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Abstract

To date, the treatment outcome of non small cell lung cancer (NSCLC) is still not satisfactory and new treatment
options are urgently needed. The present study was designed to: 1) evaluate the effects of the antiangiogenic drug;
nimesulide (NSAID, a COX-2 inhibitor) combined with chemotherapy on NSCLC treatment progress, 2) Evaluate the
role of vascular endothelial growth factor (VEGF) and basic fibroblast growth factor (bFGF), as prognostic indicators in
NSCLC, 3) Correlate the above parameters levels with the clinicopathological status of the patients during the therapy.
The study included 30 NSCLC. The patients were divided to: group |, included 17 patients received chemotherapy
alone and group Il included 13 patients received the same chemotherapy with Nimesulide and 10 as controls. Serum
and biopsies were taken for all subjects on admission and 3 weeks after the completion of treatment. Results: serum
and tissue levels of VEGF and bFGF, were significantly higher in NSCLC patients and decreased significantly
after treatment specially in group Il compared to group I. The serum and tissue levels of the studied parameters
decreased significantly in the responders as compared to resistant cases. The response rate after combined therapy
was 69% versus 53% after chemotherapy alone. In conclusion, Nimesulide appears to boost the efficacy of the
traditional chemotherapy as its co-administration showed encouraging effects on improving and normalization of the
proangiogenic parameters levels and in turn the vascular supply of tumors. This may have good impact on the patient
outcome, prolongation of their survival rate and prognosis.
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Introduction

Lung cancer is one of the most frequent and lethal malignancies
worldwide, and the 5-year survival rate is only about 20% [1-2]. Non
small cell lung cancer tissue produces numerous growth factors which
are multifunctional [3].

Vascular endothelial growth factor (VEGF) and its receptor family
play a critical role in cancer progression by mobilizing circulating
endothelial cells precursors to the nascent blood vessels [4]. Not only
does VEGF promote the vascularization and growth of the primary
tumor, but it also appears to play a key role in the establishment of new
metastatic foci [5- 6].

Basic fibroblast growth factor (bFGF) is a potent tumor angiogenic
factor [7]. It is also involved in the proliferation and differentiation of a
variety of normal tissues and malignant transformation [8]. The bFGF
provides the potential to predict early-stage NSCLC recurrence after
resection [6].

To date, no single agent has gained a sufficient prognostic
significance or therapeutic efficacy for NSCLC patients. So, there is an
urgent need for new innovative therapies to treat NSCLC [9-10].

The present study was designed to:

1) Evaluate the effects of the antiangiogenic drug; Nimesulide
(a NSAID, a selective COX-2 inhibitor) combined with
chemotherapy versus chemotherapy alone on NSCLC
treatment progress and patients prognosis.

2) Evaluate the role of VEGF and bFGF as prognostic indicators
for NSCLC.

3) Investigate the correlation between these biochemical indices

and the clinicopathological status of NSCLC patients during
the combined therapy.

Patients and Methods

The present study included a total of 30 patients admitted in Assiut
University Hospitals in the period from August 2008 to January 2010
with primary tumors of the newly diagnosed histopathologically proven
NSCLC. Their age ranged from 50-70 years (55.6 + 5.2). Their clinical
characteristics are shown in (Table 1). All patients were subjected to full
history taking , physical examination, routine laboratory investigations
as complete blood picture, liver and kidney functions, chest x-ray
(postero-anterior and lateral views), and transthoracic ultrasonography
(TUS). The final diagnosis of lung cancer was confirmed by fiber-optic
bronchoscopic biopsy or percutaneous needle biopsy taken from the
lesion guided by TUS or computed tomography (CT) of the chest in
patients with peripheral masses refusing bronchoscope (the use of TUS
is preferred in our institute for economic reasons, and we have the
available apparatus excellent skills).

Patients were excluded from the present study if they had chest
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infections or tuberculosis, heart diseases, pulmonary secondary,
hepatic or renal insufficiency, active GIT bleeding or history of peptic
ulcer, malignancies elsewhere or previous treatment for lung cancer.
They were classified according to the disease stage into stage ITIA (10
cases), stage IIB (13 cases) and stage IIIA (7 cases).

