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Abstract. Elevated serum levels of vascular endothelial growth 
factor (VEGF) and cyclooxygenase-2 (COX-2) are associated 
with poor prognosis in patients with gastric cancer. Little is 
known regarding the clinical benefits of combining celecoxib, 
a selective inhibitor of COX-2, with standard chemotherapy 
regimens for the treatment of gastric cancer patients. In this 
study, we investigated the effect of the combinatorial use of 
celecoxib with standard chemotherapy on the serum levels 
of VEGF and COX-2 in patients with gastric cancer. In our 
study, 80 patients with gastric cancer who underwent laparo-
scopic radical surgery were randomized into two groups, the 
combination [celecoxib plus standard oxaliplatin, leucovorin 
and 5-fluorouracil (FOLFOX4) chemotherapy, n=40] and the 
FOLFOX4 alone (n=40) groups. In the combination group, 
celecoxib was orally administered to the patients (400 mg, twice 
daily). The serum levels of VEGF and COX-2 were measured 
by ELISA prior to and following surgery. We detected no 
significant difference in the serum levels of VEGF and COX-2 
between the combination and FOLFOX4 alone groups prior 
to chemotherapy (P>0.05). However, after 6 cycles of chemo-
therapy, there was a greater decrease in the serum levels of 
VEGF and COX-2 in the combination group compared to those 
in the FOLFOX4 group (P<0.01). In addition, the serum levels 
of VEGF and COX-2 were closely correlated in patients with 
gastric adenocarcinoma prior to treatment. Our data indicated 
that, when combined with standard chemotherapy, celecoxib 
may reduce the serum levels of VEGF and COX-2, suggesting 

that COX-2 inhibitors may be of therapeutic value through the 
inhibition of tumor angiogenesis and the prevention of recur-
rence or metastasis. Thus, celecoxib may be a useful adjuvant 
agent to standard chemotherapy in patients with advanced 
gastric cancer.

Introduction

Gastric cancer is prevalent in Gansu province in the Northwest 
China, particularly in the Hexi area. In Gansu province, gastric 
cancer has an adjusted mortality rate of 71.7 per 100,000 resi-
dents and accounts for 48.2% of all cancer-related deaths (1). 
In gastric cancer, the pathological stage is of prognostic 
significance for the 5-year survival and local recurrence. 
The majority of gastric cancer patients are diagnosed at an 
advanced stage. In these patients, tumor resection with cura-
tive intent was associated with a median survival of 24 months 
and the 5-year survival rate was reported to be 20-30% (2). In 
patients with advanced gastric cancer who underwent pallia-
tive procedures, a median survival of 8.1 months was reported, 
whereas without any treatment, the median survival was 
5.4 months (3). Surgical resection is currently considered to be 
the most effective therapeutic strategy for patients with gastric 
cancer and more optimal clinical outcomes may be achieved 
if the surgical intervention is combined with addiitonal thera-
peutic approaches.

It was recently demonstrated that the overexpression of 
cyclooxygenase-2 (COX-2) and vascular endothelial growth 
factor (VEGF) synergistically promote local angiogenesis and 
lead to tumor development and metastasis (4). Thus, blocking 
COX-2 with its selective inhibitor celecoxib was shown 
to inhibit the proliferation of tumor cells and suppress the 
expression of VEGF, a key factor for tumor angiogenesis (5). 
Celecoxib was also shown to enhance the sensitivity of tumors 
to chemotherapy (6). For these reasons, celecoxib has been 
used as an adjuvant therapeutic agent for gastric cancer.

VEGF and COX-2 are detectable in 50-70% of gastric 
carcinomas (7,8) and it was recently demonstrated that the 
overexpression of COX-2 and VEGF in tumor cells may 
synergistically promote local angiogenesis, leading to further 
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tumor development and metastasis (4). VEGF is one of the 
most potent angiogenic factors and is crucial for the persistent 
proliferation and metastasis of tumor cells (9). The expres-
sion of VEGF and COX-2 is closely associated with clinical 
stage, lymph node metastasis and prognosis of gastric cancer, 
suggesting that these factors play important roles in the devel-
opment of gastric cancer (10). Furthermore, high expression 
levels of VEGF (8,10) and COX-2 (7,8) were shown to be 
associated with reduced disease-free survival and increased 
mortality rate over a 5-year period in patients with gastric 
cancer. The close association between VEGF and COX-2 and 
poor prognosis suggest that these two molecules may be used 
as biomarkers for disease progression, as well as potential 
therapeutic targets.

