cells
were blown and beaten repeatedly, mixed evenly, and
inoculated into a new culture plate at a ratio of 1:4 for
subculture. Subsequently, the cells in the logarithmic
growth phase were taken for further experiments.

Detection of cell proliferation via MTT assay

Gastric cancer HGC-27 cells in the logarithmic
growth phase were taken, digested with 0.25% trypsin,
blown into cell suspension, mixed and counted. The cell
suspension was then diluted to 2x10* cells/mL with the
culture solution, and the cells were inoculated into a
96-well plate at a dose of 100 pL/well. Defining one as
blank control, the wells around it were added with PBS
at a dose of 200 pL/well, and were then placed in a cell
incubator for standing. After the cells fully adhered to
the wall, the prepared Apatinib at different concentra-
tions (0, 0.5, 1.0, 1.5 and 2.0 pmol/L, respectively) was
added to the test wells at 100 pL/well, and LY294002 at
different concentrations (0.312, 0.625, 1.25, 2.5 and 5.0
pg/mL, respectively) was added in the positive control
group, with 6 repeated wells each. The remaining test
wells were used as the negative control group and added
with RPMI-1640 at a dose of 100 pL/well. After standing
for 48 h, 20 pL MTT was added to each well for further
culture. After 4-h culture, the supernatant was discarded,
100 pL dimethyl sulfoxide (DMSO) was added to each
well for reaction for 10 min, and the optical density (OD)
value at the wavelength of 490 nm was read using a mi-
croplate reader. The experiments were repeated for three
times. According to the experimental results, the inhi-
bition rate was calculated as follows: Inhibition rate =
1-[(aVel‘age OD Value experimental group ~ OD Value blank well)/(av'
erage OD Value negative control group ~ OD Value blank well)x 100%]

Detection of the apoptosis rate of HGC-27 cells via flow
cytometry

Gastric cancer HGC-27 cells in the logarithmic
growth phase were taken, digested with 0.25% trypsin,
blown into cell suspension, mixed and counted. The cell
suspension was then diluted to 2x10* cells/mL with the
culture solution, and then the cells were inoculated into
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a 6-well cell culture plate at a dose of 100 pL/well and
let stand in a cell incubator. After the cells fully adhered
to the wall, 0.3 mL Apatinib at different concentrations
(0.5, 1.0, 1.5 and 2.0 pmol/L) was added to each well,
0.3 mL RPMI-1640 was added to the negative control
group, and 5 pg/mL LY294002 was added to the positive
control group. After standing for 48 h, the supernatant
in each well was collected into a centrifuge tube, and
the cells were digested with 0.25% trypsin and collected
into the corresponding centrifuge tube for centrifuga-
tion at 1,000 rpm for 5 min. After that, the supernatant
was discarded, and the cells were washed with PBS 3
times. Then, 500 pL binding buffer containing 10 pL
Annexin V-FITC (fluorescein isothiocyanate) was added
to the precipitates of each cell, and the cells were resus-
pended evenly. Subsequently, the cells were added with
5 pL propidium iodide (PI) and placed in the dark for 15
min. Finally, the apoptosis rate of the cells was detected
by flow cytometry.

Detection of the messenger ribonucleic acid (mnRNA) expres-
sion in HGC-27 cells via qRT-PCR