Sixteen cases had squamous cell carcinoma, 7 cases had
adenocarcinoma and 7 cases had large cell carcinoma. Ten healthy
control subjects of matched age and sex were also included in the
study. The patients were randomly allocated into two groups: group
I included 17 patients who were randomized to receive chemotherapy
alone; Vepside100 mg /m? and Platinol 25-30 mg / m? added to 500 ml
saline in six cycles, each cycle was repeated every 21 days according
to the patient general condition and response to treatment. Group
II included 13 patients randomized to receive the same previous
chemotherapy combined with COX-2 inhibitor, Nimesulide 5 mg/
Kg t.d.s for 3 weeks. The principal efficacy end point of treatment was
the response rate (survival, progression-free survival, reduction in
symptoms, or improvement of quality of life. Radiological complete
response, the disappearance of all target lesions; partial response, at
least a 30% decrease in the sum of the longest diameter of target lesions,
taking as reference the baseline sum longest diameter; progressive
disease, at least a 20% increase in the sum of the longest diameter of
target lesions, taking as reference the smallest sum longest diameter
recorded since the treatment started or the appearance of one or more
new lesions; stable disease, neither sufficient shrinkage to qualify
for partial response nor sufficient increase to qualify for progressive
disease, taking as reference the smallest sum longest diameter since the
treatment started. Bronchoscopic response, regression of tumor size and
reduced vascularity), whereas the resistance end-point was determined
by tumor related hemoptysis episodes, the time of progression in weeks
(rate of tumor growth), tumor recurrence and the survival rate. An
informed consent was obtained from all participants in this study and
approved by the Ethical Committee of Assiut University.

Blood and tissue samples

A 10 cc of fasting venous blood was obtained from each participant
besides patients lung tissue biopsies both on admission and 3 weeks
after the completion of one cycle chemotherapy with or without
Nimesulide regimen (if the tumor size allows). Another bronchoscopic
biopsy was taken from the pathologically examined non-malignant,
non-inflammatory healthy lung tissue and served as a control tissue.
The blood samples were centrifuged at 3000 rpm for 15 minutes and
the serum samples were stored at -70 °C till the time of assay. Tissue
samples were washed with ice water and kept frozen at -70°C in
liquid nitrogen until used. Tissue samples were homogenized in TED
buffer (10 mM/L tris, 1.5 mM/L EDTA- disodium salt and 1.0mM/L
dithiothreitol, PH: 7.4) at 4°C. The buffer was prepared fresh every time
and the dithiothreitol was added immediately before use. The tissue
homogenate were centrifuged for 30 minutes at 15000 rpm and the
supernatant was separated and stored at -70 °C till the time of use.

Biochemical assays

-Serum and tissue VEGF (165 isoform) and bFGF were determined
using ELISA kit (Cat No: BC -1021, BC -1011 respectively) supplied by
Biocheck, Inc., Canada.

-Tissue protein concentration was determined as described by
Lawery et al. [11].

Statistical analysis

The data were analyzed using the statistical package Version 11;

SPSS AG, USA. For multiple comparisons between the parametric
variables, one way analysis of variance (ANOVA) test along with
Pearson’s correlation were applied. P value < 0.05 was considered
significant. Patients were randomly allocated into the 2 therapy groups
(1:1 cross-over), the outcome assessment was done by a blind observer
to the original treatment allocation (the bronchoscopist).

Results

The present study showed that 53.3% of NSCLC patients were
smokers. Their occupation may have an impact on their lung disease
(Male patients were, 58.8% farmers, 17.6% cement workers, 17.6%
drivers and 5.8% shoes maker). Three patients (10%) developed
malignant pleural effusion (they were considered non- responders).
The white blood cells count, platelets count and ESR were significantly
higher in patients compared to the control levels (Table 1). Serum
VEGF was significantly higher in smokers compared to non-smokers
(Table 2).

