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The Study of the Correlation Between Doppler Indices of Intratumoral
Blood Flow and CD-31 in Malignant Ovarian Tumors of Epithelial Origin
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The correlation among quantitative indices (VI-vascular index, PI-pulsatility index, RI- resistive
index, VFI-vascular flow indices) of dopplerometry with CD-31 in malignant ovarian tumors
was studied. ROC examination of quantitative indices of doplerometry was also performed in
malignant ovarian tumors. As a result of the research a positive correlation relationship between
dopplerometric indices of blood flow and CD-31 was esdtablished. It was found that increases in
dopplerometric indices occur in accordance with CD-31 depending on the degree of malignancy.
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INTRODUCTION

The growth and metastasis of cancer cells is
based on angiogenesis - forming and growth of
new blood vessels. The formation of microvas-
cular net is important for providing tumor
metabolism (Morgan et al., 2007). Creation of
new microveins occurs through vasculogenesis,
intussuseptive angiogenesis and neangiogenesis.
The last mechanism plays a crucial role in this
process.

Migration of perisits from basal membranes
of capillaries, degradation of extracellular ma-
trix around capillaries, migration of endothelial
cells, formation of tube-like structures and at
last formation of anastomoses with neighboring
veins occur during neangiogenesis (Carmeliet,
2005; Emoto et. al., 2006). Thus, neangiogen-
esis provides growth and metastasis of tumor.

The study of angiogenesis in practical
oncomorphology allowed getting information on
the relapses, formation of metastasis, and course
of the oncological disease depending on the
degree of the development of vessels (Folkman
and Klagsburn, 2007). For this purpose CD-31
prognostic factor, which does not depend on the
other characteristic features of tumor, is deter-
mined in the histological preparation.

Color dopplerographic imaging is consid-
ered to be a promising opportunity of ultrasonic
examination in the differential diagnostics of the
malignant and benign ovarian  tumors.
Dopplerography allows visualizing tumor blood
vessels, including capillaries. High opportunities
of the method allow visualizing and identifying
even the tiniest blood vessels of the microcir-
culatory system, which cannot be detected when
scanning in the regime B. Twisted, abnormally
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shaped vessels more characteristic for malignant
tumors can be identified by dopplerography
(Ivashina et al., 2012; Fedorova and Lipman,
2012).

Recently, ROC (Receiver Operating Char-
acteristic) analysis has been used for checking
the efficiency of the laboratory examination.
ROC is considered as a common denominator
between the sensitivity and specificity of the
examination. ROC allows objectively assessing
the diagnostic significance of laboratory tests.

This method can be used for evaluating the
tests diagnosing various diseases. ROC allows
defining individual criteria for interpreters used
in the evaluation of the tests. We can assess the
quality of the test according to the deviation of
test criterion line from the average line. If the
curve of the examined criterion is higher than
the average line, then an increase of this parme-
ter has a diagnostic importance and if the curve
is lower then a decrease of this parameter has a
diagnostic importance.

MATERIALS AND METHODS

Data of the examination of 123 patients
diagnozed with malignant ovarian tumors and
treated at the Oncological Clinic of the Azerbai-
jan Medical University during 2008-2015 years
have been used in the presented research. The
final diagnosis was verified at the laboratory of
Patomorphology of Oncological Clinic of AMU.
The researches were performed after cytological
and histological verification, patients were
systematized, the clinical picture of the disease
was clarified, and the clinical phases of the
process were determined after the summariza-



tion of the results of laboratory instrumental
analyses of the patients. According to the re-
search plan all the patients were subjected to
ultrasound examination. The examination was
carried out through transabdominal and
transvaginal sensors at 3.5-5 MHz using the Ul-
trasound Scanner ALOKA SSD-4000. DAKO
((France) CD 31, Endothelial Cell, clone JC 70A,
isotype: Lg GI, kappa 0.2/1ml) reagents were used
for histological examinations. Cryostat sections
prepared from a material frozen in liquid nitrogen
and fixed in acetone and paraffin blocks fixed in a
10% formalin solution were used for the immuno-
histochemical examination. The results were ana-
lyzed using modern statistic methods.