The cultured HGC-27 cells were inoculated into a
6-well plate, and were divided into 4 groups, namely,
blank control group (control group) and Apatinib treat-
ment group (the concentrations were 0.5, 1.0, 1.5, and 2.0
pmol/L, respectively). After treatment with Apatinib for
48 h, the cells were collected. According to the instruc-
tions of TRIzol kit (Invitrogen, Carlsbad, CA, USA), the
total RNA in each group of cells was extracted, whose
concentration and purity needed to be detected, and the
results were qualified when the absorbance (A);s0/A2s0
was 1.8-2.0. Then, reverse transcription (RT) was per-
formed with reference to the operation method provided
in the instructions of the kit, and fluorescence real-time
quantitative polymerase chain reaction (qQPCR) detection
kit was applied to detect the mRNA expression with each
complementary deoxyribonucleic acid (cDNA) obtained
by RT as a template. The detailed sequences of PCR prim-
ers used are shown in Table 1. PCR conditions: a total of 1
cycle of reaction at 94°C for 5 min, 5 cycles of reaction at
94°C for 30 s, 57°C for 30 s and 72°C for 30 s, and 1 cycle
of reaction at 72°C for 5 min. After PCR amplification, the
Ct value was read according to the amplification curve,
and the relative level of mRNAs was calculated with

Table 1. RT-PCR primer sequences

GAPDH as the control gene according to the following
formula: ACt (target gene) = Ct (target gene) - Ct (con-
trol gene), and AACt =ACt (target gene) -ACt (standard
value). The relative expression level of the target gene
was 244

Detection of the protein expression in HGC-27 cells via West-
ern blotting

Gastric cancer HGC-27 cells in the logarithmic
growth phase were digested with 0.25% trypsin, blown
into cell suspension, mixed and counted. The cell sus-
pension was then diluted to 2x10* cells/mL with the
culture solution, and then the cells were inoculated into
a 6-well cell culture plate at a concentration of 2.7 mL/
well and let stand in a cell incubator. Until the cells fully
adhered to the wall, 0.3 mL Apatinib (0.5, 1, 1.5 and 2
pmol/L) was added to each well, and 0.3 mL RPMI-1 640
was added in the negative control group. After 48 h of
culture, Western blotting was performed. All the cells
were collected into a 1.5 mL Eppendorf (EP) tube, and
300 pL protein lysate and 10 pL protease inhibitors were
added, respectively. After that, the cells were placed in
ice water for 30 min of incubation, followed by centrifu-
gation at 12,000 g for 15 min, and then the supernatant
was collected to obtain the total protein. The BCA pro-
tein assay kit was then used to detect the concentration
of the total protein extracted. Then, the expression level
of the target protein was detected by Western blotting.
Methods: 10 pL supernatant was sucked, evenly mixed
with the loading buffer, and subjected to dodecyl sul-
fate, sodium salt-polyacrylamide gel electrophoresis
(SDS-PAGE). After that, the membrane was transferred
onto the prepared polyvinylidene fluoride (PVDF) mem-
brane (Millipore, Billerica, MA, USA), let stand at room
temperature and sealed for 1 h. Then, Akt, p-Akt, PI3K,
p-PI3K, Bax, Bcl-2, Caspase 9 and GAPDH antibodies
(diluted at 1: 1,000) were added to the membrane and
placed at 4°C overnight. Subsequently, the membrane
was washed with washing buffer 5 times, with 10 min/
time, incubated with the HRP-labeled rabbit anti-mouse
antibody (diluted at 1: 800) pretreated by shaking at
room temperature for 1 h, and washed with buffer for
three times. Finally, the color was developed with di-
aminobenzidine and photographed using the Fluorchem
9900 imaging system.

Gene name Primer name Primer sequence

Bcl-2 Forward primer 5-TGGGATGCCTTTGTGGAAC-3'
Reverse primer 5'-CATATTTGTTTGGGGCAGGTC-3'

Bax Forward primer 5'-TGCTACAGGGTTTCATCCAG-3'
Reverse primer 5'-ATCCACATCAGCAATCATCC-3'

Caspase 9 Forward primer 5'-AGCCAGATGCTGTCCCATAC-3'
Reverse primer 5'-CAGGAGACAAAACCTGGGAA-3'

GAPDH Forward primer 5'-GGAAAGCTGTGGCGTGAT-3'

Reverse primer

5'-AAGGTGGAAGAATGGGAGTT-3'
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Figure 1. Effect of Apatinib and LY294002 on the inhibition rate on HGC-27 cells detected via MTT assay (**p<0.01).

