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COMPARATIVE ASSESSMENT OF THE INCIDENCE OF MALIGNANT NEOPLASMS OF THE OVARIES
IN WOMEN LIVING IN THE ENVIRONMENTALLY DISADVANTAGED AREAS (2000-2019)
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Radioactive and chemical contamination can affect carcinogenesis, including the development of malignant neoplasms of the ovaries (MNOs) in women.
The study aimed to perform comparative assessment of environmental situation in the towns and districts of the Bryansk Region based on chemical, radioactive,
and combined radioactive contamination, as well as primary incidence of MNOs in women in accordance with official statistics for the years 2000-2019.
The data for the study were provided by the Bryansk Regional Oncology Dispensary, Bryanskstat, Rostekhnadzor, Rospotrebnadzor. Neither significant differences
in primary incidence of MNOs, nor increased risk of MNO were revealed in female population aged 18-80 years, regardless of the environmental conditions of living
in 2000-2019. We revealed a significantly elevated relative risk (RR) of primary incidence of low-grade MNOs in women aged 41-60 years living in the environmentally
disadvantaged areas compared to women living in the control areas: RR 1.88 (95% ClI: 1.43-2.48); p < 0.0001). The rate of low-grade MNOs in women aged
41-60 years in the areas of the combined exposure is 17.6 + 1.96, which 1.5-fold exceeds the values reported for radioactively contaminated areas (11.7 + 2.73)
and 1.2-fold exceeds the values reported for chemically contaminated areas (15.2 + 1.31). The combined effects of radioactive and chemical contamination results
in the higher RR of low-grade MNOs compared to the areas with only one pollution factor, i.e. radioactive contamination (RR 1.51 (95% Cl: 1.00-2.28)), chemical
contamination (RR 1.17 (95% CI: 0.90-1.50)). The findings suggest synergistic effect of radiation and chemical factors on the incidence of low-grade MNOs.
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CPABHUTEJIbHASA OLIEHKA 3ABOJIEBAEMOCTW 3JTOKAHYECTBEHHbIMN HOBOOBPA30OBAHUAMU
ANYHUKOB XXEHLLIMH, MPO>XUBAIOLLIX HA 9KOJTOTMYECKHW HEBJTATOMOJTYHHbIX
TEPPUTOPUAX (2000-2019 I'T2)
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" BpAHCKMI roCyAapCTBEHHbI TEXHUYECKUI yHBEPCUTET, BpsiHck, Poccus
2 POCCUINCKMIN HAUMOHabHBIN UCCNEeA0BaTENbCKUN MeVLIMHCKNA yHBepeuTeT UMmeHn H. . Tuporosa, Mocksa, Poccust

