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Breast cancer is the second most common cancer in the world and the most common
cancer among women. The use of chemotherapy as a component of comprehensive
treatment leads to the development of chemoinduced premature ovarian failure. The
aim of the study was to examine the dynamics of changes in the main indicators of
reproductive health of women who received chemotherapy for malignant neoplasms of
the breast. Reproductive health of patients (levels of antimullerian hormone, estradiol
and follicle-stimulating hormone, ovarian volume and number of antral follicles) before
chemotherapy and one, two, and three years after completion of chemotherapy was
studied according to the purpose and objectives of the study. The obtained data were
processed using the statistical software package SPSS 20.0 for Windows. Quite
significant changes in the reproductive health of women in the study group were
manifested in the form of menstrual disorders (oligomenorrhea, amenorrhea), involuntary
abortions, inability to conceive. Changes in hormonal status were characterized by a
progressive decrease in antimullerian hormone and estradiol levels and an increase in
follicle-stimulating hormone levels. In addition, there was a decrease in ovarian volume
and a decrease in the number of antral follicles. The dynamics of changes in the
studied indicators was characterized by a sharp deterioration during the first year after
chemotherapy, followed by less rapid progression. This trend is explained by dystrophic
changes in ovarian tissue after chemotherapy, and at a later date - in addition, the age-
related involution of the ovaries. The dynamics of changes in the main hormonal and
ultrasound parameters of the ovarian reserve indicates significant impairment of
reproductive function in women receiving chemotherapy for malignant neoplasms of
the breast.
Keywords: breast cancer, chemotherapy, chemoinduced premature ovarian failure,
female reproductive system.
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Introduction
Breast cancer is the second most common cancer in

the world and the most common cancer among women
[24]. Even in developed countries, every eighth woman is
at risk of developing this pathology [10].

The incidence of breast cancer varies in different parts
of the world, ranging from 27 per 100,000 in Central Africa
and East Asia to 92 per 100,000 in North America [16, 17].
For more developed regions, this figure is 74.1, for less
developed - 31.3 [40]. Almost a quarter of all cases of this
pathology occur in the Asia-Pacific region, with the highest
rates observed in China, Japan and Indonesia [14, 16, 17,
19, 44].

Given the current growth rate, the incidence of breast
cancer could reach 3.2 million by 2050 [20].

Regarding the structure of breast cancer incidence, in
the United States, for example, in 2017, approximately
252,710 new cases of invasive breast cancer and 6,341
cases of breast cancer were diagnosed in situ [10].

Due to the high availability of modern diagnostic and
treatment procedures in the developed, the overall survival
in this contingent is constantly increasing, and the 5-year
survival rate reaches 89.0 % [33]. One-year survival in
Europe ranges from 94.1 % in Scotland to 97.1 % in Italy
[42]. At the same time, the survival rate among African
women is much lower [1].

In terms of breast cancer mortality, the anti-record for
developing countries was set in 2012, when the pathology
ranked fifth in the structure of cancer mortality out of 324,000
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deaths. At the same time, in developed countries this figure
was second only to lung cancer mortality and amounted to
197,000 or 15.4% of all deaths in oncology [14]. Although
the prevalence of breast cancer is higher in developed
countries, higher mortality rates are observed in less
developed regions [15].

Due to the high level of medicine in the United States in
2017, 89.0 % of deaths from breast cancer occurred in
women aged 50 years and older [7, 10]. Mortality rates
range from 6 cases per 100,000 people in East Asia to 20
cases per 100,000 people in West Africa [24]. For more
developed regions, this figure is 14.9, for less developed -
11.5 [21, 40].

However, in addition to high morbidity and mortality, there
is a problem of a slightly different plan - ovarian toxicity of
chemotherapeutic agents and the associated chemo-
induced premature ovarian failure [27, 39].