Statistics

The data were statistically analyzed by SPSS
19.0 software (IBM, Armonk, NY, USA), expressed as
mean+SD and detected using the t-test value. P<0.05
showed that the difference was significant, and p<0.01

suggested that the difference was extremely significant.

Results

Effect of apatinib on the proliferation of gastric cancer
cells detected via MTT assay

MTT assay was used to detect the inhibitory
effect of Apatinib on HGC-27 cell proliferation.
LY294002 at different gradient concentrations (O,
0.625, 1.25, 2.5 and 5 pg/mL) was taken as the posi-
tive control. The results (Figure 1) revealed that
Apatinib has an obvious inhibitory effect on gastric
cancer HGC-27 cells in a dose-dependent manner
(p<0.01). As shown in Figure 1B, LY294002 also
inhibited the proliferation of HGC-27 cells in a
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Figure 2. Effect of Apatinib at different concentrations
on the apoptosis of HGC-27 cells detected via Annexin V-
FITC/PI method. Compared with LY294002, Apatinib could

also significantly promote the apoptosis of HGC-27 cells
(**p<0.01).
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dose-dependent manner (p<0.01). The above results
indicated that Apatinib is similar to LY294002, both
of which could significantly inhibit the prolifera-
tion of gastric cancer HGC-27 cells.

Effect of Apatinib on the apoptosis of HGC-27 cells
detected via flow cytometry

HGC-27 cells were treated with different con-
centrations of Apatinib and 5 pg/mL LY294002 for
48 h, and the apoptosis rate was measured by An-
nexin V-FITC/PI method. It was found that the apo-
ptosis rate of HGC-27 cells was increased with the
increase in the concentration of Apatinib (Figure 2),
indicating that Apatinib could clearly induce apop-
tosis of HGC-27 cells in a dose-dependent manner.

Effect of Apatinib on the expression of apoptosis-relat-
ed genes in HGC-27 cells

The results of gRT-PCR and Western blotting
(Figures 3 and 4) manifested that the mRNA and
protein expression levels of pro-apoptosis genes,
Caspase 9 and Bax, in different-concentration of
the Apatinib group were remarkably higher than
those in blank control group (p<0.01). However, the
mRNA and protein expression levels of the anti-
apoptosis gene Bcl-2 was clearly lower than that
in the blank control group (p<0.01).

Effect of Apatinib on the PI3K/Akt signaling pathway
detected via Western blotting

