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ULTRASONOGRAPHY FEATURES AND SCREENING OF OVARIAN MASSES
IN REPRODUCTIVE-AGE WOMEN

Spiridonova NV, Demura AA &, Katyushina VO
Samara State Medical University, Samara, Russia

Ovarian neoplasms can develop at any age, carry a high risk for malignant transformation, reduce the reproductive potential of a woman and are an indication
for surgery. The search for optimal screening algorithms for ovarian tumors is still ongoing. The aim of this study was to evaluate the prognostic efficacy of
ultrasonography (US) features in differentiating between benign, malignant and borderline tumors in reproductive-age women. We examined 168 reproductive-age
women with ovarian masses who underwent surgery in 2012-2015 and compared the results of histopathological examinations with pulsed-Doppler US findings.
We did not establish a correlation between the size/volume of the tumor and their morphological structure. We identified the echotexture characteristics associated
with malignancy, including the presence of a solid component (o < 0.001); septations (p = 0.029) and projections on the internal surface of the tumor capsule
(o < 0.001); moderate or significant buildup of free fluid in the small pelvis (p = 0.007), and the nodular surface of the tumor capsule (p = 0.008). Solid ovarian masses
were at increased (31.69-fold) risk of transformation into malignant or borderline tumors, whereas for a mixed (cystic and solid) type the risk of such transformation
increased 3.46-fold. We also identified Doppler parameters that can clearly discriminate between benign and malignant growths, including the blood flow rate in
the tumor over 1.85 cm/s (p = 0.007) and RMI over 0.16 (p = 0.013). The sensitivity and specificity of our diagnostic model are 87% and 68%, respectively, with
a probability threshold of 0.3.
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YNbTPA3BYKOBbIE ACIMEKTbI U CKPUHUHI OMYXOJIEN U ONYXONEBUAHbIX OBPA3SOBAHUN
ANYHUKOB Y NALUMEHTOK PENPOAYKTUBHOIO BO3PACTA

H. B. CrvpnpoHoga, A. A. Oemypa &, B. O. KaTtolumHa
CamapcKkuin rocyfapCTBEHHbI MEAVLIMHCKWIA yHMBepcuTeT, Camapa, Poccunst

Onyxonn SNYHMKOB BO3HMKAOT B NIO6OM BO3PAacTe, CHUKAIOT PenpodyKTUBHbIA NOTEHLMAN XEHLLMHBI, MMEKOT BbICOKMIA PUCK MannrHM3aLmm 1 SBnstoTcs
rokasaHviem Ans onepaTuBHOMO NeveHns. Ha cerogHAWHWA feHb NPOAOIKAETCS MOMCK ONTUMAITBHBIX aNrOPUTMOB CKPUHMHIA OMyXONnen AaHHON HO30MOMMN.
Llensto paboTbl 6bI10 OLIEHUTL MPOrHOCTUHECKYIO 3(PMEKTVBHOCTL YNETPa3BYKOBbIX (Y3) MPM3HaKoB Ana andhepeHLmansHOM AnarHOCTUKN 310Ka4ECTBEHHBIX,
[06POKAYECTBEHHBIX 1 MOrPaHNYHBIX OMYyXOMNel SUHHUKOB Y »KEHLLWMH PenpoayKTBHOro BogdpacTa. ObcnenoBaHbl 168 naLmeHToK penpopyKTMBHOMO Bo3pacTta
C OMyxoNneBbIMA 1 OMyXONEBUAHBIMU 00Pa30BaHNAMI ANYHKKA, NpPoonepupoBaHHbix ¢ 2012 no 2015 ., 1 conocTasneHbl Mopdonornyeckne AaHHble
BEPUMULMPOBAHHOIO MPoLEecca B ANHHNKaX C AaHHbIMN KOMMIEKCHOrO Y3/ ¢ MMMybCHO-BOIHOBbLIM LOMMIEPOBCKIM PEXMMOM. B MccnefoBaHum He BbISBIEHO
3aBVICMMOCTM Pa3MepPOB 1 06bema 06pa30BaHNi AUHHKOB OT MOPOIOMMHECKO CTPYKTYPbI onyxonn. OBHapy»KeHbl axorpaunyeckme 0CO6eHHOCTH Onyxonei
ANYHMKOB: HaNM4ve CoNMAHOro KOMMoHeHTa (o < 0,001); Hann4me neperoponok (p = 0,029) 1 padpacTaHuii MO BHYTPEHHEN MOBEPXHOCTW Kancysbl (o < 0,001);
Han4Me YMEPEHHOIO 1 3HAYUTENTBHOO KOMHECTBa CBOOOAHOM XIMOKOCTH B MasioM Tagy (o = 0,007) n Byrpnctas nOBEPXHOCTb Karcysibl 06pasoBaHms AndHnKa
(o = 0,008). Hanun4ne conmpHoro o6pasoBaHyist yBENMYMBAIO BEPOSTHOCTb MOSIBNEHUS 310Ka4ECTBEHHON 1 MorpaHn4Hor onyxoner B 31,69 pasa, KMCTO3HO-
COMMAHON CTPYKTYpPbl 06pasoBaHns — B 3,46 pasa. BoigeneHb! 3Ha4YMMble AOMNNEPOMETPUHECKIE MOKa3aTeNM, CrOCOBHbIE YETKO 0O03HAYUTE PA3HILY MEXOY
[0OPOKA4YECTBEHHBIM 11 3[I0KA4ECTBEHHbBIM MPOLIECCaMM, & MMEHHO MPEBbILLEHNE CKOPOCTU KPOBOTOKA CBblilLe 1,85 cm/c (p = 0,007) n P 6onee 0,16 (o = 0,013).
YHyBCTBUTENBHOCTL U CNELMUHYHOCTb AaHHOW AMarHOCTUHECKOM MOLEeN COCTaBASOT 87 % 1 68% Npu 3Ha4eHn noporosor BepositHocTy 0,3.