Chemotherapy, as part of a comprehensive treatment
for breast cancer, is indicated for the vast majority of women
with breast cancer. Adjuvant chemotherapy is indicated for
most patients with tumors from stage I and larger than 1
cm [11, 18, 32]. If in the early stages of breast cancer
chemotherapy allows to achieve complete remission of
the disease, then in metastatic cancer its role is to prolong
life expectancy and improve its quality [6].

Along with the good results of various chemotherapy
regimens, this method of treatment, due to the high overall
toxic effect on the body, has a large number of adverse
reactions [30, 36].

As for the toxic effect on ovarian tissue, it is carried out
mainly due to damage to primary oocytes, granulosa cells
and ovarian stroma. Chemotherapy has also been shown
to cause significant vascular damage, including thickening
and proliferation of cortical vessels, focal cortical fibrosis,
and segmental collagen deposition [3, 23].

Ultimately, the toxic effects of chemotherapeutic agents
on the ovaries lead to the loss of their function and the
development of a number of related pathological
conditions, including infertility [5, 41].

The aim of the study was to examine the dynamics of
changes in the main indicators of reproductive health of
women who received chemotherapy for malignant
neoplasms of the breast.

Materials and methods
Prospective study was conducted at the Department of

Obstetrics and Gynecology № 1 National Pirogov Memorial
Medical University, Vinnytsya on the basis of the Podillia
regional center of oncology.

The study was conducted with the permission of the
Committee on Bioethics of National Pirogov Memorial
Medical University, Vinnytsya and did not contradict the basic
bioethical norms of the Declaration of Helsinki adopted by
the General Assembly of the World Medical Association,
the Council of Europe Convention on Human Rights and
Biomedicine (1977), the relevant provisions of the WHO,

the International Council  of Medical Societies, the
International Code of Medical Ethics (1983).

During 2015-2017, we analyzed the data of 2173
patients with malignant neoplasms of the breast.

According to the WHO classification, the reproductive
age of women is 15-49 years.

In the study continent, the total number of women of
reproductive age was 536 (24.7 %). Of these, 433 (19.9 %
of the total) women received chemotherapy as a component
of comprehensive treatment for breast cancer.

Age 40-45 years is a period of menopausal transition,
when there is a natural decline in ovarian function. Given
this fact, as well as the fact that in accordance with the
purpose and objectives of the study, the planned
observation was to last 3 years, for further study it was
decided to create a sample of patients aged 15-36 years.

During the study period, 75 patients were selected (23
in 2015, 21 in 2016 and 31 in 2017), meeting the above
criteria. However, women with both hormone-dependent
and hormone-independent breast cancer were present in
this sample.

In hormone-dependent breast cancer, hormone
suppression is often used, which dramatically changes
the hormonal background of patients. Therefore, we
decided to study the target group of women with hormone-
independent breast cancer. There were 32 such women in
the study contingent (13 in 2015, 12 in 2016 and 7 in 2017)
and they were included in the main group.

According to the purpose and objectives of the study,
the reproductive health of patients before chemotherapy,
as well as one, two and three years after completion of
chemotherapy was studied.

The development and nature of menstrual disorders,
planning and course of pregnancy were studied. In addition,
the morphofunctional state of the ovaries was studied. For
this purpose, the levels of antimullerian hormone (AMH),
estradiol (E2) and follicle-stimulating hormone (FSH) were
determined by enzyme-linked immunosorbent assay using
the  kits  Human  anti-Mullerian  hormone  (AMH)  ELISA  kit
(CSB-E12756h), Human Estradiol,E2 ELISA Kit (CSB-
E05108h) and Human follicle-stimulating hormone, FSH
ELISA Kit (CSB-E06867h) manufactured by CUSABIO
(China).

Levels of antimullerian and follicle-stimulating
hormones were determined for 3-5 days of the menstrual
cycle, estradiol - for 5-7 days of the menstrual cycle.

Ultrasound examination of the ovaries was performed
for 2-3 days of the menstrual cycle on the device of Toshiba
(Japan). The volume of the ovaries and the number of antral
follicles were determined.

