
Abstract. – BACKGROUND: Angiogenesis is
a very essential process in tumor biology. Vascu-
lar endothelial growth factor (VEGF), angiopoi-
etin and its receptor (TIE-2) are very important
mediators for angiogenesis. In this trial, we
aimed to analyze the role of these mediators on
chemotherapy response and survival.

PATIENTS AND METHODS: Forty four cancer
patients and 22 healthy controls were included
in the study. Baseline serum samples were ob-
tained from all participants and post-chemother-
apy serum samples were obtained from the can-
cer patients. Serum vascular endothelial growth
factor and TIE-2 levels were measured with
quantitative enzyme-linked immunosorbent as-
say techniques.

RESULTS: The baseline serum vascular en-
dothelial growth factor level was 187.5 and 120.2
pg/ml in cancer patients and the control group (p
= 0.006). The baseline serum TIE-2 level was 615.9
and 242.5 pg/ml in the patients and control group
(p < 0.001). There was a significant difference be-
tween patients’ baseline and post-chemotherapy
VEGF levels (111.9 pg/ml; p < 0.001) and patients’
baseline and post-chemotherapy TIE-2 levels
(344.5 pg/ml; p < 0.001). The overall survival rate
was better in patients who had lower baseline
VEGF and TIE-2 levels and whose TIE-2 level had
decreased with chemotherapy.

CONCLUSIONS: Higher baseline TIE-2 and VEGF
levels are related and worsen survival. Decreasing
levels of TIE-2, but not VEGF, which, with
chemotherapy, may be predictive for survival.
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Introduction

Tumor angiogenesis, the generation of tumor
associated vascular system, is one of the most
current issues regarding tumor biology and can-
cer treatment. Although stimulation of angiogen-
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esis is performed by several proteins, such as fi-
broblast growth factor, hypoxia inducible factor,
vascular endothelial growth factor (VEGF), an-
giopoietin (ANG), and its receptor TIE-2, many
investigators have focused on VEGF pathway1,2.
Agents, such as bevacizumab, sunitinib, and so-
rafenib, using this pathway are part of standard
therapies for many malignancies, including col-
orectal cancer, non-small cell lung cancer, renal
cell cancer, and hepatocellular cancer3,4. Howev-
er, physicians gain little or no benefit when using
these agents5-7.

The ANG-TIE signaling pathway consists of
three ligands (ANG-1, ANG-2 and ANG-4) and
two tyrosine kinase receptors (TIE-1 and TIE-
2)3,8,9. TIE-1 has no known ligand, and the role of
ANG-4 in tumorigenesis needs to be further in-
vestigated. ANG-1 is a TIE-2 agonist and ANG-2
is generally, but not always, a TIE-2 antago-
nist10,11. The binding of ANG-1 to TIE-2 activates
the Akt signaling pathway and results in blood
vessel stability, endothelial cell survival, and de-
creased permeability12-14. This activation is corre-
lated with increased invasive potential, lymph
node, and distant metastasis in many cancers15-17.

VEGF is one of the most important mediators
of ANG-TIE system4. In this trial, we aimed to
analyze the importance of VEGF and TIE-2 lev-
els in lung and colorectal cancer patients and the
effects of conventional chemotherapeutic agents
on VEGF and TIE-2 levels.

Patients and Methods

This study includes cancer patients older than
18 years old who were treated at Cumhuriyet
University Medical Faculty’s Medical Oncology
Department. Institutional Ethical Committee ap-
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Patients Controls p value

VEGF-baseline (pg/ml) 187.5 ± 312.9 120.2 ± 155.6 0.006
VEGF-postchemotherapy (pg/ml) 111.9 ± 203.6
p value < 0.0001
TIE-2-baseline (pg/ml) 615.9 ± 388.9 242.5 ±1 79.7 < 0.0001
TIE-2-postchemotherapy (pg/ml) 344.5 ± 245.7
p value < 0.0001

