
Abstract. Aim: To further evaluate the prognostic
significance of pre-treatment serum and pleural fluid levels
of vascular endothelial growth factor VEGF in patients with
non-small cell lung cancer (NSCLC) presenting with
malignant pleural effusion (MPE). Patients and Methods:
Forty consecutive newly-diagnosed patients with NSCLC
with MPE at presentation but without distant metastases
were prospectively enrolled. The prognostic value of serum
and pleural fluid VEGF levels for overall survival (OS) and
progression-free survival (PFS) was assessed by Cox
regression analysis. Results: The median serum VEGF level
was significantly higher in patients compared to healthy
controls (p<0.001). Serum VEGF higher than 375 pg/ml,
pleural fluid VEGF greater than the median value and the
presence of progressive disease were all significantly
associated with reduced OS and PFS, both in univariate and
multivariate analyses. Conclusion: The results of our study
suggest that increased pre-treatment serum and pleural fluid
levels of VEGF may be independent predictors of a worse
survival in patients with advanced-stage NSCLC. 

Non-small cell lung cancer (NSCLC) is an aggressive
malignancy, typically characterized by rapid growth,
tendency for early metastatic spread and resistance to
conventional chemotherapy. The majority of cases present
with locally advanced or distant metastatic disease at the
time of diagnosis, precluding curative surgical resection of

the primary tumor (1). Despite recent advances in treatment
of advanced NSCLC, including the advent of patient-
tailored targeted-therapies, the overall prognosis of these
patients remains poor, with a median survival of less than
12 months in most series (2). 

Angiogenesis is defined as the growth of new blood
vessels stemming from pre-existing vasculature, and is a
dynamic process controlled by a fine balance between
proangiogenic and antiangiogenic factors (2). As shown by
experimental and clinical data, angiogenesis plays a critical
role not only in physiological events (such as embryonal
development and wound healing), but also in the
development, growth and metastasis of a variety of solid
tumors, including NSCLC (3-5). Vascular endothelial
growth factor (VEGF) is among the key proangiogenic
signaling proteins involved in regulation of endothelial cell
proliferation and migration, vascular permeability and
stromal degradation, thereby enhancing the formation of
new blood vessels, penetration of tumor cells through vessel
walls and their metastatic dissemination (6-10). In recent
years, immunohistochemical evaluation of VEGF expression
in tumor tissue (11-13), as well as quantitative measurement
of VEGF levels in the plasma, serum or other body fluids of
patients with NSCLC (3, 6, 14-18), have attracted consider -
able research interest as potential indicators of treatment
response and overall prognosis. Likewise, from a therapeutic
standpoint, VEGF-targeted agents, such as the monoclonal
antibody to VEGF bevacizumab, are increasingly used in
combination with chemotherapy for treatment of advanced
NSCLC (19, 20).

Most, but not all, previous studies have suggested that
higher pre-treatment serum VEGF levels may be associated
with reduced survival in patients with NSCLC (2, 3, 14, 16,
21), in accordance with the results of similar studies on other
solid tumor types (22-24). However, the independent
prognostic value of this biomarker remains poorly-established
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and largely controversial, while little is known about the
potential clinical relevance and prognostic significance of
VEGF levels in pleural fluid. 

The primary objective of the present study was to
prospectively evaluate the potential prognostic value of pre-
treatment VEGF levels in serum and pleural fluid from
patients with NSCLC presenting with malignant pleural
effusion (MPE). We also aimed to investigate the diagnostic
utility of serum VEGF levels in discriminating between
patients with NSCLC and healthy individuals. 

Patients and Methods 

Study population. We prospectively studied 40 consecutive patients
newly diagnosed with NSCLC who were referred to the Oncology
Unit GPP of Sotiria General Hospital, Athens, Greece, between
September 2009 and September 2013. Fifty age- and sex-matched
healthy controls were also included in the study. The study
protocol was approved by the Institutional Ethics Committee
(approval number: 2230) and written informed consent was
obtained from all patients and controls. Inclusion criteria were
defined as follows: histologically- or cytologically-confirmed
diagnosis of NSCLC, age >18 years, presence of MPE at
diagnosis, absence of distant metastases and Eastern Cooperative
Oncology Group (ECOG) performance status (PS) of less than 2.
Patients who had been previously treated for NSCLC or patients
with other concomitant malignancy were excluded from the study.
Tumors were classified using the World Health Organization
(WHO) histological classification (25). Staging was carried out
according to the seventh edition of the American Joint Committee
of Cancer (AJCC) TNM classification system (26). Standard
staging procedures were used, including a complete history and

physical examination, blood tests, chest x-ray, computed
tomography (CT) of the chest and abdomen and CT or magnetic
resonance imaging of the brain; bone involvement was
documented by plain radiography or bone scintigraphy. 

