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Abstract: Angiogenesis is essential for invasive tumor growth and metastasis. Bevacizumab has been widely used 
for the treatment of non-small cell lung cancer (NSCLC). Various studies clearly demonstrate the relevance of Id-1 
and VEGF in angiogenesis. The aim of this study was to establish the role of Id-1 expression in tumor progression 
and angiogenesis in relation to VEGF in NSCLC. Seventy five patients underwent surgery for lung cancers. The 
expressions of Id-1 and VEGF in NSCLC samples were determined by immunohistochemistry. Expression of Id-1 
and VEGF showed a close correlation in NSCLC (p < 0.001). In addition, Id-1 strong expression group showed high 
incidence of metastasis in multivariate analysis (p = 0.028). Id-1 strong expression group had short metastasis-free 
survival (p = 0.008) and short recurrence-free survival (p = 0.027). Strong Id-1 expression in NSCLC had a poor 
prognosis in association with VEGF expression. Id-1 may function in tumor growth and progression via angiogenesis. 
Therefore, Id-1 is considered to be a candidate for new therapeutic target and a prognostic factor in NSCLC.

Keywords: Id proteins, vascular endothelial growth factor (VEGF), non-small cell lung cancer, prognosis, metasta-
sis

Introduction

Non-small cell lung cancer (NSCLC) is one of 
the major causes of death across the world. 
Despite critical advances in its treatment, this 
disease still results in unsatisfactory prognosis 
and median survival for patients. Vascular 
endothelial growth factor (VEGF) is one of the 
key mediators of angiogenesis and its overex-
pression is associated with poor prognosis in 
various tumors [1-3]. Angiogenesis is essential 
for tumor growth and metastasis and is related 
to poor prognosis of NSCLC. The inhibition of 
VEGF by molecular-targeting agent is the lead-
ing treatment of NSCLC nowadays. Bevacizu- 
mab is one of the agents that use this molecu-
lar-targeted therapy [4].

The inhibitor of DNA-binding (Id) protein, one of 
the HLH proteins lacking DNA-binding domain, 
acts as a negative regulator of cell transcription 
[5]. During mammalian embryogenesis, Id fam-
ily of proteins (Id 1, Id 2, Id 3, and Id 4) are 
expressed in multiple tissues [6, 7]. Id-1 plays 
an important role in angiogenesis and Id-3 is 

found to be expressed in tumors; there are sev-
eral articles demonstrating the association 
between VEGF and Id-1 in angiogenesis [8-12]. 
Because regardless of histologic type of non-
small cell lung cancer, Bevacizumab had been a 
leading treatment of NSCLC in association of 
VEGF and angiogenesis. From the point of view 
of angiogenesis and VEGF, we want to investi-
gate relationship between Id-1 protein expres-
sion and poor prognosis. Further, there are 
many researches that show an association 
between high level of Id-1 expression and pro-
gression of cancer [13]. The aim of this study 
was to establish the role of Id-1 expression in 
tumor progression and angiogenesis in relation 
to VEGF in NSCLC.

Materials and methods

Patients and tissue sample

Formalin-fixed paraffin-embedded specimens 
were obtained from 75 patients with stage I–IIB 
NSCLC who underwent surgical resection with-
out adjuvant chemotherapy at Kyungpook 
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Table 1. Clinical characteristics in 75 primary 
nonsmall cell lung cancer patients
Clinicopathologic feature N %
Gender
  Female 19 25.3
  Male 56 74.7
Age
  ≤ 60 27 36
  > 60 48 64
pT stage
  pT1 26 34.7
  pT2a 37 49.3
  pT2b 6 8
  pT3 6 8
pN stage
  pN0 73 97.33
  pN1 1 1.33
  pN2 1 1.33
Diagnosis
  Squamous cell carcinoma 46 61.33
  Adenocarcinoma 28 37.33
  Adenosquamous cell carcinoma 1 1.33
Distant metastasis (at diagnosis)
  None detected 75 100
  Present 0 0
Distant metastasis (Follow-up)
  None detected 67 89.3
  Present 8 10.7
Recurrence
  Yes 11 14.7
  No 64 85.3

National University Hospital, and were recruit-
ed between 2003 and 2007. The pathological 
stages of the tumor were determined according 
to the TNM classification system of American 
Joint Committee on Cancer, 7th edition. We 
intentionally sampled relatively less advanced 
stage of lung cancer (up to stage IIB) with lean-
ing towards stage of pT1 and pT2 (Table 1, pT1: 
34.7%, pT2a: 49.3%, pT2b: 8%, pT3: 8%). There 
is only two patient underwent lymph node 
metastasis in our cohort. No patient was lost 
on follow-up. The median duration of follow-up 
was 61.67 months for disease-free patients, 
38.45 months for relapsed patients, and 24.25 
months for patients who showed metastasis. 
The relevant clinical information was extracted 
from the medical records (Table 1). The expres-
sions of Id-1 and VEGF were evaluated by immu-

nohistochemical stain. The pathology of each 
tumor sample was reevaluated by two experi-
enced pathologists (T. I. Park and S. Z. Kim).