To determine the reference values of the studied
indicators, similar studies were performed once on
relatively healthy women of reproductive age, who formed
a control group (n=32).

The obtained data were processed using the statistical
software package SPSS 20.0 for Windows.
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Results
The structure of the incidence of malignant neoplasms

of the breast in the study sample of patients in accordance
with ICD-10 is shown in table 1.

The most frequent localization of malignant neoplasms
of the breast in the studied continent was localization in the
upper outer quadrant (40.63 %). Localization in the lower-
outer quadrant was observed somewhat less frequently
(25.00 %). The study sample did not present unspecified
localizations, localizations in the area of the nipple and
areola, axillary posterior part of the breast, as well as lobular
in situ carcinoma of the breast and intraductal carcinoma
in situ of the breast.

Regarding the distribution of malignant neoplasms
depending on the stage of the cancer process, it was as
follows (Fig. 1).

The vast majority of malignant neoplasms were
diagnosed in stages 2A (40.60 %) and 2B (37.50 %). Stages
1, 3A, 3B and 3C were represented by isolated cases.
There were no patients with stage 0 or 4 breast cancer in

the study sample.
The total number of diagnosed metastases was 47

cases.
Regional metastases accounted for 70.21 % (n=33) of

all metastasis cases. The most common localization of
regional metastases were axillary lymph nodes, which
occurred in 28 (84.85 %) cases. In 4 cases metastases to
the skin of the breast were diagnosed and in 1 case - to
subclavian lymph nodes.

Regarding distant metastasis, their total number was
14 (29.79 %) cases. Distant metastases were represented
by the following localizations: spine (thoracic and lumbar)
- 4; lungs - 3; bones (except for the chest and spine) - 2;
mediastinal lymph nodes - 1; pleura - 1; liver - 1; brain - 1;
chest skin - 1.

There was a history of benign breast dysplasia (N60) in
3 patients of the study sample, as well as benign breast
cancer (D24.00) in 1 patient. Another 5 patients were
diagnosed with a history of erosion or dysplasia of the
cervix, glandular hyperplasia of the endometrium and polyp
of the uterine body.

Regarding treatment tactics, all patients underwent
surgical removal of the tumor. The most common surgeries
were radical quadrantectomy (12 patients) and Madden
mastectomy (11 patients). Subcutaneous breast
amputation was performed in 4 cases, breast
hemiresection - in 2 cases, breast amputation, sectoral
breast resection and tumor removal - 1 case each. Lymph
dissection was performed in 16 patients. Another 3 patients
underwent mammoplasty with an endoprosthesis after
completion of treatment.

Chemotherapy, as a mandatory component of
comprehensive treatment in this sample of patients, was
prescribed in a total of 127 courses. In most cases, CAF
(Cyclophosphamide + Doxorubicin + 5-Fluorouracil)
regimens were prescribed - 55 (43.31 %) courses and AC
(Doxorubicin + Cyclophosphamide) courses - 48
(37.80 %) courses. Other schemes were assigned in the
amount of 24 (18.89 %) courses.

Radiation therapy was used in 26 patients. In half of the
cases, the irradiation area was the breast, in another 8

Table 1. The structure of the incidence of malignant neoplasms of
the breast in the studied contingent in accordance with ICD-10.

Note: MN - malignant neoplasm.

Diagnosis Number of
patients

MN of nipple and areola (C50.00) -

MN of the central part of the breast (C50.10) 4 (12.50 %)

MN of the upper-inner quadrant of the breast (C50.20) 3 (9.38 %)

MN of the lower-inner quadrant of the breast (C50.30) 2 (6.25 %)

MN of the upper-outer quadrant of the breast (C50.40) 13 (40.63 %)

MN of the lower-outer quadrant of the breast (C50.50) 8 (25.00 %)

MN of the axillary back of breast (C50.60) -

MN (lesion) of breast, which go beyond one or more of
the above localizations (C50.80) 2 (6.25 %)

MN breast, unspecified (C50.90) -

Carcinoma in situ of breast, lobular (D05.00) -

Carcinoma in situ of breast, intraductal (D05.10) -

Total 32

Fig. 1. Stage of the cancer process at the time of diagnosis.