All patients were treated with platinum-based chemotherapy
regimens without bevacizumab, with or without palliative
radiotherapy, as determined by the attending physician according
to the needs of individual patients. Follow-up evaluations (clinical
examination, CT scan and routine laboratory investigations) were
carried out at 3-month intervals. Response to chemotherapy was
assessed using Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.1) (27), and was classified as complete
response (CR), partial response (PR), stable disease (SD) or
progressive disease (PD). Progression-free survival (PFS) was
calculated from the start date of the first chemotherapy cycle to
the time of first documentation of PD or until death by any cause.
Overall survival (OS) was defined as the time from diagnosis to
the date of death by any cause. 

Collection of samples and measurement of VEGF levels. Blood
samples and pleural fluid specimens were collected from all cases
prior to the initiation of any therapeutic intervention. Briefly,
peripheral venous blood samples were collected from patients and
controls after overnight fasting and were allowed to coagulate at
room temperature for 30 min. Serum was separated by
centrifugation at 2000×g for 10 minu. Pleural fluid specimens
were collected by thoracentesis and centrifuged at 2000×g for 
10 min. Serum and pleural fluid supernatants were stored at −70˚C
until tested. Albumin, glucose and lactate dehydrogenase (LDH)
concentrations were also measured in the serum and pleural fluid
specimens using standard laboratory procedures. 

Serum and pleural fluid VEGF levels were determined using a
commercially available enzyme-linked immunoassay (ELISA) kit
(VEGF-A Human ELISA kit; BioVendor Laboratory Medicine
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Figure 1. Box plots for serum vascular endothelial growth factor levels
in patients and controls. Top and bottom of box represent 75th and 25th

percentile, respectively; middle bar in box represents median value; top
and bottom lines extending from box represent maximum and minimum
observed values, respectively. 

Figure 2. Receiver operating characteristic (ROC) curve of serum
vascular endothelial growth factor for the discrimination between
patients and controls.



Inc., Brno, Czech Republic), according to the manufacturer’s
instructions. This is a sandwich immunoassay using biotin-labeled
antibody for the detection of the soluble isoforms of human VEGF
(VEGF 165 and 121). A standard curve was created using
measurements at the following VEGF concentrations: 15.6, 31.3,
62.5, 125.0, 500.0 and 1000 pg/ml, while in-between values were
evaluated using the curve. The sensitivity (lower limit of detection)
of this method was 7.5 pg/ml. All assays were run in duplicate. 

Statistical analysis. Quantitative variables are expressed as mean
values with standard deviation (SD), or as median values and
interquartile range (IQR). Qualitative variables are expressed as
absolute and relative frequencies. The diagnostic accuracy of
serum VEGF levels in discriminating between patients with
NSCLC and healthy individuals was assessed using receiver

operating characteristic (ROC) curves. The overall performance of
the ROC analysis was quantified by computing the area under the
curve (AUC). An area of 1 indicates perfect performance, while a
value of 0.5 indicates a performance that was not different from
that expected by chance. Sensitivity and specificity were calcu -
lated for different cut-off values, and the optimal cut-off values
were determined using ROC analysis.

Serum and pleural fluid VEGF levels were correlated with
demographic and clinicopathological variables (gender, age,
smoking history and pack-years, PS and weight loss, histological
type of tumor, serum and pleural fluid levels of albumin and
glucose, pleural fluid LDH levels, LDH ratio of pleural
fluid/serum, and treatment response). For the comparisons of
proportions, chi-square tests were used. Mann-Whitney tests were
used for the comparison of serum and pleural VEGF levels
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Figure 3. Kaplan-Meier progression-free survival and overall survival estimates according to serum vascular endothelial growth factor level. 

Figure 4. Kaplan-Meier progression-free survival and overall survival estimates according to pleural fluid vascular endothelial growth factor level. 



between two groups and Kruskal-Wallis tests for their comparison
between three groups. Spearman’s correlation coefficient was used
to explore the association of serum and pleural VEGF with other
continuous variables. 

Life-table analyses were used to calculate the cumulative
survival rate (standard errors) for specific time intervals. The
prognostic value of each variable for OS and PFS was first
assessed by univariate Cox regression analysis. Variables that
showed significant association with the outcome were included in
the multivariate Cox proportional-hazard model in a stepwise
method. The assumption of proportional hazards was evaluated by
testing for interaction with a continuous time variable. Kaplan-
Meier survival estimates were graphed over the follow-up period.
All reported p-values are two-tailed. Statistical significance was
set at p<0.05 and analyses were conducted using SPSS statistical
software (version 19.0; SPSS Inc., Chicago, IL, USA).

Results

Demographics and clinicopathological characteristics. A
total of 40 patients with a mean age of 55.5 years (SD=8.2
years), 29 men and 11 women, participated in the study.
Serum VEGF levels were also measured in 50 controls with
similar age and sex distribution (p=0.517 and p=0.795,
respectively). The control group had a mean age of 54.3
years (SD=9.1 years) and comprised of 35 men and 15
women. Baseline demographics and clinicopathological
character istics of patients are presented in Table I. The
majority of patients (87.5%) had a positive smoking
history; with a mean (SD) of 65.9 (31.6) pack/years. The
predominant histological type was adenocarcinoma
(52.5%). PS was 0 and 1 in 70% and 30% of patients,
respectively. Weight loss more than 10% was noted in
12.5% of patients. Nine patients (22.5%) had PR, while 16
(40%) and 15 (37.5%) patients had SD and PD,
respectively. The mean duration of follow-up was 12.1
months (SD=6.9) with a median of 10.5 months (IQR: 8 to
15 months). All patients died during the follow-up period. 