Tissue microarray construction

Seventy-five surgically resected specimens 
were used to prepare the tissue microarray for 
immunohistochemical stain analysis. The rep-
resentative tumor areas of each specimen 
were selected by experienced pathologists (T. I. 
Park and S. Z. Kim). The tumor core tissues 5 
mm in diameter were obtained from formalin-
fixed paraffin-embedded tissues and trans-
ferred to TMA blocks. One normal lung core tis-
sue was included each TMA blocks.

Immunohistochemical staining

Sections (4 μm) of formalin-fixed paraffin-
embedded tissue samples from lung cancers 
were cut with a microtome and dried overnight 

Figure 1. Immunohistochemical stain of Id-1 expres-
sion in normal lung specimens. A: Strong Id-1 immu-
noreactivity was present in the cytoplasm of alveolar 
macrophages. B: In the normal lung there was weak 
Id-1 immunoreactivity in the epitheliums of alveolus 
and endothelial cells.
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at 37°C on a salinized-slide. Immunohis- 
tochemical staining using Benchmark XT slide 

stainer (Ventana Medical System, Inc.) was per-
formed according to the manufacturer’s instruc-

Figure 2. Immunohistochemical stain of Id-1 expression in lung tumor cells. Weak to strong Id-1 immunoreactivity 
was present in the cytoplasm of cancer cells. There was four intensity categories. Intensities were classified as 0 (no 
staining), 1 (weak staining), 2 (distinct staining), 3 (strong staining), 4 (very strong staining).

Table 2. Immunohistochemical stain score of Id-1
Id-1 intensity Score 0 Score 1 Score 2 Score 3 Score 4
N (%) 0 (0%) 34 (45.33%) 12 (16%) 29 (38.67%) 0
Mean (i × Pi) Not applicable 85.0 135 225 Not applicable
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tions. Polyclonal anti-Id-1 antibodies (Abcam, 
San Francisco, CA) were added to TMA slides at 
a 1:20 dilution. Monoclonal anti-VEGF antibod-
ies (Dako Corporation, Glostrup, Denmark) 
were mixed with TMA slides at a 1:50 dilution.

Evaluation of immunohistochemical staining 
results

TMA of immunohistochemical staining for Id-1 
were evaluated in a semiquantitative fashion 
according the similar method described by 
McCarty et al and Maw et al [11]. We consider 
both the intensity and the percentage of cells 
stained in each of four intensity categories. 
Intensities were classified as 0 (no staining), 1 
(weak staining), 2 (distinct staining), 3 (strong 
staining), 4 (very strong staining). A normal lung 

core was included per each TMA. In normal 
lung tissue, alveolar macrophages were strong 
stained; endothelial cells and normal alveolar 
epitheliums were weak stained (Figure 1). 
These findings were based in scoring of inten-
sity. The cases stained on the same plane as 
alveolar macrophages were scored 3 (strong 
staining) and that of as normal alveolar epithe-
liums or endothelial cells were scored 1 (weak 
staining). In cases of more weak stained than 
scored 1 was scored 0 and more strong stained 
than score 3 were scored 4. In cases between 
score 1 and 3 were scored 2 (Figure 2). And 
then the scores were estimated by following 
algorithm: score= i × Pi, where i and Pi repre-
sent intensity and percentage of cells that stain 
at each intensity (Table 2). Results were 

Figure 3. Immunohistochemical stain against VEGF on lung tumor cells. Score 0 ( no positive cells), score 1 (< 20% 
positive cells), score 2 (< 50% positive cells), score 3 (> 50% positive cells).

