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Abstract

AIM: To explore if vascular endothelial growth factor
receptor-3 (VEGFR-3) and carcinoembryonic antigen
(CEA) can predict overall survival in advanced gastric
cancer.

METHODS: VEGFR-3 level was assessed by enzyme-
linked immunosorbent assay, and CEA was assessed
by chemiluminescence immunoassay in the sera of 81
advanced gastric cancer patients before treatment with
oxaliplatin plus 5-fluorouracil and folinic acid.

RESULTS: Median survival time in patients with a low
serum VEGFR-3 level was significantly longer than in
those with a higher VEGFR-3 level (15.4 mo vs 7.7 mo,
P < 0.001). Patients with a low CEA level had a longer
survival than those with a higher CEA level (15.8 mo
vs 8.6 mo, P < 0.001). Thirty-nine patients with low
VEGFR-3 and low CEA levels had a median survival of
19.7 mo (P = 0.0006). The hazard ratio for patients
with a high VEGFR-3 level was 2.443 (P = 0.002).

CONCLUSION: High serum VEGFR-3 level is correlated
significantly with poor survival. In patients with a high
serum level of VEGFR-3, alternative chemotherapy regi-
mens should be considered.
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INTRODUCTION

According to global estimates, gastric cancer is the sec-
ond most frequent cancer-related cause of death. The
incidence of gastric cancer is estimated to be 934 000
cases, with 56% of the new cases occurring in East Asia,
41% in China and 11% in Japan''. In 2005, there were
approximately 400000 new cases and 300000 deaths
from gastric cancer in China'.

Great efforts are being made to develop serological
markers that are noninvasive and can easily reflect the
dynamic status of the tumor. Among these, carcinoem-
bryonic antigen (CEA) has been used widely as a sero-
logical marker in patients with gastrointestinal malignan-
cies™. CEA was first described by Gold and Freedman
in 1965 as an antigen that is expressed by gastrointestinal
carcinoma cells, which is secreted in blood or body flu-
ids. Several studies have focused on the utility of CEA
and carbohydrate antigen 19-9 (CA19-9) measurement in
cancer progression, recurrence, and prognosis in patients
with gastric carcinoma®”.,

There has been a dramatic increase in the number of
studies of the mechanisms of associated lymphangio-

May 7, 2010 | Volume 16 | Issue 17 |



Ni XF et a/. Serum VEGFR-3 and gastric cancer

genesis and lymphatic metastasis. It has been recognized
that lymphangiogenic growth factors promote the spread
of cancer cells to regional lymph nodes™"" and one of
the most important ones is vascular endothelial growth
factor receptors (VEGER).

Regional lymph node metastasis is an important
indicator of tumor aggressiveness, as well as a known
prognostic factor!, Therefore, it is important to estimate
the degree of lymphatic system invasion and lymphan-
glogenesis in the evaluation of biological tumor aggres-
siveness and patient outcome. VEGFRs1, 2 and 3 are
endothelial-specific receptor tyrosine kinases that are
regulated by members of the VEGF family. VEGFR-3
expression has been demonstrated in a variety of human
malignanciesm]. The role of the VEGF-C, D and/or
VEGFR-3 axis in various types of cancer has been in-
vestigated by many research groups'”. In clinical stud-
ies, a negative correlation between VEGF-C, D and/or
VEGFR-3 and patient survival time has been reported
in non-small cell lung cancer, colorectal carcinoma, en-
dometrial carcinoma, epithelial ovarian carcinoma and
primary breast cancer' .

Advanced gastric cancer patients need chemotherapy,
but there is currently no established standard regimen;
oxaliplatin plus 5-fluorouracil and folinic acid (FOLFOX)
is well tolerated. Recently, several phase I studies have
yielded a median time to progression (I'TP) of 5.4-6.5 mo
and a median overall survival (OS) of 9.8-12.6 mo"**",

A reliable factor is necessary to predict objectively
the effectiveness of some special chemotherapy proto-
cols. Recently, two studies have investigated if gene poly-
morphisms and mRNA can predict the TTP and OS in
advanced gastric cancer treated with FOLFOX"™?!, For
oxaliplatin-associated chemotherapy of advanced gastric
cancer, secking more reliable predictive values for che-
motherapy is of great importance in research and clinical
settings.