PapnoakTviBHOe 1 XMUHECKoe 3arps3HeEHV e MOXKET BIMSITb Ha MPOLIECChI KaHLIeporeHesa, B TOM 4icne Ha (hopMMPOBaHME 3M10KaYECTBEHHBIX HOBOOOPa30BaHMI
An4HNKOB (BHOHA) y XeHLLWH. Liensto nccnepoBaHmns 6bi10 BbIMOMHUTE CPABHUTENBHYIO OLIEHKY COCTOSTHUSA OKPY>XatoLLEe cpefpl B rOPOAax v panoHax bpsHckom
061acTV MO XMMUYECKOMY, PAANOAKTUBHOMY 1 COHETAHHOMY PaaMaLMOHHO-XUMUHECKOMY 3arpsi3HEHMIO 1 YPOBHS NEPBUYHON 3a601eBaeMOCTM MeHLLmH 3HOHA
Ha OCHOBaHWN AaHHbIX obrLmanbHOM cTatieTki 3a 2000-2019 rr. [daHHble Anst uccnefoBaHvst npefocTaBnav BpsHCKMin 0611acTHOM OHKONOMMHECKUIA A1CraHcep,
BpsaHckeTar, PoctexHansop, PocnotpebHaasop. He BbIABNEHO kak 3Ha4YMMbIX Pa3nHnii ypoBHS nepBr4Hom 3abonesaemoctt 3HOS, Tak 1 MOBbILLEHHOIO pycka
3abonesaemocTn 3HOSA y »xeHckoro HaceneHust 18-80 NeT, He3aBMCKUMO OT 3KONIOMMHYECKNX YCNOBUIA NpoXkmBaHust B 2000-2019 rr. YCTaHOBNEHO 3HaYMMOoe
MoBbILLEHWE OTHOCUTENBHOIO purcka (OP) nepBu4HoOi 3abonesaeMocTi H3koanddepeHumpoBaHHbIMU hopmamin S3HOSA y »keHWMH 41-60 NeT, NpOoXMBalOLLMX
B 9KOJIOMMHECKIN HEONAronosy4HbIX PanoHax, Mo CPABHEHNIO C MPOXMBAIOLLIIMN Ha KOHTPOSTbHbIX Tepputopmsx — OP 1,88 (95% [V 1,43-2,48); p < 0,0001).
YacToTa HuskoamddepeHLmpoBaHHbix dopM 3HOSA y xeHLLnH 41-60 NeT Ha TEpPUTOPKSX COHETAHHOrO BO3AENCTBINS cocTasnseT 17,6 + 1,96, yto B 1,5 pasa
MPEBbILLAET 3HAYEHVS TEPPUTOPUIA PAAVMOAKTUBHOIO 3arpsaHeHns (11,7 + 2,73) n B 1,2 pada — 3Ha4eHUs TEPPUTOPUIA XUMNHECKOro 3arpsaHeHns (15,2 + 1,31).
CoueTaHHOe BO3AEVCTBME paamaLOHHO-XUMUHECKOIO 3arpsidHeHst MpuBesno k 6onee BbicokoMy OP 3aboneBaemMocTy H13koamdhepeHLMpoBaHHbIMI (hopMamit
3HO$ no cpaBHeHNIO C TEPPUTOPUSIMU, TAE NPUCYTCTBYET TOSIBKO OfMH (hakTop 3arpsisHeHUst — paamnoakTeHoe 3arpsisHeHne (OP 1,51 (95% [W: 1,00-2,28)),
xummnyeckoe 3arpsidHerne (OP 1,17 (95% [W: 0,90-1,50)). MonyyeHHble pe3ynsTaTthl MO3BONAKT MPEAnonoXmTb CUHEPIMYECKOe BNVSIHNE PaanaLOHHOrO
1 XUMMHECKOTO (DaKTOPOB Ha 3a00/1eBaEMOCTb HM3KOAN(depeHLMpoBaHHbIMK thopmamm SHOSA.

KntoyeBble cnoBa: aBapusi Ha HYADSC, 3HOY, paanoakTviBHOe 3arpsidHeHne, XMMNYECKOe 3arpsisHeHne, CodeTaHHoe 3arpsi3HeHre, PErpeccMoHHbIN aHanmna,
OTHOCUTENBHBIV PUCK, BpsiHckast obnacTb
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OPUIMMHAJIbHOE NCCJIEQOBAHNE

Acording to recent WHO GLOBOCAN 2020 estimates [1],
the increase in the global rate of malignant neoplasms (MNs)
to 19.3 million incident cases and 10.0 deaths is reported.
Malignant neoplasms of the ovaries (MNOs) occupy the seventh
place among all cancer types being generally one of fatal
diseases affecting female reproductive system [2]. According
to the data provided by the Blokhin National Medical Research
Center of Oncology, MNOs are second only to endometrial cancer
and cervical cancer based on the incidence rate in Russia [3].
The papers [4-12] report a significant correlation between
the risk of MNOs and the increase in environmental ill-being.

