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A new angiogenesis prognostic index with VEGFA, PlGF, and angiopoietin
1 predicts survival in patients with advanced gastric cancer
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Background/aim: The role of angiogenic factors in gastric cancer is not clear. We aimed to assess the role of vascular endothelial growth
factor A (VEGFA), angiopoietin 1 (Ang-1), and placental growth factor (PlGF) in the prognosis of patients with advanced gastric cancer.
Materials and methods: Thirty consecutive patients treated with a modified DCF (docetaxel, cisplatin, and fluorouracil) regimen
were included in the study. The plasma VEGFA, Ang-1, and PlGF levels of the patients before treatment and following two cycles of
chemotherapy were measured and evaluated as prognostic factors.
Results: Poor performance status and lower Ang-1 levels were correlated with poor overall survival (OS). No significant correlation
between VEGFA or PlGF and OS was found. An angiogenesis prognostic index (API) based on the levels of VEGFA, Ang-1, and
PlGF was found to be highly correlated with OS. Performance status and API were found as independent prognostic factors for OS.
Furthermore, a decrease in VEGFA by 25% from the pretreatment level was also found as a prognostic factor for OS independent of
response to DCF regimen.
Conclusion: Our results support the use of the new API including VEGFA, Ang-1, and PlGF levels in patients with advanced gastric
cancer as a predictor of survival.
Key words: Docetaxel, cisplatin, 5-fluorouracil, VEGFA, angiopoietin 1, placental growth factor, angiogenesis prognostic index, gastric
cancer

1. Introduction
Angiogenesis is a crucial step in tumor progression and
metastasis. Vascular endothelial growth factor A (VEGFA)
and the VEGF pathway play a critical role in the growth
of new vessels. Agents targeting angiogenesis, especially
VEGFA and the VEGF pathway, have been the focus of
research on angiogenesis-targeted therapies in cancer for
the last 2 decades. The monoclonal antibodies binding
VEGFA or small molecules inhibiting VEGF receptor
tyrosine kinases have improved the treatment outcomes in
a variety of solid tumors (1).
The prognosis of advanced gastric cancer patients is still
poor. Although targeted therapies including trastuzumab
in HER-2-expressing patients and bevacizumab targeting
VEGF have been reported to improve treatment outcomes,
the median overall survival (OS) time is still around 10
months (2). The DCF regimen including docetaxel,
cisplatin, and 5-fluorouracil is one of the standard
* Correspondence: akbulut@medicine.ankara.edu.tr