We hypothesized that secreted CEA reflects the tumor
burden, and VEGFR-3 is associated with poor survival.
The purpose of this study is to find out the prognostic
value of serum levels of VEGFR-3 and CEA in gastric
cancer patients receiving FOLFOX chemotherapy.

MATERIALS AND METHODS

Patients
Patients with histologically proven locally advanced or
metastatic gastric cancer and Eastern Cooperative On-
cology Group (ECOG) performance status (PS) < 2
were included in the study. Clinical stage and histological
type of gastric cancer were evaluated according to AJCC
criteria (the sixth edition). All patients received FOLF-
OX chemotherapy after resection of primary tumors
as follows: oxali;)latin 130 mg/ m” on day 1, plus folinic
acid 200 mg/m” as a 2-h infusion, followed by a 22-h
infusion of 5-fluorouracil (5-FU) 450 mg/m” on days
1-5, every 3 wk. Survival was calculated from the date of
diagnosis to the date of last follow-up or death from any
cause.

All patients gave their signed informed consent, and
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the study was approved by the Institutional Ethics Re-
view Boards.

Quantitative detection of VEGFR-3 and CEA

Sera from 40 healthy volunteers (20 females and 20
males ranging in age from 25 to 60 years) and gastric
cancer patients were collected using a serum separator
tube and kept frozen at -80°C until assay.

Enzyme-linked immunosorbent assay for serum
VEGFR-3 and CEA

Serum was collected before chemotherapy. VEGFR-3
was analyzed with enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minneapolis, MN, USA).
An ELISA component kit that measures the extracellular
(soluble) domain of VEGFR-3 was employed. Serum
VEGEFR-3 assays were calibrated against recombinant
proteins that consisted of the full-length extracellular
domain of the respective receptors. A 96-well microplate
was coated with diluted capture antibody, and incubated
overnight. After washing, the plate was blocked by adding
diluent reagent. Plate preparation was finished. Samples
or standards were added, then the plates were washed,
detection antibody was added, and washing was repeated.
Streptavidin-horseradish peroxidase was added to each
well. After washing, substrate solution was added to each
well. Finally, stop solution was added to each well. The
plate was tapped gently. The optical densities of each well
were quantified within 30 min at dual wavelengths of 450
nm corrected to 540 nm using a micro-plate reader.

CEA level of all serum samples was analyzed by che-
miluminescence immunoassay (CEA Regent Kit, Abbott
Diagnostics). Assays were carried out according to the
manufacturer’s instructions using the machine of AR-

CHITECT i2000 SR.

Statistical analysis

Spearman’s Rho method was used to correlate levels of
VEGFR-3 and CEA. The maximal y* method of Miller
et al”” and Halpern™ was adapted to determine which
cutoff value can best dichotomize the patients into low-
and high-expression CEA and VEGFR-3 subgroups; the
Tree method” was then applied to optimize these cutoff
values. The final cutoff values were confirmed by recur-
sive partitioning and amalgamation using S-Plus software,
version 6.1 (Statistical Sciences, Seattle, WA, USA). Cu-
mulative survival rates were determined using the Kaplan-
Meier method, and the difference between each group
was evaluated by the log-rank method. The cases lost to
follow-up were treated as censored data for the analysis of
survival rates. A univariate Cox model with overall survival
as the dependent variable was constructed and categorized
with two factors levels as independent variables, and the
factors that were significant in the univariate analysis were
included in a multivariate Cox proportional hazards model
for survival. Differences were considered significant at P
< 0.05. All statistical calculations were performed using
the Statistical Package for the Social Sciences, version 13
(SPSS Inc., Chicago, IL, USA).
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Characteristics n (%) MST (mo) (95% CI) P Log-rank

test

Age (yr) (median:
59, range: 28-73)

<59 37 (45.7) 13.900 (8.075-19.725) 0.610
=59 44 (54.3) 12.600 (6.595-18.605)

