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Abstract Purpose: The vascular endothelial growth factors (VEGF-A, -C, -D) and the VEGF receptors
(VEGFR-1, -2, and -3) are important molecular markers in angiogenesis and lymphangiogenesis.
This study elucidates the prognostic significance of thesemolecular markers in tumor cells aswell
as in the tumor stroma of resected non ^ small cell lung cancer tumors.
Experimental Design: Tumor tissue samples from 335 resected patients with stage I to IIIA
disease were obtained and tissue microarrays were constructed from duplicate cores of tumor
cells and surrounding stromal tissue from each resected specimen. Immunohistochemistry was
used to evaluate the expression of each molecular marker. Microvessel density was assessed by
CD34 immunohistochemical staining.
Results: In univariate analyses, high tumor cell expression of VEGF-A (P = 0.0005),VEGFR-1
(P = 0.013),VEGFR-2 (P = 0.006), andVEGFR-3 (P = 0.0003) were negative prognostic indica-
tors for disease-specific survival (DSS). In tumor stroma, however, high expression of VEGF-A
(P = 0.017), VEGF-C (P = 0.003), VEGF-D (P = 0.009), VEGFR-1 (P = 0.01), and VEGFR-2
(P = 0.019) correlatedwith goodprognosis.There was no significant correlation betweenmicro-
vessel density and DSS. In multivariate analyses, high expression in tumor cells of VEGFR-3
(P = 0.007) was an independent negative prognostic factor for DSS, whereas in stromal cells,
highVEGF-C (P = 0.004) expression had an independent positive survival impact.
Conclusion:These are the first tissue microarray data in non ^ small cell lung cancers showing a
positive prognostic impact by highly expressed angiogenicmarkers in tumor stroma,withVEGF-C
as a major independent prognostic indicator.

The non–small cell lung cancers (NSCLC) comprise 80% of
lung cancers and the vast majority of these patients present with
advanced disease and have a grim prognosis (1, 2). Of the
25% which are considered candidates for curative surgery at
diagnosis (stage I-IIIA), 65% will relapse within 2 years and
subsequently die of metastatic spread (3, 4).
To improve the clinical outcome of patients with NSCLC,

elucidating themechanisms of tumor biology is consideredmost
important. As the malignant tumor requires angiogenesis to
grow beyond 1 to 2 mm3 in size or to metastasize (5), angioge-
nesis is regarded to be one of the hallmarks of cancer develop-
ment (6). Thus, the inhibition of tumor angiogenesis is a pivotal
therapeutic strategy. Already, some antiangiogenic agents are
available for clinical therapy and more are in the pipeline (7).

Various angiogenic mechanisms may be differentially im-
portant in different tumor types and/or stages of neoplastic
progression (8). However, one of the major pathways involved
in angiogenesis is the vascular endothelial growth factor (VEGF
and VEGFR) family of proteins and receptors (9). This family
comprises six secreted glycoproteins of which VEGF-A, VEGF-C,
and VEGF-D are of great significance (8, 10). These VEGF
ligands mediate their angiogenic effect via the receptor tyrosine
kinases VEGFR-1 (flt-1), VEGFR-2 (KDR or Flk-1), and VEGFR-3
(Flt-4; refs. 11–13). VEGF-A has been regarded as the major
player for angiogenesis. It binds to VEGFR-1 and VEGFR-2, of
which VEGFR-2 is the major mediator of the mitogenic and
angiogenic effects of VEGF-A. VEGF-C and VEGF-D activate
VEGFR-3 and seem to be important for lymphatic endothelial
cell growth, migration, and survival. However, proteolytically
processed VEGF-C and VEGF-D can also induce blood vessel
growth by activating VEGFR-2 (14, 15). VEGFR-3 deletion leads
to defects in blood vessel remodeling and embryonic death at
midgestation, indicating that activation of VEGFR-3 might
promote both angiogenesis and lymphangiogenesis (16, 17).
These angiogenic markers are important in the interaction