Table 3. Immunohistochemical stain score of VEGF
VEGF score Score 0 Score 1 Score 2 Score 3 Score 4
N (%) 38 (50.67%) 16 (21.33%) 6 (8%) 15 (20%) 0 (0%)
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of two groups in metastasis free survival, and 
Breslow test was used in recurrence free sur-
vival in which two survival curves did not show 
equal proportional hazards. Furthermore, we 
calculated odds ratios (ORs) for metastasis and 
recurrence to evaluate the significant predic-
tors of metastasis and recurrence using uni-
variate and multivariate logistic regression 
analysis. Logistic regression model included 
id-1 expression, age, sex, diagnosis, VEGF, T 
stage, N stage, and EGFR. For the purpose of 
this article, a p-value of < 0.05 was considered 
statistically significant.

Results

Relationship between Id-1 expression and 
VEGF with clinicopathologic characteristics

The mean age of strong Id-1 group (62.6 ± 8.1 
years) was higher than that of weak Id-1 group 
(61.9 ± 9.6 years), but did not reach statistical 
significance. In addition, independent variables 
such as sex, T stage, N stage, and EGFR expres-

assigned to two groups according to their over-
all scores: weak ≤ 200; strong > 200. The 
stained sections were reviewed by two inde-
pendent observers who had no knowledge of 
the clinical data of patient cohorts (M. H. Han 
and J. Y. Jung) and reevaluated by one indepen-
dent observer (J. S. Kim). The unstained and 
weak cytoplasmic stained group (score ≤ 200) 
was called the weak group, and strong cyto-
plasmic stained group (score > 200) was called 
the strong group.

TMA of immunohistochemical staining for VEGF 
were evaluated according the method described 
by Lammli J et al [1, 2]. Two investigators (M. H. 
Han and J. Y. Jung) independently read all IHC-
stained sections and graded the immunostains 
as 0 (negative), 1 (< 20% positive cells), 2 (< 
50% positive cells), 3 (> 50% positive cells), 
and 4 (100% positive) (Figure 3, Table 3). The 
group of lesser than 20% of VEGF+ cells was 
called the low-VEGF group, whereas specimens 
with more than 20% VEGF-positive cells was 
called the high-VEGF group.

Table 4. Id-1 expression and clinicopathologic characteristics
Id1 weak Id1 strong p-value
N = 50 N = 25

Age Mean ± S.D. 61.9 ± 9.6 62.6 ± 8.1 0.743
Sex male 38 (76.0%) 18 (72.0%) 0.707

female 12 (24.0%) 7 (28.0%)
Diagnosis SCC 35 (70.0%) 11 (44.0%) 0.031

AC 15 (30.0%) 13 (52.0%)
ASC 0 (0.0%) 1 (4.0%)

T stage 1 20 (40.0%) 6 (24.0%) 0.251
2 25 (50.0%) 18 (72.0%)
3 5 (10.0%) 1 (4.0%)

T stage 2 1 20 (40.0%) 6 (24.0%) 0.205
2 + 3 30 (60.0%) 19 (76.0%)

N stage 0 48 (96.0%) 25 (100.0%) > 0.99
1 1 (2.0%) 0 (0.0%)
2 1 (2.0%) 0 (0.0%)

N stage 2 0 48 (96.0%) 25 (100.0%) 0.550
1 + 2 2 (4.0%) 0 (0.0%)

VEGF weak 45 (90.0%) 9 (36.0%) < 0.001
strong 5 (10.0%) 16 (64.0%)

Metastasis negative 48 (96.0%) 19 (76.0%) 0.014
positive 2 (4.0%) 6 (24.0%)

Recurrence negative 46 (92.0%) 18 (72.0%) 0.035
positive 4 (8.0%) 7 (28.0%)

SCC: Squamous cell carcinoma; AC: Adenocarcinoma; ASC: Adenosquamous 
cell carcinoma.