Gender
Male 55 (67.9) 12.600 (7.674-17.526) 0.384
Female 26 (32.1) 15.300 (6.017-24.583)

ECOG
0-1 64 (79.0) 14.300 (9.194-19.406) 0.034
2 17 (21.0) 9.800 (5.307-14.293)

Lymph node
Negative 13 (16.0) 35.100 (5.695-64.505) 0.004
Positive 68 (84.0) 9.900 (7.480-12.320)

Initial staging

it 38 (46.9) 17.800 (14.187-21.413) 0.017
\% 43 (53.1) 8.600 (6.157-11.043)

Grading
G2 23 (28.4) 14.500 (2.761-26.239) 0.584
G3 58 (71.6) 12.600 (7.823-17.377)

Site of tumor

Proximal stomach 30 (37.0)  10.300 (5.283-15.317) 0.806
Distal stomach 44(543)  15.400 (9.380-21.420)
Whole stomach 7(86)  10.800 (4.439-17.161)

MST: Median survival time; ECOG: Eastern Cooperative Oncology Group.

RESULTS

Patient characteristics

A total of 81 advanced gastric adenocatcinoma patients
were included in the study. The median age was 59 years;
55 patients were male and 64 patients had ECOG PS 0-1;
and 13 patients had no lymph node involvement. Thirty-
eight (46.9%) patients had stage III, and 43 (53.1%) had
stage IV disease at the time of diagnosis. Patient charac-
teristics are summarized in Table 1.

Levels of VEGFR-3 and CEA

Serum VEGFR-3 and CEA levels were detected in
all the patients and healthy donors. Serum VEGFR-3
level varied in healthy donors, and the median level was
24.5 ng/mL [range: 0.3-40.3 ng/mlL., 95% confidence in-
terval (CI): 19.2-31.7]. In gastric cancer, the median VEG-
FR-3 level was 41.8 ng/mL (range: 17.2-385.5 ng/mlL,
95% CI: 52.5-114.6). A highly significant difference was
found in the median VEGFR-3 level between gastric
cancer patients (P < 0.01) and healthy donors.

Serum CEA level was variable in healthy donors,
and median level was 2.3 ng/mL (range: 0.1-6.2 ng/mL,
95% CI: 1.7-3.9). In gastric cancer, the median CEA
level was 13.7 ng/mL (range: 2.2-301.7 ng/mlL,, 95% CI:
18.3-57.8). A highly significant difference was found in
the median CEA level between gastric cancer patients
(P < 0.01) and healthy donors.

Using a cutoff value of 70.6, 52 (64.2%) patients had
low VEGFR-3 expression levels and 29 (35.8%) patients
had higher VEGFR-3 levels. Using a cutoff value of
23.5, 57 (70.4%) patients had low CEA expression levels
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Factors n MST (mo) (95% CI) P
VEGFR-3 (ng/mL)
Low =< 70.6 52 15.400 (11.799-19.001) < 0.001
High > 70.6 29 7.700 (5.691-9.709)
CEA (ng/mL)
Low =< 235 57 15.800 (11.223-20.377) < 0.001
High > 23.5 24 8.600 (7.219-9.981)

'Adjusted P-value based on log-rank statistics after 1000 bootstrap
simulations. VEGFR-3: Vascular endothelial growth factor receptor-3;
CEA: Carcinoembryonic antigen; CI: Confidence interval.
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Figure 1 Kaplan-Meier estimates of overall survival by vascular endothelial
growth factor receptor-3 (VEGFR-3) levels (7 = 81, low VEGFR-3: 52; high
VEGFR-3: 29).

and 24 (29.6%) had higher levels. There was no signifi-
cant association between VEGFR-3 and CEA levels (P =
-0.136, P = 0.227). No significant association was detect-
ed between VEGFR-3 or CEA and clinical parameters.

Survival time

The median survival time for all patients was 13.0 mo
(95% CI: 8.820-17.180). A significant association was
observed between survival and ECOG PS (P = 0.034),
lymph node involvement (P = 0.004) and initial staging (P
= 0.017). No other association between clinical charac-
teristics and survival was found (Table 1).

