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Abstract. The expression of various angiogenic factors 
was assessed in tumour samples of patients with stage III 
non-small-cell lung cancer (NSCLC) and further evaluated in 
terms of response to induction paclitaxel-ifosfamide-cisplatin 
chemotherapy. Freshly isolated lung tumour specimens 
obtained by bronchoscopy from 70 stage IIIA NSCLC 
chemotherapy-naïve patients were sampled and analysed 
for vascular endothelial growth factor receptor (VEGFR)-1, 
VEGFR-2 and VEGFR-3. Microvessel density was assessed 
through evaluating the angiogenic markers CD34 and CD105. 
Immunostaining scores were calculated by multiplying the 
percentage of labeled cells by the intensity of staining for each 
examined parameter. The overall mean immunostaining score 
value from all NSCLC samples was 7.83, 5.56 and 15.86 for 
VEGFR-1, VEGFR-2 and VEGFR-3, respectively. The overall 
mean value of the endothelial antigen CD34 was 16.29, whereas 
the expression of the CD105 antigen in endothelial cells yielded 
a multivariate distribution. Patients who responded to chemo-
therapy expressed significantly higher VEGFR‑1 and VEGFR‑3 

mean values compared with non-responders (P<0.001). No 
significant difference was noted in VEGFR-2 mean values 
between these two groups (P=0.06). The CD34 mean value 
was significantly higher in responders (P<0.001), whereas there 
was no significant difference in CD105 expression between the 
two groups (P=0.07). Angiogenic marker expression proved to 
be a potential predictive factor of response to chemotherapy in 
stage III NSCLC. which merits further investigation.

Introduction

Tumour angiogenesis is a process essential for cancer cell 
proliferation, invasion and metastasis (1). The balance between 
pro- and anti-angiogenic factors, including growth factors, 
cytokines and chemokines, which is responsible for normal 
angiogenesis, is disrupted during tumourigenesis (2,3).

Vascular endothelial growth factor (VEGF) is a critical 
pro-angiogenic protein that drives tumour angiogenesis. The 
biological functions of VEGF are mediated upon binding to 
type III receptor tyrosine kinases, VEGF receptor (VEGFR)-1, 
VEGFR-2 and VEGFR-3 (4-7).

VEGFR-1 plays an important role in tumour progression 
and dissemination, and enhances tumour metastasis in the 
lung via induction of matrix metalloproteinase 9 (8). The 
binding of VEGF to VEGFR-2 activates multiple signalling 
pathways, resulting in upregulation of endothelial cell prolif-
eration, migration and survival and an increase in vascular 
permeability. Expression of VEGFR-2 in combination with 
VEGFR‑3 is significantly upregulated in the tumour vascular 
endothelium of the most common human solid tumours. 
VEGFR‑3 is largely confined to the lymphatic endothelium in 
adult tissues, but its expression also plays a fundamental role 
in the tumour microenvironment by promoting the sprouting 
of new lymphatic vessels from pre-existing ones (7,9,10).
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Microvessel density (MVD), as determined by the 
expression of the endothelial antigens CD34 and CD105, is a 
direct neoangiogenesis marker and an important prognostic 
indicator in NSCLC. MVD has been shown to be correlated 
with the concentration and expression of VEGF; it is also associ-
ated with enzymes involved in the early stages of angiogenesis, 
tumour growth and occurrence of distant metastasis (11-13).

There is plentiful literature regarding the association of 
angiogenic factors with disease prognosis (4,14-20); however, 
only a few studies evaluate the role of such factors in predicting 
response to chemotherapy (21-25).

Platinum-based doublet chemotherapy is considered the 
current standard of care for patients with stage III NSCLC; 
however, a number of patients in our institution were 
historically treated with the combination of paclitaxel-ifos-
famide-cisplatin (TIP), based on earlier study reports (26-28). 
In the present study, the expression of VEGFR-1, VEGFR-2, 
VEGFR-3, and the endothelial markers CD34 and CD105, was 
assessed in tumour samples of patients with stage III NSCLC; 
the respective parameters were further analyzed retrospec-
tively in relation to response to induction TIP chemotherapy.