In order to study whether the effects of Apat-
inib on the apoptosis and proliferation of HGC-27
cells are related to the PI3K/Akt signaling path-
way, Western blotting was performed to detect the
expression levels of the related proteins (PI3K, p-
PI3K, Akt and p-Akt) in HGC-27 cells treated with
different concentrations of Apatinib. According to
the results (Figure 5), the expression levels of PI3K
and Akt remained almost unchanged, while the ex-
pression levels of p-PI3K and p-Akt declined with
the increase in the concentration of Apatinib. The
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above results suggest that Apatinib could inhibit Discussion
the expression of the PI3K/Akt signaling pathway
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Figure 3. Effect of Apatinib on the mRNA expression of apoptosis-related genes in gastric cancer HGC-27 cells detected
via gRT-PCR. Compared with those in blank control group, the mRNA expression levels of Bax and Caspase 9 in HGC-27
cells are significantly promoted, while the mRNA expression level of Bcl-2 is inhibited in the Apatinib group (**p<0.01).
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Figure 4. Effect of Apatinib on the expression of apoptosis-related proteins in gastric cancer HGC-27 cells detected via
Western blotting. (A): Western blotting of the protein expressions of Bax, Caspase 9 and Bcl-2. (B): Gray scale analysis
of the protein expressions of Bax, Caspase 9 and Bcl-2. Compared with those in the blank control group, the protein
expressions of Bax and Caspase 9 in HGC-27 cells are notably promoted, but the protein expression of Bcl-2 is inhibited
in the Apatinib group (**p<0.01).
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Figure 5. Effects of different concentrations of Apatinib on the expression levels of related proteins (PI3K, p-PI3K, Akt
and p-Akt) in HGC-27 cells detected via Western blotting. (A): Western blotting of the protein expressions of PI3K, p-PI3K,
Akt and p-Akt. (B): Analysis results of the expression levels of related proteins (PI3K, p-PI3K, Akt and p-Akt) in HGC-27
cells treated with different concentrations of Apatinib. With the increase in the concentration of Apatinib, the expres-
sion levels of PI3K and Akt remained unchanged, but the expression levels of p-PI3K and p-Akt decreased (**p<0.01).
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present, the treatment of gastric cancer is mainly
surgical resection and chemotherapy. Surgical re-
section can effectively remove the tumor, but there
are some disadvantages such as large trauma and
slow recovery. Moreover, due to lack of targeting
therapies, these traditional chemicals will also
cause damage to normal tissues and cells, creating
more serious toxic side effects. Therefore, studying
the causes and development mechanisms of gas-
tric cancer at the molecular level and developing
targeted drugs specifically targeting tumor target
proteins and signal pathways have become the fo-
cus of current research. Some studies have pointed
out that Apatinib has a certain inhibitory effect on
the development of gastric cancer, non-small cell
lung cancer, liver cancer, leukemia and other dis-
eases, but its specific mechanism of action is not
yet clear [16-21].

In this study, it was observed in MTT assay
and flow cytometry that Apatinib significantly in-
hibited the growth of the gastric cancer HGC-27
cell line in vitro and induced cell apoptosis, and
was also shown to affect the inhibition rate and
apoptosis rate in a dose-dependent manner. The
proliferation and growth of tumors depend on the
regulation and activation of many signaling path-
ways, among which the growth and proliferation
of some tumor cells are closely related to many
signaling pathways associated with protein tyros-
ine kinases. Among them, the PI3K/Akt signaling
pathway is the main downstream signaling path-
way for protein tyrosine kinase activation, which

References

1. Ren J, Liu J, Sui X. Correlation of COX-2 and MMP-13
expressions with gastric cancer and their effects on
prognosis. JBUON 2018;23:665-71.

2. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019.
CA Cancer ] Clin 2019;69:7-34.

3. LiJF Li WH, Xue LL, Zhang Y. Long non-coding RNA
PICART]1 inhibits cell proliferation by regulating the
PI3K/AKT and MAPK/ERK signaling pathways in gas-
tric cancer. Eur Rev Med Pharmacol Sci 2019;23:588-
97.

4. Kostakis ID, Agrogiannis G, Vaiopoulos AG et al. KISS1
and KISSI1R expression in gastric cancer. JBUON
2018;23:79-84.

5. Zhang, Bao C, Mu Q et al. Reversal of cisplatin resist-
ance by inhibiting PI3K/Akt signal pathway in human
lung cancer cells. Neoplasma 2016;63:362-70.

6. ZhuY, Rao Q, Zhang X, Zhou X. Galangin induced an-
titumor effects in human kidney tumor cells mediated
via mitochondrial mediated apoptosis, inhibition of

JBUON 2019; 24(5): 1990

will promote the proliferation and migration of
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Conclusions

This study found that Apatinib could effectively
inhibit the proliferation of gastric cancer HGC-27
cells in vitro, induce their apoptosis, and suppress
the activation of the PI3K/Akt signaling pathway-
related proteins, p-PI3K and p-Akt. Therefore, this
study provides a research basis for molecular tar-
geted therapy of gastric cancer and also a solid
theoretical foundation for the combined therapy
with Apatinib and other drugs.

Conflict of interests

The authors declare no conflict of interests.

cell migration and invasion and targeting PI3K/ AKT/
mTOR signalling pathway. JBUON 2018;23:795-9.