Fig. 2. Frequency of menstrual disorders in the studied contingent.



cases - the chest wall. Irradiation of the skin of the axilla,
chest wall, intercostal external anterior lymph nodes, brain
and spine was performed in one case.

The frequency of menstrual irregularities in patients of
the study sample is shown in Figure 2.

Menstrual irregularities were observed in 22 (68.75 %)
patients during the first year of the study, in 21 (65.63 %)
patients during the second and in 25 (78.13 %) patients
during the third year of the study.

During the first year, amenorrhea occurred in 7
(21.88 %) patients. In 3 of them, in the second year of the
study, the menstrual cycle was partially restored.

The number of patients with oligomenorrhea
progressively increased from 15 (46.88 %) in the first year
of the study, to 17 (53.13 %) in the second year of the study
and to 25 (78.13 %) in the third year of the study. At the
same time, although there was an increase in the number
of cases of oligomenorrhea, but such an increase was
insignificant (p>0.05).

Of the 32 women, 12 (37.50 %) were planning a
pregnancy. Spontaneous abortions occurred in 2 (6.25 %)
patients. 7 (21.90 %) patients complained about the
impossibility of getting pregnant. Only 3 (9.40 %) women
ended their pregnancies.

The dynamics of changes in the main hormonal
indicators of the ovarian reserve of women in the study
sample are shown in table 2.

As can be seen from table 2, the levels of all studied
hormones in the main group before chemotherapy did not
differ significantly (p>0.05) from the control group, which
indicated a satisfactory state of reproductive health of
women in the study sample. At the same time, it should be
noted that the studied indicators of both the control group
and the main group before chemotherapy were within
normal values.

Levels of antimullerian hormone in the main group at
all terms of the study after chemotherapy were significantly
(p<0.001) lower than in the control group, as well as in the
main group before chemotherapy. Hormone levels in the
study 1 year after chemotherapy were 3.2 times lower than
baseline. The studied indicator 2 years after chemotherapy
was significantly (p<0.001) lower (2.59 times) than the
same indicator 1 year earlier. It should also be noted that at
year 3 of the study, antimullerian hormone levels were

significantly (p<0.001) lower than 1 year (5.16 times) and 2
years (2 times) after chemotherapy. In general,
antimullerian hormone levels decreased relative to
baseline by 3.2-fold over 1 year, 8.25-fold during the first
two years, and 16.5-fold over the follow-up period.

Changes in estradiol levels were characterized by
slightly different dynamics than antimullerian hormone
levels.

Estradiol levels in the main group at all terms of the
study after chemotherapy were significantly (p<0.001) lower
than in the control group, as well as in the main group
before chemotherapy. Hormone levels in the study 1 year
after chemotherapy were 3.85 times lower than baseline.
From the 2nd year of the study, there was a tendency for a
slight increase in estradiol levels. The studied indicator 2
years after chemotherapy was significantly (p<0.001) lower
(3.03 times) than the initial values, but it significantly
(p<0.001) increased relative to the same indicator for 1
year of the study by 26.96 %. In addition, at year 3 of the
study, estradiol levels were also significantly (p<0.001)
lower than after 1 year (2.85 times), and the increase relative
to 2 years after chemotherapy was 6.52 %. It should also
be noted that, although there was a slight increase in the
numerical values of estradiol levels during the 3 years of
the study, but statistically the differences could not be
confirmed (p>0.05).

Changes in follicle-stimulating hormone levels were
characterized by dynamics opposite to the dynamics of
estradiol levels.

