ISSN 2304-3415, Russian Open Medical Journal 2012; 1: 0311

1
Urology

Original article

Reprint

Vascular endothelial growth factor as a marker of development of relapses in the postoperative
period in kidney and bladder tumors
D. A. Durnov, Vasiliy Yu. Mikhailov, N.B. Zakharova, A.N. Ponukalin
Saratov State Medical University n.a. V. I. Razumovsky, Saratov, Russia
Accepted 20 September 2012
Original Text in Russian © Durnov DA, Mikhailov VYu, Zakharova NB, Ponukalin AN, 2011, published in Saratov Journal of Medical Scientific Research 2011;
7(3): 711–714.

Abstract: Aim – The article considers the results of research of the vascular endothelial growth factor (VEGF) in blood serum in patients
with kidney and bladder tumors after surgical intervention. Materials and methods – The total of investigated patients consisted of 75
primary patients with kidney cancer (stages рТ1-рТ3N0M0), 75 patients with non‐muscle‐invasive bladder cancer (NMIBC), stages pТа‐
1NxMoG1–3, 25 patients with cysts of kidneys and 30 healthy patients. Results of research of content of VEGF in patients with kidney
cancer and NMIBC in the postoperative period confirmed the role of angiogenesis processes both in the development of tumoral tissue and
relapses of disease. Conclusion – Investigations of VEGF in blood serum may be additional method of revealing kidney cancer and NMIBC
after surgical treatment of relapses of disease and may influence on the duration of recurrence‐free period.
Keywords: vascular endothelial growth factor, angiogenesis, kidney cancer, non‐muscle‐invasive bladder cancer.
Cite as Durnov DA, Mikhailov VYu, Zakharova NB, Ponukalin AN. Vascular endothelial growth factor as a marker of development of relapses in the
postoperative period in kidney and bladder tumors. Russian Open Medical Journal 2012; 1: 0311.
Correspondence to Dr Vasiliy Yu. Mikhailov. Address: Department of Urology,Saratov State Medical University n.a. V. I. Razumovsky, Bolshaya Kazachya str.,
Saratov, 410012, Russia. Phone: +7 917 201 12 27. Е‐mail: vasylek777@rambler.ru

Introduction
The results of recent years surveys in proteomics area and
biosystematic approach in molecular biology allowed to establish a
significant purpose of cytokines and factors of growth in the
transmission of intercellular signals [1‐3]. The most well‐known
and examined is the vascular endothelial growth factor (VEGF) [4].
VEGF is a dimer, heparin binding protein with molecular mass 34‐
42 kDa— is currently studied as one of the the major biomarkers
of recurrence and metastasis development [5, 6]. It is established
that the proliferation and migration of endothelial cells increase is
related to the reduction factors secretion, which are inhibiting
angiogenesis (trombospondin, etc), as well as to production of
stimulators of angiogenesis increase (and primarily VEGF) [7].
These processes lead to activation of proteolysis of extracellular
matrix and endothelial vermination to tissue neoplasms [8].
It is claimed that modern methods of detecting and timely
removing primary tumor single transformed cells could include the
angiogenesis index and medications — its inhibitors [8, 9]. The
research of angiogenesis and natural anti‐angiogenic factors could
find a wide application in clinical practice [10]. Angiogenesis is
considered to be one the major factors contributing to the kidney
and bladder cancer development [6, 11]. The research concerning
the content of angiogenic factors in blood, first of all VEGF could
be considered as one the approaches in predicting the results of
the treatment of all types of urinary tract cancer [6]. This serum
biomarker has a number of significant advantages, as it allows to
get forward‐looking information, that could not be obtained when
using standard clinically‐morphological research [4, 6, 8].