A significant association was also observed between
survival and levels of VEGFR-3 (P < 0.05) and CEA (P
< 0.05). Median survival for patients with low VEGFR-3
levels was 15.4 mo (95% CI: 11.799-19.001) compared
with 7.7 mo (95% CI: 5.691-9.709) for those with higher
VEGEFR-3 levels (P < 0.001) (Table 2 and Figure 1). Me-
dian survival for patients with low CEA levels was 15.8
mo (95% CI: 11.223-20.377) compated with 8.6 mo (95%
CI: 7.219-9.981) for those with higher CEA levels (P <
0.001, Table 2).

Among the 24 patients with high CEA levels, 13 pa-
tients with low VEGFR-3 levels had a median survival
of 13.0 mo (95% CI: 5.954-20.046) while 11 patients
with higher VEGFR-3 levels had a median survival of
7.2 mo (95% CI: 4.622-9.778) (P = 0.003, Figure 2A).
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Figure 2 Kaplan-Meier estimates of overall survival according to VEGFR-3
levels in patients. A: Patients with high carcinoembryonic antigen (CEA) levels
(n = 24, high CEA and low VEGFR-3: 13, high CEA and high VEGFR-3: 11); B:
Patients with low CEA levels (7 = 57; low CEA and low VEGFR-3: 39; low CEA
and high VEGFR-3: 18).

Among the 57 patients with low CEA levels, 39 patients
with low VEGFR-3 levels had a median survival of 19.7
mo (95% CI: 12.53-26.87) while 18 patients with higher
VEGFR-3 levels had a median survival of 9.9 mo (95%
CI: 4.651-15.149) (P = 0.000, Figure 2B).

Multivariate analysis identified VEGFR-3 levels [haz-
ard ratio (HR) = 2.443, P = 0.002], initial staging (HR =
1.844, P = 0.018), and ECOG PS (HR = 2.396, P = 0.011)
as independent markers for survival (Table 3), whereas
CEA levels (HR = 1.255, 95% CI: 0.721-2.184, P = 0.121)

were not an independent marker for survival.

DISCUSSION

In this study of serum levels of VEGFR-3 and CEA in
advanced gastric cancer, multivariate analysis identified
VEGEFR-3 levels, initial staging, and ECOG PS as in-
dependent markers for the survival of the patients who
received the FOLFOX regimen. CEA was not an inde-
pendent marker for survival.

VEGF-C and VEGFR-3 are associated with lym-
phatic metastasis, mainly »/z tumor lymphangiogenesis
in animal models and human tumors””". Many previous
studies have investigated the association between ex-
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Factors n Hazard ratio (95% CI) P
ECOG PS

0-1 64 1 (ref.)

2 17 2.396 (1.219-4.708) 0.011
Lymph node

Negative 13 1 (ref.)

Positive 68 1.846 (0.871-3.912) 0.110
Initial staging

I 38 1 (ref.)

\Y 43 1.844 (1.109-3.066) 0.018
VEGFR3

Low < 70.6 52 1 (ref.)

High > 70.6 29 2.443 (1.374-4.345) 0.002

PS: Performance status.

pression of VEGFR-3 and tumor histology. VEGFR-3
is an independent prognostic factor for survival; the
expression of VEGFR-3 is correlated with lymphatic
invasion, lymph node metastasis, and poor prognosis for
survival™™. In the present study, the median survival
time in patients with low serum VEGFR-3 levels was
significantly longer than in those with higher VEGFR-3
levels (15.4 mo »s 7.7 mo, P < 0.001). Patients with low
VEGFR-3 and CEA levels had a median survival of
19.7 mo (P = 0.0006). The HR for patients with a high
VEGFR-3 level was 2.443 (P = 0.002).

Although great efforts have been devoted to improve
early detection of gastric cancer, the majority of patients
are diagnosed at an advanced stage. The median OS has
been shown to be 9.8-12.6 mo after FOLFOX chemo-
therapylls’m. Identification of patients with potentially
poot prognosis after FOLFOX chemotherapy would
help us to optimize another treatment protocol for pa-
tients with advanced gastric cancer.