The serum and tissue levels of the studied parameters were
significantly higher in patients compared to controls, and significantly
decreased after treatment in both groups compared to pretreatment
levels. Moreover, these levels were significantly lower in the combined
therapy group compared to chemotherapy only (Figure 1).

The serum and tissue levels of the studied biochemical indices
were significantly higher in stage IIIA compared to stage IIA and IIB,

VARIABLE CONTROLS (N=10) |PATIENTS (N=30)
Age(years) 5422 + 5.2 55.60 + 5.5
Male / Female (%) 60/ 40 56.7/43.3
Smokers / non-smokers (%) 60/ 40 53.3/46.7
Staging (%)
Stage IIA - 33.3

43.4
Stage IIB B 233
Stage Il )
Histopathological type (%)
Squamous cell carcinoma - 53.4
Adenocarcinoma - 23.3
Large cell carcinoma - 23.3
Hb, g/dI, 12.7£ 2.7 11.2+£28
RBCs (10¢/mm3), 46%3.7 42+39
WBCs(103mm?), 6.1+3.7 13.5 £ 3.2*
Platelet (10%/mm?3), 233 3.1 338 *2.2*
ESR(1h/ 2h) 52+27M0.7t 2.2 77.6 £6.7/ 107£5.78**
Serum creatinine 1.01+21 1.0%1.9
Liver function
AST (UN) 18.213.8 18.88%3.4
ALT (UN) 15.021. 4 16.09+1.8

Hb=heamoglobin, WBCs= white blood cells, ESR= Erythrocetic sedimentation
rate, AST= alanine spartate, ALT= alanine transferase
*= P<0.5; **=P<0.01

Table 1: Demographic and hematological characteristics of controls and NSCLC
patients before treatment.

nonsmokers
(n=14)
301.66+23.68*
222.63+ 18.28
543.22+195.40
299.67+97.20

smokers
(n=16)
342.04+157.66
224.67+100.06
540.07+£199.12
300.35+88.60

Variables

S.VEGF (pg/ml)

S.bFGF (pg/ml)

T.VEGF (pg/ mg protein)
T.bFGF (pg/mg protein)

VEGF= vascular endothelial growth factor, bFGF = basic fibroblast growth factor
*p<0.05

Table 2: Serum (S) and tissue (T) levels (mean + SD) of VEGF, bFGF, in smoker
and nonsmoker patients before treatment.
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in stage IIB in comparison to stage IIA, in adenocarcinoma compared
to other types of NSCLC and in large cell carcinoma in comparison to
squamous cell carcinoma (Figures 2,3).

Furthermore, the serum and tissue levels of VEGF, bFGEF,
decreased significantly in the responders compared to resistant cases.
The total number of responders was 18 cases (60%), the response rate
after chemotherapy alone was 53% (9 cases out of 17), whereas the
response rate after the combined therapy was 69% (9 cases out of 13)
(Table 3). The sensitivity and specificity of serum VEGF were 100%
and 80% (cut off value=160, area under the curve= 0.847), while the
sensitivity and specificity of serum bFGF were 100% and 100% (cut off
value= 15, area under the curve 1.0) as lung tumor markers in patients
before treatment.

Finally, 5 patients from Group I died (29%) after a period of 6.6
months while 3 patients from group II (23%) died after 9.7 months.

No recorded data concerning the rest of patients indicating their death
(Table 4).

Discussion

The results of the current study showed significantly higher serum
and tissue levels of VEGF in NSCLC patients as compared to the control
levels. These results agree with many authors [5,6,12-17]. Vascular
endothelial growth factor is the most potent and specific endothelial
cell mitogen. It promotes vascularization, vascular permeability, and
growth of primary tumour and provides a pathway for migrating tumour
cells to gain access to the systemic circulation [6-18]. Interestingly, in
this study, 3 patients developed pleural effusion and this may explain
the strong role of VEGF in inducing vascular hyperpermiability which
is implicated also in lymphatic spread and in turn patient’s prognosis
[19-20]. The findings of the present study showed also that VEGF levels
in serum and tissue decreased significantly after treatment as compared

S.VEGF( pg/mi)

S.bFGF (pg/mi)