chemotherapy regimens yielding a median OS of 9.2
months (3). Because of the increased toxicity of the DCF
regimen at standard doses, lowered doses of the drugs
have also been implemented in many countries without
using prophylactic colony-stimulating factors to decrease
hematologic toxicities (4).
The predictive and prognostic role of angiogenic
factors has also been studied widely in a variety of tumors.
Though a majority of the studies on patients with operable
solid tumors, including gastric cancer, have reported a
significant correlation between the serum/plasma level
of VEGFA and prognosis, this matter is not clear (5–8).
Baseline VEGFA levels have also been suggested as a
potential predictive marker for VEGF-pathway-targeted
therapies (9). Early reduction of VEGFA levels in a small
group of patients with gastric or gastroesophageal junction
adenocarcinoma treated with cetuximab (a monoclonal
antibody against epidermal growth factor receptor) and
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chemotherapy including docetaxel and cisplatin has been
reported as a predictive marker (10).
Placental growth factor (PlGF) is an angiogenic protein
and involved in vascular development and maintenance.
It has been shown to enhance cancer cell motility by
mobilizing ERK1/2 phosphorylation and cytoskeletal
rearrangement (11). The increased expression of PlGF in
tumor tissues and elevated plasma levels have also been
reported to be related with poor prognosis in various
tumors including lung, colon, and gastric cancer (12–14).
The angiopoietin 1 (Ang-1)/Tie2 signaling pathway
usually yields a stable vasculature with decreased
permeability by enhancing the interaction between
perivascular cells and endothelial cells (15). Though this
interaction contributes to neovascularization, it usually
limits tumor growth. Therefore, drugs targeting the Ang1/Tie2 pathway are now under clinical trial. Although
the increased expression of Ang-1 in gastric cancer has
been reported as an indicator of advanced stages of
gastric cancer (16), conflicting results regarding the better
survival of patients with higher serum levels of Ang-1 have
been reported in various cancers (17).
Although there are very few relevant trials, the
combination of angiogenic factors seems to be a more
useful prognostic parameter than the factors alone in
cancer (5,18). Therefore, in the current study, we aimed
to investigate the prognostic and predictive role of plasma
VEGFA, PlGF, and Ang-1 levels and to describe a prognostic
angiogenesis index based on the pretreatment levels of
those angiogenic factors in patients with advanced gastric
cancer treated with the DCF chemotherapy regimen.
2. Materials and methods
2.1. Patients and treatment
Patients who had advanced gastric carcinoma with
measurable disease, were chemonaïve and planned to
receive a modified DCF regimen (mDCF) only, were aged
between 18 and 70 years, had ECOG performance status
(PS) of 2 or less, and had adequate bone marrow reserve
and normal renal functions were eligible for the study. The
chemotherapy regimen was as follows: docetaxel (60 mg/m2
on day 1), cisplatin (60 mg/m2 on day 3), and 5-fluorouracil
(600 mg/m2 on days 1–4). Prophylactic granulocyte-colony
stimulating factor was not routinely used.
Response to study treatment was assessed according to
WHO criteria. Overall survival was accepted as the time
interval between the first day of study treatment and date
of death or last visit. Physical examination, complete blood
count, liver and renal function tests, chest X-ray, and
abdominal computerized tomography (CT) were carried
out before the first cycle of DCF treatment. Thorax CT
was carried out only if lung metastasis was suspected from
the chest X-ray. While physical examination and routine
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blood tests were repeated before each cycle of mDCF, CT
was repeated every 2 cycles of the treatment.
After receiving informed consent from the patients
to participate in the trial, venous blood samples were
taken on the day before the first cycle of chemotherapy
and on the day of the response evaluation after 2 cycles of
chemotherapy.
2.2. VEGFA, PlGF, and Ang-1 assays
Plasma VEGFA levels were measured using a commercially
available enzyme-linked immunosorbent assay (ELISA)
kit according to the manufacturer’s protocol (Human
VEGF ELISA kit; BioSource, Cat No: KHG0111, Life
Technologies, Grand Island, NY, USA). All the samples
were assayed in duplicate. Briefly, plasma samples of 100
µL were added to the precoated wells and incubated for
2 h. Following the wash steps, 100 µL of Hu VEGF biotin
conjugate was added. After 1 h of incubation, the wells
were washed three times and 100 µL of streptavidinhorseradish peroxidase (HRP) was added. Following 30
min of incubation, the reaction was stopped with 100
µL of stop solution and the absorbance was determined
at 450 nm with a microplate reader. The VEGFA levels
of the patients were corrected according to platelet levels
(per 100,000 platelets). We used the corrected levels to
disregard the possible VEGFA derived from platelets (19).
Plasma PlGF levels were assayed using a sandwich
ELISA kit (DRG Diagnostics GmBH, Cat No: EIA-4529,
Marburg, Germany). Briefly, 25 µL of plasma samples,
controls, and standards plus 250 µL of dilution buffer were
added to the wells precoated with a monoclonal antibody
directed towards a unique antigenic site on the PlGF
molecule and incubated for 30 min. After a washing cycle,
100 µL of a biotin-linked polyclonal antibody specific for
PlGF was added to the wells and incubated for 60 min.
After a second washing cycle, 100 µL of streptavidin/
horseradish peroxidase conjugate was added to the wells
and incubated for 30 min. Following a third washing cycle,
100 µL of substrate solution was added. After 30 min of
incubation, the reaction was stopped by 100 µL of stop
solution and the absorbance was quantitated at 450 nm
with a microplate reader.
We measured the plasma Ang-1 levels using a sandwich
ELISA kit (Ang-1 assay: USCN Life Sciences Inc., Cat No:
SEA008Hu, Cologne, Germany). Briefly, 100 µL of plasma
samples and standards were added to the wells precoated
with a monoclonal antibody specific to human Ang-1 and
incubated for 1 h. Following the wash steps, 100 µL of
biotin-conjugated antibody specific to Ang-1 was added
and incubated for 1 h. Following a washing cycle, 100 µL
of avidin conjugated to HRP was added to each well and
wells were incubated for 30 min. After a washing cycle, 90
µL of TMB substrate solution was added and incubated
15–20 min at 37 °C. The reaction was stopped with 50 µL
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of stop solution and the absorbance was determined at 450
nm with a microplate reader.
2.3. Statistical analysis
Survival analyses were done according to the Kaplan–
Meier method, and the log-rank test was used for survival
comparisons. Cox’s regression analysis was used to
assess the significant predictors for survival. Age, sex,
PS, histologic type, disease involvement sites, angiogenic
growth factor levels, and changes by treatment were used
as variables for the evaluation of response to treatment
and overall survival. In order to find the cut-off values,
receiver operating characteristic (ROC) curves, the area
under the ROC curve (AUC), and their 95% confidence
intervals (95% CIs) were calculated. The ROC curve for
each factor was used to choose the optimal cut-off value
with maximized sensitivity and specificity.
3. Results
3.1. Patient characteristics and the efficacy of the
treatment
A total of 30 consecutive patients with advanced
gastric cancer were included in the study. The patient
characteristics are outlined in Table 1. All the patients were
given a modified DCF regimen. The relative dose intensity
was 90%. A total of 116 cycles were administered (median