Multiple in vitro and animal studies indicated that cele-
coxib may inhibit the growth of gastric tumors and suppress 
tumor angiogenesis by sensitizing tumor cells to chemo-
therapy-induced apoptosis (11,12). Celecoxib was demonstrated 
to be highly potent and relatively non-toxic in animal tumor 
models. Moreover, it significantly decreased the production 
of cytokines associated with gastric tumor development and 
metastasis. The synergistic effects of celecoxib and 5-fluoro-
uracil, cisplatin, or etoposide were previously demonstrated in 
the BGC-823 gastric cancer cell line (13). Similarly, celecoxib 
was shown to synergistically inhibit tumor growth, angiogen-
esis and metastasis in patients with esophageal cancer when 
combined with other chemotherapeutic agents (14). However, 
the clinical value of celecoxib in the management of patients 
with gastric cancer has not been clearly determined.

In order to elucidate the clinical usefulness of VEGF and 
COX-2 in the management of patients with advanced gastric 

cancer, we measured the serum levels of VEGF and COX-2 
in gastric cancer patients who received celecoxib in combina-
tion with the standard chemotherapy regimen of oxaliplatin, 
leucovorin and 5-fluorouracil (FOLFOX4) following laparo-
scopic radical gastrectomy.

Materials and methods

Patient selection and characteristics. A total of 80 patients 
with gastric cancer, including 48 men and 32 women aged 
18-70 years, who underwent laparoscopic radical surgery for 
gastric cancer between 2010 and 2012 were enrolled in this 
study. The patients were randomly assigned to two groups, 
the celecoxib plus FOLFOX4 (n=40) and the FOLFOX4 
alone (n=40) groups. None of the enrolled patients had 
received previous chemotherapy. The ECOG performance 
status score range was 0-2, indicating no dysfunction of 
vital organ systems. The functional tests of the major organ 
systems (heart, liver, kidney, blood and lung) revealed no 
obvious abnormalities and all the patients had normal blood 
cell counts.

This study was approved by the Ethics Committee of the 
General Hospital of Lanzhou Military Region (Lanzhou, 
China) and all the patients provided written informed consent 
prior to enrollment.

Patient exclusion criteria. The patients were excluded from 
this study if they exhibited one or more of the following: a 
severe allergic history; uncontrolled diabetes mellitus; uncon-
trolled hypertension; active peptic ulcer; any severe condition 
or dysfunction affecting the heart, lung, liver, kidney, blood, 

Table I. Clinical parameters of enrolled patients.

 Groups
 ------------------------------------------------------------------------------------------------------------------------------------
Clinical parameters Celecoxib + FOLFOX4 (n=40) FOLFOX4 alone (n=40) P-value

Gender, no. (%)   >0.05
  Female 13 (32.5) 20 (50.0)
  Male 27 (67.5) 20 (50.0)
Median age (range) 62 (32-72) 58 (29-68) >0.05
ECOG, no. (%)   >0.05
  0 31 (77.5) 29 (72.5)
  1 9 (22.5) 11 (27.5)
Tumor pathology, no. (%)   >0.05
  Well differentiated 9 (22.5) 7 (17.5)
  Moderately differentiated 9 (22.5) 10 (25.0)
  Poorly differentiated 19 (47.5) 21 (52.5)
  Mucinous 3 (7.5) 2 (5.0)
Clinical stage, no. (%)   >0.05
  I 5 (12.5) 4 (10.0)
  II 22 (55.0) 19 (47.5)
  III 10 (25.0) 15 (37.5)
  V 3 (7.5) 2 (5.0)

FOLFOX4, oxaliplatin, leucovorin and 5-fluorouracil; ECOG, Eastern Cooperative Oncology Group.
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or bone marrow; a history of uncontrolled mental disorders; 
pregnant or nursing women; and symptoms of brain metastasis.