Radioecological monitoring of the South-Western areas
of the Bryansk Region suggests that the cesium-137 ('*’Cs)
contamination density exceeds the established radiological
standards 37 years after the Chernobyl accident, and the
average annual effective doses reach hundreds mSv [13-18].
Furthermore, an increase in the emission of pollutants into
the atmosphere is reported for the Bryansk Region in recent
years [19].

In certain areas of the Bryansk Region, the population
is exposed to combined effects of radioactive and chemical
contamination [20-22].

Table 1. Ranking of the Bryansk Region territories based on the levels of radioactive, chemical, and combined environmental pollution, and primary incidence of MNOs

(2000-2019)
Major gaseous pollutants in atmospheric air Radioactive contamination Primary incidence of MNOs,
Territories density, kBg/m? M+m
Total M3 Hux:
vocs | no, | so, | co Cs %0gr
Gross emissions per area of the district, g/m?

Rognedinsky District 11.5 0 6 0 7 21.7 0.8 25.8+6.5
Suzemsky District 27 5 9 1 13 18.6 25 26.3+4.5
Mglinsky District 31 6 6 2 17 6.6 0.6 17.5 £ 3.1
Kletnyansky District 47 27 5 5 10 5.4 0.5 216+3.5
Navlinsky District 53 12 13 4 25 18.9 0.8 18.7 + 3.6
Dubrovsky District 56 13 17 0.4 26 7.2 0.4 19.4£5.0
Brasovsky District 64 10 19 6 29 25.2 0.4 20.0+3.2
Sevsky District 68 20 10 24 14 18.9 1.4 19.4+45
Komarichsky District 98.7 24.9 18.9 9.2 46.1 27 1 15+29
Karachevsky District 114.8 28.8 35.1 1.1 50.8 14 0.9 25.7+£2.7
Surazhsky District 128.2 35.1 34.8 5.8 51.9 8 0.3 18 +3.2
Average value 63.5 16.1 15.7 5.3 26.4 15.6 0.9 20.5 + 1.3 (-8.8%7)
Pogarsky District 123 65 22 4 32 29.9 1.1 29.3+3.9
Zhiryatinsky District 154.8 103 17 0.9 34.9 5 0.84 18+45
Zhukovsky District 195.9 23 52 40.5 80.7 6.68 0.85 20+ 1.7
Trubchevsky District 276 87 28 2.1 157.7 23.67 0.88 16.3+25
Pochepsky District 363.8 224 33 2.9 105.9 5 0.54 19+ 3.2
Unechsky District 559 292 58 32 177 7.2 0.8 241 £ 3.1
Vygonichsky District 857 749 37 2 70 9.5 0.4 12.7 £3.9
Bryansky District 959 813 47 13 86 5.7 0.4 23.8+1.9
Town of Seltso 5207.6 772 2406 96.8 1935 4 0.86 23+27
Dyatkovsky District 8044.8 340 3759 1140 2808 38 1 222+1.8
City of Bryansk 32189 5218 10887 | 2617.7 | 13471 9 6 24+15
Average value 4450.8 792.2 1576.8 | 359.4 1723.4 13.7 1.39 22.8 + 1.2 (+0.4%%)
Krasnogorsky District 16 1 5 0 9 303.4 9.3 18.8 +4.2
Gordeyevsky District 29 2 11 0.2 15 328.6 5 11.0+4.2
Zlynkovsky District 36.8 4.8 10.8 4.1 18.1 412 16 18 +3.7
Novozybkovky District 52 11 0.1 0.2 40.7 460 8.6 148 £5.7
Klimovsky District 71.9 15.9 8.1 14.5 32.9 139.8 6.3 21+36
Klintsovsky District 169.3 16.8 69.8 2.1 81 194 4.8 20.2 + 3.1
Average value 62.2 8.4 17.6 3.6 32.6 305.8 8.3 18.2 £ 2.0 (-19.0%%)
Starodubsky District 392 316 24 9 43 45.4 1.4 209+24
Town of Klintsy 7264 2059 2616 139 2450 195.6 3 174 £1.1
Town of Novozybkov 7422 1778 2159 406 3079 456.5 9.7 24.0+21
Average value 5026 1384.3 | 1599.7 | 184.7 | 1857.3 232.5 4.7 20.1 + 0.9 (-11.1%%)