These findings are similar to those with metastatic
malignant melanoma, for which, a high pretreatment se-
rum VEGFR-3 level is correlated significantly with poor
prognosis. Patients with a low serum VEGFR-3 level
had a higher median disease-free survival than those with
a high serum VEGFR-3 level (16.2 mo #5 10.8 mo, XZ =
3.85, P = 0.022). Median serum VEGFR-3 levels were
significantly higher in patients with a high tumor burden
than those with a low tumor burden (P = 0.013)"".,

There are few reports on biomarkers with a high and
reliable predictive value for chemotherapy. Recently, two
studies have investigated predictive factors for FOLFOX
chemotherapy in advanced gastric cancer. In one study
of genetic polymorphism, the glutathione S-transferase
M1 positive genotype showed a significantly longer sur-
vival time compared with negative genotype in advanced
gastric cancer treated with FOLFOX™. In a study of
mRNA, the median survival time in patients with low lev-
els of mammalian excision repair »iz complementing pro-
tein ERCC1 was significantly longer than in those with
higher levels (15.8 mo »s 6.2 mo, P < 0.0001) in advanced
gastric cancer treated with FOLFOX chemotherapy™.
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However, in the present study, the difference in the
sutvival of the patients with a low level and a high level
of VEGFR-3 was much more striking (15.4 mo »s 7.7 mo,
P < 0.001), with an HR of 2.443. The determination of
relative serum VEGER levels by ELISA and electroche-
miluminescence is considered currently to be easier than
by immunohistochemistry and quantitative PCR.

It has been shown that VEGFR-3 is expressed not
only in lymphatic endothelial cells, but also in tumor
cells, and it has been seen in the cytoplasm, along the
nuclear and cell membranes, which underlines its poten-
tial role in tumor growth!>***!, Despite vast amounts of
literature on VEGFR-3 expression in tissues (quantitative
PCR and immunohistology)132’34’3”, there are few data
about serum levels of VEGFR-3, which is the major axis
specific for lymphangiogenesis.

To address the biological and clinical significance
of pre-chemotherapeutic serum VEGFR-3 levels in ad-
vanced gastric cancer, we compared serum VEGFR-3
levels with clinicopathological parameters. A significant
association was observed between survival and ECOG
PS, lymph node involvement and initial staging. We
found a significant association between the pre-chemo-
therapeutic serum level of VEGFR-3 and lymph node
status. In contrast, there was no cotrelation between sut-
vival and age, sex, tumor grading, or tumor site.

In a recent study of anti-angiogenic treatment, DeP-
timo e al” found that the decrease in the soluble variant
of VEGFR-3 could be a marker of sunitinib activity in
patients with metastatic renal cell carcinoma. Similar to
our results, Rini ¢/ 2/*” have shown that a high baseline
VEGEFR-3 level is related to non-response to treatment
and shorter progression-free survival in renal cell cancer
that is refractory to bevacizumab, when the patients are
treated with sunitinib. The presence of high levels of
circulating VEGFR-3 in advanced gastric cancer patients
might prospectively identify high-risk patients undergo-
ing FOLFOX chemotherapy with a worse prognosis and
shorter survival, and special target medicine is needed
for therapy.

It is also not known in which way VEGFR-3 contrib-
utes to tumor angiogenesis, lymphangiogenesis, tumor
progression and metastasis . However, our results
were from serum, and further investigations are neces-
sary to confirm our observations.

A high CEA level has been shown to be a nega-
tive factor for survival in breast, gastric and colorectal
cancer™*", In patients with metastatic colorectal cancer
receiving cetuximab plus FOLFIRI or FOLFOX-4 che-
motherapy, serum CEA could predict progression-free
survival time. Survival time in responders assessed by
changes in serum CEA was significantly longer than that
in non-responders (P = 0.0091)",

In another study, a preoperative CEA level was an in-
dependent prognostic factor in patients with node-posi-
tive Dukes’ C colorectal cancer treated with 5-FU-based
adjuvant chemotherapym]. However, the role of CEA in
predicting chemosensitivity remains controversial. In a
prospective study, by multivariate analysis, serum CA19-9
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level (P < 0.001) was found to be an independent prog-
nostic factor, whereas pretreatment serum CEA level
was not considered to be a significant prognostic indica-
tor in patients with metastatic colorectal cancer treated
with 5-FU-based chernotherapy[so].

