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RISK PREDICTION FOR DEVELOPMENT OF BENIGN OVARIAN
TUMORS IN POSTMENOPAUSE
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IIPOTHO3 PUCKA PA3BUTHSA TOBPOKAYECTBEHHBIX OIIYXOJIEA
ANYHHUKOB B IIOCTMEHOIIAY3E

I0.A. Hlawypuna
Iepucras kpaesas knunuveckas 60asnuya, Poccutickas ®edepauis

Objective. To calculate the risk prediction of benign ovarian tumor (BOT) development in postmeno-
pausal patients.

Materials and methods. 60 postmenopausal women participated in the prospective study. The patients
were divided into 2 groups: the main group which included women with BOT and comparison group - pa-
tients with no neoplasms of the uterine appendages. The clinical and medical history data were assessed, la-
boratory tests (vitamin D level, insulin-like growth factor 1, leptin, zinc, estradiol, testosterone, sex steroid-
binding globulin, cancer marker 125) were performed, results of instrumental methods of examination (pel-
vic ultrasound) were analyzed as well as surgical treatment protocols and histological studies. Regression
analysis of the data obtained was carried out, statistically significant features were determined and the math-
ematical model for the risk prediction of the development of BOT in postmenopause was created.

Results. The investigation showed that an isolated assessment of the studied laboratory markers has no sta-
tistical significance for determining the risk of developing postmenopausal ovarian tumors; a multifactorial
approach is relevant, that is assessing a combination of factors.

Conclusions. The developed mathematical model for predicting the development of postmenopausal ovarian
tumors demonstrated an increase in the effectiveness of risk prognosis for developing postmenopausal ovarian
tumors in postmenopausal patients, the sensitivity of the developed method was 95 %, specificity 85.7 %.
Keywords. Benign ovarian tumor, postmenopause, risk for development, mathematical model.

ITesb. Pacuer NpOTrHO3a PUCKA PA3BUTHS OOPOKAUECCTBEHHBIX ONYXOJIEH SIMYHUKOB B IOCTMEHOIAY3E.

MaTepHanb 1 METOABL. BEIOTHEHO TPOCTIEKTHBHOE MCCIEIOBAHIE, B KOTOPOM HPHUHSTH y4acTie 60 KeH-
IIVH B IIOCTMEHOMAy3e. [TaleHTKN GbUIM PACTIPEEIEHD! HA IBE TPYIIIbL: OCHOBHAA IPYIIIA — GOMBHBIE C 106-
OKAYECTBEHHBIMU ONYXO/SIMU SITYHUKOB (JIOS) U rpymima CpaBHEHUS — NMAllEHTKY, HE UMEBIINE OGBEMHBIX
00pa30BaHMI TIPUAATKOB MATKY. [IpoBeaeHa OLEHKA KIMHUKO-AaHAMHECTUYECKUX JaHHBIX, BBIIOIHEHBI 1260-
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PATOPHBIE UCCIEA0BAHNA (AHAN3 YPOBHA BUTAMUHA D, HHCYTMHONOKOOHOTO (haKTOpa POCTa 1, IENTHHA, [TMH-
K4, 3CTPAANONA, TECTOCTEPOHA, ITTOOY/INHA, CBA3bIBAIOLIETO [IONOBbIE CTEPOM/IbL, OHKOMApKepa 125), mpoaHany-
3UPOBAHBI PE3Y/BTATH MHCTPYMEHTAIBHBIX METOJOB UCCIENOBAHMA (YIBTPA3BYKOBOE MCCIEAOBAHUE OPrdHOB
MAJIOTO Ta32), IPOTOKOJIB! ONEPATUBHOTO JIEYEHUA U IMCTONOTUYECKOIO UCCIEAOBAHMA. BBIIOMHEH PETPECCH-
OHHBII1 aHA/IN3 TIOJYYEHHBIX JJAHHBIX, ONPEAE/IEHD! CTATUCTHYECKN 3HAYMMBIE IPU3HAKH, Pa3pab0TaHa MaTeMa-
THUYECKAA MOJIEIIb IPOTHO3 prCKa passuTyd IO B OCTMEHOMAY3E.

Pesynbrarel. lccienoBaHue oKasano, 4T0 U30JIUPOBAHHAS OLEHKA U3YYEHHBIX JTA00PATOPHBIX MAPKEPOB
HE UMEET CTATUCTUYECKON 3HAYMMOCTH I ONpEAENEHUs pUCKa pazButys JOS B HOCTMEHOIIAY3€E; aKTyaIEH
MHOT'O(DAKTOPHBIN TTOAXO/] — OLIEHKA KOMOMHAIINY (DAKTOPOB.