between a diversity of stromal and tumor cells (18). In tumor
development, the angiogenic switch is associated with the onset
of expression and secretion of angiogenic factors by tumor cells.
The tumor cell secretion of growth factors leads to a complex
interplay with subsequent stromal secretion of growth factors
and activation of endothelial cell receptors (19). Unlike normal
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tissue, the tumor stroma contains increased amounts of inflam-
matory infiltrates, an increased microvessel density (MVD) with
dysfunctional lymphatics and blood vessels, and a denser extra-
cellular matrix with reactive fibroblasts (20). There is growing
recognition that the tumor stroma plays a crucial role in
tumorigenesis (21), but many questions regarding the cross-
talk between stromal and tumor cells, as a part of the
angiogenic process, remains to be answered.
To assess the prognostic significance of VEGF-A, -C and -D

and their receptors VEGFR-1, -2, and -3, we examined the
ligand and receptor expressions in both tumor cells and stroma
of resected NSCLC tumors.

Patients andMethods

Patients and clinical samples. Primary tumor tissues from anony-
mized patients diagnosed with pathologic stage I to IIIA NSCLC at the
University Hospital of Northern Norway and Nordland Central
Hospital from 1990 to 2004 were used in this retrospective study. In
total, 371 patients were registered from the hospital database. Of these,
36 patients were excluded from the study due to (a) radiotherapy or
chemotherapy prior to surgery (n = 10), (b) other malignancy within
5 years prior to NSCLC diagnosis (n = 13), and (c) inadequate paraffin-
embedded fixed tissue blocks (n = 13). Thus, 335 patients with
complete medical records and adequate paraffin-embedded tissue
blocks were eligible.
This report includes follow-up data as of September 30, 2005. The

median follow-up was 96 (range, 10-179) months. Complete demo-
graphic and clinical data were collected retrospectively. Formalin-fixed
and paraffin-embedded tumor specimens were obtained from the
archives of the Departments of Pathology at University Hospital of
Northern Norway and Nordland Central Hospital. The tumors were
staged according to the International Union Against Cancer’s tumor-
node-metastasis classification and histologically subtyped and graded
according to WHO guidelines (22). The National Data Inspection Board
and The Regional Committee for Research Ethics approved the study.
Microarray construction. All lung cancer cases were histologically

reviewed by two pathologists (S. Al-Saad and K. Al-Shibli) and the most
representative areas of tumor cells (neoplastic cells) and tumor stroma
were carefully selected and marked on the H&E slide and sampled for
the tissue microarray blocks (TMA). The TMAs were assembled using a
tissue-arraying instrument (Beecher Instruments). The detailed meth-
odology has been previously reported (23). Briefly, we used a 0.6-mm
diameter stylet, and the study specimens were routinely sampled with
two replicate core samples (different areas) of neoplastic tissue and two
of tumor stroma. Normal lung tissue localized distant from the primary
tumor were used as negative controls.
To include all core samples, eight tissue array blocks were constructed.

Multiple 5-Am sections were cut with a Micron microtome (HM355S)
and stained by specific antibodies for immunohistochemistry analysis.
Immunohistochemistry. The applied antibodies were subjected to in-

house validation by the manufacturer for immunohistochemical
analysis on paraffin-embedded material. The antibodies used in the
study were as follows: VEGF-A (1:10, rabbit polyclonal; RB-1678;
Neomarkers), VEGF-C (1:25, rabbit polyclonal; 18-2255; Zymed
Laboratories), VEGF-D (1:40, mouse monoclonal; MAB286; R&D
Systems), VEGFR-1 (1:10, rabbit polyclonal; RB-1527; Neomarkers),
VEGFR-2 (1:25, rabbit polyclonal; RB-9239; Neomarkers), and VEGFR-
3 (1:10, rabbit polyclonal; Sc-321; Santa Cruz Biotechnology).
Sections were deparaffinized with xylene and rehydrated with etha-