Furthermore, the patients were excluded from this study if 
they had received: other chemotherapy or molecular-targeted 
therapy; non-standard FOLFOX4 chemotherapy (see below); 
or standard FOLFOX4 chemotherapy, but the treatment was 
discontinued due to intolerable adverse effects or disease 
exacerbation.

Treatment regimens. The standard FOLFOX4 chemotherapy 
regimen consists of oxaliplatin (85 mg/m2, intravenous, day 1), 
leucovorin (200 mg/m2, intravenous, days 1 and 2, over 2 h) 
and 5-fluorouracil (400 mg/m2, intravenous, over 22 h). The 
cycle was repeated every 4 weeks and the patients received 
a total of 6 cycles. In patients with combination therapy, in 
addition to the above-described FOLFOX4 regimen, celecoxib 
(Pfizer, New York, NY, USA) was administered at a dose of 

400 mg orally twice a day for 5 months to the completion of 
the chemotherapy.

Chemotherapy-related side-effects were managed by stan-
dard protocols, including boosting white blood cell and platelet 
counts, use of antiemetics and protection of liver function. Other 
therapeutic approaches, such as radiotherapy and traditional 
Chinese herbal medicines, were not used during the treatment 
cycles. All the patients were followed up through regular visits 
to the outpatient department and telephone reviews.

Detection of serum levels of VEGF and COX‑2. Fasting blood 
samples (3 ml) were collected from each patient prior to 
and 3 weeks after surgery, prior to chemotherapy and after 
3 and six cycles of chemotherapy. Blood samples were also 
collected from 30 healthy subjects and were used as controls. 
Written consent was obtained from all the healthy subjects. 
The serum was separated by centrifugation at 1358.37 x g for 

Figure 1. Association between the serum levels of vascular endothelial growth factor (VEGF) and cyclooxygenase-2 (COX-2). The fasting serum levels of 
VEGF and COX-2 were measured by ELISA in gastric cancer patients prior to chemotherapy. A strong correlation between VEGF and COX-2 is observed.

Table II. Serum levels of VEGF and COX-2 following treatment with or without celecoxib.

     Post-surgery
   ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
 Pre-surgery  3 weeks  3 months  5 months
 ---------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------- ---------------------------------------------------
 pg/ml  pg/ml  pg/ml  pg/ml 
Markers (mean ± SD) t/P-value (mean ± SD) t/P-value (mean ± SD) t/P-value (mean ± SD) t/P-value

VEGF
  Celecoxib +
  FOLFOX4 405.5±83.2a t=1.64 401.5±81.1 t=1.43 265.3±54.9 t=4.02 212.5±52.2 t=3.45
  FOLFOX4 442.9±78.3a P=0.11 434.9±82.9 P=0.15 325.1±50.2 P<0.01 266.3±57.7 P<0.01
  Controls 117.2±20.1 P<0.01 - - - - - -

COX-2
  Celecoxib +
  FOLFOX4 36.5±10.8a t=1.88 36.1±10.8 t=1.48 24.9±4.9 t=5.79 19.3±5.7 t=4.29
  FOLFOX4 41.9±9.5a P=0.06 40.3±9.3 P=0.14 33.2±5.3 P<0.001 25.6±5.7 P<0.001
  Controls 16.9±6.3 P<0.001 - - - - - -

aCompared to healthy controls. VEGF, vascular endothelial growth factor; COX-2, cyclooxygenase-2.
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10 min at 4˚C and stored at -80˚C for further analysis. The 
concentrations of VEGF and COX-2 were determined by the 
respective ELISA kits (LifeKey Research, Scottsdale, AZ, 
USA) according to the manufacturer's protocols. The optical 
density (OD) was read in triplicate and the average OD reading 
was used to quantify VEGF and COX-2 concentration from 
the standard curve provided.

