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Abstract
AIM: To investigate the relationship between cycloo-
xygenase-2 (COX-2), and vascular endothelial growth 
factor (VEGF), and to determine the clinical significance 
of this relationship in esophageal cancer patients 
undergoing chemoradiotherapy (CRT).

METHODS: Immunohistochemical staining was used to 
evaluate COX-2 and VEGF expression in 40 patients with 
histologically-confirmed esophageal squamous carcinoma 
(ESCC) who were undergoing preoperative CRT. 

RESULTS: Fourteen out of 40 ESCC patients showed a 
pathological complete response (CR) after CRT. COX-2 
and VEGF protein expressions were observed in the 
cytoplasm of 17 and 13 tumors, respectively, with null 
expression in 9 and 13 tumors, respectively. COX-2 
expression was strongly correlated with VEGF expression 
(P  < 0.05). There were also significant associations 
between COX-2 expression, tumor recurrence, and 
lymph-node involvement (P = 0.0277 and P  = 0.0095, 
respectively). COX-2 expression and VEGF expression 
had significant prognostic value for disease-free survival 
(log-rank test; P  = 0.0073 and P  = 0.0341, respectively), 
but not for overall survival, as assessed by univariate 
analysis. 

CONCLUSION: Our resul ts suggest that COX-2 

expression correlates with VEGF expression and might 
be a useful prognostic factor for more frequent tumor 
recurrence in ESCC patients undergoing neoadjuvant 
CRT. These findings support the use of anti-angiogenic 
COX-2 inhibitors in the treatment of ESCC.

© 2007 The WJG Press. All rights reserved.
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INTRODUCTION
Esophageal cancer is an aggressive disease, and the 
presence of  lymph-node metastas is and vascular 
invasion indicate high malignant potential[1]. Surgery is 
the treatment of  choice for patients with locoregionally 
confined esophageal cancer; however, the 5-year survival 
prognosis is less than 50%, even after curative surgery[2]. 
The development of  improved prognostic markers 
and effective treatment strategies is therefore of  great 
importance; this process depends on our understanding of  
the biological behavior of  the tumors, and the identifying 
factors responsible for tumor invasiveness, metastasis, and 
recurrence.

The initiation, growth, and development of  new 
blood vessels through angiogenesis are essential processes 
for tumor growth and dissemination. Inhibiting tumor 
blood-vessel formation[3,4] offers promising therapeutic 
approaches. In pathological angiogenesis, the angiogenic 
switch is shifted towards the proangiogenic factors, 
which results in irregular tumor vessel growth. Blood 
vessel growth in normal tissues is regulated through a 
delicate and complex equilibrium between the collective 
act ions of  proangiogenic factors and angiogenic 



inhibitors. Many factors are involved in regulating the 
equilibrium between angiogenic stimulants and inhibitors, 
including vascular endothelial growth factor (VEGF), 
methionine aminopeptidase-2 (MetAP-2), p53, tubulin, 
cyclooxygenase-2 (COX-2), and matrix metalloproteinases 
(MMPs).

VEGF is the best-characterized proangiogenic 
factor[5,6] and belongs to the platelet-derived growth factor 
superfamily. It potently increases vascular permeability, 
and promotes the formation of  new blood vessels 
by stimulating endothelial cells to migrate and divide. 
VEGF is overexpressed in the majority of  human solid 
cancers, where it is correlated with poor prognosis[7–10]. 
COX-2, which is an enzyme responsible for the formation 
of  prostaglandin H2 from arachidonic acid, regulates 
angiogenesis, and COX-2-selective inhibitors can inhibit 
the process of  colorectal tumorigenesis in both mice and 
humans[11-13]. COX-2 and VEGF expression are closely 
linked, and play critical roles in tumor progression and 
aggressiveness.

Since 1996, our institute has offered preoperative 
chemoradiotherapy (CRT) combined with radical surgery 
for the treatment of  esophageal cancers. This has led to 
increased resectability, reduced incidence of  both local 
recurrence and distant metastasis, and better prognosis 
for CRT responders[14]. However, the application of  CRT 
remains controversial, and the prognosis of  patients 
undergoing CRT has not been reliably estimated. In 
the current study, we retrospectively investigated the 
expression of  COX-2 protein in human esophageal 
squamous cell carcinoma (ESCC) tissues, and evaluated 
the clinical implications for patients who underwent 
preoperative CRT and radical surgery.