Serum and pleural fluid VEGF levels. The median serum
VEGF levels were 138.2 (IQR=92.2-218.3) pg/ml in the
control group and 697.7 (IQR=377.5-1339.5) pg/ml in the
patient group (p<0.001) (Figure 1). ROC curve analysis
(Figure 2) showed that the optimal cut-off of serum VEGF
for the discrimination between patients and controls was
375 (pg/ml), with sensitivity equal to 76.9% and specificity
equal to 98.0%. The AUC was 0.90 [95% confidence
interval (CI)=0.92-0.98], which significantly differs from
0.5 (p<0.001). Only one of the controls (2%) had a serum
VEGF level of more than 375 (pg/ml) and the correspon -
ding proportion was 76.9% for patients. The median pleural
VEGF levels were 2449.3 (IQR=1293.9-5694.9) pg/ml.
Serum VEGF levels were highly correlated with pleural
VEGF levels (r=0.68, p<0.001).

The association of pleural and serum VEGF levels with
the remaining clinicopathological parameters is shown in
Table II. Serum VEGF levels were negatively associated
with age and positively associated with LDH and serum
glucose level. Pleural VEGF levels were positively
associated with pack-years and pleural LDH level. The
VEGF level in pleural fluid was significantly increased in
adenocarcinomas compared to other histological types. 

Survival analysis. Table III presents the results of univariate
Cox regression analyses for PFS and OS in association with
all study parameters. Increased pack-years were associated
with increased hazard for disease progression and worse
OS. Patients with squamous cell carcinoma had almost
three-times greater hazard [hazard ratio (HR)=3.07, 95%
CI=1.02-9.21] for progression compared to patients having
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Table I. Baseline demographics and clinicopathological characteristics
of patients.

Sex N (%)
Men 29 (72.5)
Women 11 (27.5)

Mean age (SD), years 65 (8.5)
Age, years, N (%)

≤65 20 (50.0)
>65 20 (50.0)

Smoking, N (%)
No 5 (12.5)
Yes 35 (87.5)

Mean pack-years (SD) 65.9 (31.6)
Histological type, N (%)

Adenocarcinoma 21 (52.5)
Squamous cell carcinoma 5 (12.5)
Not otherwise specified 14 (35)

Performance status, N (%)
0 12 (30.0)
1 28 (70.0)

Weight loss >10%, N (%)
Yes 5 (12.5)
No 35 (87.5)

Mean LDH (SD), U/l 381.4(173.2)
LDH ratio*>2 , N (%)

No 27 (67.5)
Yes 13 (32.5)

Mean (SD) albumin in pleural fluid, g/dl 4.2 (0.7)
Mean (SD) albumin in serum, g/dl 7 (0.9)
Mean (SD) glucose in pleural fluid, mg/dl 127.4 (30.1)
Mean (SD) glucose in serum, mg/dl 113.3 (22.1)
Treatment response, N (%)

Compete response 0 (0.0)
Partial response 9 (22.5)
Stable disease 16 (40.0)
Progressive disease 15 (37.5)

Median (IQR) VEGF in 2449.3(1293.9-5694.9)
pleural fluid, pg/ml
Median (IQR) VEGF in serum, pg/ml 697.7 (377.5-1339.5)

LDH: Lactate dehydrogenase ; SD: standard deviation ; VEGF: vascular
endothelial growth factor; *LDH ratio pleural fluid/serum. 



NSCLC not otherwise specified. Furthermore, patients with
SD or PD had greater hazard for progression and worse
survival in comparison to those that had PR. For every 300-
unit increase in serum VEGF level, the hazard for
progression increased by 10%, while that for death
increased by 19%. Those with serum VEGF of more than
375 pg/ml had 2.19-times greater hazard for progression
and 2.93-times greater hazard for death. Patients with
pleural fluid VEGF greater than the median value had 2.55-
times greater hazard for progression and 2.46-times greater
hazard for death.

Kaplan-Meier PFS and OS estimates for patients with
serum VEGF greater than 375 pg/ml are presented in
Figure 3. The aforementioned survival estimates for pleural
fluid VEGF levels greater than the median value are
presented in Figure 4. For patients with serum VEGF of

more than 375 pg/ml, the cumulative survival rate for the
first 6 months was 87% (SE=6%), for 12 months 44%
(SE=9%) and for 18 months 17% (SE=4%); for patients
with serum VEGF less than 375 pg/ml, the cumulative
survival rate for 6 months was 100% (SE=0%), for 12
months 78% (SE=14%) and for 18 months 43%
(SE=16%). 