RESULTS AND DISCUSSION

We have revealed that an increase in CD-31
concentration in epithelial ovarian tumors indicates
the malignancy. Color doppler examination showed
that, the systolic velocity of the blood circulation
was higher in malignant tumors compared to the
benign tumors and the resistance of the intratumor
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blood circulation was lower. Low peripheral
vascular resistance in malignant tumors is associat-
ed with a sharp increase in the diameter of the
arterial vessels. Malignant ovarian tumors are
also synthesized by angiogenic factors, which
cause the formation of new vessels and further
progression of tumors. Histological structure
and density of blood vessels are different in
diseased and healthy ovary, and this influences
on the type of tumor blood circulation.

Using Spirmen’s correlation analysis we de-
tected correlation relationship between doplero-
metric indices of intratumoral blood flow and
CD-31 (Table 1). Thus, high expression of CD-
31 corresponds to high values of FI. In this case
correlation index r=0.463, and p<0.001(Figure
1). A strong correlation relationship was ob-
served between VI and CD-31. Correlation coef-
ficient p=0.658 (p<0.01) (Figure 2).

There is also a strong correlation relation-
ship between VFI and CD-31. In this case
p=0.463 (p<0.01) (Figure 3).

No relationship was found between PI index
and CD 31: p=0.006 (p=0.938) (Figure 4).

Table 1. Correlational relationship between dopplerometric indices of intratumoral blood flow and CD-31 indices

F1 VFI RI PI CD-31
VI P 0.874%** 0.758%** -0.193* 0.121 0.658%**

P 0.000 0.000 0.045 0.210 0.000
FI P 1.000 0.861%* -.0273%* 0.100 0.463**

P . 0.000 0.004 0.300 0.000
VFI P 0.861%** 1.000 -0.302%** 0.157 0.385%*
p-Spearman P 0.000 . 0.001 0.103 0.001
test RI P -273** -0.302%%* 1.000 -0.019 -0.051
P 0.004 0.001 . 0.844 0.675

PI P 0.100 0.157 -0.019 1.000 0.006

P 0.300 0.103 0.844 . 0.958

CD-31 P 0.463%* 0.385%%* -0.051 0.006 1.000

P 0.000 0.001 0.675 0.958

Note: statistical confidence of p-correlation coefficient using bivariate criterion; * — p < 0.05; ** —p < 0.01
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Figure 1. Correlation relationship between
FI index and CD-31.
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Figure 2. Correlation relationship between
VI index and CD-31.
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Test Result Area Std. | Asympt| Confidence In-
Variable(s) Error |otic Sig. terval
p) Lower | Upper
Bound | Bound
Septa 0.748| 0.054 | 0.000 | 0.642 | 0.853
thickness
VI 0.761] 0.056 | 0.000 0.651 0.872
FI 0.798] 0.054 | 0.000 0.693 0.903
VFI 0.736] 0.069 | 0.001 0.601 0.872
RI 0.374] 0.076 | 0.070 0.225 0.522
PI 0.460] 0.076 | 0.566 0.311 0.609
PSVem’® 0.641] 0.076 | 0.043 0.492 0.790

Figure 3. Correlation relationship between VFI
index and CD-31.
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Figure 4. There is no correlation relationship
between RI index and CD-31.
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Figure 5. Results of ROS analysis
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Figure 5 shows ROS curves of dopplero-
metric indices of intratumoral blood flow in
malignant ovarian tumors of epithelial origin

ROC curves of dopplerometric indices in
malignant epithelial ovarian tumors indicate that
dopplerography is of great importance in diag-
nosis of this disease.

Thus, we have established a positive
correlation relationship between dopplerometric
indices of blood flow and CD-31. It has been
found that increases in dopplerometric indices
occur in accordance with CD-31 depending on
the degree of malignancy. Thus, high dopplero-
metric indices of blood flow determine the
malignancy of the tumor mass.