nol. Antigen retrieval was done by placing the specimen in
0.01 mol/L of citrate buffer at pH 6.0 and exposed to repeated (twice)
microwave heating of 10 min (except VEGFR-3, twice for 5 min) at
450 W. VEGF-D was heated for 45 min in a water bath in 0.01 mol/L of
citrate buffer. The DAKO EnVision+ System-HRP kit (diaminobenzi-

dine) was used for endogen peroxidase blocking. As negative staining
controls, the primary antibodies were replaced with the primary
antibody diluent. Primary antibodies were incubated for 30 min in
room temperature (except VEGFR-3, 20 min, and VEGF-D, overnight at
4jC). The DAKO EnVision+ System-HRP kit (diaminobenzidine) was
used to visualize the antigens. This was followed by the application of
liquid diaminobenzidine and substrate-chromogen, yielding a brown
reaction product at the site of the target antigen. Finally, all slides were
counterstained with hematoxylin to visualize the nuclei. For each
antibody, including negative staining controls, all TMA stainings were
done in a single experiment.
Immunohistochemical scoring. By light microscopy, representative

and viable tissue sections were scored semiquantitatively for cytoplas-

mic staining. The dominant staining intensity in both tumor cells and

stromal cells was scored as 0, negative; 1, weak; 2, intermediate; and 3,

strong (Fig. 1). The cell density of the stroma was scored as 1, low

density; 2, intermediate density; 3, high density (Fig. 1). All samples

were anonymized and independently scored by two pathologists

(S. Al-Saad and K. Al-Shibli). In case of disagreement, the slides were

reexamined and a consensus was reached by the observers. In most

tumor cores, as well as in some stromal cores, there are a mixture of

stromal cells and tumor cells. However, by morphologic criteria they

have only scored the staining intensity of tumor cells in tumor cores

and the intensity and density of stromal cells in stromal cores. When

assessing one variable for a given core, the observers were blinded to the

scores of the other variables and to outcome. To evaluate the

interindividual variability with respect to immunohistochemical

scoring, 100 consecutive tumor cell cores and tumor stroma cores

stained for VEGF-C and VEGFR-3, evaluated by two pathologists

(S. Al-Saad and K. Al-Shibli), were examined. The mean score for

duplicate cores from each individual was calculated separately in tumor

cells and stroma, and high expression in tumor cells was defined as

score z2 (VEGF-C, VEGF-D, VEGFR-2), or >2 (VEGF-A, VEGFR-1,

VEGFR-3). Stromal expression was calculated by summarizing density

score (1-3) and intensity score (0-3) prior to categorizing into low and

high expression. High expression in stroma was defined as score z4
(except VEGF-A >4).
MVD. We assessed MVD by CD34 immunohistochemical staining

and any stained endothelial cell or endothelial cell cluster separated
from other stromal elements was considered as single countable
microvessels. The MVD was defined as the number of microvessels
identified within one array core (0.6 mm diameter), tumor or stromal
MVD was scored as 0, negative; 1, 1-10 vessels per core; 2, 11-20 vessels
per core; 3, >20 vessels per core. In tumor cores, only microvessels
surrounded by viable tumor cells were counted, whereas in stromal
cores, only microvessels adjacent to other stromal cells were scored. As
for the VEGFs and VEGFRs, a mean score for duplicate cores from each
individual was calculated separately in tumor cells and stroma. High
MVD in tumor cores was defined as a mean score = 2.5 or 3, whereas in
stromal cores, high MVD was defined as a mean score = 3.
Statistical methods. All statistical analyses were done using the