Patients and methods

Study design. A total of 70 patients with stage IIIA NSCLC 
treated with induction TIP chemotherapy at our institu-
tion between 1998 and 2008 were retrospectively analysed. 
The patients were staged according to the American Joint 
Committee on Cancer/Union for International Cancer Control 
tumour-node-metastasis staging system (6th edition) (29) 
and classified into two equal-sized groups (n=35) based on 
response to chemotherapy (responders vs. non-responders). 
The responders and non-responders were subsequently offered 
surgery and radiotherapy, respectively. The groups were 
matched by pre-treatment patient and tumour characteristics 
(Table I).

The study protocol was approved by the Ethics Committee 
of Laiko General Hospital (Athens, Greece).

Chemotherapy regimen. TIP chemotherapy was administered 
according to the following three- weekly schedule: Paclitaxel 
(Taxol®) was administered at 135-215 mg m-2 over 1 h by 
intravenous (i.v.) infusion on day 1, following premedication 
consisting of dexamethasone 20 mg, dimethindene maleate 
(Fenistil®) 4 mg and ranitidine 50 mg; all were administered 
i.v. 1 h prior to paclitaxel. Ifosfamide was administered 
at 4.5-6.0 g m-2 i.v. over 1 h divided between days 1 and 2 
(2.25-3.0 g m-2 per day) along with mesna uroprotection, 
40% of the ifosfamide dose, administered i.v. before and 
at 3 and 6 h after ifosfamide. Cisplatin 80-100 mg m-2 was 
administered i.v. over 30 min divided between days 1 and 2 
(40-50 mg m-2 per day), with adequate vigorous pre- and 
post-hydration, furosemide and electrolyte replacement 
(20 mEq potassium chloride and 8 mEq magnesium sulphate 
per litre of post-hydration solution). For febrile neutropenia, 
primary prophylaxis (filgrastim 5 mg̸kg) was administered 
until recovery of neutrophils. Dose modifications for all 
three chemotherapeutic drugs were made in patients with 
chemotherapy-related toxicities. All the toxicities were 
graded according to the Common Toxicity Criteria for 

Table I. Patient characteristics and clinical parameters.

 Group A Group B
 (responders), (non-responders),
Characteristics no. (%) no. (%)

Total patients 35 (100) 35 (100)
Gender
  Male 30 (87) 26 (74)
  Female   5 (13) 9 (26)
Age (years)
  Median 58 56
  Range 40-72 48-70
Performance status
  0 13 (37) 11 (32)
  1 22 (63) 24 (68)
Ηistology
  Adenocarcinoma 20 (57) 20 (57)
  Squamous cell Ca 11 (32) 13 (37)
  Large-cell Ca   4 (11) 2 (6)

Table III. Descriptive table depicting the results of immunos-
taining scores of the endothelial antigen CD105 in 70 patients 
with non-small-cell lung cancer.

 Response
 -------------------------------------------
Antigen NR R Total

CD105
  Score 0
   Patient no. (%) 32 (91.4) 25 (71.4) 57 (81.4)
  Score 10
   Patient no. (%) 3 (8.6) 10 (28.6) 13 (18.6)
Total
  Patient no. (%) 35 (100.0) 35 (100.0) 70 (100.0)

81.4% of the patients did not express the CD105 antigen vs. 18.6% 
who exhibited immunostaining for the CD105 marker. There was no 
significant difference in the distribution of CD105 expression among 
responders (R) and non-responders (NR) (P=0.06). P-values <0.05 
were considered statistically significant.

Table II. Descriptive table depicting the results of immunos-
taining scores of each examined parameter in 70 patients with 
non-small-cell lung cancer.