KntoueBble cioBa: OryXomnu SUYHNKOB, PYUCK MAIMMHUBALIMM, CKPUHUHT OMyXOsiel, YNsTPasBykoBOe UCCNEA0BaHE, IXOCTPYKTYPa OnyXome SUYHIKOB,
nonnneporpadusi, 0COBEHHOCTY KPOBOTOKA
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Ovarian neoplasms are a continuing concern for gynecologists.  determines the vast diversity of histological types of ovarian
They can develop at any age, carry a high risk for malignant  neoplasms, especially in reproductive-age women. Mixed
transformation, reduce the reproductive potential of a woman  type tumors constituted by at least 2 histological types
and are an indication for surgery. The complexity of structural — amplify this diversity even further. Therefore, it is important to
and functional organization of female reproductive glands identify the sonographic features of ovarian neoplasms that
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can suggest their malignancy [1]. Some authors estimate that
epithelial cancer accounts for 60% of all ovarian neoplasms
and 80-90% of ovarian malignancies [2]. The rest of ovarian
tumors arise from germ and stromal cells, are typically found in
younger patients and their sonographic appearance can pose
diagnostic difficulty for the clinician.

Because ovarian tumors are fast-growing and aggressive,
about 60-70% of patients have advanced stages (llI-IV)
of the disease at the time of presentation [3]. The use of
ultrasonography (US) and the improvement of its diagnostic
efficacy may be a solution to the problem of early ovarian
cancer detection. US is a noninvasive, cheap, widely available
and reproducible modality introduced in 1970 [4-6]. The first
ultrasound screening tests were offered to women in the
1980s; they consisted in the transabdominal examination of
pelvic organs, which was not the best effective strategy, for
anatomical reasons. In 1990, |. Jacobs included transvaginal
scans in his screening model. Since then, US has been the
primary diagnostic modality for suspected ovarian neoplasms.
Over the years, better accuracy in discriminating between
malignant and benign tumors has been achieved due to the
use of Doppler US. The technique relies on the phenomenon
of neovascularization: new capillaries start to develop in the
tumor, promoting its further growth. In a malignant tumor,
blood flow has a number of characteristics determined by the
lack of vascular smooth muscle fibers and the presence of
multiple vascular shunts increasing the rate of blood flow in the
neoplasm [7].

The aim of this study was to evaluate the prognostic efficacy
of some sonographic features in the differential diagnosis of
benign and malignant ovarian tumors in reproductive-age women.

METHODS

The groundwork for this research was laid by the prospective
study conducted in 168 reproductive-age women with a
morphologically verified ovarian neoplastic process who
underwent surgery at Samara Regional Oncology Center in
2012-2015. The following inclusion criteria were applied: age
of 18 to 40 years; US findings suggestive of an ovarian mass;
subsequent surgery and a histopathological examination of the
excised tissue. Exclusion criteria: age below 18 and above 40
years; a medical history of cancer.