statistical package SPSS, version 14. The immunohistochemistry scores
from each observer were compared for interobserver reliability by use of
a two-way random effect model with absolute agreement definition.
The intraclass correlation coefficient (reliability coefficient) was
obtained from these results. The m2 test and Fishers exact test were
used to examine the association between molecular marker expression
and various clinicopathologic variables. Univariate analysis was done
by using the Kaplan-Meier method, and statistical significance between
survival curves was assessed by the log-rank test. Disease-specific
survival (DSS) was determined from the date of surgery to the time of
lung cancer death. To assess the independent value of different
pretreatment variables on survival in the presence of other variables,
multivariate analysis was carried out using the Cox proportional
hazards model. Only variables of significant value from the univariate
analysis were entered into the Cox regression analysis. Probability for
stepwise entry and removal was set at 0.05 and 0.10, respectively.
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Results

Clinicopathologic variables. Demographic, clinical, and his-
topathologic variables are shown in Table 1. The median age
was 67 (range, 28-85) years and the majority of the patients
were male (76%). The NSCLC tumors comprised 191
squamous cell carcinomas, 95 adenocarcinomas, 31 large-cell
carcinomas, and 18 bronchioalveolar carcinomas. Due to nodal
metastasis or nonradical surgical margins, 59 (18%) patients
received postoperative radiotherapy.
Interobserver variability. Interobserver scoring agreement

was tested for one ligand (VEGF-C) and one receptor
(VEGFR-3). For VEGF-C: tumor r = 0.95, P < 0.001; stroma
intensity r = 0.93, P < 0.001; stroma density r = 0.93, P < 0.001.
For VEGFR-3: tumor r = 0.98, P < 0.001; stroma intensity
r = 0.96, P < 0.001; stroma density r = 0.97, P < 0.001.
Expression of angiogenic markers and their correlations.

Angiogenic marker expression was observed in the cytoplasm
of tumor cells. Based on morphologic criteria, pneumocytes in
control cores from normal lung tissue distant from the primary
tumor showed no significant immunostaining. In tumor
stroma and in control cores, inflammatory cells (macrophages,
lymphocytes, granulocytes, and plasma cells) frequently
showed positive staining, whereas fibroblast-like cells occa-
sionally presented positive staining. No correlation was
observed between tumor cell or stromal angiogenic marker
expression and performance status, tumor differentiation,
vascular infiltration, or histology (except high stromal expres-

sion of VEGF-C in large-cell carcinomas; P = 0.04). Tumor cell
VEGFR-1 (P = 0.03) and VEGFR-3 (P = 0.02) overexpression
was more common in patients younger than 65 years. With the
exception of tumor cell VEGF-A expression (high expression;
T1 versus T2 and T3, 27% versus 49% and 41%, respectively;
P = 0.001), no association was seen between T stage and
expression rates.
No correlation was observed between tumor core MVD and

VEGF or VEGFR expression. For stromal core MVD, there was
a significant correlation between MVD and stromal VEGF-C
(r = 0.11, P = 0.034) and between MVD and stromal VEGF-D
(r = 0.17, P = 0.002).
Univariate analysis. In addition to clinical variables

(Table 1), tumor cell expression of VEGF-A (P = 0.0005),
VEGFR-1 (P = 0.013), VEGFR-2 (P = 0.006), and VEGFR-3
(P = 0.0003) and stromal expression of VEGF-A (P = 0.017),
VEGF-C (P = 0.003), VEGF-D (P = 0.009), VEGFR-1 (P = 0.01),
and VEGFR-2 (P = 0.019) were prognostic indicators for DSS
(Table 2; Figs. 2 and 3). There was no significant association
between tumor core MVD (P = 0.96) or stromal core MVD
(P = 0.19) and DSS.
Multivariate Cox proportional hazards analysis. In multivar-

iate analyses (Table 3), including clinicopathologic variables
and angiogenic markers, tumor cell expression of VEGFR-3
(P = 0.007), stromal cell expression of VEGF-C (P = 0.004),
performance status (P = 0.005), histologic differentiation
(P = 0.018), T-stage (P = 0.003), N-stage (P = 0.003), and
vascular infiltration (P = 0.042) were independent prognostic

Fig. 1. Immunohistochemical analysis of
TMAof NSCLC representing different scores
for tumor cellVEGFR-3 and stromalVEGF-C.
A, tumor cellVEGFR-3 score1; B, tumor cell
VEGFR-3 score 3; C, stromalVEGF-C low
score (density 1, intensity 0); and D, stromal
VEGF-C high score (density 3, intensity 3).
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factors. High expression of tumor cell VEGFR-2 tended towards
an independent negative effect on survival, but did not reach
statistical significance (P = 0.085).