MATERIALS AND METHODS
Patients and therapy
In total, 40 patients (nine women and 31 men; mean 
age, 60 years; age range, 44-78 years) with surgically 
excised ESCC were studied at the Hyogo College of  
Medicine, Japan, between April 1996 and December 
2005. Preoperative CRT was performed as follows 
(Figure 1): 5-flurouracil (5-FU; 500 mg/m2 per day) was 
administered as a 120 h continuous intravenous (i.v.) 
infusion starting on d 1, and cisplatin (CDDP) (15 mg/m2 
per day) was administered as a 2 h i.v. infusion on d 1-5. 
Radiation therapy was performed on d 1-5, after CDDP 
infusion, using a linear accelerator (Mevatron KD2, 
Siemens, Germany) and the previously described radiation 
method[14]. Chemotherapy was combined with radiation 
therapy during the first week, then radiation therapy alone 
was repeated for the next 3 wk (d 8-12, 15-19, and 22-26). 
Each single dose of  radiation was 2 Gy/d, with a total 
dose of  40 Gy. Surgery was usually performed 4-6 wk 
after the completion of  CRT. Resected specimens were 
cut open longitudinally and fixed with formalin. Follow-
up information was obtained from office charts, hospital 
records, and telephone interviews. The ethics committee 
of  the institution approved the study protocol.

Immunohistochemistry
ESCC tissue specimens were processed using conventional 

procedures for paraffin embedding, cut into 4 μm 
sections, and mounted onto poly-l-lysine-coated slides. 
Sections were dewaxed in xylene and rehydrated in a 
descending series of  alcohols. They were then blocked 
for endogenous peroxidase with 30 mL/L H2O2 in 
methanol, and blocked for non-specific antibody binding 
with normal rabbit serum. Sections were incubated for 2 
h at room temperature with goat polyclonal anti-human 
COX-2 antibody and mouse monoclonal anti-human 
VEGF antibody (Santa Cruz Biotechnology, Santa Cruz, 
CA, USA), followed by a standard avidin-biotin-peroxidase 
complex method. The slides were developed with 3,  
3’-diaminobenzidine tetrahydrochloride solution containing 
1 mL/L H2O2 and were lightly counterstained with 
hematoxylin. Normal mouse immunoglobulin G (IgG) was 
substituted for the primary antibody as a negative control. 
The sections were finally counterstained with Lillie-Mayer’s  
hematoxylin, mounted, and examined microscopically 
by three of  the authors (Y.F., K.K., and T.T.) without 
knowledge of  clinicopathologic features. The results 
were graded on a scale of  0-3 based on the percentage of  
specific tumor-cell staining as follows: grade 0, no specific 
staining or < 5% of  the tumor cells; grade 1, ≥ 5% to < 
35% of  the tumor cells; grade 2, ≥ 35% to < 65% of  the 
tumor cells; grade 3, ≥ 65% tumor cells. Grades 0 and 
1 were considered as low expression, and grades 2 and 3 
were considered as high expression.

Statistical analysis
Overall survival (OS) was defined as the time from the date 
of  initial diagnosis to patient death or the date of  the last 
available information on vital status. Disease-free survival 
(DFS) was defined as the length of  time after treatment 
during which no cancer was found. In univariate analysis, 
the difference between the cumulative survival rates of  
patient groups was calculated by the log-rank test for 
comparison using Kaplan-Meier survival curves. Statistical 
significance was considered at P < 0.05. Statistical analyses 
were carried out using Statistica software, version 06J 
(Statistica, Tulsa, OK, USA).

RESULTS
Patient and tumor characteristics 
The patient group showed a male gender bias (male:
female, 31:9). The histology of  all tumors was shown 
to be ESCC. Thirty-six tumors originated in the thorax. 