BuiBogb1. Pa3paboTaHHAA MATEMATHYECKAS MOJENb NPOTHO3a passuThs [0S B MOCTMEHOMAY3€e MPOJIEMOH-
CTPUPOBA/IA MOBBIIEHNE 3P(EKTUBHOCTU MPOTHO3a pucka pa3suTus JOS y 60NbHBIX TOCTMEHONAY3AIbHO-
TO BO3PACT4, YyBCTBUTENBLHOCTD PA3PAO0TAHHOIO METOA COCTABMIIA 95 %, CIEUPUIHOCTD 85,7 %.
KiroueBsie €10Ba. JJOOPOKAUECTBEHHAS ONYXOMb IMYHUKA, TIOCTMEHOIAY3d, PUCK PA3BUTNS, MATEMATHIE-

CKad MOJCJIb.

INTRODUCTION

Ovarian neoplasms represent a common pa-
thology in women of late reproductive and post-
menopausal age. According to literature data, up
to0 25% of all female reproductive system neo-
plasms are ovarian tumors, with 45 % of ovarian
tumors being more frequently detected in peri-
and postmenopausal women [1; 2]. Given the in-
creasing life expectancy, high prevalence of be-
nign ovarian tumors (BOT) in postmenopause,
and low adherence to gynecologist visits in this
age group, risk factor stratification for BOT devel-
opment in these patients is particularly relevant.

Current scientific literature actively investi-
gates the etiology and pathogenesis of BOT in
postmenopause, debating the roles of environ-
mental factors, age, obstetric-gynecological and
somatic history, metabolic processes, micronutri-
ent/macronutrient deficiencies, hormonal imbal-
ances, etc. [2; 3]. Researchers are evaluating vari-
ous imaging modalities for uterine appendage
tumor prognosis: ultrasound (utilizing IOTA cri-
teria — International Ovarian Tumor Analysis; O-
RADS - Ovarian-Adnexal Reporting and Data
System; ADNEX model — Assessment of Different
Neoplasias in the Adnex), computed tomogra-
phy, and magnetic resonance imaging [3-5]. Se-
rological markers are being extensively studied
for ovarian tumor prediction, including cancer
marker 125 (Cancer Antigen 125, CA-125), insu-
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lin-like growth factor 1 (IGF-1), leptin, zinc, adi-
pokines, etc. Literature data indicate that patient
age, low vitamin D levels, elevated leptin, IGF-1,
and sex hormone-binding globulin (SHBG),
along with decreased blood zinc levels, may con-
tribute to various reproductive system neo-
plasms, including ovarian tumors [6-10]. How-
ever, despite widespread implementation of
comprehensive ovarian tumor screening pro-
grams, prediction remains an unsolved challenge —
no single diagnostic marker used in isolation can
effectively predict BOT development risk.

The objective of the study was to develop
a mathematical model for predicting the risk of
benign ovarian tumors (BOT) in postmenopause.

MATERIALS AND METHODS

A prospective study was conducted involv-
ing patients admitted to the gynecological de-
partment of Perm Regional Clinical Hospital.
The patients were divided into two groups: the
main group consisted of postmenopausal wom-
en with BOT (n = 40), and the comparison
group included postmenopausal women with-
out masses of the uterine appendages (n = 20).
Clinical and anamnestic data were analyzed,
and laboratory tests were performed to measure
levels of vitamin D, insulin-like growth factor 1
(IGF-1), leptin, zinc, estradiol, testosterone, sex
hormone-binding globulin (SHBG), and cancer
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marker 125 (CA-125). Results of instrumental
examinations (pelvic ultrasound), surgical
treatment protocols, and histological reports
were evaluated. Data were processed using Mi-
crosoft Excel (2010), StatSoft Statistica 6.0
(StatSoft, USA), and SPSS Statistics, version 22.0
(IBM Microsoft, USA). Statistical hypothesis test-
ing was performed using the chi-square test
(%), p-values, odds ratio (OR) with 95 % confi-
dence interval (CI), and risk ratio (RR) with
95 % CI. Intergroup comparisons of quantitative
variables were conducted using the Mann-
Whitney U-test. ROC curve analysis was em-
ployed to assess the relationship between sensi-
tivity and specificity of the studied parameters.