Pulsed-wave Doppler scans were performed using a Philips
|U-22 scanner (Philips; USA).

The patients were divided into 3 groups according to the
WHO classification (2013): 1) 101 (60.1%) patients with benign
tumors; 2) 24 (14.3%) patients with borderline tumors; 3) 43
(25.6%) patients with malignant tumors.

The following parameters were evaluated: the size and the
volume of the ovarian mass, fluid buildup in the pelvis, the type
and the morphologic appearance of the tumor. The neoplastic
process was evaluated based on the type of the ovarian mass
(solid, cystic, mixed), the involvement of 1 or both ovaries
(uni- or bilateral lesions), the size of the lesion, the presence of

Table 1. Sizes of ovarian tumors
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septations, the presence of projections on the external/internal
surface of the capsule and the quality of the capsule surface
itself, as well as blood flow in the tumor. We also measured
the blood flow velocity in the tumor and the resistive index.
Statistical analysis was carried out in SPSS21 (20130626-3;
An IBM Company; USA) and Microsoft Excel (Microsoft; USA).

RESULTS

The maximum size of the tumors (Table 1) varied between
77.26 + 6.94 mm and 97.06 + 15.29 mm. No positive
correlation was established between the size of the tumor and
the stage of the disease. In the patients with benign ovarian
tumors, the tumor volume was 99.06 + 128.18 ml on average;
in the patients with borderline tumors, it was 814.54 + 358.32
ml, and in the patients with malignancies, 579.17 + 196.37 ml
(o = 0.941).

When analyzing the ultrasound appearance of the tumors,
we assessed the involvement of one or both ovaries in the
neoplastic process. We also identified a group of 15 patients
who had undergone adnexa removal emergency surgery at the
gynecological departments of general hospitals and had been
subsequently referred to specialist centers for a postoperative
US examination and a reexamination of histology slices.
Unilateral lesions were more often observed in the patients
with benign (81.2%) and malignant (86%) tumors than in the
patients with borderline tumors (54.2%) (p = 0.006).

Based on their echotexture, the tumors were classified
into 3 types (Fig. 1): cystic, solid and mixed, with both cystic
and solid components (p < 0.001). Women with cystic ovarian
masses made up 72.6% of the study participants. In this
group of patients, the masses were round in shape, with well-
circumscribed smooth margins, anechoic, with single or multiple
septa and without projections along the internal capsule. Cystic
masses were more typical to the patients with benign tumors
(87.1%), compared to the women who had borderline (54.2%)
and malignant (48.8%) tumors, respectively.

Patients with mixed type tumors (with both cystic and
solid components) made up 22.6% of all study participants.
In this group, the tumors were round-shaped, with fairly
well-defined smooth margins, anechoic, with septations or
areas of echogenicity and a solid irregular or regular-shaped
component. The mixed type was more prevalent in the patients
with borderline and malignant tumors (37.5 and 39.5%,
respectively) than in the women with benign tumors (11.9%).

Solid tumors were observed in 4.8% of the patients. Tumors
of this type were either round or irregular in shape, with fairly
well-defined angular margins; they were characterized by mixed
echogenicity or the presence of single anechoic round-shaped
components. The solid type was observed in the participants
with malignancies (11.6 %).

We also evaluated the surface of the tumor capsule (Fig. 2),
which was either smooth or nodular (p = 0.008). In the patients
with benign tumors, the capsule surface was smooth in
80 (79.2%) cases and nodular in 21 (20.8%) cases. In the group

Benign Borderline Malignant P, o Psg p
Size 1 88.10 + 4.90 97.06 + 15.29 91.87 £ 7.42 0.867 0.431 0.643 0.724
Size 2 77.48 + 4.47 82.56 + 14.00 77.26 +6.94 0.886 0.981 0.817 0.983
Size 3 82.79 + 4.59 89.81 + 14.52 84.56 + 6.94 0.972 0.669 0.783 0.909
Tumor volume, ml 599.06 + 128.18 814.54 + 358.32 579.17 + 196.37 0.965 0.727 0.844 0.941

Note: p, ,, p,_,, P, , — intergroup comparison; p — the Kruskal-Wallis H test.
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of patients with borderline tumors, smooth capsule surface was
observed in 17 (70.8%) cases, whereas nodular, in 7 (29.2%)
women. In the group of patients with malignant tumors, the
capsule surface was smooth in 23 (53.5%) patients, whereas
nodular, in 20 (46.5%) patients. Additionally, we looked at the
presence of projections on the external (p = 0.192) and internal
(o < 0.001) surfaces of the capsule. We found that 40.6% of
patients with benign tumors had projections on the external
surface and 4% of women, on the internal surface. In the
group of patients with borderline tumors, no projections were
observed on the external surface of the capsule, and 79.2%
had projections on the internal surface. In the groups of patients
with malignant tumors, 65.1% had projections on the external
surface, whereas 9.3%, on the internal surface.