(20 mg/body, 2 h drip) × 5 dCDDP

5-FU (750 mg/body, 24 h continuous) × 5 d

← ← ← ← ←

← ← ← ← ←←←←←← ←←←←← ←←←←← ←←←←←1                  2                 3                 4              8-10 wk

Radiation      Radiation       Radiation       Radiation                 Operation

2 Gy × 5 d (wk)           Total 40 Gy
The radiation field:
3 cm longitudinal margin and 4 cm lateral margin
Operation was performed 4-6 wk following chemoradiation

Figure 1  Schedule of preoperative CRT. 
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According to the Tumor-node-metastasis (TNM) system 
of  the American Joint Committee on Cancer, stage Ⅱ 
tumors were seen in 15 patients (37.5%), stage Ⅲ tumors 
were seen in 16 (40.0%), and stage Ⅳ tumors were seen 
in nine (22.5%). Seventeen patients (42.5%) had lymph-
node metastasis at the time of  diagnosis. All lesions before 
CRT presented with a T3 or T4 extent of  invasion. Three-
quarters of  the patients had tumors between 6 and 8 cm  
in diameter. The M+ classification was given to six 
tumors. Two patients had distant metastasis of  the liver. 
All patients experienced a disease-free period. During the 
follow-up period, five patients (12.5%) developed local 
recurrence or residual tumors, six (15.0%) developed 
neck or celiac lymph-node recurrence, and seven (17.5%) 
developed distant metastasis. Sixteen patients (40.0%) died 
during follow-up: 14 (35.0%) of  these died from their 
tumors, whereas the remaining two (2.0%) were tumor free 
and died of  intercurrent diseases (Table 1).

COX-2 and VEGF expression
Fourteen tumors were eradicated by CRT, resulting in an 
absence of  visible tumor cells described as a pathological 
complete response (CR). No COX-2 expression was 
detected in nine tumors, and VEGF expression was 
absent from 13 tumors (34.6% and 50.0%, respectively). 
Seventeen tumors (65.4%) were positive for COX-2 
expression: 12 scored 1, five scored 2, and none scored 
3. Thirteen tumors (50.0%) were positive for VEGF 
expression: five scored 1, six scored 2, and two scored 
3. One of  the two patients who scored 3 for VEGF 
expression died of  multiple lung metastasis 2 months after 
surgery. 

Positive COX-2 expression was shown to be related to 
VEGF expression (P < 0.05). Staining for both proteins 
was predominantly observed in the cytoplasm of  tumor 
cells (Figure 2). In the COX-2/VEGF-positive expression 
group (n = 13), recurrences were found in nine patients: 
two locally and eight distant in the liver, bone, thyroid 
gland, lung, and neck lymph nodes. By contrast, in the null 
COX-2 or VEGF expression group (n = 13), recurrences 
were found in only two patients in the liver and bone. 

After follow-up, disease progression was detected in 
nine of  the 13 COX-2/VEGF-positive patients, four of  
whom died. A univariate analysis of  the OS prognostic 
factors is summarized in Table 2. The results revealed 
that lymph-node metastasis and distant metastasis had 
significant prognostic value (P = 0.012 and P = 0.00026, 
respectively). Furthermore, there was a significant effect of  
CRT on OS prognosis (P = 0.0019). 

COX-2 and VEGF expression predicts more frequent tumor 
recurrence
Kaplan-Meier analyses did not find a low OS for patients 
with persistent positive COX-2 or VEGF expression 
in their primary tumors, compared with null COX-2 or 
VEGF expression patients, or those with no residual 
tumor (Table 2). However, patients with null COX-2 or 

Table 1  Patient characteristics

Characteristics  n
Sex (M/F) 40 (31/9)
Mean age (yr) 60
Location of tumor Cervical   2

Upper thoracic   5
Middle thoracic 22
Lower thoracic 11

T-classification T3 18
T4 22

N-classification N0 23
N1 17

M-classification M0 34
M1   6

UICC TNM stage Ⅱa 15
Ⅲ 16
Ⅳa   5
Ⅳb   4

UICC: International Union Against Cancer.

A-1                                    A-2

B-1                                    B-2

Figure 2  COX-2 or VEGF expression in ESCC tissue. A: Strong COX-2 
expression (A-1; × 40, A-2; × 200); B: Strong VEGF expression (B-1; × 40, B-2; × 
200). Bar indicates 100 μm. 