When multiple Cox regression analysis was conducted in
a stepwise method for PFS, it was found that serum VEGF
more than 375 pg/ml (HR=2.41, 95% CI=1.10-5.22,
p=0.028), pleural fluid VEGF greater than the median
(HR=2.58, 95% CI=1.30-5.13, p=0.007), as well as
presence of PD (HR=5.93, 95% CI=2.55-13.76, p<0.001)
were independent predictors of poorer PFS. Multiple Cox
regression analysis further revealed that serum VEGF more
than 375 (pg/ml) (HR=2.92, 95% CI=1.24-6.84, p=0.013)
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Table II. Association of pleural fluid and serum vascular endothelial growth factor levels with demographic and clinicopathological variables. 

VEGF in pleural fluid (pg/ml) VEGF in serum (pg/ml)

Median (IQR) p-Value Median (IQR) p-Value

Sex
Men 2457.3 (1883.0-4174.7) 0.617* 766.9 (456.0-1344.7) 0.220*
Women 1295.9 (948.0-13558.2) 384.9 (200.5-1324.0)

Age (years), r (p-value) −0.14 (0.387) −0.35 (0.029)
Age (years)

≤65 2342.5 (1613.0-5055.6) 0.935* 896.9 (546.3-1460.9) 0.083*
>65 2578.7 (1217.0-6019.2) 456.8 (320.6-900.8)

Smoking
No 2700.1 (2529.6-2831.4) 0.668* 384.9 (291.2-767.5) 0.500*
Yes 2243.8 (1259.0-6585.1) 713.8 (411.1-1344.7)

Pack-years, r (p-value) 0.37 (0.027) 0.26 (0.129)
Histological type 

Adenocarcinoma 2831.4 (2154.0-7145.6) 0.023** 914.2 (411.1-1505.1) 0.089**
Squamous cell carcinoma 2737.5 (2457.3-3782.0) 623.0 (598.8-678.3)
Not otherwise specified 1589.5 (693.2-2239.5) 435.7 (197.6-1305.2)

Performance status 
0 2160.0 (1293.9-8425.3) 0.883* 648.4 (208.1-1447.3) 0.616*
1 2493.4 (1317.9-4814.0) 697.7 (432.4-1196.6)

Weight loss >10%
Yes 1883.0 (1376.8-2831.4) 0.790* 456.0 (411.1-914.2) 0.854*
No 2457.3 (1291.8-5936.5) 713.8 (375.0-1344.7)

LDH U/l, r (p-value) 0.32 (0.049) 0.35 (0.025)
LDH ratio*>2

No 2243.8 (1291.8-5453.3) 0.444* 766.9 (350.0-1344.7) 0.965*
Yes 2831.4 (1376.8-6585.1) 678.3 (411.1-1087.9)

Albumin in pleural fluid, r (p-value) 0.10 (0.548) 0.15 (0.381)
Albumin in serum, r (p-value) 0.10 (0.593) 0.05 (0.796)
Glucoseinpleural fluid, r (p-value) −0.29 (0.082) −0.14 (0.406)
Glucose in serum, r (p-value) 0.03 (0.863) 0.43 (0.013)
Treatment response

Partial response 2239.5 (883.2-2598.4) 0.115** 766.9 (291.2-1416.6) 0.339**
Stable disease 2046.5 (1217.0-4617.6) 638.5 (296.8-930.5)
Progressive disease 2737.5 (1987.1-13558.2) 767.5 (449.5-2632.7)

*Mann-Whitney test; **Kruskal-Wallis test; r: Spearman correlation coefficient.



and pleural fluid VEGF greater than the median (HR=2.27,
95% CI=1.15-4.47, p=0.017) were independent predictors
of poor OS. Additionally, treatment response was another
factor independently associated with OS, and patients with
PD had 12.03 times greater hazard for death (HR=12.03,
95% CI=4.01-36.06, p<0.001). 

Discussion 

VEGF is a potent angiogenic regulator with a crucial role
in the initiation and progression of solid malignancies (3,
6, 28). Accumulating evidence suggests that circulating
levels of this factor in patients with NSCLC may, at least
partly, reflect the extent of tumor-related angiogenesis and
thus serve as a marker of disease aggressiveness and

progression (12-14). Moreover, it is also being increasingly
recognized that serum or plasma VEGF measurement by
ELISA is a reliable technique, with significant practical and
safety advantages over VEGF immunostaining performed
on tumor biopsy specimens, especially among patients with
metastatic or inoperable disease (6, 21, 29, 30). 

Increased concentrations of serum VEGF have been
consistently observed in patients with NSCLC compared
to healthy controls (18, 31, 32), and are occasionally
associated with other adverse clinicopathological
prognostic variables, including advanced disease stage,
positive nodal status and poor PS (18, 29). In line with
these previous observations, serum VEGF levels were
significantly higher in our patient population compared to
their sex- and age-matched controls; furthermore, a cut-off
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Table III. Results of univariate Cox regression analyses for progression-free and overall survival.