Table I. Patients' baseline and postchemotherapy VEGF and TIE-2 levels.
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proval was obtained for this study. Patients’ ages,
genders, primary tumors, tumor stages, types of
chemotherapy regimens, and complete blood
count parameters tumor markers were recorded.
Tumor stages were determined according to the
TNM Classification of Malignant Tumours 7th

edition (TNM) staging system.
Both non-metastatic and metastatic patients

were included in this study. Serum samples for
baseline serum VEGF and serum TIE-2 levels
were obtained 3-4 weeks after the radical surgery
and before the first cycle of adjuvant chemother-
apy in non-metastatic patients. In metastatic pa-
tients, serum samples for baseline serum VEGF
and serum TIE-2 levels were obtained before first
cycle of chemotherapy. All patients had received
4-6 cycles of chemotherapy. Serum samples for
post-chemotherapy VEGF and TIE-2 had ob-
tained one week after the end of 4-6 cycles of
chemotherapy.

The control group consisted of age- and sex-
matched healthy controls free of malign, inflam-
matory, and connective tissue diseases. Serum
samples for baseline serum VEGF and serum
TIE-2 were also obtained from the control group.

Sera was obtained from all subjects, and was
separated immediately by centrifugation at 4,000
g for 10 min and frozen at –80 °C. Plasma con-
centrations of VEGF and TIE-2 were measured
in duplicate with a quantitative enzyme-linked
immunosorbent assay technique (Boster Biologi-
cal Technology Co., Ltd., Wuhan, China) accord-
ing to the manufacturer’s guidelines.

Statistical Analysis
Statistical analysis was performed using SPSS

for Windows version 17.0 (SPSS, Chicago, IL,
USA). Baseline characteristics of groups were
compared using χ2 tests. Non-parametric tests
(Mann-Whitney test for two independent samples
and Wilcoxon test for two related samples) were
used to compare the two groups. Kaplan-Meier
survival analysis was carried out for progression

free survival (PFS) and overall survival (OS).
Survival analysis was based on the date of diag-
nosis. A 2-sided p value < 0.05 was considered to
be statistically significant.

Results

There were a total of 44 patients (36 male, 8
female) with non-small cell lung cancer and col-
orectal cancer and 22 healthy controls. The pa-
tients’ median age was 60.5 (45-76) years. Twen-
ty two (50.0%) patients had non-small cell lung
cancer (NSCLC) and 22 patients (50.0%) had
colorectal cancer (CRC). Twenty two (50.0%)
patients were non metastatic at time of diagnosis
and 22 patients (50.0%) were metastatic at the
time of diagnosis. The patients’ baseline VEGF
and TIE-2 levels were higher than the control
group’s levels. After 4-6 cycles of chemotherapy,
TIE-2 levels had decreased in 30 (68.2%) pa-
tients and VEGF levels had decreased in 34
(77.3%) patients. Also, the patients’ baseline
VEGF and TIE-2 levels were higher than post-
chemotherapy VEGF and TIE-2 levels (Table I).

The median TIE-2 and VEGF levels were not
different between NSCLC and CRC patients.
However, there was a positive correlation between
stage and TIE-2/VEGF levels. The median of the
baseline TIE-2 levels was 491.0±261.9 and
852.0±408.3 pg/ml in non-metastatic and metasta-
tic patients respectively (p = 0.034). The median
of the baseline VEGF levels was 140.2±405.5 and
250.7±408.1 pg/ml in non-metastatic and metasta-
tic patients respectively (p = 0.011).