Note: * — difference (%) from the all-Russian level of primary incidence of MNOs (2000-2019). Differences in primary incidence of MNOs based on the Mann-Whitney U
test: in environmentally safe territories and territories with chemical (p = 0.67), radioactive (p = 0.22), and combined (p = 0.95) contamination; chemical and radioactive
(p = 0.11), chemical and combined (p = 0.94), radioactive and combined (p = 0.30) contamination.
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ORIGINAL RESEARCH

Table 2. Relative risk (RR) of primary incidence of MNOs in women aged 18-80 years living in the territories with varying levels of radioactive, chemical, and combined

environmental contamination for the years 2000-2019

Territory type Population Affected, abs. Unaffected, abs. RR (95% CI)
Jyuh chemical. éif;ﬁac“"e' and combined 9599974 2096 9597878 107
Environmentally safe 2058551 420 2058131 0.86-119)
Chemically contaminated 7319942 1657 7318285 1.11
Environmentally safe 2058551 420 2058131 (1.00-1.23)
Radioactively contaminated 906651 163 906488 0.88
Environmentally safe 2058551 420 2058131 (0.74-1.06)
With combined contamination 1373381 276 1373105 0.98
Environmentally safe 2058551 420 2058131 (0.85-1.15)
Chemically contaminated 7319942 1657 7318285 1.26
Radioactively contaminated 906651 163 906488 (1.07-1.48)
With combined contamination 1373381 276 1373105 0.89
Chemically contaminated 7319942 1657 7318285 (0.78-1.00)
With combined contamination 1373381 276 1373105 112
Radioactively contaminated 906651 163 906488 (0.92-1.36)

Thus, environmental pollution results in the mutation rate
increase, which creates a threat to the genetic security of all living
things [23].

The study aimed to perform comparative assessment
of environmental situation in the towns and districts of the Bryansk
Region based on chemical, radioactive, and combined
radioactive contamination, as well as primary incidence of MNOs
in women in accordance with official statistics for the years
2000-2019.

METHODS

The analysis of density of the cesium-137 (*¥’Cs) and strontium-90
(*°Sr) contamination resulting from the Chernobyl accident
was conducted based on the data [17], the average cumulative
effective doses (CED,) were assessed based on the data
[24], the levels of the atmospheric air chemical pollution with
CO, NO,, SO,, and volatile organic compounds (VOCs) were
assessed based on the data [25] for the years 2010-2019.

The incidence of newly diagnosed MNOs in female population
(aged 18-80 years) of the Bryansk Region was analyzed using
the official data provided by the Bryansk Regional Oncology
Dispensary [26]. A total of 2647 MNO cases were revealed
in 2000-2019. The analysis of the MNO histological forms
was performed in the reported 942 cases (age 41-60 years).
Absolute values were recalculated per 100,000 population.

Linear regression and relative risk (RR) of primary MNO
incidence were calculated depending on chemical and radioactive
contamination levels for the period of 2000-2019. Statistical
analysis was performed using the Shapiro-Wilk test, Mann—Whitney
U test, Spearman’s rank correlation, linear regression; 95%
confidence intervals (95% Cl) were calculated; the significance
levels were as follows: p < 0.05, p < 0.01, p < 0.001. Statistical
analysis of the data obtained was performed using the MyOffice
software package (New Cloud Technologies; Russia).