Progression Survival

HR (95% CI) p-Value HR (95% CI) p-Value

Sex
Men 1.00* 1.00
Women 0.96 (0.47-1.97) 0.911 0.87 (0.42-1.8) 0.711

Age (years) 1.01 (0.97-1.05) 0.670 1 (0.96-1.04) 0.942
Age (years)

≤65 1.00 1.00
>65 1.29 (0.69-2.44) 0.424 1.15 (0.61-2.16) 0.660

Smoking
No 1.00 1.00
Yes 0.88 (0.34-2.28) 0.795 0.99 (0.38-2.55) 0.985

Pack-years 1.01 (1-1.02) 0.040 1.01 (1-1.02) 0.044
Histological type

NOS 1.00 1.00
Adenocarcinoma 1.77 (0.87-3.63) 0.117 1.97 (0.93-4.19) 0.079
Squamous cell 3.07 (1.02-9.21) 0.046 2.86 (0.93-8.75) 0.066

Performance status
0 1.00 1.00
1 1.53 (0.76-3.08) 0.235 1.41 (0.71-2.82) 0.328

Weight loss >10%
Yes 1.00 1.00
No 0.93 (0.36-2.4) 0.878 1.26 (0.49-3.25) 0.636

LDH U/ l (per 100 unit increase) 1.20 (0.98-1.46) 0.073 1.05 (0.86-1.26) 0.650
LDH ratio*>2

No 1.00 1.00
Yes 1.19 (0.60-2.35) 0.625 0.80 (0.40-1.62) 0.537

Albumin in pleural fluid, g/dl 0.90 (0.57-1.44) 0.674 0.94 (0.59-1.50) 0.791
Albumin in serum, g/dl 0.76 (0.46-1.23) 0.261 0.99 (0.60-1.62) 0.953
Glucose in pleural fluid, mg/dl 1.00 (0.99-1.01) 0.700 1.00 (0.98-1.01) 0.558
Glucose in serum, mg/dl 1.00 (0.99-1.02) 0.928 1.00 (0.98-1.02) 0.798
Treatment response 

Progressive disease 1.00 1.00
Partial response 0.13 (0.05-0.36) <0.001 0.05 (0.01-0.16) <0.001
Stable disease 0.23 (0.10-0.52) 0.001 0.10 (0.03-0.30) <0.001

VEGF in pleural fluid >median 2.55 (1.30-5.00) 0.006 2.46(1.27-4.79) 0.008
VEGF in serum >375 pg/ml 2.19 (1.01-4.76) 0.048 2.93 (1.26-6.80) 0.012



point of 375g/ml yielded high sensitivity and specifi city
(76.9% and 98.0%, respectively) in our cohort, thus further
supporting the notion that this biomarker may be useful in
discriminating between patients with NSCLC and healthy
individuals. 

Several authors have suggested a possible association
between increased circulating VEGF levels and a worse
prognosis in both the early and metastatic NSCLC settings
(3, 14, 16, 31). Shimanuki et al. (14), Dudek and Mahaseth
(33), Crohns et al. (34), as well as Brattstrom et al. (35),
reported that increased pre-treatment levels of serum VEGF
correlate with reduced OS, while Hanrahan et al. (16)
found that high baseline serum or plasma VEGF may be
predictive of PFS advantage in patients with advanced-stage
disease only. In another study of patients with advanced-
stage NSCLC, a significant association between increased
pre-treat ment levels of serum VEGF and a worse OS was
observed, both in univariate and multivariate analyses (3).
Additionally, a recent meta-analysis, pooling data from 17
studies and including 2,366 patients with lung cancer,
similarly concluded that high levels of circulating (plasma
or serum) VEGF may predict poor OS (21). In the present
series of patients with advanced-stage NSCLC, increased
serum VEGF levels were associated with both reduced OS
and PFS, independently of other clinicopathological
prognostic parame ters, thus largely concurring with the
aforementioned results. 

In contrast to these findings, other researchers have
reported that measurement of circulating VEGF levels may
not correlate with survival or provide independent prognostic
information, in addition to well-established prognostic
parameters such as disease stage or PS (6, 17, 18, 29), and
that the complex pathway of angiogenesis may not be
accurately reflected by a single endogenous factor (18).
According to the results of a prospective ECOG study (36),
baseline serum VEGF levels correlate with disease-free
survival but not OS. Chakra et al. (18) found that high serum
VEGF levels were associated with a poorer OS in univariate
but not in multivariate analysis. Therefore, this finding was
attributed to a strong correlation between serum VEGF and
disease stage and the authors concluded that this biomarker
may not independently predict prognosis of NSCLC. 