3 cycles per patient, range: 2–8), and 40% of the patients
were given second-line treatment. The second-line
treatment regimens were FOLFIRI (fluorouracil, folinic
acid, and irinotecan) for 4 patients, FEP (fluorouracil,
epirubicin, and cisplatin) for 4 patients, capecitabine only
for 2 patients, and PF (weekly fluorouracil plus paclitaxel)
for 2 patients.
No complete response (CR) was achieved. There
were 6 patients with partial response (PR). The objective
response rate was 20%. The disease control rate including
PR, minimal response, and stable disease was 66.7%, and
33.3% of the patients had progressive disease while on
treatment. There was no significant correlation between
response to chemotherapy and the studied parameters
(tumor histology, disease involvement sites, sex, and PS,
PlGF, Ang-1, and VEGFA levels).
Median OS time was 9.0 ± 1.5 months (95% CI: 6.011.9). The 1-year and 2-year OS rates were 46.7% and 20%,
respectively (Figure 1).
The mDCF regimen was well tolerated. Only 11 patients
(36.7%) had grade 3/4 toxicity. There were 5 cases of febrile
neutropenia, 4 cases of grade 3 diarrhea, and 2 cases of
grade 3 fatigue. One patient had sagittal sinus thrombosis
15 days after the second cycle of the mDCF. She completed
the remaining 4 cycles of the first-line treatment without
cisplatin.

Table 1. Patients characteristics.
Parameter

N

Median age (range)

54 (30–70)

Sex, female/male

16/14

Histologic types
Signet-cell carcinoma
Adenocarcinoma w/o signet cells

10
20

Disease involvement sites
Peritoneal involvement w/o distant metastasis
Distant metastasis (liver, lung, bone)

20
10 (10, 1, 1)

Performance status (ECOG)
0
1
2
3

3
20
6
1

The levels of angiopoietic factors (pg/mL), mean ± standard error of mean
VEGFA (pg/mL)∑
PlGF (pg/mL)
Ang-1 (pg/mL)

23.1 ± 5.1 ¥; 29.7 ± 6.7 *
20.8 ± 1.5 ¥
301.9 ± 74.7 ¥

VEGFA: Vascular endothelial growth factor A, PlGF: placental growth factor, Ang-1: angiopoietin 1. ∑: VEGFA
levels were corrected per 100,000 platelets. ¥: Pretreatment levels, *: levels after 2 cycles of chemotherapy.
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Figure 1. The OS curve of the entire cohort. The median OS time
was 9 months and the 1-year and 2-year OS rates were 46.7% and
20%, respectively.