Discussion

We present the first large-scale study using high-throughput
TMA analyses to examine the prognostic impact of both tumor
cell and stromal VEGF-A, -C, and -D and VEGFR-1, -2, and -3 in
an unselected population of surgically resected NSCLC patients.

Interestingly, stromal VEGF-A, -C, -D and VEGFR-1 and -2 all
showed a significant positive correlation between expression
and prognosis, quite contrary to the inverse association
between tumor cell angiogenic marker expression and progno-
sis. In multivariate analysis, high stromal expression of VEGF-C
correlated with a good prognosis, whereas high tumor cell
expression of VEGFR-3 was a negative prognostic indicator
for DSS.
TMA for immunophenotyping of malignant tumors has

been validated (24) and used in lung cancer research (23).

Table 1. Prognostic clinicopathologic variables as predictors for DSS in 335 patients with NSCLC (univariate
analysis; log-rank test)

Characteristic Patients (n) Patients (%) Median survival (mo) 5-y survival (%) P

Age (y)
V65 156 47 104 57 0.62
>65 179 53 NR 58

Sex
Female 82 25 127 65 0.19
Male 253 75 84 55

Smoking
Never 15 5 19 43 0.13
Present 215 64 NR 60
Previous 105 31 84 54

Performance status
Normal 197 59 NR 62 0.04
Slightly reduced 120 36 61 52
In bed <50% 18 5 36 40

Weight loss
<10% 303 90 127 57 0.92
>10% 32 10 NR 57

Histology
SCC 191 57 NR 65 0.30
Adenocarcinoma 95 28 52 44
BAC 18 5 NR 67
LCC 31 9 84 54

Differentiation
Poor 138 41 48 48 0.001
Moderate 144 43 NR 64
Well 53 16 NR 65

Surgical procedure
Lobectomy + wedge* 243 73 NR 61 0.0009
Pneumonectomy 92 27 35 46

Stage
I 212 63 NR 68 <0.0001
II 91 27 41 46
IIIa 32 10 18 22

Tumor status
1 90 27 NR 75 0.002
2 218 65 84 52
3 27 8 42 43

Nodal status
0 232 69 NR 66 <0.0001
1 76 23 37 43
2 27 8 18 20

Surgical margins
Free 307 92 127 58 0.34
Not free 28 8 64 51

Vascular infiltration
No 284 85 NR 61 0.0005
Yes 51 15 25 35

Postoperative radiotherapy
No 276 82 NR 61 0.002
Yes 59 18 41 42

Abbreviations: NR, not reached; SCC, squamous cell carcinoma; BAC, bronchioalveolar carcinoma; LCC, large-cell carcinoma.
*Wedge, n = 10.
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Although the presence of a protein alone is not proof of its
functional role in tumor growth, in situ studies by immuno-
histochemistry in large tumor samples may be valuable in
targeting possible autocrine and paracrine loops which merit
validation by further functional studies (25), and in
correlating the tumor expression level of target proteins with
survival.