7. Gershtein ES, Scherbakov AM, Shatskaya VA, Kushlin-
sky NE, Krasil Nikov MA. Phosphatidylinositol 3-ki-
nase/AKT signalling pathway components in human
breast cancer: clinicopathological correlations. Anti-
cancer Res 2007;27:1777-82.

8. Kuo PL, Hsu YL, Lin TC, Chang JK, Lin CC. Induction of
cell cycle arrest and apoptosis in human non-small cell
lung cancer A549 cells by casuarinin from the bark of
Terminalia arjuna Linn. Anticancer Drugs 2005;16:409-
15.

9. Buontempo F, Ersahin T, Missiroli S et al. Inhibition
of Akt signaling in hepatoma cells induces apoptotic
cell death independent of Akt activation status. Invest
New Drugs 2011;29:1303-13.

10. Bang YJ, Kang YK, Kang WK et al. Phase II study of
sunitinib as second-line treatment for advanced gastric
cancer. Invest New Drugs 2011;29:1449-58.



Apatinib suppresses the proliferation and apoptosis of gastric cancer cells

1991

11.

12.

13.

14.

15.

16.

17.

Hawkes E, Okines AF, Papamichael D et al. Docetaxel
and irinotecan as second-line therapy for advanced oe-
sophagogastric cancer. Eur J Cancer 2011;47:1146-51.

Zhang Y, Han C, Li J et al. Efficacy and safety for Apat-
inib treatment in advanced gastric cancer: a real world
study. Sci Rep 2017;7:13208.

Tian S, Quan H, Xie C et al. YN968D1 is a novel and
selective inhibitor of vascular endothelial growth fac-
tor receptor-2 tyrosine kinase with potent activity in
vitro and in vivo. Cancer Sci 2011;102:1374-80.

Fan S, Zou Y, Wang Y, Fang F, Song W. An observational
study of apatinib mesylate in treating advanced non-
small cell lung cancer with unknown driving gene(s).
JBUON 2018;23:654-8.

Zhang H. Apatinib for molecular targeted therapy in
tumor. Drug Des Devel Ther 2015;9:6075-81.

Roviello G, Ravelli A, Fiaschi Al et al. Apatinib for the
treatment of gastric cancer. Expert Rev Gastroenterol
Hepatol 2016;10:887-92.

Yin L, Wang J, Huang FC et al. [Inhibitory effect of ap-
atinib on HCT-116 cells and its mechanism]. Nan Fang
Yi Ke Da Xue Xue Bao 2017;37:367-72.

18.

19.

20.

21.

Tong XZ, Wang F, Liang S et al. Apatinib (YN968D1)
enhances the efficacy of conventional chemothera-
peutical drugs in side population cells and ABCB1-
overexpressing leukemia cells. Biochem Pharmacol
2012;83:586-97.

Edelman MJ, Wang X, Hodgson L et al. Phase III Ran-
domized, Placebo-Controlled, Double-Blind Trial of
Celecoxib in Addition to Standard Chemotherapy for
Advanced Non-Small-Cell Lung Cancer With Cyclooxy-
genase-2 Overexpression: CALGB 30801 (Alliance). J
Clin Oncol 2017;35:2184-92.

Scagliotti G, von Pawel ], Novello S et al. Phase III
Multinational, Randomized, Double-Blind, Placebo-
Controlled Study of Tivantinib (ARQ 197) Plus Erlo-
tinib Versus Erlotinib Alone in Previously Treated
Patients With Locally Advanced or Metastatic Non-
squamous Non-Small-Cell Lung Cancer. J Clin Oncol
2015;33:2667-74.

Ramalingam SS, Shtivelband M, Soo RA et al. Rand-
omized phase II study of carboplatin and paclitaxel
with either linifanib or placebo for advanced non-
squamous non-small-cell lung cancer. J Clin Oncol
2015;33:433-41.

JBUON 2019; 24(5): 1991