Statistical analysis

Statistical analyses were done 
using SPSS 14.0 software. 
Student’s t-test, chi-square test, 
and Fisher’s exact test were 
employed to analyze the relation-
ship between Id-1 expression 
(independent variable) and VEGF 
expression with clinicopathologic 
characteristics including age, sex, 
diagnosis, T stage, N stage, and 
EGFR expression (dependent vari-
able). The same tests were per-
formed to analyze the relationship 
between VEGF expression (inde-
pendent variable) and Id-1 expres-
sion with clinicopathologic charac-
teristics (dependent variable). 
Furthermore, to evaluate the sig-
nificant predictor of metastasis 
and recurrence, univariate and 
multivariate logistic regression 
models were conducted. To esti-
mate the disease-free survival 
times of both the Id-1 weak and 
Id-1 strong groups, Kaplan-Meier 
analysis was performed with 
regard to metastasis and recur-
rence. Logrank test was used to 
compare the survival distribution 
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sion in immunohistochemistry did not show sta-
tistical significance. A significant independent 
variable of Id-1 was the tumor type of lung can-
cer. Of the tumor types, 70% of Id-1 weak 
expressions were squamous cell carcinoma 
and 30% of the tumors were adenocarcinoma. 
Furthermore, 44% of Id-1 strong expressed 
specimens were squamous cell carcinoma, 
52% were adenocarcinoma, and 4% were ade-
nosquamous cell carcinoma (p = 0.031). 
Especially VEGF expressions showed strong 
associations with Id-1 cytoplasmic expressions. 
Further, 90% of weak Id-1 expressions exhibit-
ed low-VEGF and 64% of strong Id-1 expres-
sions showed high-VEGF expression with a sta-
tistical significance (p < 0.001). Significant 
relation was observed between cytoplasmic 
Id-1 expression and metastasis in our cohort of 
patients. In the group of weak expression, 4% 
of cohort developed into metastasis, and in the 
group of strong expression, 24% of cohort 
developed into metastasis (p = 0.014). In addi-
tion, Id-1 expression was related to recurrence. 

To identify independent predictors for metasta-
sis and recurrence, univariate and multivariate 
logistic regression analyses were performed. 
All the clinicopathologic parameters, Id-1 pro-
tein and VEGF expression including age, sex, 
diagnosis, TNM stage, and EGFR by immunohis-
tochemical stain were taken into consideration. 
We found that strong expression of Id-1 was the 
only significant predictor of metastasis in uni-
variate analysis (odds ratio: 7.579 (1.404-
40.917), p = 0.019). In addition, we found that 
strong expression of Id-1 (odds ratio: 4.472 
(1.166-17.146), p = 0.029) and VEGF (odds 
ratio: 3.92 (1.047-14.678), p = 0.043), and 
diagnosis of adenocarcinoma (odds ratio: 
5.733 (1.373-23.934), p = 0.017) were signifi-
cant predictors of recurrence in univariate anal-
ysis. In the multivariate analysis, strong Id-1 
expression was the only significant predictor of 
metastasis (odds ratio: 9.85 (1.285-75.510), p 
= 0.028) and there was no significant indepen-
dent variable of recurrence (Tables 6 and 7).

Table 5. VEGF expression and clinicopathologic characteristics
VEGF weak VEGF strong p-value

N = 54 N = 21
Age Mean ± S.D. 62.4 ± 9.0 61.4 ± 9.7 0.691
Sex male 40 (74.1%) 16 (76.2%) 0.850

female 14 (25.9%) 5 (23.8%)
Diagnosis SCC 34 (63.0%) 12 (57.1%) 0.412

AC 20 (37.0%) 8 (38.1%)
ASC 0 (0.0%) 1 (4.8%)

T stage 1 20 (37.0%) 6 (28.6%) 0.449
2 31 (57.4%) 12 (57.1%)
3 3 (5.6%) 3 (14.3%)

T stage 2 1 20 (37.0%) 6 (28.6%) 0.489
2 + 3 34 (63.0%) 15 (71.4%)

N stage 0 52 (96.3%) 21 (100.0%) > 0.99
1 1 (1.9%) 0 (0.0%)
2 1 (1.9%) 0 (0.0%)

N stage 2 0 52 (96.3%) 21 (100.0%) > 0.99
1 + 2 2 (3.7%) 0 (0.0%)

ID weak 45 (83.3%) 5 (23.8%) < 0.001
strong 9 (16.7%) 16 (76.2%)

Metastasis negative 49 (90.7%) 18 (85.7%) 0.679
positive 5 (9.3%) 3 (14.3%)

Recurrence negative 49 (90.7%) 15 (71.4%) 0.063
positive 5 (9.3%) 6 (28.6%)

SCC: Squamous cell carcinoma; AC: Adenocarcinoma; ASC: Adenosquamous 
cell carcinoma.

In the study group, 8% of weak 
Id-1 group and 28% of strong Id-1 
group showed recurrence (p = 
0.035) (Table 4).

Relationship between VEGF 
expression and Id-1 expressions 
with clinicopathologic character-
istics

The mean age of low-VEGF group 
(62.4 ± 9.0 years) was higher 
than that of high-VEGF group 
(61.4 ± 9.7 years), but it did not 
reach statistical significance. In 
addition, any clinicopathologic 
parameter did not acquire statis-
tical significance except Id-1 
expression. The significant rela-
tionship between Id-1 expression 
and VEGF expression had been 
observed. Of these, 83.3% of low-
VEGF expressions show weak 
Id-1 expressions and 76.2% of 
the high-VEGF expressions exhib-
ited strong Id-1 expressions to 
statistical significance (p < 0.001) 
(Table 5).