T.VEGF (pg/mg protein) T.bFGF (pg/mg protein)

‘D Controls B Patients before treatment O Postchemo-therapy alone O After the combined therapy ‘

Figure 1: Serum (S) and tissue (T) levels of the studied biochemical indices in controls and patients before and after therapy.
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Figure 2: Serum (S) and tissue (T) levels of the studied biochemical markers in controls and stage IIA, 11B, IIIA NSCLC before therapy.
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Figure 3: Serum (S) and tissue (T) levels of the studied biomarkers in different Histopathological types of NSCLC.
Responder cases (n =18) (9 postchemotherapy and 9 after Resistant cases (n=12) (8 postchemotherapy and 4 after the
Indices the combined therapy ) combined therapy)

S.VEGF (pg/ml) 100.92+22.50

115.2+28.60*

S.bFGF ( pg/ml) 22.02+6.50

55.09+8.60"*

T.VEGF (pg/ mg protein)

122.66+22.60

130.15+24.60**

T.bFGF (pg/mg protein)

52.05£9.60

70.95+11.20*

*: p<0.05 **: p<0.01

Table3: Serum (S) and tissue (T) levels (mean + SD) of VEGFand bFGF in responder and resistant cases.

CHEMOTHERAPY ALONE COMBINED THERAPY P VALUE
Number of deaths , n% 5 (29 %) 3 (23%) 0.04
Survival, month( mean+SD) 6.6 1.3 9.7+2.8 <0.05

Table 4: Number of deaths and survival time in the studied groups.

to their pretreatment levels and in the combined therapy with
Nimesulide compared to those with chemotherapy only. These results
are supported with that of Brattstrom et al. [13] who concluded that
both S.VEGF and bFGF are of clinical interest as prognostic indicators.
The decrement in these levels was attributed to the regression of the
established tumors and the response to treatment [21-23]. Many
investigators showed that high levels of COX-2 expressions in NSCLC
tissues (especially in adenocarcinoma and squamous cell carcinoma)
was associated with the degree of tumor cell differentiation and depth
of invasion. They suggested that, angiogenesis is attributed to COX-2
expression, that was significantly associated with increasing expression
of VEGF, production of PG-E,, PG-I, which can directly stimulate
endothelial cell migration and VEGF-stimulated lymphangiogenesis
besides, inhibition of apoptosis by stimulating bcl, and suppression of
antitumor immunity [2,22,24-26]. The COX-2 target therapy blocks
the prostaglandins production leading to both anti-inflammatory and
anti angiogenic effects. Recently, there is an epidemiologic evidence of
a decreased incidence of lung cancer in patients using non steroidal
anti-inflammatory drugs (NSAID) [22].

Nimesulide is a safe, well tolerated, cheap NSAID with selective
COX-2 inhibition and emerging as a new approach with other COX-
2 inhibitor-drugs under trial in cancer treatment [1,27]. Similar to
the present study, Cerchietti et al. [28] studied the effect of COX -2

inhibitors as anti-cancer agents and as adjuvant therapy and found that
they are more potent than chemotherapy alone in inducing apoptosis
of NSCLC cells and improving patients survival. In addition, Gadgeel
et al. [29] demonstrated the effectiveness of the dual blockade of
epidermal growth factor receptor (EGFR) and COX-2 in addition to
conventional chemotherapy in NSCLC.

The current study showed that the VEGF levels were significantly
higher in stage III A than those of stage, in stage IIB than stage IIA.
These results agree with several studies demonstrating that the positive
expression levels of VEGF were closely associated with the tumor stage
and the lymph node metastasis, correlated to patient prognosis and
recommended its use for diagnosis and follow- up of patients with lung
cancer [2,15,16,30].

The data of the present study clearly showed that the levels of the
studied parameters were significantly higher in adenocarcinoma than
other types of lung carcinomas and a significant increase in serum and
tissue b-FGF and tissue VEGF levels in large cell carcinoma compared
to squamous cell carcinoma levels. This is consistent with the study
of Yuan et al. [30] who reported increased VEGF-mRNA expression
in adenocarcinoma lung tissues in comparison to other types, and
attributed this to the high metastatic potential of adenocarcinoma [31].