In the present study, patients with lower CEA levels
had a longer survival than those with higher CEA levels,
especially in patients with higher VEGFR-3 levels. VEG-
FR-3 over-expression increases proliferation of MCEF7
cells, but proliferation of BT474 cells is reduced drasti-
cally when endogenous VEGFR-3 is down—regulated[sﬂ.
Producing a plausible explanation of why a meaningful
number of patients with low VEGFR-3 and CEA levels
had the longest survival is one of the aims of the pres-
ent study.

Irinotecan and taxane-based regimens have been used
in the treatment of advanced gastric cancer patients, with
a similar survival to those attained with FOLFOXP*™.
Irinotecan or taxane-based regimens could be the bet-
ter alternative for patients with high VEGFR-3 levels. A
randomized customized trial is warranted in this setting.

Targeting the VEGF-C/VEGFR-3 axis may be ther-
apeutically significant for certain types of tumors. Thus,
the continued discovery and characterization of factors
that regulate VEGF-C or VEGFR-3 are essential for
developing new therapies that limit the spread of can-
cer. In a recent study of gastric tumors, the target drug
Ki23057 inhibited the phosphorylation of VEGFR-3
in lymphatic endothelial cells. The degree of lymphatic
invasion and lymphangiogenesis was significantly (P <
0.05) lower in the gastric tumors treated by Ki23057".
Therefore, the target medicine is required to be devel-
oped in the future. In particular, new drugs that block
the VEGFC/VEGFR-3 signaling pathway may provide
useful anticancer therapeutics by mechanisms other than
the blockage of lymphangiogenesis.

In conclusion, the data from our study indicate that
serum VEGFR-3 level is the most significant prognostic
indicator of patients with advanced gastric cancer. It is
recommended that stratification for further clinical trials
of patients with advanced gastric cancer should be car-
ried out according to serum VEGFR-3 levels. Combined
analysis of the VEGF-C/VEGF-D/VEGFR-3 system
might be useful for identifying patients with an unfavor-
able clinical outcome, thereby helping refine therapeutic
decisions in gastric cancet.

In our study, we only detected the levels of VEG-
FR-3 and CEA before chemotherapy. Changes in these
levels after chemotherapy, especially with regard to dif-
ferences between the responding and non-responding
groups, need further researches.

COMMENTS

Background

Carcinoembryonic antigen (CEA) has been used widely as a serological marker
in patients with gastrointestinal malignancies. Several reports have focused
on the utility of CEA measurements in cancer progression, recurrence, and
prognosis in patients with gastric carcinoma. Vascular endothelial growth factor
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receptor-3 (VEGFR-3) expression has been demonstrated in a variety of human
malignancies. CEA reflects the tumor burden, and VEGFR-3 is associated
with tumor progression. For oxaliplatin-associated chemotherapy of advanced
gastric cancer, seeking a more reliable predictive marker for chemotherapy has
been of great interest in research and clinical settings.

Research frontiers

In this study, serum VEGFR-3 and CEA levels were assessed in advanced
gastric cancer. The authors observed that VEGFR-3 and CEA could help
predict survival in advanced gastric cancer patients treated with oxaliplatin plus
5-fluorouracil and folinic acid (FOLFOX).

Innovations and breakthroughs

High serum VEGFR-3 levels are correlated significantly with poorer survival.
In patients with a higher serum VEGFR-3 level, alternative chemotherapy
regimens should be considered.

Applications
The results of this study will help predict survival in advanced gastric cancer
patients treated with FOLFOX chemotherapy.

Peer review

In this paper, the authors analyzed the clinicopathological parameters, serum
CEA, serum VEGFR-3 levels and survival of advanced gastric cancer patients
treated with FOLFOX. Based on the results of the study, the authors concluded
that a high serum VEGFR-3 level is significantly correlated to poorer survival of
the patients.
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