The median follow up time was 26 months (12-
88 months). During the follow up period, disease
progression was detected in 26 (59.1%) patients,
and 14 (31.8%) patients had died. Median pro-
gression free survival (PFS) was 24 months and
median overall survival (OS) was 44 months. The
median PFS was 20 months in patients whose
baseline TIE-2 level was higher than 600 pg/ml
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and 24 months PFS was 63.6% in patients whose
baseline TIE-2 was lower than 600 pg/ml (p <
0.0001). Also the PFS was 20 months in patients
whose TIE-2 levels were not decreased with
chemotherapy. The 24 months PFS was 60% in
patients whose TIE-2 levels had decreased with
chemotherapy (p < 0.0001). The median PFS was
20 months in patients whose baseline VEGF level
was higher than 200 pg/ml and 24 months PFS
was 63.6% in patients whose baseline VEGF was
lower than 200 pg/ml (p = 0.001). The median
PFS was 24 months both in patients whose VEGF
levels had decreased with chemotherapy and in
patients whose VEGF levels had not decreased.
The median OS was 36 months in patients whose
baseline TIE-2 level was higher than 600 pg/ml
and 44 months PFS was 65.6% in patients whose
baseline TIE-2 was lower than 600 pg/ml (p =
0.014). The OS was 26 months in patients whose
TIE-2 levels had decreased with chemotherapy
and 36 months OS was 75.0% in patients whose
TIE-2 levels had not decreased with chemotherapy
(p < 0.0001). The median OS was 36 months in
patients whose baseline VEGF level was higher
than 200 pg/ml and 44 months PFS was 63.6% in
patients whose baseline VEGF was lower than 200
pg/ml (p = 0.039). The OS was 44 months in pa-
tients whose VEGF level had not decreased with
chemotherapy and the 36 months OS was 51.1%
in patients whose VEGF levels had decreased with
chemotherapy (p > 0.05).

Discussion

Cancer is one of the most common cause of
deaths all around the world and it is expected that
the incidences of cancer-related deaths will be
higher in the next two or three decades18,19. Thus,
many investigations have focused on cancer pre-
vention or treatment. The treatment success is di-
rectly related to our knowledge about tumor biol-
ogy. Angiogenesis is an essential process in most
human malignancies. With the increasing usage
of anti-angiogenic therapies, physicians want to
predict both the effectiveness of their therapies
and the prognosis.

There are conflicting results about the predic-
tive and prognostic value of serum VEGF. The
number of studies about the role of ANG-TIE sys-
tem in cancer patients is increasing. Engin et
al20,21. investigated the importance of baseline
serum ANG-1, ANG-2 and TIE-2 levels in colon
cancer and gastric cancer patients. They found that

ANG-2 and TIE-2 were higher in patients than in
a healthy group. However, the ANG-1 levels were
not different between groups. In Chin et al’s
study22, higher preoperative TIE-2 and VEGF lev-
els have been found to be associated with a wors-
ened survival. In our study, both the VEGF and the
TIE-2 levels were higher in cancer patients than in
the healthy group. Our report also showed that the
VEGF and TIE-2 levels were correlated with the
tumor stage. Both VEGF and TIE-2 levels were
higher in metastatic patients. In Engin et al’s
study, ANG-2 was also higher in stage III colon
cancer patients compared with stage II patients.
Another remarkable finding from our study was
that the type of tumor was not as important as tu-
mor stage in terms of VEGF and TIE-2 levels as
we did not find a significant different between
NSCLC and CRC patients.

To the best of our knowledge, this is the first
and only study investigating the effects of
chemotherapeutic agents in VEGF and TIE-2 lev-
els and the survival effect of VEGF and TIE-2 re-
sponse to the chemotherapeutic agents. At pre-
sent, most anti-angiogenic therapies act by
blocking the VEGF receptor. However, the num-
ber of studies about the agents blocking the
ANG-TIE-2 system is increasing and results are
promising. However, most of them are in early
phases23,24. We found that conventional
chemotherapeutic agents other than VEGF antag-
onist can also decrease VEGF and TIE-2 levels.
This study is compatible with the other works,
and has demonstrated that higher baseline VEGF
and TIE-2 levels are related with worsened PFS
and OS15,22,25. Additionally, this report also
demonstrated that PFS and OS are better in pa-
tients whose TIE-2 levels had decreased with
chemotherapy. This survival benefit, however,
could not be detected in patients whose VEGF
levels had decreased with chemotherapy.

Conclusions

Angiogenic process is very important in tumor
biology, both for non-metastatic and metastatic
cancer, and TIE-2 and VEGF are two important
components of this process. Higher baseline TIE-
2 and VEGF levels are also related to higher tu-
mor stages and worsened survival. Decreasing
levels of TIE-2, but not VEGF, with chemothera-
py may be predictive of survival, and many con-
ventional chemotherapeutic agents may influence
angiogenic system, VEGF, and TIE-2 levels.
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