In addition, the current study demonstrated significantly decreased
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serum and tissue levels of VEGF and bFGF in the responders compared
to the resistant cases. The percentage of responders was 60% with a
response rate of 53% after chemotherapy only and 69% after the
combined therapy. These results are in harmony with many reports
suggesting that the decrease in serum VEGF levels may predict the
improvement of angiogenesis and tumor response which correlate with
the survival of the patients [31,32]. In contrast, abnormally unchanged
high VEGF levels appear to be associated with poor prognosis [31] and
worse survival rate [3].

The development of resistance to NSCLC treatment is one of
the main factors affecting patient’s survival. However, even in those
resistant cases, the observed increased levels of many biomarkers may
predict a slow response to the treatment. Lissoni et al. [14] observed
that the one year survival rate was significantly higher in patients
with treatment- induced normalization of VEGF than in those
with persistently high VEGF levels. The anti-angiogenic agents as a
treatment modality in NSCLC act to prune and normalize the vascular
supply that is typically aberrant in tumors, thus, inhibiting VEGF can
counter tumor resistance to chemotherapy, radiotherapy and improve
prospects for such patients [10,33].

The slow response of some NSCLC may be attributed to inherited
VEGEF-gene sequence variation which characterizes the tumor genome
itself, the phenotype of NSCLC; the non angiogenic phenotype of
some NSCLC may render them particularly difficult to treat with anti-
angiogenic drugs. So, genetic analysis of tumors may improve their
diagnostic accuracy as well as efficacy and safety of treatment in the
future [15].

In the current study 5 patients from Group I died (29%) after a
period of 6.6 months while 3 patients from group II (23%) died after
9.7 months. No recorded data concerning the rest of patients indicating
their death. This may show the favorable effect of COX-2 inhibitor
(Nimesulide) in enhancing the survival rate of patients.

In the present study, the serum and tissue levels of bFGF were
significantly higher in NSCLC patients compared to those of controls.
These results agree with that reported by previous studies [34,35].
Akashi et al. [34] demonstrated that the proliferation of fibroblasts in
the lung carcinomas is an important phenomenon that correlates with
metastasis and poor prognosis They attributed this to the paracrine
effects between cancer cells and fibroblasts via the fibrogenic cytokines
"bFGF" that promotes growth and metastasis of lung cancer cells
through a strong binding capacity to the basement membrane.

The current study revealed that the bFGF levels significantly
decreased in cases receiving chemotherapy combined with Nimesulide
as compared to their levels in patients before treatment and after
chemotherapy only. It has been shown that bFGF is the most sensitive
marker of recurrence after resection in early NSCLC [36]. Singh et al.
[37] studied the effect of silibinin (a flavonone from milk thistle and
a COX-2 inhibitor) on the growth and progression of primary lung
tumors. They found that silibinin inhibits the growth of primary lung
tumors and decreased lung tumor expression of VEGF and bFGF.

Also, the present study showed significantly higher levels of bFGF
were in stage IITA compared to stage II patients, in adenocarcinoma
compared to squamous cell carcinoma group. These results are in
accordance with that of Woenckhaus et al. [38] who demonstrated
that the expression of beta-catenin, and bFGF were correlated to the
clinicopathologic features, staging, clinical outcome and prognosis of
NSCLC patients.

Lastly, the measured levels of VEGF, and bFGF, were sensitive,

specific indicators for detection of NSCLC the studied patients and
could be used as useful prognostic biomarkers for monitoring tumor
progression. This is supported by the result of [38-40].

In conclusion, Nimesulide (the antiangiogenic selective COX-2
inhibitor) appears to boost the efficacy of the traditional chemotherapy
as their co-administration showed encouraging effects on improving
and normalization of the proangiogenic parameters levels and this
may have good impact on the patient outcome and prolongation of
their survival rate. In addition, the angiogenic factors namely VEGF,
bEGF proved to be sensitive parameters as regarding NSCLC patients’
prognosis.
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