All these data taken together suggest that the clinical
utility of serum VEGF as a prognostic biomarker in NSCLC
remains controversial. Potential causes of this significant
discrepancy among studies may include the following: small
sample size of some series; varying distribution of
clinicopathological prognostic parameteres (such as disease
stage, PS and tumor histology) between study cohorts;
variable length of follow-up; use of different assay
procedures/antibodies for the detection of VEGF; and use of
different cut-off points to discriminate between low and high
VEGF subgroups. With regards to the latter, it should be

pointed out that many previous authors have employed mean
or median values as cut-off points, instead of optimal cut-
offs as determined by ROC curve analysis. Additional large-
scale prospective studies adopting standardized
immunoassay protocols and cut-offs are therefore warranted,
so as to more accurately determine the prognostic
significance of circulating VEGF (21, 35). 

Recent studies have demonstrated that VEGF levels in
MPE caused by a variety of malignancies (including
NSCLC) may be higher than in non-malignant pleural
effusions, as well as in exudates as compared to
transudates (37-40). Furthermore, VEGF levels seem to be
present at significantly higher levels in pleural fluid than
in serum or plasma, indicating that VEGF production from
mesothelial cells-and possibly also from tumor cells-within
the pleural cavity may be disproportionate to its systemic
production (35, 41, 42). Consistent with these prior
findings, the median serum and pleural VEGF levels in our
patient population were 697.7 pg/ml and 2449.3 pg/ml,
respectively, thus further supporting the idea that VEGF
may accumulate in the pleural space of patients with MPE. 

In addition to previous reports on the prognostic value of
serum VEGF, there is also certain limited evidence suggesting
that VEGF levels in pleural fluid may also provide clinically
relevant prognostic information in NSCLC (41, 42). Hsu et
al. (42), in a study of patients with NSCLC-associated MPE,
reported that the level of VEGF in pleural fluid may correlate
with the amount of effusion and serum VEGF level, as well as
with reduced overall survival, albeit not as an independent
predictor. Hooper et al. (41), similarly reported a statistically
significant association between increased VEGF levels in
pleural fluid and shorter OS in the NSCLC subgroup of
patients included in their study, while failing to observe any
correlation between survival and pleural fluid VEGF among
patients with epithelioid mesothelioma. In the present series,
VEGF levels in pleural fluid were significantly and indepen -
dently associated with shorter OS and PFS, while a
statistically significant correlation was also observed between
serum and pleural fluid VEGF levels. To the best of our
knowledge, this is the first study to report that VEGF in
pleural fluid may represent an independent prognostic
biomarker in NSCLC. 

Our reported results should nevertheless be evaluated in
light of certain limitations. The number of patients included
in the present study was relatively small, but still sufficient
for statistical analysis. We also failed to include a control
group of patients with benign pleural effusions, which
prevented us from comparing VEGF levels in pleural fluid
between patients with NSCLC and patients with
inflammatory or other benign conditions. Another limitation
of our study is the fact that platelet and leucocyte counts
were not taken into account; therefore, the potential
correlation between serum VEGF levels and peripheral
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blood cells-which may release, as previously hypothesized,
angiogenic factors including VEGF-was not investigated.
On the other hand, the main strengths of our study include
its prospective design, consecutive patient enrolment, and
homogeneity of the study population, as well as long and
complete follow-up of all participants. 

In conclusion, we herein demonstrated that increased VEGF
levels in serum and pleural fluid may each be independently
associated with worse PFS and OS among patients with
NSCLC presenting with MPE. Future prospective studies are
required to confirm these findings in larger patient cohorts and
to further explore the potential value of these candidate
biomarkers in predicting not only survival, but also response to
targeted anti-angiogenic therapies. 

References 
1 Silvestri GA and Rivera MP: Targeted therapy for the treatment

of advanced non-small cell lung cancer: a review of the epidermal
growth factor receptor antagonists. Chest 128: 3975-3984, 2005.

2 Jackson AL, Zhou B and Kim WY: HIF, hypoxia and the role
of angiogenesis in non-small cell lung cancer. Expert Opin
Ther Targets 14: 1047-1057, 2010.

3 Edelman MJ, Hodgson L, Wang X, Christenson R, Jewell S,
Vokes E and Kratzke R: Serum vascular endothelial growth
factor and COX-2/5-LOX inhibition in advanced non-small cell
lung cancer. Cancer and Leukemia Group B 150304. J Thorac
Oncol 6: 1902-1906, 2011.

4 Folkman J: Seminars in Medicine of the Beth Israel Hospital,
Boston. Clinical applications of research on angiogenesis. N
Engl J Med 333: 1757-1763, 1995. 

5 Woodhouse EC, Chuaqui RF and Liotta LA: General mecha -
nisms of metastasis. Cancer 80: 1529-1537, 1997. 

6 Choi JH, Kim HC, Lim HY, Nam DK, Kim HS, Yi JW, Chun
M, Oh YT, Kang S, Park KJ, Hwang SC, Lee YH and Hahn
MH: Vascular endothelial growth factor in the serum of
patients with non-small cell lung cancer: correlation with
platelet and leucocyte counts. Lung Cancer 33: 171-179, 2001. 