Independent predictor of metas-
tasis and recurrence
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Disease-free survival with Id-1 expression

By Kaplan-Meier analysis, strong Id-1 expres-
sion group did show significant short metasta-
sis-free survival than that of weak Id-1 expres-
sion group (p = 0.008). Furthermore, strong 
Id-1 expression group did show significant short 
recurrence-free survival compared to the weak 
Id-1 expression group (p = 0.027) (Figure 4). All 
these results suggest that strong Id-1 expres-
sion group possibly has a poor prognosis com-
pared to the weak Id-1 expression group.

Discussion

The function of helix-loop-helix (HLH) proteins is 
important in the regulation of gene expressions 
and cell differentiations. Id (inhibitor of differ-
entiation/DNA synthesis) proteins form a dis-

tinct subfamily of HLH proteins. Because of the 
lack of DNA-binding regions, Id proteins nega-
tively regulate cell differentiation by dimeriza-
tion with the other basic HLH proteins [5]. Id-1 
is a member of the Id protein family (Id-1, Id-2, 
Id-3, and Id-4), and plays an important role in 
the control of cell cycle regulations and tran-
scriptions [6-8, 13]. Previous studies have 
shown that the expression of Id-1 and Id-3 in 
angiogenesis is necessary for the progression 
of the tumor xenograft [7, 8]. Therefore, it is 
assumed that Id-1 is likely to affect the growth 
and metastasis of tumor through angiogenesis. 
In fact, in many human tumors, a high level of 
Id-1 is related to a poor prognosis [12, 13].

Vascular endothelial growth factor was first dis-
covered as an endothelial specific growth fac-

Table 6. Independent predictor of metastasis
Dependent variable: Metastasis 8/75

Univariate Multivariate
Independent 
variable Reference OR 95% CIs p-value OR 95% CIs p-value

ID1 = strong weak 7.579 (1.404-40.917) 0.019 9.85 (1.285-75.510) 0.028 
Age 1.047 (0.956-1.146) 0.325 1.058 (0.937-1.193) 0.363 
Sex = male female 2.571 (0.295-22.377) 0.392 2.806 (0.189-41.653) 0.453 
AC SCC 0.984 (0.216-4.478) 0.983 0.314 (0.027-3.596) 0.352 

ASC SCC < 0.001 (< 0.001 - > 
999.999) 0.989 < 0.001 (< 0.001 - > 

999.999) 0.989 

VEGF = strong weak 1.633 (0.354-7.542) 0.530 0.860 (0.111-6.658) 0.885 
T stage = 2 + 3 T stage = 1 4.167 (0.484-35.877) 0.194 4.423 (0.388-50.458) 0.231 

N stage = 1 + 2 N stage = 0 < 0.001 (< 0.001 - > 
999.999) 0.984 < 0.001 (< 0.001 - > 

999.999) 0.985 

SCC: Squamous cell carcinoma; AC: Adenocarcinoma; ASC: Adenosquamous cell carcinoma.

Table 7. Independent predictor of recurrence
Dependent variable: Recurrence 11/75

Univariate Multivariate
Independent 
variable Reference OR 95% CIs p-value OR 95% CIs p-value

ID1 = strong weak 4.472 (1.166-17.146) 0.029 1.944 (0.248-15.221) 0.527 
Age 1.023 (0.950-1.102) 0.546 1.004 (0.913-1.104) 0.933 
Sex = male female 0.336 (0.089-1.266) 0.107 1.046 (0.175-6.249) 0.961 
AC SCC 5.733 (1.373-23.934) 0.017 8.677 (1.001-75.212) 0.050 

ASC SCC < 0.001 (< 0.001 - > 
999.999) 0.986 < 0.001 (< 0.001 - > 

999.999) 0.986 

VEGF = strong weak 3.92 (1.047-14.678) 0.043 4.371 (0.511-37.368) 0.178 
T stage = 2+3 T stage = 1 2.7 (0.538-13.555) 0.228 2.229 (0.298-16.693) 0.435 
N stage = 1+2 N stage = 0 6.3 (0.364-109.019) 0.206 71.37 (1.653 - > 999.999) 0.026 
SCC: Squamous cell carcinoma; AC: Adenocarcinoma; ASC: Adenosquamous cell carcinoma.
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tor that induces proliferation, migration, and 
nitric oxide generation of endothelial cells in 
vitro [14-19]. Vascular endothelial growth fac-
tor also induces angiogenic response in a num-
ber of in vivo models including rabbit cornea 
[14-19]. In situ hybridization studies demon-
strated higher levels of VEGF mRNAs in many 
human tumors than in normal tissues [14-19]. 
Tumor cells require a persistent supply of nour-
ishment and oxygen and therefore the function 
of VEGF is necessary in tumor growth and in 
transition to tumor with an ability to metasta-
size [14-20].