RESULTS

Towns and districts of the Bryansk Region were divided into
four groups based on chemical and radioactive contamination
levels, as well as primary incidence of MNOs in 2000-2019
(Table 1). Analysis of the results provided in the table was earlier
reported in the paper [27].
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Analysis of the data provided in Table 2 showed that
there was no increase in the RR of MNOs among women
in the territories with chemical, radioactive, and combined
contamination compared to the control (environmentally
safe) territories: RR 1.07 (95% Cl: 0.96-1.19). However,
the risk of MNOs in women living in the chemically contaminated
territories was slightly higher, than in women living in the control
districts (RR 1.11 (95% CI: 1.00-1.23)), but the differences
were non-significant (o = 0.06). It should be noted that
we revealed a significantly (o = 0.005) increased risk of MNOs
in the chemically contaminated territories relative to the radioactively
contaminated areas: RR 1.26 (95% CI: 1.07-1.48). No such
patterns were revealed in other territories (Table 2).

As shown in Fig. 1, a significant increase in the long-term
trend of primary MNO incidence was revealed in the group
of chemically contaminated territories only (o < 0.05).

Comparative assessment of primary incidence of high-grade,
intermediate grade, and low-grade MNOs among women aged
41-60 years living in environmentally different territories of the Bryansk
Region in 2000-2019 showed that the rate of high-grade MNOs
in the environmentally safe territories was 7.1 + 0.83, which
exceeded the values of the territories with radioactive (1.4 + 0.65),
chemical (1.6 = 0.35), and combined (3.2 + 0.75) contamination
5.1-fold, 4.4-fold, and 2.2-fold, respectively (o < 0.001) (Table 3).

We revealed no significant differences in the rate of intermediate
grade MNOs in the towns and districts of the Bryansk Region,
regardless of the living conditions (the values vary between
7.0 and 8.8) (Table 3).

The rate of low-grade MNOs in the chemically contaminated
territories is 15.2 + 1.31, which 1.3-fold (o < 0.05) exceeded
the values of the radioactively ccontaminated territories
(11.7 £ 2.73), suggesting the leading role of chemical factor vs.
radioactive in shaping the incidence of MNOs (Table 3).

The rate of low-grade MNOs in the areas with combined
contamination reaches its maximum (17.6 = 1.96), it 2.2-fold
exceeds (p < 0.001) the values of the control areas (8.1 = 1.20),
1.5-fold (p < 0.05) the values of the radioactively contaminated
areas (11.7+2.73), and 1.17-fold (p > 0.05) the values
of the chemically contaminated areas (15.2 + 1.31). The results
obtained suggest synergistic effect of radiation and chemical
factors on the incidence of low-grade MNOs (Table 3).

Analysis of the data provided in Table 4 revealed a significant
increase in the RR of primary incidence of low-grade MNOs
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Fig. Dynamics of primary incidence of MNOs in women living in environmentally different territories of the Bryansk Region with the long-term trends by 3-year periods
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Table 3. Comparative assessment of primary incidence of high-grade, intermediate grade, and low-grade MNOs among women aged 41-60 years living
in environmentally different territories of the Bryansk Region for the years 2000-2019 (recalculated per 100,000 population)

Environmentally safe Chemilcally Radioactively | Territories with | gignificantce of intergroup differences
Studied territories territories (control) contaminated |  contaminated combined based on the Mann-Whitney U'test:
territories territories contamination p. (-1, p, (111l
, (1), p, (-111),
MNO forms | 1] Il \Y Py (|—|V), P, (||—|||),
(n=166) (n=603) (n=62) (n=111) Ps (II-1V), pg (I1=1V).
All forms 23.9 + 2.00 25.4 +2.55 22.0 +3.84 27.6+25 PJIVS; py1VS; pn/s;
p,n/s; pn/s; pn/s
of those:
High-grade 7.1+0.83 1.6 +0.35 1.4 +0.65 3.2+0.75 Py 5Py P s
P PN/s; pn/s
Intermediate grade 8.7 £ 1.20 8.6+1.11 8.8+2.17 7.0 +1.32 Pi/S; pVS; pyn/s;
p,n/s; pn/s; p,n/s
Low-grade 8.1+1.20 15.2 + 1.31 1.7 +2.73 17.6+1.96 P RV By
P, Ps/s; Py