High stromal VEGF-C expression emerges as an independent
protective factor against NSCLC-related death, but the under-
lying mechanisms remain debatable. Why does an increased
expression of angiogenic ligands and receptors in stroma
correlate with a better prognosis? It has been shown that
tumor cells could change the stromal host compartment and
modulate the metabolism and response of resident cells, thus

Table 2. Tumor cell and stromal angiogenic markers as predictors for DSS in 335 patients with NSCLC
(univariate analysis; log-rank test)

Marker expression Patients (n) Patients (%) Median survival (mo) 5-y survival (%) P

VEGFR-1
Tumor
Low 249 74 NR 62 0.013
High 86 26 43 46

Stroma
Low 202 60 75 52 0.010
High 133 40 127 64

VEGFR-2
Tumor
Low 140 42 NR 66 0.006
High 195 58 71 51

Stroma
Low 268 80 83 54 0.019
High 67 20 127 68

VEGFR-3
Tumor
Low 211 63 NR 65 0.0003
High 120 36 47 45
Missing 4 1

Stroma
Low 225 67 104 56 0.83
High 108 32 127 59
Missing 2 1

VEGF-A
Tumor
Low 192 57 NR 66 0.0005
High 142 43 52 48
Missing 1 0

Stroma
Low 292 87 83 55 0.017
High 43 13 127 72

VEGF-C
Tumor
Low 231 69 NR 60 0.14
High 104 31 71 52

Stroma
Low 266 79 71 53 0.003
High 69 21 127 75

VEGF-D
Tumor
Low 106 32 127 63 0.34
High 228 68 83 55
Missing 1 0

Stroma
Low 237 71 71 53 0.009
High 98 29 127 68

CD34
Tumor
Low 248 74 127 59 0.96
High 80 24 84 55
Missing 7 2

Stroma
Low 264 79 104 56 0.19
High 63 19 127 68
Missing 8 2

Abbreviation: NR, not reached.
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resulting in the formation of a stroma supporting the tumor
cells (26). Based on the results presented herein, one may
speculate if tissue defense or other mechanisms have the
capacity to reverse this process.

Even though proteolytically processed VEGF-C activate
VEGFR-2, unlike VEGF-A, the expression of VEGF-C does not
seem to be regulated by hypoxia, but is increased by
proinflammatory cytokines, indicating a role in inflammatory

Fig. 2. DSS curves according toVEGF-A, -C, and -D andVEGFR-1, -2 and -3 and expression in tumor cells.
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responses (27). The immune system has a paradoxical role
during cancer development; activation of the adoptive immune
system could eradicate malignant cells, whereas activation of
various types of innate immune cells may promote tumor

development. In a small study including 48 resected NSCLC
tumors, Kataki et al. (28) found that one-third of the
inflammatory cells in the tumor stroma were macrophages,
whereas two-thirds were tumor-infiltrating lymphocytes.

Fig. 3. DSSwith respect toVEGF-A, -C, and -D andVEGFR-1, -2, and -3 in stroma.
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Whether ligands and receptors might have different functions
in stroma versus tumor cells or whether the expression might
reflect the density of the adoptive immune system which may
protect against tumor development, remains unresolved.
The association between stromal angiogenic factor expression

and survival in NSCLC has, to our knowledge, been examined
in only two previous studies (29, 30). Ogawa et al. (30)
investigated the prognostic impact of stromal VEGF-C in stage I
to IIIA NSCLC. Here, VEGF-C was examined in stromal
macrophages only, but without demonstrating any prognostic
impact. In the present study, the stromal investigation was
more comprehensive as macrophages, lymphocytes, granulo-
cytes, plasma cells, and fibroblast-like cells were included in the
assessments. The stromal expression presented for each specific
VEGF or VEGFR is the total expression following the addition of
all stromal cells.
With respect to tumor cells, our results on angiogenic marker

expression are consistent with previous findings in studies
using conventional tissue sections. The significant correlation
between high tumor cell expression of VEGF-A and VEGFR-2
and poor prognosis confirms previous studies (31–33). A poor
prognostic impact was not seen for tumor cell VEGF-C