Small amounts of free pelvic fluid were observed in 15.8%
of women with benign tumors. In this group, there were no
patients with moderate or large amounts of free fluid in the
pelvis. In the borderline group, fluid buildup was observed in
every third patient (33.3%), of whom 16.7% had it in moderate
and large volumes. However, free pelvic fluid was discovered
only in 14% of women with malignancies; of them only 1%
(2.3%) had in large quantities (Kruskal-Wallis H test, p = 0.007).

Doppler ultrasonography can estimate blood flow in the
tumor. This facilitates timely diagnosis of a neoplastic process
in the ovaries and is especially important for deciding on the
treatment strategy in reproductive-age women. In our study,
blood flow parameters were evaluated in several steps.

Step |. The presence of blood flow within the tumor was
evaluated in all patient groups (o < 0.001). Tumor blood flow was
detected by Doppler ultrasonography in 18 (17.8%) patients
with benign tumors; another 27 (26.7%) patients with benign

tumors had single colored spots on the dopplergram (power
Doppler). In the group of patients with borderline tumors, blood
flow was registered in 9 (37.5%) women; another 9 (37.5%)
had single colored spots on the dopplergram (power Doppler).
Of all patients with malignancies, blood flow was detected in 23
(63.5%) women, whereas single colored spots, in 15 (34.9%)
women (power Doppler).

Step Il. Tumor blood flow rate and resistive index (RI) were
measured (Table 2). In the patients with benign tumors, the
average blood flow rate was 1.45 + 0.4 cm/s and the Rl value
was the lowest. For those with borderline tumors, the average
blood flow rate was 4.58 + 1.44 cm/s and the RI value was
0.21 + 0.05. In the patients with malignancies, the maximum
values for blood flow rate and Rl were 6.34 + 1.17 cm/s and
0.26 + 0.04, respectively. We were able to identified Doppler
parameters that helped us to discriminate between benign
and malignant tumors: tumor blood flow rate over 1.85 cm/s
(o = 0.007) and Rl over 0.16 (p = 0.013).

Using stepwise logistic regression, the US findings and the
calculated blood flow rate values, we built a model for early diagnosis
of ovarian cancer (Table 3). The type of tumor composition was a
significant predictor: solid masses were at increased (31.69-
fold) risk for malignant or borderline transformation; a mixed type
with cystic and solid components increased such risk 3.46-fold.
Sensitivity and specificity of this diagnostic model were 87 and
68%, respectively, with a probability threshold of 0.3.

DISCUSSION

Considering the morphologic diversity of ovarian growths
and their frequently poor outcomes, the search for early

Type of tumor composition

Fig. 1. The composition of tumors determined by ultrasonography
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Table 2. Characteristics of blood flow in ovarian tumors
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Benign Borderline Malignant P Py Poy P
v, cm/s 1.45 £ 0.40 458 +1.44 6.34 +1.17 0.007 < 0.001 0.261 < 0.001
RI 0.08 + 0.02 0.21 £ 0.05 0.26 + 0.04 0.013 < 0.001 0.319 < 0.001

Note: v is blood flow rate in the ovarian tumor, expressed as cm/s; Rl is resistive index: p, ,, p, ,, P, , sShow intergroup differences; p is the result of the Kruskal-Wallis H test.

predictors of malignancy in reproductive-age women remains
a pressing concern. Algorithms predicting the risk of malignant
transformation are in continuing development, aiming at
detecting cancer in its early stages and thus reducing the
extent of surgery. In 1996, the risk-of-malignancy index
(RMI) was first proposed. It was designed to estimate the risk
of malignant transformation using a scoring system [8]. Similar
to our model, it relied on US features, such the presence of
septations and solid components, the involvement of 1 or both
ovaries and ascites. However, unlike our model, the index also
accounted for the presence of abdominal metastases, the
menopausal status (premenopause/postmenopause) and the
absolute values of CA 125. For the sake of convenience, each
component was attributed a value (score) and the following
formula was applied to calculate the index: RMI = Ultrasound
features (score) Menopausal status (premenopause/
postmenopause) - Absolute values of CA 125. If the resulting
RMI was below 200, the ovarian mass was assumed to be
potentially benign.