Parameters Mean Median SEM

VEGFR-1 7.83 5.0 0.87
VEGFR-2 5.56 5.0 0.79
VEGFR-3 15.86 15.0 1.49
CD34 16.29 15.0 1.29

VEGFR, vascular endothelial growth factor receptor; SEM, standard 
error of the mean.
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Adverse Events (30). The patients received up to 4 cycles 
of chemotherapy and evaluation of response was performed 
every 2 cycles by X-rays, computed tomography (CT) scans 
and bone scans using the Response Evaluation Criteria in 
Solid Tumours, version 1.0 (31). Patients showing complete or 
partial response on induction chemotherapy were classified as 
responders and were subsequently offered either lobectomy or 
pneumonectomy, with resection of the involved lymph node 
stations. Non-responders received ≤6 cycles of TIP and were 
offered radical radiotherapy.

Immunocytochemistry. Tumour samples were obtained at the 
time of diagnosis via bronchoscopy. The tumour specimens were 
initially fixed in 10% neutral buffered formaldehyde and then 
embedded in paraffin wax. Sections (4 µm) were cut consecu-
tively. Immunohistochemistry was performed on the most 
representative areas of viable tumour cells, avoiding areas of 
extensive necrosis or haemorrhage at the Pathology Department 
of the National and Kapodistrian University of Athens.

The ant ibodies used were Monoclonal rabbit 
VEGFR-1/Flt1 (dilution 1:50-1:100; cat. no. RP 077), 
policlonal rabbit VEGFR‑2̸Flk1 (dilution 1:50‑1:100; 
cat. no. RP 07), policlonal rabbit VEGFR‑3̸Flt4 (dilution 
1:50-1:10; cat. no. RP135) (all from Diagnostic BioSystems, 
CA, USA), rabbit recombinant monoclonal CD-105 (dilu-
tion 1:5-1:10; cat. no. M3527) and monoclonal mouse CD-34 
(Class II Clone QBEnd-10; cat. no. GA632) (both from Dako, 
Glostrup, Denmark).

The results were recorded by two experienced patholo-
gists by independently counting the percentage of positive 
cells and the intensity of staining in each section (1+, mild; 
2+, moderate; and 3+, intense). The immunostaining scores 
were calculated by multiplying the percentage of labeled cells 
by the intensity of staining. MVD was evaluated on immunos-
tained sections with CD34 and CD105 and it was determined 
in the three areas of maximal vascularization by using the 
criteria of Weidner et al (32).

The specificity of the immunohistochemical procedures 
was verified by using negative and positive control sections. 
The negative controls for each tissue were prepared by 

omitting the primary antibody. Sections from human placenta 
and tonsils were used as positive controls.

Statistical analysis. Descriptive statistics were used to present 
the main statistical measures of the parameters under inves-
tigation. The statistical measures used were frequencies and 
percentages for the discrete variables, and descriptive statistics 
[mean, median, standard error of the mean (SEM) and range] 
for the continuous parameters. In cases where the normal distri-
bution assumption was rejected via the Kolmogorov-Smirnov 
test, the Mann-Whitney test was implemented to compare 
the marker distribution between the two patient groups. The 
Chi-square test was also used to test the association between 
two discrete variables. Survival rates were estimated with the 
Kaplan-Meier product limit method and compared with the 
log‑rank test. All analyses were implemented at a significance 
level of α=5% with the use of the SPSS v16.0 software (SPSS 
Inc., Chicago, IL, USA).

Results

Analysis of immunostaining scores of angiogenic factors 
in NSCLC. The tumour samples from 70 NSCLC patients 
exhibited an overall mean immunostaining score of 
7.83 (SEM=0.87) for the angiogenic factor VEGFR-1, 
5.56 (SEM=0.79) for VEGFR-2 and 15.86 (SEM=1.49) for 
VEGFR-3. The overall mean value of the endothelial antigen 
CD34 was 16.29 (SEM=1.29). Table II describes the overall 
mean, median and SEM values of the immunostaining 
scores of the lung tissue expression of VEGFR-1, VEGFR-2, 
VEGFR-3 and the endothelial marker CD34.

The expression of the angiogenic marker CD105 exhibited 
a multivariate distribution. In total, 81.4% of the patients did 
not express the CD105 antigen on the endothelial cells of 
tumour tissue, whereas 18.6% exhibited immunostaining for 
the same endothelial marker (Table III).