Table 2  Univariate analysis of prognostic factors for overall 
survival and COX-2 expression

n P P
Covariate for OS for COX-2
Age (yr) < 70 34 NS NS

≥ 70   6
Gender Male 31 NS NS

Female   9
Effect of CRT Effective 32    0.0019b NS

Ineffective   8
Lymph node metastasis Positive 17 0.012a 0.0095b

Negative 23
Distant metastasis Positive   6     0.00026b 0.0277a

Negative 34
Depth of tumor invasion T3 18  0.0401a NS

T4 22
Tumor location1 Upper   7 NS NS

Lower 33
COX-2 expression Positive 17 NS -

Negative 23
VEGF expression Positive 13 NS -

Negative 27

1Upper or lower: Above or below the tracheal bifurcation. NS: Not significant. 
aP < 0.05, bP < 0.01, comparison between two corresponding groups. 
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VEGF expression, or no residual tumors, showed an 
improved DFS compared with other patients (log-rank 
test; P = 0.0073 and P = 0.0341, respectively; Figures 3, 
and 4). Those with only null COX-2 expression showed 
no significantly improved DFS compared with those with 
COX-2 expression (log-rank test; P = 0.07).

DISCUSSION
Understanding the role of  molecular factors in the 
acquisition of  esophageal cancer malignant potential is 
important in treating these aggressive tumors. Recently, 
high COX-2 expression was shown to associate with 
increased intratumoral microvessel density and suppression 
of  tumor cell apoptosis in human ESCCs [15,16]. Cells 
showing COX-2 overexpression tend to be resistant 
to undergo apoptosis[11]. Notably, the present study 
demonstrated that COX-2 expression was an influential 
factor for lymph-node metastasis and poorer prognosis 
in operable ESCC patients who underwent CRT. COX-2 
signaling pathway is also related to tumor angiogenesis 
via its association with VEGF expression in ESCC and 
colorectal cancer [17,18]. Taken together, these findings 
suggest that ESCCs with high COX-2 expression might be 
less sensitive to CRT because of  increased vascularization, 
and anti-apoptotic action against anticancer agents and 
radiation therapy.

Recen t l y, h i gh COX-2 expre s s ion fo l low ing 
neoadjuvant CRT has been reported to be associated with 
tumor regression grade responding to CRT[19]. To date, few 
reports have examined the relationship between COX-2 
and VEGF expression and clinicopathological parameters 
in ESCC patients who are undergoing preoperative CRT 
and surgical resection. Our results suggest that COX-2 
expression after CRT might be a useful biomarker for the 
screening and management of  high-risk patients with more 
frequent metastasis.

Overexpression of  COX-2 has been reported in 
several human malignancies, including esophageal 
cancer[20]. Accumulating evidence indicates that selective 
COX-2 inhibitors show antitumor activity, and have 
synergistic effects with chemotherapy and/or radiotherapy. 

Some COX-2 inhibitors also reduce proliferation and 
increase apoptosis in esophageal cancer both in vitro and  
in vivo[21-24]. Thus, these inhibitors might have the potential 
to act as radiosensitizers due to increased intrinsic cell 
radiosensitivity and inhibition of  tumor angiogenesis[25]. 
Consequently, the antitumor effect of  COX-2 inhibitors is 
considered as at least partially antiangiogenetic in nature. 

A recent study on lung adenocarcinoma samples 
suggested that COX-2 might be involved in the regu-
lat ion of  lymphangiogenesis via induction of  the 
lymphangiogenetic factor VEGF-C[19]; similar effects were 
also suggested for ESCC[15]. Together with our results, 
these findings indicate that the COX-2/VEGF interaction 
is important for the metastasis of  solid tumors that fail 
to respond to CRT, although the alteration of  COX-2 
and VEGF expression by CRT was not directly analyzed 
in our current study. Application of  COX-2 inhibitors in 
combination with CRT should therefore be explored for 
ESCC patients. 

In the present study, patients with null COX-2 
expression or no residual tumors showed an improved 
DFS compared with other patients; however, there was no 
evidence for a significantly improved OS. The reason for 
this discrepancy remains to be clarified. The association 
between high COX-2 expression and limited patient 
response to chemotherapy, particularly platinum alone[26-28], 
is supported by our data, which confirm that adjuvant 
chemotherapy after surgery is more influential for the 
prognosis of  ESCC patients than the status of  COX-2 
expression after CRT. 