Because of the positive correlation between
CD-31 and dopplerographic indices, it is pos-
sible to determine the characteristics of tumor
vasculization using non-invasive method. Thus,
the characteristics of tumor can be determined
prior to surgery. This is particularly important
for the correct selection of treatment tactics and
surgery volume. Moreover, based on the doppler
examination of malignant ovarian tumors and
dopplerometric indices of the blood, the neces-
sity of the administration of antiangiogenic pre-
parations to the patients can be elucidated.
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Boadxassali Epitel Mansali Yumurtaliq Sislarinds Sisdaxili Qan Axinimin Doplerometrik
Géstaricilori ils CD-31 Arasinda Korrelyasiyanin Oyranilmasi

O.T. Omiraslanov, N.Q. Qiblsliyeva, G.A. 9hmadova
Azarbaycan Tibb Universitetinin Onkoloji Klinikast

Bad xassali yumurtaliq sisinds CD-31 ils doplerometriyanin komiyyst gostaricilori (VI - vaskulyar index, PI
— pulsasion indeks, RI — rezistentlik indeksi, VFI — vaskulyar axin indeksi) arasinda korrelyasiya Syranil-
migdir. Homginin bodxassoli yumurtaliq sislorindo doplerometriyanin komiyyoat gostoricilorinin  ROC
milayinasi aparilmigdir. Beloalikls, tadgiqat isinin naticasinde qanaxininin dopplerometrik gostaricilori ilo
CD-31 arasinda miisbat korrelyasiya alaqasi oldugu miioyyan edilmisdir. Malum olmusdur ki, sisin badlagmae
doaracasindan asili olaraq CD-31-a miivafiq olaraq doplerometrik gostaricilords do artma bas verir.

Agar sozlar: Yumurtaliq xorcangi, CD-31, doppleroqrafiya, neoangiogenez

N3yuenne Koppensiuuu Me:xay lonmieposbimu UHaexkcamu Buyrpuyrpodonoro Kposoroxka u CD-31
IIpu 310ka4yecTBeHHBIX Omyxo0siX ANYHHKOB dnuTeNHaIbHOro IlpoucxoxaeHus

A.T. Amupacnanos, H.I'. T'uéaanuena, I'.A. AxmanoBa
Onkonozuueckas KiuHuKa A3epoatio’cancko2o MeOuyUHCKo20 YyHugepcumema

H3ydena koppemsius MEXKAy KOJIMYECTBEHHBIMH IOKA3aTEISIMH (MHIEKC COCYIHCTOH CHCTEMBI, MHAEKC
yJIbCATUBHOCTH, UHJEKC PE3UCTEHTHOCTH, MHJIEKChI COCYAUCTOro noToka) gonmiaepomerpun 1 CD-31 npu
3JI0KQUECTBEHHBIX OMyXOJAX AUYHHUKOB. Taroke mpoBogunock ROC mccienoBaHue KOIUMYECTBEHHBIX IOKa-
3aTeneit MOIUIEpOMETPUH IPH 3JI0KAYECTBEHHBIX OIyXONAX SHMYHHUKOB. B pesynprare mccienoBaHust Oblia
YCTaHOBIICHA TIOJIOXKUTENbHAS KOPPETAIMOHHAS CBSI3b MEKAY JONIIEPOMETPUUECKUMHI MOKAa3aTEIIMH KO-
BoToka u CD-31. Bputo o0HApy>KEHO, UYTO YBEIMUCHHUE AOMIUICPOMETPHUCCKUX MOKA3aTEeICH MPOMCXOIUT B
cootBeTcTBHU ¢ CD-31 B 3aBUCUMOCTH OT CTENICHH 3710KaUYECTBEHHOCTH.

Knrouesvie cnosa: Pax suunurxos, CD-31, donniepoepagus, neancuocenes
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