Variability in expression patterns of angiogenic factors between 
responders and non‑responders. Table IV describes the mean 
value, standard deviation and SEM value of the immunostaining 

Table IV. Descriptive table depicting the results of immunostaining scores of each examined parameter in the responder and 
non-responder groups of non-small-cell lung cancer patients.

Parameters Response N Mean SD SEM P-value

VEGFR-1 NR 35 4.29 3.862 0.653 <0.001
 R 35 11.37 8.153 1.378
VEGFR-2 NR 35 6.00 4.505 0.761 0.06
 R 35 5.11 8.231 1.391
VEGFR-3 NR 35 7.29 4.902 0.829 <0.001
 R 35 24.43 11.805 1.995
CD34 NR 35 10.00 5.557 0.939 <0.001
 R 35 22.57 11.073 1.872

SD, standard deviation; SEM, standard error of the mean; VEGFR, vascular endothelial growth factor receptor; R, responders; NR, 
non-responders. P-values <0.05 were considered statistically significant.
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scores of VEGFR-1, VEGFR-2, VEGFR-3 and CD34 between 
responders and non-responders to chemotherapy.

Patients who responded to chemotherapy had significantly 
higher pre-treatment immunostaining scores for VEGFR-1 
and VEGFR-3 compared with non-responders (P<0.001) 
(Figs. 1 and 2). No significant difference was noted in 
VEGFR-2 (P=0.06) immunostaining scores between the two 
patient groups (Fig. 3). The CD34 immunostaining score was 
significantly higher in those who responded compared with 
those who did not respond to treatment (P<0.001) (Fig. 4). 
There was no significant difference in the distribution of the 
CD105 expression between responders and non-responders 
(P=0.06) (Table III). The median survival for the 70 patients 
was 8.5 months (Fig. 5).

Discussion

Angiogenesis is one of hallmarks of cancer evolution, as laid 
out by Hanahan and Weinberg (1). VEGFRs play a significant 

Figure 3. Schematic representation and comparison of the levels of tissue vas-
cular endothelial growth factor receptor-2 (VEGFR-2) expression between 
responders (R) and non-responders (NR). Error bars, 95% confidence interval 
of the mean.

Figure 2. Schematic representation and comparison of the levels of tissue 
vascular endothelial growth factor receptor-3 (VEGFR-3) expression 
between responders (R) and non-responders (NR). Error bars, 95% confi-
dence interval of the mean.

Figure 1. Schematic representation and comparison of the levels of tissue vas-
cular endothelial growth factor receptor-1 (VEGFR-1) expression between 
responders (R) and non-responders (NR). Error bars, 95% confidence interval 
of the mean.

Figure 4. Schematic representation and comparison of the levels of endothelial 
CD34 expression between responders (R) and non-responders (NR). Error 
bars, 95% confidence interval of the mean.

Figure 5. Median overall survival.
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biological role in this process; however, there is no solid 
evidence regarding the prognostic effect of VEGFR expres-
sion on disease outcome.

A number of earlier studies have assessed the prognostic 
significance of VEGFRs in NSCLC, with controversial 
findings (14,15). Particularly, in a meta-analysis, the VEGF 
expression was found to be associated with dismal outcome 
in patients with NSCLC (16). In line with this finding were 
the results of another study, which demonstrated a significant 
association of strong VEGFR-1 and VEGFR-2 expression with 
worse survival, whereas the expression of VEGFR-3 was asso-
ciated with a favorable outcome in the study population (4).

In a recent meta-analysis of 5,386 NSCLC and SCLC 
patients, VEGF overexpression indicated poor survival for 
those with NSCLC histology, whereas VEGFR-3 expression 
did not affect prognosis (17).

Although the majority of these studies identified a 
correlation between VEGFR-1 and VEGFR-2 expression with 
poor prognosis, the data regarding the association of VEGFR3 
expression with survival are conflicting. For example, in a 
study of 180 NSCLC patients, the cases who stained positive 
for VEGF-C and VEGFR-3 exhibited worse survival rates 
compared with those with weak to no staining (P=0.003 and 
0.001 respectively) (18).