Statistical analysis. Statistical analysis was conducted using 
the SPSS 16 software (SPSS Inc., Chicago, IL, USA). The 
data were analyzed by a t-test and the correlation analysis 
was conducted by the linear regression method. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Clinical parameters. No significant difference was observed 
in the baseline clinical parameters between patients receiving 
the combination therapy (i.e., celecoxib + FOLFOX4) and 
FOLFOX alone (P>0.05) (Table I).

Serum levels of VEGF and COX‑2. Significantly higher levels 
of VEGF and COX-2 were found in patients with gastric 
cancer compared to those in healthy control subjects (P<0.01). 
No significant difference was observed in the serum levels of 
VEGF and COX-2 between patients receiving combination 
therapy and those treated with FOLFOX4 alone, either prior 
to or 3 weeks after the surgery and prior to chemotherapy 
(Table II) (P>0.05). However, a greater reduction in the serum 
levels of VEGF and COX-2 was observed in patients who 
received combination therapy compared to those treated with 
6 cycles of FOLFOX4 alone (Table II) (P<0.01).

Correlation between serum levels of VEGF and COX‑2. 
A significant positive correlation between the serum levels 
of VEGF and COX-2 was observed in patients with gastric 
cancer prior to treatment, as revealed by the Pearson's correla-
tion analysis (Fig. 1, R=0.631, P<0.05).

Discussion

Gastric cancer is the fourth most common malignant tumor 
and the second most common cause of cancer-related 
mortality worldwide. Although the incidence of gastric cancer 
is continuously decreasing in Western countries, it remains 
high in Asia, Latin America and Eastern Europe (3). Surgery 
remains the mainstay of treatment; however, a recurrence rate 
of ≤40% following radical gastrectomy has been reported (15). 
Chemotherapy, such as the FOLFOX4 regimen, following 
surgery in patients with intermediate or advanced gastric 
cancer may reduce the recurrence rate of gastric cancer and 
improve patient survival (16). Celecoxib, a selective COX-2 
inhibitor, may provide an additional benefit by suppressing 
angiogenesis and inducing tumor cell apoptosis, thereby 
improving the treatment outcome (4). Furthermore, celecoxib 
is relatively non-toxic and, when used in combination with 
other chemotherapeutic agents, it may enhance the sensitivity 
of the tumor cells to chemotherapeutic drugs, thereby magni-
fying the therapeutic benefits (5,17). Thus, in patients with 
gastric cancer, the combinatorial application of celecoxib with 

other chemotherapeutic agents may improve the treatment 
outcome without causing intolerable toxicity.

In the present study, we observed that, when celecoxib was 
used in combination with standard FOLFOX4 chemotherapy 
in patients with advanced gastric cancer, there was a gradual 
reduction in the serum levels of VEGF and COX-2 (two 
commonly used serum biomarkers for tumor recurrence), as 
opposed to patients treated with FOLFOX4 alone, suggesting 
an additional benefit of the COX-2 inhibition in the manage-
ment of patients with advanced gastric cancer.

The high expression levels of VEGF and COX-2 in gastric 
tissues and in the serum of patients with gastric cancer may 
contribute to gastric cancer progression (10). As VEGF is a 
potent angiogenic factor, enhancing tumor angiogenesis and 
contributing to tumor progression and metastasis, and COX-2 
has been reported to regulate the expression and function of 
VEGF in cancers, the observed close correlation between the 
serum levels of VEGF and COX-2 indicates that blocking 
COX-2 may help reduce the neovascularization required for 
tumor growth. This observation is consistent with the findings 
of previous studies (17). As such, the serum levels of VEGF 
and COX-2 may serve as valuable biomarkers for the assess-
ment of therapeutic benefit in gastric cancer patients receiving 
anticancer therapy.

Larger clinical studies are required to further evaluate 
the association between VEGF and COX-2 as markers of 
disease progression in gastric cancer patients prior to and after 
therapy. The value of the serum levels of VEGF and COX-2 in 
determining the prognosis of patients with gastric cancer also 
requires further investigation. Finally, clinical trials should be 
performed, involving larger patient cohorts and conducting 
short- and long-term follow-up, in order to determine whether 
celecoxib affects patient survival and quality of life and assess 
its possible side-effects in gastric cancer patients.
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