expression. Although, hitherto, there is no consensus about
the prognostic impact of tumor cell VEGF-C expression in
NSCLC. Ogawa et al. (30) reported VEGF-C to be an inde-
pendent prognostic indicator for survival in NSCLC, whereas
others detected a significant association in univariate analysis
only (34, 35) or not at all (36).
To our knowledge, no previous study has examined the

prognostic impact of VEGF-D with regard to DSS in NSCLC.
Although high tumor cell expression of VEGF-D has been linked
to poor prognosis in gastric (37), colorectal (38), breast (39),
ovarian (40), and endometrial carcinomas (41), this association
could not be identified in our patients with NSCLC. In contrast,
its main receptor, VEGFR-3, was the only significant indepen-
dent prognostic marker, supporting previously reported find-
ings from a smaller NSCLC study by Arinaga et al. (42).
The interplay between tumor cells and stroma, including the

vasculature, is complex, and antiangiogenic therapy has thus
far mainly been designed to target the endothelial cells in the
vasculature. Interestingly, the VEGFRs are also expressed on
cancer cells (43, 44), suggesting the possibility of both auto-
crine and paracrine growth in VEGF-producing cells (45, 46).
This may indicate an additional direct effect of angiogenic
inhibitors against tumor cell proliferation. However, because
tumor cell targets are often elusive due to mutations, most cells
in the tumor stroma are genetically more stable (47) and may
accordingly be of greater interest for targeted therapies.
Earlier studies have shown a negative prognostic impact of

high MVD in NSCLC (31). Although most studies investigating
angiogenesis in tumors have determined MVD by estimating the
number of microvessels in the most vascular areas (so-called
‘‘hotspots’’) as described by Weidner, or applied the Chalkley
counting technique (48, 49). To our knowledge, this is the first
TMA study to evaluate the effect of MVD in NSCLC. We found
a significant correlation between high stromal VEGF-C and
VEGF-D expression and high MVD. However, these results
might be questioned because there was no prognostic impact
of MVD in tumor or stromal cores. Neither did we find a
correlation between tumor cell VEGF-A expression and MVD.
This may be due to the TMA technique’s unsuitability for
evaluating MVD in NSCLC, consistent with the conclusion after
using conventional tissue sections versus TMA in a study
evaluating MVD in primary hepatocellular carcinomas (50).
In conclusion, high stromal expression of VEGF-A, -C, -D and

VEGFR-1 and -2 favors a good prognosis, with stromal VEGF-C
as the only independent positive predictor of survival. The
underlying mechanism behind the beneficial role of these
angiogenic markers in stroma is not fully understood. Although
the TMA technique is suitable for evaluating the role of tumor
cell or stromal expression of angiogenic markers, the method
seems unsuitable for evaluating MVD in NSCLC. To further
elucidate the prognostic role of the stroma in tumor angiogen-
esis, and its possible role in targeted therapy, additional studies
are needed to assess the individual contribution by the different
categories of stromal cells.

Table 3. Results of Cox regression analysis
summarizing significant independent prognostic
factors

Factor Hazard ratio
(95% confidence interval)

P

Tumor status 0.003*
1 1.000
2 1.992 (1.223-3.244) 0.006
3 3.070 (1.520-6.201) 0.002

Nodal status 0.003*
0 1.000
1 1.889 (1.240-2.878) 0.003
2 1.988 (1.139-3.470) 0.016

Performance status 0.005*
Normal 1.000
Slightly reduced 1,906 (1.288-2.822) 0.001
In bed <50% 1,648 (0.700-3.882) 0.253

Differentiation 0.018*
Poor 1.000
Moderate 0.561 (0.373-0.843) 0.005
Well 0.679 (0.375-1.229) 0.201

Vascular infiltration 0.042
No 1.000
Yes 1.644 (1.019-2.654)

VEGFR-3 tumor 0.007
Low 1.000
High 1.686 (1.153-2.466)

VEGF-C stroma 0.004
Low 2,282 (1.307-3.985)
High 1.000

*Overall significance as a prognostic factor.
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