RESULTS AND DISCUSSION

The distribution of patients in the main
group by duration of postmenopause according
to the STRAW +10 (Stages of Reproductive Ag-
ing Workshop) scale was as follows: 77.5 %
(n = 31) of patients were at STRAW +2 stage
(x’ = 474; p <0.001), 20 % (n = 8) at STRAW
+1c stage (x'= 0.8, p = 0.009), and 25 % (n=1)
at STRAW +1b stage (x*= 0; p = 1.0). The com-
parison group’s postmenopausal age character-
istics were comparable to those of the main
group. Thus, BOT were more frequently detect-
ed in patients with late postmenopause. Nota-
bly, the majority of postmenopausal women
with BOT had no history of menstrual dysfunc-
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tion (92.7 %; p < 0.001), and over 90 % had ful-
filled their reproductive desires (p < 0.001).
Analysis of laboratory results demonstrated
that CA-125 was elevated in only one patient
from the main group with histologically verified
endometrioma; in all other cases, CA-125 levels
were within reference ranges in both study
groups. In the main group, estradiol levels were
normal in 92.5 % (p<0.001), with a mean value
of 155 pg/mL. FSH levels exceeded the age-
specific reference range in 17.5 % of BOT pa-
tients (p=0.018), averaging 57.5 mIU/mL. SHBG
levels were elevated in 5 % of the main group
(mean 61.1 nmol/L). Normal zinc levels were
recorded in 85 % of patients (p<0.001), with a
mean of 13.2 umol/L. Leptin levels did not ex-
ceed the norm in 75 % of the main group
(p<0.001), averaging 16.3 ng/mL. Vitamin D
deficiency was detected in 77.5 % of BOT pa-
tients (mean 22.1 ng/mlL). In the comparison
group, laboratory markers showed: vitamin D
deficiency in 66.7 % (p<0.001; mean
36.4 ng/mL); elevated FSH in 60 % (p=0.001;
mean 454 mIU/mL); normal estradiol in 80%
(0<0.001; mean 11 pg/mL); elevated leptin in
53.3 % (mean 9 ng/mL); SHBG above reference
values in 20 % (mean 96 nmol/L); and normal
zinc levels in 93 % (mean 15.7 pmol/L). Thus,
the study revealed that isolated assessment of
the studied laboratory markers lacks
statistical significance for determining BOT
development risk in postmenopause.

Characteristics of diagnostic parameter quality

Parameter AUC Odds Ratio 95 % CI for OR p-value
Age 0.69 5.11 (137,1904) 0005
Elevated CA-125 0.71 - - 0.002
Vitamin D 0.72 - - 0.002
SHBG 0.76 2333 (2.78;195.83) 0.000
IGF-1 0.74 21.71 (3.79; 124.54) 0.000
Leptin 0.67 517 (145; 1843) 0014
Free testosterone 0.65 467 (131; 16.6) 0.035
FSH 064 394 (1.12;13.83) 0.042
Estradiol 0.66 457 (128,16.38) 0022
Zinc 067 800 (2.13;30.00) 0016
Formula (1) 095 114.00 (1446; 898.62) 0.000
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The study focused on predicting BOT de-
velopment in  postmenopausal  patients
through analysis of a representative sample.
The research objective was formulated as fol-
lows: to identify combinations of independent
variables that optimally predict the dependent
variable. To test the hypothesis, integrated
ROC curves were constructed for these param-
eters. A combined model was developed to
improve performance, determining BOT pres-
ence in postmenopausal women based on the

studied variables (Table). The model achieved
92.59 % accuracy (sensitivity 95.0 %, specificity
85.71 %). The area under the ROC curve was
0.95, demonstrating high model efficacy de-
spite the small sample size. Model coefficients
were derived, followed by analysis of sensitivity
and specificity for the resulting multiparamet-
ric diagnostic index (p).

The mathematical model for predicting the
risk of benign ovarian tumors (BOT) in post-
menopause incorporates eight parameters:

1

p=
1+

o~ (F876+0.295+1.093,-0.1133,-0.0396,—0.0232.x5-+0.00396+0.159, ~0.135 x;) ?

where: p = risk of benign ovarian tumor (BOT) development in a woman; e = base of natural loga-
rithm; x; = age (years); x, = CA-125 level (U/mL); x5 = vitamin D level (ng/mL); x, = SHBG level
(nmol/L); x5 = IGF-1 level (ng/mL); xs = FSH level (mIU/mL); x, = estradiol level (pg/mL);

Xg = zinc level (umol/L).
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Fig. ROC curve for the modiel identifying benign ovarian tumors (BOT) based on patient age and the integrated index:
for Formula (1) AUC = 0.95; for the ‘age” parameter AUC = 0.69
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A p-value of 0.55 or higher predicts high
risk of benign ovarian tumor (BOT) develop-
ment in postmenopausal women, while
p < 0.55 indicates low risk of BOT in postmen-
opausal patients.

Thus, the efficacy of the integrated index
calculated using Formula reached 92.59 %
(sensitivity 95.0 %, specificity 85.71 %), outper-
forming individual parameters. The area under
the integrated ROC curve was 0.95, confirming
the high diagnostic quality of the composite
index (Figure).

Thus, the area under the ROC curve (AUC)
of 0.95 demonstrates the high diagnostic quality
of the integrated index and characterizes the
developed model as a highly effective method
for predicting benign ovarian tumor (BOT) risk
in postmenopause.

CONCLUSIONS

The mathematical model for predicting
benign ovarian tumor (BOT) development in
postmenopause, developed through this study,
demonstrated improved efficacy in risk prog-
nosis for postmenopausal patients. The results
confirm the relevance of a multifactorial ap-
proach-assessing factor combinations—as no
single marker in isolation provides sufficient
screening sensitivity for postmenopausal BOT
risk. Based on the prognosis, high-risk patients
can be identified and actively monitored in
outpatient settings.
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