3.2. Pretreatment Ang-1 levels and angiogenesis
prognostic index correlated with survival in patients
with gastric cancer
While the mean (±SEM) VEGFA levels (per 100,000
platelets) were 23.1 ± 5.1 pg/mL, the PlGF levels 20.8 ±
1.5 pg/mL and Ang-1 levels were 301.9 ± 74.7 pg/mL.
The mean levels of VEGFA, PlGF, and Ang-1 were not
significantly different between the patients with distant
metastases and with peritoneal involvement. The cut-off
values with maximized sensitivity and specificity from
ROC curves were 43.7 pg/mL for VEGFA, 20.2 pg/mL
for PlGF, and 273.4 pg/mL for Ang-1. Levels over the cutoff value were designated as high and levels below as low.
Likewise, a decrease in the level of VEGFA of more than
25% of the pretreatment value after the second cycle of
mDCF was designated as significant.
No correlation was found between the response to
treatment and pretreatment levels of the angiogenic factor
levels used in the study (P > 0.05) or VEGFA changes after
2 cycles of chemotherapy (P = 0.452).
Though not significant, the median OS time of the
patients with low pretreatment VEGFA levels was longer
than that of those with high levels (12.0 ± 3.7 vs. 8.0 ± 1.3
months; P = 0.159). Univariate analysis yielded the ECOG
performance status (12.0 ± 1.2 (9.7–14.3) for PS ≤ 1 vs.
5.0 ± 1.3 (2.4–7.6) for PS = 2; P = 0.001) and Ang-1 levels
(7.0 ± 0.8 for Ang-1_low vs. 12.0 ± 1.0 for Ang-1_high; P
= 0.049) as the significant factors for OS (Figure 2). PlGF
had no effect on survival of the patients (P = 0.787). The
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Figure 2. The OS curves according to the pretreatment Ang-1
levels (Ang-1low: patients with pretreatment Ang-1 levels lower
than the cut-off value; Ang-1high: higher than the cut-off value).
The median OS time was significantly higher in patients with
low levels of Ang-1 (12.0 vs. 7.0 months; P = 0.049). Likewise,
patients with low Ang-1 levels had better 2-year survival rates
than the patients with high levels of Ang-1 (31.1% vs. 0%; P =
0.054).

median OS of the patients with a decrease in VEGFA levels
following 2 cycles of chemotherapy was found to be longer
than that of the patients with increased levels (10.0 ± 1.7
vs. 7.0 ± 2.1; HR: 0.37 (0.14–0.93).
An angiogenesis prognostic index (API) based on the
levels of plasma VEGFA, PlGF, and Ang-1 was established.
One point was assigned for each level of the following:
• VEGFA_high
• PlGF_high
• Ang-1_low
While the patients with 0–1 points were designated
as API_low, those with 2–3 points were designated as
API_high. The patients with API_low had a significantly
higher median OS time when compared to API_high ones
(12.0 ± 2.2 (7.7–16.0) vs. 8.0 ± 1.5 (5.0–10.9); P = 0.028).
Likewise, the 2-year survival rate of API_low patients was
significantly higher than that of the API-high patients
(38% vs. 5%; P = 0.013).
Multivariate analysis yielded good PS (0–1) and lower
API (0–1) as independent prognostic factors for OS (Table
2).
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Table 2. The results of the multivariate analysis.
Variables

Hazard ratio (95% CI)

P

PS (ECOG) (≤1 vs. >1)

0.145 (0.044–0.472)

0.001

Age

1.280 (0.498–3.287)

0.609

Disease involvement sites (peritoneal involvement vs. distant metastasis)

1.836 (0.731–4.608)

0.196

API (low vs. high)

0.264 (0.096–0.727)

0.010

PS: Performance status, API: angiogenesis prognostic index, CI: confidence interval.

Figure 3. The OS curves according to the angiogenesis prognostic
index (API) (API_low patients with scores of 0–1; API_high with
scores of 2–3). The median OS time and 2-year survival rates of
the patients with API_low were significantly better than those of
patients with API_high (12.0 vs. 8.0; P = 0.028 and 38% vs. 5%; P
= 0.013, respectively).

4. Discussion
The poor prognosis of advanced gastric cancer has not
changed substantially in the more than 2 decades since
the implementation of platinum-based regimens (20).
The treatment outcomes of our cohort of patients treated
with a modified DCF regimen were quite similar to those
of previous reports. Although the response rate is lower
with the modified regimen in the current cohort when
compared to the original report of Van Cutsem et al. with
higher doses of DCF regimen (37% vs. 20%), the median
OS times and 2-year survival rates are comparable (9
months vs. 9.2 months and 20% vs. 18%, respectively) (3).
The disease stabilization rates in both trials are similar