At our inst i tut ion, a regimen of  plat inum and 
taxane (e.g. paclitaxel, docetaxel) is the preferred first-
line adjuvant treatment for ESCC, which might reflect 
an improved OS in patients with COX-2 expression. 
Taxane interferes with microtubule formation, and its 
antiangiogenic effects have been shown to be partly due 
to its preferential accumulation in endothelial cells[29]. A 
modality utilizing taxane plus COX-2 inhibitor might be 
an attractive antiangiogenic and antitumor strategy in the 
adjuvant setting. Therefore, more attention should be 
required in choosing chemotherapeutic modality (including 
antiangiogenic agents in the near future) for the high-risk 

Log-rank test: P  = 0.0073
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Figure 3  Disease-free survival differences between patients with no residual 
tumor or null COX-2 expression, and those with positive COX-2 expression.

Log-rank test: P  = 0.0341

VEGF null expression or no residual tumors (n  = 27)

VEGF expression (n  = 13)

0       500     1000    1500    2000    2500    3000    3500    4000
                                          t /d

100

  80

  60

  40

  20

    0

D
is

ea
se

-f
re

e 
su

rv
iv

al
 r

at
e 

(%
)

Figure 4  Disease-free survival differences between patients with no residual 
tumor or null VEGF expression and those with positive VEGF expression.
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patients showing high levels of  COX-2 expression. 
In conclusion, we have demonstrated that positive 

COX-2 expression after CRT correlates with lymph-
node metastasis and is a possible prognostic factor 
in ESCC progression-free survival. These findings 
suggest that COX-2 plays an important role in ESCC 
lymphangiogenesis, and is a promising molecular target 
for the treatment of  ESCC. Large-cohort studies in 
a multicenter setting will be necessary to validate our 
findings, and to explore the use of  taxane in postoperative 
adjuvant chemotherapy.
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Background
Since 1996, our institute has offered preoperative chemoradiotherapy (CRT) 
combined with radical surgery for the treatment of esophageal cancers. This 
has led to increased resectability, reduced incidence of both local recurrence 
and distant metastasis, and better prognosis for CRT responders. However, the 
application of CRT remains controversial, and the prognosis of patients undergoing 
CRT has not been reliably estimated.

Research frontiers
Recently, high COX-2 expression following neoadjuvant CRT has been reported 
to be associated with tumor regression grade responding to CRT. To date, few 
reports have examined the relationship between COX-2 and VEGF expression and 
clinicopathological parameters in esophageal squamous cell carcinoma (ESCC) 
patients who are undergoing preoperative CRT and surgical resection.

Innovations and breakthroughs
Our results suggest that COX-2 expression after CRT might be a useful biomarker 
for the screening and management of high-risk patients with more frequent 
metastasis, and that the antitumor effect of COX-2 inhibitors is considered as at 
least partially antiangiogenetic in nature.

Applications 
Accumulating evidence indicates that selective COX-2 inhibitors show antitumor 
activity, and have synergistic effects with chemotherapy and/or radiotherapy. Our 
results suggest that combination therapy with these inhibitors might have the 
potential to inhibit recurrences.

Terminology
VEGF is the best-characterized proangiogenic factor. It potently increases vascular 
permeability, and promotes the formation of new blood vessels by stimulating 
endothelial cells to migrate and divide. VEGF is overexpressed in the majority of 
human solid cancers, where it is correlated with poor prognosis. COX-2, which is 
an enzyme responsible for the formation of prostaglandin H2 from arachidonic acid, 
regulates angiogenesis, and COX-2-selective inhibitors can inhibit the process of 
colorectal tumorigenesis in both mice and humans.

Peer Review
The work is a retrospective immunohistochemical stainings of COX-2 and 
VEGF on resected esophageal cancer specimens from 40 patients undergone 
preoperative neoadjuvant chemoradiotherapy. The combination of staining 
COX-2 and VEGF is novel in esophageal squamous cell carcionoma, yet the 
scientific rationale need more solid explanation. The authors showed that COX-2 
expression after preoperative CRT correlated with VEGF expression, lymph node 
metastasis, and recurrence, and is a possible prognostric factor in ESCC. Since 
this is a retrospective pathological specimen-based study, a clear understanding 

of the patient flow may help us in sound judgement and in preventing selection  
bias. 
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