During murine angiogenesis, expressions of 
Id-1 and Id-3 genes are observed [7]. Double 
knockouts of Id-1 and Id-3 lead to vascular mal-
formations and disability of branching of blood 
vessels into neuroectoderm [8]. Adult mice 
have single allele of Id-1 and absence of Id-3 
gene. Tumor xenograft reveals a defective 
angiogenesis that induces failure of tumor 
growth and metastasis [8]. Id1+/-; Id3-/- mutant 
mice have defective angiogenesis due to 
impaired mobilization of VEGFR2+ circulating 
endothelial precursor cells with defective prolif-
eration and corporation of VEGFR1+ cells 
induced by VEGF [21]. Endothelial progenitor 
cells are key modulators of reendothelialization 
after injury [21-23]. Mature endothelial cells 
possess decreased proliferative potential, and 

hence circulating endothelial progenitor cells 
participate in reendothelialization. Id-1 protein 
facilitates proliferation or survival of endotheli-
al progenitor cells [21-23]. The proliferation and 
migration of endothelial progenitor cells were 
found to be increased in the overexpression of 
exogenous Id-1 in vitro [23]. However, the defi-
nite mechanism is not known for the associa-
tion of Id-1 and endothelial progenitor cells. But 
there are possible pathways in which Id-1 is 
linked to phosphatidylinositol 3-kinase/Akt, 
phosphatidylinositol 3-kinase/Akt/nuclear fac-
tor kappa B, and nuclear factor kappa B/sur-
vivin [22]. In quiescent endothelial progenitor 
cells, Id-1 present in low levels and its expres-
sion is significantly up-regulated in the stimula-
tion of VEGF in vitro [9, 22]. This suggests that 
there is a close correlation between Id-1 and 
VEGF in endothelial progenitor cells.

Our statistical analysis results repeatedly show 
a significant association of Id-1 and VEGF. 90% 
of weak Id-1 expressions exhibited low-VEGF 
and 64% of strong Id-1 expressions showed 
high-VEGF expression with a statistical signifi-
cance (p < 0.001) (Table 4). And 83.3% of low-
VEGF expressions show weak Id-1 expressions 
and 76.2% of the high-VEGF expressions exhib-
ited strong Id-1 expressions to statistical signifi-
cance (p < 0.001) (Table 5). To identify inde-
pendent predictors for metastasis and 

Figure 4. By Kaplan-Meier analysis, strong Id-1 expression group showed significant short metastasis-free survival 
than that of weak Id-1 expression group (p = 0.008). And there is no significant finding of recurrence between strong 
Id-1 expression group and weak Id-1 expression group (p = 0.136).
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recurrence, multivariate logistic regression 
analyses were performed. And then we found 
that strong Id-1 expression was significant pre-
dictor of metastasis (odds ratio: 9.85 (1.285-
75.510), p = 0.028) and there was no signifi-
cant independent variable of recurrence 
(Tables 6 and 7). But this study has some sig-
nificant limitations. First, sample size is too 
small due to low incidence of NSCLC cases and 
only some of them underwent a surgical resec-
tion during relatively short-term period. Second, 
the sample is lack of the representativeness. 
Because of heterogeneity in lung tumor, more 
than three cores were required per cases. But 
due to limitation of tumor size (Table 1, pT1: 
34.7%), we failed to obtain equally 3 cores of 5 
mm per cases. Third, absence of molecular 
studies of Id-1 and VEGF and the lack of 
microvessel index data in tumors were noted in 
our study. So this study does not confirm the 
correlation between the strong Id-1 expression 
and incidence of metastasis as well as that of 
Id-1 and VEGF. Further studies using large 
cohorts are needed to confirm our findings. If 
the relevance of Id-1 protein and angiogenesis 
in tumor are identified in future studies, Id-1 
protein may be the new target of treatment in 
NSCLC as well as in its prognosis.
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