The diversity of the patient cohorts in terms of stage, 
histology, median follow-up and size between the various 
studies may, to some extent, account for these disparities.

Interestingly, in a previous study, angiogenic factor expres-
sion was strongly correlated with lower risk of progression 
only for patients with early-stage squamous cell lung cancer, 
but not for those with adenocarcinoma, which underlined the 
diverse biological role of angiogenesis between different histo-
logical subtypes of NSCLC (19).

Several studies have assessed an eventual asso-
ciation between MVD and prognosis in NSCLC patient. 
Macchiarini et al (20) demonstrated that an increased MVD 
count predicted the aggressive behaviour of the disease. In 
particular, NSCLC cases with increased MVD exhibited a 
higher metastatic potential, tumour size and proliferative 
activity. A meta-analysis published by Meert et al concluded 
that a high MVD assessed by CD34, factor VIII and CD31, 
is a poor prognostic factor of survival for surgically treated 
NSCLC patients (13).

However, in a meta-analysis of 2,719 NSCLC patients, 
MVD was not proven to be a prognostic marker of survival (33). 
It was therefore suggested that the apparent inconsistency may 
be attributed to methodological differences between studies, 
such as the antibody/marker used, sample selection and 
counting methods.

Regarding NSCLC management, induction chemotherapy, 
with or without the addition of radiotherapy, has been consid-
ered the gold standard treatment for stage IIIA NSCLC (34). 
However, in the currently available literature, no angiogen-
esis-related predictive factors of response to chemotherapy 
have been validated in large studies in this setting.

In the BATTLE trial (21), 255 heavily pretreated NSCLC 
patients were randomly allocated to receive erlotinib, 
vandetanib, erlotinib plus bexarotene, or sorafenib, based on 
molecular biomarkers assessed in fresh core needle biopsy 
specimens. Patients with high tumour VEGFR-2 expression 

exhibited improved 8-week disease control rates following 
treatment with vandetanib, compared with those exhibiting 
low VEGFR-2 expression (P=0.05). However, despite the 
improved control rate, VEGFR-2 expression failed to confer 
any statistically significant overall survival benefit in this 
phase II study.

Interestingly, several immunocytochemical markers, 
including angiogenesis markers, were evaluated in 515 cases of 
stage I NSCLC in relation to the clinical course of the disease. 
No sufficient evidence supporting any change in clinical prac-
tice emerged from that study (22).

Surprisingly, in a previous study, a high MVD index 
was predictive of disease response in NSCLC patients who 
received chemotherapy with the addition of bevacizumab, a 
monoclonal anti-VEGF antibody (23). In particular, a strong 
correlation was observed between the largest percentage of 
tumour shrinkage and the MVD of undifferentiated vessels 
(P=0.019). However, this finding has yet to be validated in 
large studies.

In a recently published study, the predictive value of 
several angiogenic biomarkers, including angiopoietin-2, bone 
morphogenetic protein-9, epidermal growth factor (EGF), 
endoglin, endothelin-1, fibroblast growth factor (FGF)-1, 
FGF-2, follistatin, granulocyte-colony stimulating factor, 
heparin-binding EGF, hepatocyte growth factor (HGF), inter-
leukin-8, leptin, placental growth factor, VEGF-A, VEGF-C, 
and VEGF-D, was assessed in 41 patients with stage IV 
non-squamous NSCLC, treated with either chemotherapy 
alone or with the addition of bevacizumab. Serum was collected 
before and after treatment initiation. An increased VEGF-A 
level after the first cycle of chemotherapy was correlated with 
worse progression-free survival (PFS) in patients who received 
chemotherapy with bevacizumab. By contrast, increased leptin 
levels were associated with improved survival in the group 
that received the antibody. Increased angiopoietin-2, HGF, 
follistatin, VEGF-C and VEGF-D levels were associated with 
poor survival, whereas increased FGF-1 and endothelin-1 
levels predicted improved survival (25). Another study evalu-
ated the same panel of angiogenic factors in 68 patients with 
stage IV non-squamous NSCLC, treated with either chemo-
therapy alone or with the addition of bevacizumab. Serum was 
collected immediately prior to chemotherapy. High levels of 
endothelin-1, follistatin and VEGF-C were associated with 
worse PFS, regardless of the type of chemotherapy. High HGF 
levels conferred worse PFS and overall survival in patients 
who received chemotherapy with bevacizumab compared 
with those who received chemotherapy alone. Similarly, high 
endoglin levels were correlated with worse PFS in patients 
who received the antibody (24).