7 Dvorak HF, Brown LF, Detmar M and Dvorak AM: Vascular
permeability factor vascular endothelial growth factor,
microvascular hyperpermeability, and angiogenesis. Am J
Pathol 146: 1029-1039, 1995. 

8 Roberts WG and Palade GE: Increased microvascular
permeabi lity and endothelial fenestration induced by vascular
endothelial growth factor. J Cell Sci 108: 2369-2379, 1995. 

9 Hicklin DJ and Ellis LM: Role of the vascular endothelial
growth factor pathway in tumor growth and angiogenesis. J
Clin Oncol 23: 1011-1027, 2005. 

10 Nagy JA, Vasile E, Feng D, Sunberg C, Brown LF, Detmar MJ,
Lawitts JA, Benjamin L, Tan X, Manseau EJ, Dvorak AM and
Dvorak HF: Vascular permeability factor/vascular endothelial
growth factor induces lymphangiogenesis as well as angioge -
nesis. J Exp Med 196: 1497-1506, 2002. 

11 Aikawa H, Takahashi H, Fujimura S, Sato M, Endo C,
Sakurada A, Kondo T, Tanita T, Matsumura Y, Ono S, Saito Y
and Sagawa M: Immunohistochemical study on tumor
angiogenic factors in non-small cell lung cancer. Anticancer
Res 19: 4305-4309, 1999. 

12 Fontanini G, Vignati S, Boldrini L, Chine S, Silvestri V, Lucchi
M, Mussi A, Angeletti CA and Bevilacqua G: Vascular
endothelial growth factor is associated with neovascularization
and influences progression of non-small cell lung carcinoma.
Clin Cancer Res 3: 861-865, 1997. 

13 Giatromanolaki A: Differential expression of angiogenic and
of vascular survival factors in non-small cell lung cancer
(NSCLC). Adv Exp Med Med Biol 476: 291-295, 2000. 

14 Shimanuki Y, Takahashi K, Cui R, Hori S, Takahashi F,
Miyamoto H and Fukurchi Y. Role of serum vascular endothelial
growth factor in the prediction of angiogenesis and prognosis for
non-small cell lung cancer. Lung 183: 29-42, 2005. 

15 Charpidou A, Gkiozos I, Konstantinou M, Eleftheraki A,
Demertzis P, Harrington K, Polyzos A and Syrigos KN:
Bronchial washing levels of vascular endothelial growth factor
receptor-2 (VEGFR-2) correlate with overall survival in
NSCLC patients. Cancer Lett 304: 144-153, 2011. 

16 Hanrahan EO, Ryan AJ, Mann H, Kennedy SJ, Langmuir P,
Natale RB, Herbst RS, Johnson BE and Heymach JV: Baseline
vascular endothelial growth factor concentration as a potential
predictive marker of benefit from vandetanib in non-small cell
lung cancer. Clin Cancer Res 15: 3600-3609, 2009. 

17Tas F, Duranyildiz D, Oguz H, Camlica H, Yasasever V and
Topuz E: Serum vascular endothelial growth factor (VEGF)
and BCL2 levels in advanced stage non-small cell lung cancer.
Cancer Invest 24: 576-580, 2006. 

18 Chakra M, Pujol JL, Lamy PJ, Bozonnat MC, Quantin X, Jacot
W and Daures JP: Circulating serum vascular endothelial
growth factor is not a prognostic factor of non-small cell lung
cancer. J Thorac Oncol 3: 1119-1126, 2008. 

19 Rossi A, Maione P, Ferrara ML, Sacco PC, Schettino C,
Bareschino MA and Gridelli C: Angiogenesis inhibitors and
vascular disrupting agents in non-small cell lung cancer. Curr
Med Chem 16: 3919-3930, 2009. 

20 Pallis AG and Syrigos KN: Targeting tumor neovasculature in
non-small cell lung cancer. Crit Rev Oncol Hematol 86: 130-
142, 2013. 

21 Hu P, Liu W, Wang L, Yang M and Du J: High circulating
VEGF level predicts poor overall survival in lung cancer. J
Cancer Res Clin Oncol 139: 1157-1167, 2013. 

22 Chen CA, Cheng WF, Lee CN, Chen TM, Kung CC, Hsieh FJ
and Hsieh CY: Serum vascular endothelial growth factor in
epithelial ovarian neoplasms: Correlation with patient survival.
Gynecol Oncol 74: 235-240, 1999. 

23 Hefler L, Tempfer C, Obermair A, Frischmuth K, Sliutz G,
Reinthaller A, Leodolter S and Kainz C: Serum concentrations
of vascular endothelial growth factor in vulvar cancer. Clin
Cancer Res. 5: 2806-2809, 1999. 

24 O’Byrne KJ, Dobbs N, Propper D, Smith K and Harris AL:
Vascular endothelial growth factor platelet counts, and
prognosis in renal cancer. Lancet 353: 1494-1495, 1999. 