(66.7% vs. 67%). Our results and other reports with the
DCF regimen suggest that along with their cytotoxic
effects on gastric cancer the drugs in this combination
might change the behavior of the disease, possibly by
inhibition of angiogenesis, to improve the survival (21,22).
Though angiogenesis plays a critical role in tumor
growth and metastasis, the prognostic role of pro- and
antiangiogenic factors in patients with gastric cancer
is still controversial. The plasma levels of angiogenic
factors including VEGFA, PlGF, and Ang-1 vary greatly
in patients with advanced cancer (5,7,10,12,18). Although
positive correlations have been reported with the levels of
proangiogenic factors and the stage of various tumors, no
consistent data exist with regard to the factor levels and
the metastatic sites in advanced disease (5,8,10). Likewise,
we could not find a significant difference between the
VEGFA, PlGF, and Ang-1 levels of the patients with distant
metastases and with peritoneal involvement.
Patients with VEGFA-positive gastric cancer have
been reported to have significantly poorer prognosis
than those with VEGFA-negative tumors (23). In a recent
metaanalysis, it was shown that VEGFA expression by
immunohistochemistry has an unfavorable impact on OS
(24). Although reduction of serum VEGFA levels following
the administration of cetuximab and combination
chemotherapy has been found as a predictive marker, in
vitro studies with 5-fluorouracil and cisplatin reported
upregulation of VEGFA expression (25,26). Accordingly,
correction of the serum levels of VEGFA by the number
of platelets has been shown to correlate with the tumor
expression of VEGFA (27). Likewise, in the current
study, though not significant we found a trend that lower
pretreatment VEGFA levels correlated with increased
OS. Interestingly, we found that a 25% or more decrease
in VEGFA level following 2 cycles of chemotherapy was
significantly correlated with improved survival.
PlGF, a ligand for VEGFR-1 (Flt1), is known as a
synergistic factor to VEGFA-mediated angiogenesis
in cancer (28). PlGF stimulates the proliferation of
endothelial cells and indirectly upregulates the expression
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of various proangiogenic factors including VEGFA, FGF2,
and PDGFB (29). Previous reports suggested that plasma
PlGF levels are upregulated and correlated with survival
in various cancers (12–14). Surprisingly, serum PlGF was
found to be more useful than VEGFA in predicting worse
prognostic features and survival in patients with operable
gastric cancer (14) and hepatocellular cancer (30).
However, in the current study, VEGFA seems to be more
prognostic than PlGF in advanced disease. We could not
find any significant relation between PlGF and survival in
our cohort of patients.
Ang-1 promotes endothelial cell survival and
maintains a quiescent vasculature via Tie-2 activation
(31). The antagonistic activity of Ang-2 on Ang-1/Tie2 signaling is suggested to balance Tie-2 signaling and
regulates vascular homeostasis (32,33). In this context, the
induced angiogenesis by Ang-2 in the presence of VEGFA
expression suggests a possible inhibitory role of increased
Ang-1 expression in the tumor microenvironment as part
of an angiogenesis switch (34). Ang-1 is usually reported
to be upregulated in different types of tumors and a
correlation has been reported with the lymph node status
and advanced stages (16). However, in many tumor models
increased expression of Ang-1 has been found to be related
to reduced tumor growth (35). Likewise, an increase in the
serum level of Ang-1 with respect to Ang-2 in myeloma
patients who responded to bortezomib treatment supports
the antitumoral effects of this cytokine (36). However, the
prognostic role of pretreatment Ang-1 levels in various
cancers is contradictory (37,38). In the current study,
we found that increased Ang-1 levels were significantly
correlated with a favorable prognosis (Figure 2).

Because of the complex nature of angiogenesis,
instead of using a certain factor alone, a combination of
angiogenic factors might be a more reasonable biomarker.
Previously we have shown that an index based on VEGFA,
basic fibroblast growth factor (bFGF), and nitric oxide
(NO) was a prognostic factor in patients with colorectal
cancer (5). Likewise, in a recent study Park et al. found that
an adjusted total value of four angiogenic factors (VEGFA,
fibroblast growth factor 2 (FGF2), epidermal growth factor
(EGF), and hepatocyte growth factor (HGF)) was better
than any single factor (18). Accordingly, we established
a simple API regarding the levels of VEGFA, PlGF, and
Ang-1 in the current study. The proangiogenic factors of
VEGFA and PlGF were selected for their tumor-promoting
actions and Ang-1 for its mainly antitumoral properties
(24,28,35). We found a low API score to be an important
prognostic factor for patients with advanced gastric cancer
(Table 2; Figure 2).
In conclusion, our results suggest that new parameters
utilizing the combination of angiogenic factors could
be useful as biomarkers in advanced gastric cancer. It is
likely that those combined parameters would deserve
further research for their ability to select patients who
could benefit from antiangiogenesis treatment modalities.
Likewise, a decrease in VEGFA levels following cancer
treatment with either chemotherapy alone or combined
with biologicals may also be used as a surrogate marker of
survival in patients with gastric cancer.
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