Note: * — the differences are significant at p < 0.05; ** — the differences are significant at p < 0.001; n/s — the differences are non-significant at p > 0.05.

in women aged 41-60 years living in the environmentally
disadvantaged areas (territories with chemical, radioactive, and
combined contamination in total) relative to the environmentally
safe (control) territories (RR 1.88 (95% Cl: 1.43-2.48); p < 0.0001).
Furthermore, RR was significantly increased in the territories
with radioactive (RR 1.45 (95% CI: 0.95-2.23)), chemical
(RR 1.88 (95% CI: 1.42-2.50)), and to the greater extent
combined contamination (RR 2.20 (95% ClI: 1.55-3.11))
of the environment compared to the control areas.

The combined effects of radioactive and chemical contamination
resulted in the higher RR of low-grade MNOs compared
to the territories with only one pollution factor, i.e. radioactive
contamination (RR 1.51 (95% CI: 1.00-2.28)), chemical
contamination (RR 1.17 (95% CI: 0.90-1.50)) (Table 4). The findings
have been fully confirmed by analysis of the data provided
in Table 3.

DISCUSSION

The papers [28, 29] report that the incidence of solid low-grade
MNOs became higher compared to the incidence of high-grade
MNOs with increasing levels of chemical [28] and radioactive
[29] environmental contamination, which suggests worse
outcomes characterized by low 5-year survival and early
metastasis.

The findings confirm the research data [28, 29] and suggest
the increase in the rate of low-grade MNOs in women aged
41-60 years living in the environmentally disadvantaged
territories, with the most significant increase under combined
exposure to radiation and chemical factors.

It should be noted that the fact that the analysis of MNO
incidence in female population did not consider the distribution
by disease stages and immunohistochemistry profiles was
a limitation of the study.

CONCLUSIONS

1. The study revealed neither significant differences in primary
incidence of malignant neoplasms of the ovaries (MNOs),
nor increased risk of MNOs in the female population aged
18-80 years, regardless of environmental conditions of living
in 2000-2019.

2. We determined a significant increase in the relative
risk (RR) of primary incidence of low-grade MNOs in women
aged 41-60 years living in the environmentally disadvantaged
areas (territories with chemical, radioactive, and combined
contamination in total) relative to the environmentally safe
(control) territories (RR 1.88 (95% ClI: 1.43-2.48); p < 0.0001).

3. It was shown that the rate of low-grade MNOs in
women aged 41-60 years in the territories with the combined

Table 4. Relative risk (RR) of primary incidence of low-grade MNOs in women aged 41-60 years living in the territories with various levels of radioactive, chemical,

and combined contamination of the environment for the years 2000-2019

Territory type Population Affected, abs. Unaffected, abs. (9535(0')
With chemical, radioactive, and combined contamination (total) 153394 465 152929 1.89
Environmentally safe 34823 56 34767 (1.43-2.49)
Chemically contaminated 119153 361 118792 1.88
Environmentally safe 34823 56 34767 (1.42-2.50)
Radioactively contaminated 14127 33 14094 1.45
Environmentally safe 34823 56 34767 (0.95-2.23)
With combined contamination 20114 71 20043 2.90
Environmentally safe 34823 56 34767 (1.55-3.11)
Chemically contaminated 119153 361 118792 1.30
Radioactively contaminated 14127 33 14094 (0.91-1.85)
With combined contamination 20114 71 20043 117
Chemically contaminated 119153 361 118792 (0.90-1.50)
With combined contamination 20114 7 20043 1.51
Radioactively contaminated 14127 33 14094 (1.00-2.28)
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OPUTMHAJIbHOE MCCJIEQJOBAHNE

exposure was 17.6 + 1.96, which 1.5-fold exceeded the values
of the radioactively contaminated territories (11.7 + 2.73)
and 1.2-fold exceeded the values of the chemically contaminated
territories (15,2 + 1,31).

4. The combined effects of radioactive and chemical
contamination resulted in the higher RR of the incidence
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