25 Travis WD, Brambilla E, Muller-Hermlink HK and Harris CC:
Pathology and genetics of tumours of the lung, pleura, thymus
and heart. Lyon: IARC Press, 2004.

26 Edge S, Byrd DR, Compton CC, Fritz AG, Greene F and Trotti
A: AJCC Cancer Staging Manual. Seventh Edition New York:
Springer, 2010.

27 Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D,
Ford R, Dancey J, Arbuck S, Gwyther S, Mooney M, Rubinstein
L, Shankar L, Dodd L, Kaplan R, Lacombe D and Verweij J:

ANTICANCER RESEARCH 35: 1129-1138 (2015)

1136



New response evaluation criteria in solid tumours: revised
RECIST guideline (version 1.1). Eur J Cancer 45: 228-247, 2009. 

28 Poon RT, Fan ST and Wong J: Clinical implications of
circulating angiogenic factors in cancer patients. J Clin Oncol
19: 1207-1225, 2001. 

29 Imoto H, Osaki T, Taga S, Ohgami A, Ichiyoshi Y and
Yasumoto K: Vascular endothelial growth factor expression in
non-small cell lung cancer: prognostic significance in
squamous cell carcinoma. J Thorac Cardiovasc Surg 115: 1007-
1014, 1998. 

30 Farhat FS, Tfayli A, Fakhruddin N, Mahfouz R, Otrock ZK,
Alameddine RS, Awada AH and Shamseddine A: Expression,
prognostic and predictive impact of VEGF and bFGF in non-small
cell lung cancer. Crit Rev Oncol Hematol 84: 149-160, 2012. 

31 Takigawa N, Segawa Y, Fujimoto N, Hotta K and Eguchi K:
Elevated vascular endothelial growth factor levels in sera of
patients with lung cancer. Anticancer Res 18: 1251-1254, 1998. 

32 Kishiro I, Kato S, Fuse D, Yoshida T, Machida S and Kaneko
S: Clinical significance of vascular endothelial growth factor in
patients with primary lung cancer. Respirology 7: 93-98, 2002. 

33 Dudek AZ and Mahaseth H: Circulating angiogenic cytokines
in patients with advanced non-small cell lung cancer:
correlation with treatment response and survival. Cancer Invest
23: 193-200, 2005. 

34 Crohns M, Saarelainen S, Laine S, Poussa T, Alho H and
Kellokumpu-Lehtinen P: Cytokines in bronchoalveolar lavage
fluid and serum of lung cancer patients during radiotherapy-
association of interleukin-8 and VEGF with survival. Cytokine
50: 30-36, 2010. 

35 Brattstrom D, Bergqvist M, Hesselius P, Larsson A, Lamberg
K, Wernlund J, Brodin O and Wagenius G: Elevated
preoperative serum level of angiogenic cytokines correlate to
larger primary tumors and poorer survival in non-small cell
lung cancer patients. Lung Cancer 37: 57-63, 2002. 

36 Dowlati A, Gray R, Sandler AB, Schiller JH and Johnson DH:
Cell adhesion molecules, vascular endothelial growth factor,
and basic fibroblast growth factor in patients with non-small
cell lung cancer treated with chemotherapy with or without
bevacizumab-an Eastern Cooperative Oncology Group Study.
Clin Cancer Res. 14:1407-1412, 2008. 

37 Sack U, Hoffmann M, Zhao XJ, Chan KS, Hui DS, Gosse H,
Engelmann L, Schauer J, Emmrich F and Hoheisel G: Vascular
endothelial growth factor in pleural effusions of different
origin. Eur Respir J 25: 600-604, 2005. 

38 Yanagawa H, Takeuchi E, Suzuki Y, Ohmoto Y, Bando H and
Sone S: Vascular endothelial growth factor in malignant pleural
effusion associated with lung cancer. Cancer Immunol
Immunother 48: 396-400, 1999. 

39 Thickett DR, Armstrong L and Millar AB: Vascular endothelial
growth factor (VEGF) in inflammatory and malignant pleural
effusions. Thorax 54: 707-710, 1999. 

40 Zebrowski BK, Yano S, Liu W, Shaheen RM, Hicklin DJ,
Putnam JB Jr and Ellis LM: Vascular endothelial growth factor
levels and induction of permeability in malignant pleural
effusions. Clin Cancer Res 5: 3364-3368, 1999. 

41 Hooper CE, Elvers KT, Welsh GI, Millar AB and Maskell NA:
VEGF and sVEGFR-1 in malignant pleural effusions:
Association with survival and pleurodesis outcomes. Lung
Cancer 77: 443-449, 2012. 

42 Hsu IL, Su WC, Yan JJ, Chang JM and Lai WW: Angiogenetic
biomarkers in non-small cell lung with malignant pleural
effusion: Correlations with patient survival and pleural effusion
control. Lung Cancer 65: 371-376, 2009. 

Received October 13, 2014
Revised November 5, 2014

Accepted November 10, 2014

Gkiozos et al: Prognostic Value of VEGF in NSCLC 

1137