The International Ovarian Tumor Analysis (IOTA) carried
out in 1999-2000 aimed at formulating the guidelines and
creating the models for characterizing ovarian tumors [9].
The models were developed for use by clinicians regardless
of their qualifications and allowed them to better understand
the etiology of ovarian cancer and the role of CA 125 and
other cancer biomarkers. Later, an international team of
researchers proposed 2 logistic regression models: LR1 and
LR2 for differentiating between benign and malignant ovarian
growths [10, 11]. According to the models, the sonographer
should evaluate over 40 different clinical and US variables.
The sensitivity and accuracy of the method were 96% and
90%, respectively, but the method turned to be very time-
consuming and generally demanding; it did not account for
the patient’s medical history and laboratory test results. The
researchers concluded that recognition of US features typical
to an ovarian pathology by an experienced sonographer is
the best method to characterize this pathology and that CA 125
does not improve the diagnostic accuracy in predicting the
malignancy of the tumor [12-14]. Using statistical analysis,
we were able to reduce the number of variables and thus to
save time for and simplify the subsequent calculations without
reducing the sensitivity and specificity of our diagnostic model
(87 and 68%).

In 2011, it was demonstrated that the algorithms relying on
a combination of two tumor markers (CA 125 and HE 4) and

US findings should be used to identify women with indications
for surgery, who should be referred to cancer centers [15].

In 2011, the international NICE clinical guideline CG 122 on
the management of patients with ovarian cancer emphasized
the necessity of using RMI, which accounts for 3 preoperative
parameters, just like the algorithm proposed in 1996 [16]: serum
CA 125, the menopausal status (M) and ultrasonography score
(V). According to the guideline, US findings should be scored
1 point for each of the following characteristics: multiocular
cysts, solid areas, metastases, ascites, bilateral lesions. The
menopausal status should be evaluated in the following way:
premenopausal women score 1 point; postmenopausal,
3 points (postmenopausal females are defined as those who
have not had periods for over a year or who are older than
50 and have undergone hysterectomy). Serum CA 125 is
expressed in IU/ml. Its values can vary between 0 and a few
hundreds or even thousands of units. RMI is, thus, calculated
using the formula: RMI = U - M - CA 125; if RMI value is above
200, the patient should be recommended additional tests.

Today, it is often reported in the literature that no significant
differences can be established between benign and malignant
ovarian tumors using the classic criteria for malignancy, such
as irregular shape, irregular margin or large size of the tumor.

CONCLUSIONS

This study has not established a correlation between the
size and volume of ovarian tumors and their morphological
structure. However, the analysis of tumor echotexture allowed
us to identify US characteristics associated with malignancy,
including the presence of a solid component (p < 0.001),
septations (p = 0.029) and projections on the internal surface of
the tumor capsule (p < 0.001), moderate or significant buildup
of free fluid in the small pelvis (p = 0.007) and the nodular
surface quality of the tumor capsule (p = 0.008).

The study demonstrates that blood flow in the tumor could
be a sign of possible malignant transformation (o < 0.001).
For reproductive-age women, Doppler parameters have been
identified that can clearly discriminate between benign and
malignant growths: the blood flow rate over 1.85 cm/s (p = 0.007)
and Rl over 0.16 (p = 0.013).

The identified US features (a solid or a mixed type mass,
blood flow in the tumor and increased resistance index) can
be used as key parameters in differentiating between various
types of ovarian tumors.

Table 3. The model for early diagnosis of ovarian cancer in reproductive-age patients

Risk factor Risk factor grading Regression coefficient, b OR (95% ClI) P
Cystic, reference 0 1 -
Composition type Solid 3.46 31.69 (3.16-318.11) 0.003
Mixed 1.23 3.40 (1.32-8.77) 0.011
Blood flow in the tumor "Yes" in comparison with "no" 0.98 2.68 (1.56-4.58) < 0.001
RI Increment by 1 2.23 9.34 (1.92-45.49) 0.006
Constant - -2.35 - < 0.001
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