In our study, the expression of certain angiogenic factors 
in relation to the response to induction TIP chemotherapy was 
retrospectively assessed. The unexpectedly high response rate 
(64%; 95% confidence interval: 50.7‑77.3%) observed with this 
regimen in a previous study by our group led us to retrospec-
tively focus on possible biomarkers affecting prognosis and 
chemotherapy effectiveness in the study population (27).

Although there is no direct evidence that TIP chemo-
therapy or its individual components target angiogenesis, 
the association between high pretreatment expression of 
VEGFR-1 and VEGFR-3 and the response to chemotherapy 
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in our study may advocate a possible connection. In support 
of this hypothesis, data presented by Linderholm et al demon-
strated that a decrease of circulating VEGF level affects 
time-to-progression after 12 weeks of therapy with weekly 
paclitaxel in metastatic breast cancer patients, supporting a 
possible role for angiogenic factors in monitoring the treat-
ment efficacy of non‑VEGF-targeted therapies (35).

Furthermore, there is strong evidence of crosstalk between 
several diverse molecular pathways driving tumour invasion 
and metastasis in the cancer cell and its microenvironment (36). 
For example, agents targeting certain gene aberrations may 
also induce antiangiogenic responses. This may occur due to 
the downregulation of proangiogenic factors (37).

We therefore hypothesized there may be crosstalk between 
angiogenesis and molecular events that repair DNA damage, 
such as nucleotide excision repair and base-mismatch repair 
pathways. This hypothesis may explain the high effectiveness 
of the TIP regimen, which inhibits the repair of DNA lesions, 
in the presence of a high expression of VEGFR-1, VEGFR-3 
and CD34.

Tumour stroma, which is composed of fibroblastic, inflam-
matory and immune cells, is an additional source of angiogenic 
factors (38). In particular, there is a network of paracrine and 
autocrine signaling pathways within the tumour cell and its 
microenvironment. This network may be an appealing thera-
peutic target in NSCLC (39). Tumour-inducible hypoxia in the 
stroma may impede the activity of common chemotherapy regi-
mens. The synergism between paclitaxel and alkylating agents, 
such as cisplatin and ifosfamide, has been extensively investi-
gated (40). This phenomenon may explain the effectiveness of 
the TIP regimen as an induction or even rescue treatment in 
several diverse malignancies (41-43). Whether the TIP regimen 
may overcome the tumour hypoxia and exert its action in the 
tumour microenvironment requires further investigation.

In our study, CD34 expression was evident in all the samples 
examined and significantly higher in responders, whereas only 
one-fifth of the patients exhibited immunostaining for the 
marker CD105, without any effect on treatment outcome. A 
likely reason for this variability is the inherent capacity of the 
pan-endothelial marker CD34 to react well with endothelial 
cells in all blood vessels (11), as opposed to CD105, which 
appears to bind preferentially to activated endothelial cells in 
tissues participating in angiogenesis (12).

The retrospective nature and the small population of our 
study limit the impact of the results. However, given the scar-
city of the literature in translational research studies and the 
lack of predictive factors in the treatment of non-metastatic 
NSCLC, we suggest that the results of this study merit further 
investigation. In line with this, we plan to conduct a study 
in order to assess angiogenic factor expression and its effect 
on response to chemotherapy regimens with antiangiogenic 
activity, such as bevacizumab and metronomic vinorelbine, for 
stage IV NSCLC patients.
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