© 2012, LLC Science and Innovations, Saratov, Russia
[

The purpose of this work: The research of clinical meaning of
VEGF level growth in kidney and bladder cancer patients’ blood
serum after operative treatment.
Material and Methods
The research included the results of survey of 180 individuals,
75 of them are suffering kidney cancer (KC) of pT1‐pT3N0M0
stage, 75 are suffering from non‐muscle invasive bladder cancer
(NMIBC) of pTa‐1NxMoG1‐3 stage and 30 almost healthy
individuals. The approximate age of patients was 56.0±9.5 years,
among them there were 61.3% of males and 38.7% of female. The
research of VEGF content in serum was carried out within 75
primary patients suffering KC before and after the operative
therapy: after 2 weeks, 6 months, 12 months.
The patients suffering NMIBC had their content of VEGF
checked before and after 6‐12 months after the transurethral
resection of bladder (TRB). In order to estimate the quantitive
content of VEGF in blood serum the ELISA method and the
reagents of Bender Medsistems firm (Austria) and "Vektor‐Best"
closed JSC (Novosibirsk) were used.
For statistical analysis of the obtained results the following
computer software was used: Statistica 6.0 (StatSoft Inc.), SPSS
13.0 for Windows (SPSS Inc.), Microsoft Office Excel 2007. The
change in VEGF level in blood serum were monitored the following
methods: descriptive statistic, nonparametric statistic with the
calculation of the median, interquartile span (Q1 and Q3), mean
(M), standart deviation (SD), authorisation levels differences
between groups by Mann‐Whitney criteria. The diagnostic value of
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VEGF change was measured with the help of studying the
sensitivity and specificity, which are calculated as characteristic
curves are built (ROC‐analysis).
Table 1. VEGF content (ng/ml) in blood serum of KC patients
Patients’
group

Median

Q1‐Q3

Min‐Max

M±SD

Control group

68.5

33.9‐112.4

11.0‐175.0

78.9±55.8

T1NoMo

446.5

354.1‐710.1

173.0‐1278.6

546.4±324.9

T2NoMo

612.0

442.0‐665.0

206.0‐1192.6

593.6±269.2

T3NoMo

812.0

491.0‐904.6

440.0‐1630.2

810.8±384.7

Q1 is quartile 1, Q3 is quartile 3.
Table 2. Diagnostic threshold of VEGF sensitivity and specificity in blood
serum within KC patients
KC stage

VEGF, ng/ml

Specificity, %

T1‐2

from 207.5 to 633.0

85.7

Sensitivity, %
96.2

T3

>633.0

70.3

71.4

Table 3. Dynamics of VEGF content (ng/ml) in blood serum within KC T1‐3
patients after 2 weeks, 6 and 12 months after operative treatment
Patients’
group

Parameters

Initial

KC T1‐2

Min

Time after operative treatment
2 week

6 months

173.0

378.5

63.3

33.6

Max

1278.6

1473.2

206.5

221.5

Median

482.0*

805.1*

98.1

91.2

M

565.5

777.4

112.4

111.6

SD

289.9

313.3

50.5

54.5

KC T3

12 months

Min

436.0

614.8

22.1

33.6

Max

1630.2

1570.2

395.4

769.3

Median

812.0*

1008.7*

83.8

104.9

M

810.8*

1029.1*

107.2

215.8

SD

384.1

366.0

90.5

146.5

* – p<0.05 compared with initial level.
Table 4. VEGF level of blood serum within NMIBC patients and control
group
Patients’ group

M±SD

Median

Q1‐Q3

Min‐Max

Control group

78.9±55.8

68.5

33.8‐112.4

11.0‐175.0

354.3±168.4*

294.7*

204.5‐479.8

45.4‐948.6

NMIBC patients

* – P<0.01 compared with control group.
Table 5. Dynamics of VEGF content in blood serum of NMIBC patients in
6‐12 months after TBR
Patients’ group

M±σ

Median

Q1‐Q3

Min‐Max

78.9±55.8

68.5

33.8‐112.4

11.0‐175.0

‐ before operative
2
treatment

354.3±168.4

294.7

204.5‐479.8

45.4‐948.6

‐ who had no
relapse in
postoperative
3
period

166.2±99.5

134.4

63.0‐195.9

28.7‐512.3

‐ who had the
relapse detected in
postoperative
4
period

420.1±271.3

329.4

199.7‐676.8

47.4‐1035.8

Control group

1

NMIBC patients:

Statistically significant (P‐level) of differences between groups: P0‐1<0.001,
P0‐2<0.001, P1‐2=0.002, P2‐3=0.01, P1‐3=0.71.
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Results
Results of the research of VEGF content in blood serum of KC
patients and NMIBC patients presented in Tables 1‐5. As it is
presented in Table 1, KC patients has a significantly higher content
of VEGF in blood serum than norm, with it there is an increase in
this index at T1‐stage already. The most significant increase in
VEGF content, which is 11.85 times more that norm has been
detected within T3‐stage patients (P<0.05).
ROC‐analysis of VEGF level in case of KC T1 and T2 patients did
not detect sufficient diagnostic compliance of this index: sensitivity
74.7%, specificity 56.3%. The diagnostic efficiency of the VEGF
content research was noticed within KC patients of T3 ‐stage
against T1‐2 ‐stage patients: sensitivity 71.4%, specificity 72.7%.
This suggests that the VEGF content increase in blood serum with
a high possibility correlates with the degree of tumor invasion in
case of KC.
The diagnostic threshold was chosen according to the most
current clinical demands. In this case the marker level with a
maximum amount of sensitivity and specificity was taken as a
criteria of threshold chose (Table 2).
The obtained results indicate that in case of KC of T1 and T2‐
stages the VEFG sensitivity and specificity is high (over 70%). The
definition of this biomarker may be suggested for identifying the
stage of disease within KC patients. In a postoperative period
almost all KC patients have an significant increase in their VEGF
content compared to preoperative level (Table 3). But after six
months operative treatment had been radically completed the
level of index despite a significant decrease remained 67% higher
than norm (P<=0.05). This confirms the possibility of exponentially
growing tumor development among KC patients at any time, which
in the end will lead to the appearance of metastasises and return
to the acute stage of disease. This is confirmed by the results of
studying 3 patients, who had the an increase in VEGF content both
in pre‐ and postoperative periods during the year.
Despite the fact that NMIBC patients have the most favorable
prognosis, the research of VEGF level before carrying out TRB
showed that almost all patients had an increase of this index.
According to ROC‐analysis, VEGF level is diagnostically significant
for NMIBC diagnostics. During a diagnostic level higher than
153.2 pg/ml sensitivity was 82.7%, and specificity was 87.5%
(Table 4).
In identifying the diagnostics meaning of quantitive definition
of VEGF level after TRB the NMIBC patients in postoperative
period are divided into 2 groups. Those who did not have a relapse
of disease at the moment of check‐up (after 6‐12 months) went to
the first group, those with the BC relapse. The obtained results of
VEGF content are presented in Table 5.
As seen, the VEGF content in blood serum of NMIBC patients
in six months after operative treatment is related to the relapse of
the disease. In case of relapse absence within the check‐up a more
than twofold (p=0.002) decrease in its level after 6 months has
been noticed. At the same time VEGF level within those patients
with relapse increases in 2.5 times comparatively to its level within
patients without the relapse. The usage of ROC‐analysis showed
that the research of VEFG level may be efficient while identifying
the group of patient with the BC relapse after TRB relatively to
those patients without the relapse. The calculated level of
discriminatory during the check‐up of patients in 6 months was
higher than 198.2 pg/ml (sensitivity was 76.9%, specificity was
80.0%).
www.romj.org
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Discussion
It is known that one of the major markers of angiogenesis,
VEGF, does not appear to be strictly specific indicator for
malignant growth. Its level may very as a result of inflammation
processes activation [1, 3]. Along with it results provided confirm
that the estimation of quantitate content of this index in blood
may be enough accurate approach in recurrence kidney and
bladder cancer prediction. Apparently, the high level of VEGF
preservation in 12 months after surgery of KC patients shows that
nearly all patients in postoperative period maintained a high level
of angiogenesis activity. This confirms the possibility of
exponentially growing tumor development at any time in relation
to KC patients, which eventually will lead to appearance of
micrometastases and return to acute stage of disease [8]. This
point has been confirmed by the results of research of 3 patients,
who both in pre‐ and postoperative period during the year had an
increase in VEGF content. In case of NMIBC patients the quantitive
VEGF level estimation also could be recommended in integrated
diagnostics of BC relapse development after TRB. After an
insignificant increase, there is a approximately twofold decrease of
VEGF level on 6‐12 months of postoperative period in case of
relapse absence. With TRB completed inadequately, or the relapse
development the VEGF level remains the same or starts to
increase.
Conclusion
The results of the VEGF content in cases of KC and NMIBC
patients in postoperative period confirm the ideas about the
angiogenesis processes role both in development of tumor tissue
itself and in the manifestation of recurrent. With this, in case of KC
patients in seems like all treatments used were unable to detect
and eliminate the tumor transformed cells. Chronic usage of
angiogenesis inhibitors after removal of the kidney tumor tissue
may prevent the growth of micrometastasises and increase the
efficiency of the treatment used for this decease. It is obvious that
the VAGF research can be economically feasible additional method
of detecting KC and NMIBC among those patients, who had been
through surgery to cure the relapse or to significantly influence on
the duration of the disease‐free survival.
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