Thus, the levels of follicle-stimulating hormone in the
main group at all terms of the study after chemotherapy
were significantly (p<0.001) higher than the control group,
as well  as the indicators of the main group before
chemotherapy. Hormone levels in the study 1 year after
chemotherapy were 7.27 times higher than baseline. From
the 2nd year of the study, there was a tendency to a slight
decrease in follicle-stimulating hormone levels. The
studied indicator 2 years after chemotherapy was
significantly (p<0.001) higher (6.1 times) than the initial
values, but it significantly (p<0.001) decreased relative to
the same indicator for 1 year of the study by 16.03 %. In
addition, at year 3 of the study, follicle-stimulating hormone
levels were also significantly (p<0.001) higher than after 1
year (5.63 times), and the decrease relative to 2 years after

Table 2. Dynamics of changes in the main hormonal parameters of the ovarian reserve.

Note. * - significant difference (p<0.001) relative to these groups.

Groups
Indicator

AMH, ng/ml FSH, mIU/ml E2, pg/ml

Control group (C) 2.038±0.822*1,2,3 6.525±1.247*1,2,3 77.44±11.57*1,2,3

Main group

Before chemotherapy (BC) 1.984±0.781*1,2,3 6.616±1.242*1,2,3 77.63±11.56*1,2,3

1 year (1) 0.625±0.316*c,bc,2,3 48.11±10.38*c,bc,2,3 20.18±3.32*c,bc,2,3

2 year (2) 0.243±0.139*c,bc,1,3 40.40±11.73*c,bc,1 25.62±5.42*c,bc,1

3 year (3) 0.115±0.083*c,bc,1,2 37.31±11.80*c,bc,1 27.29±7.36*c,bc,1
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chemotherapy was 7.65 %. It should also be noted that,
although there was a slight decrease in the numerical
values of follicle-stimulating hormone levels during the 3
years of the study, the differences were statistically
insignificant (p>0.05).

As can be seen from table 3, both ovarian volume and
the number of antral follicles in the main group before
chemotherapy did not differ significantly (p>0.05) from
similar indicators in the control group, which indicated a
satisfactory reproductive health of women in the study
samples. At the same time, it should be noted that the
studied indicators of both the control group and the main
group before chemotherapy were within normal values.

The values of ovarian volume in the main group at all
terms of the study after chemotherapy were statistically
significantly (p<0.001) lower than in the control group, as
well as in the main group before chemotherapy. Thus, the
values of this indicator in the study after 1 year after
chemotherapy were 31.19 %, after 2 years - by 37.85 %,
after 3 years by 41.04 % less than the initial values. The
decrease in ovarian volume in the 2nd year of the study
compared to 1 year was 5.08 %, in the 3rd year compared
to 2 years - 2.30 %. In this case, although there was a slight
progressive decrease in the numerical values of the studied
indicator throughout the study period, but statistically the
differences were insignificant (p>0.05).

The dynamics of changes in the number of antral
follicles differed slightly from the dynamics of changes in
ovarian volume.

The number of antral follicles in the main group at all
stages of the study after chemotherapy was significantly
(p<0.001) less than the control group, as well as the
indicators of the main group before chemotherapy. The
study rate in the study 1 year after chemotherapy was 1.96
times lower than baseline. The studied indicator 2 years
after chemotherapy was significantly (p<0.05) lower (by
15.48 %) than the same indicator 1 year earlier. It should
also be noted that at year 3 of the study, antimullerian
hormone levels were significantly (p<0.001) lower than at
1 year (31.46 %) and 2 years (p<0.05; 18.91 %) after
chemotherapy. In general, the number of antral follicles
decreased relative to baseline values by 1.96 times during
1 year, 2.31 times during the first two years and 2.85 times
during the entire observation period.

In the statistical analysis of the correlations between the
studied indicators of the ovarian reserve of women in the
study sample, the following data were obtained (Table 4).

As can be seen from Table 4 in the studied contingent
there were strong correlations between the levels of the
studied hormones (antimullerian hormone, follic le-
stimulating hormone, estradiol).  In addition, strong
correlations were statistically demonstrated in the analysis
of the dependences of the levels of the studied hormones
and the number of antral follicles.

At the same time, statistical analysis of the relationship
between the levels of hormones studied and ovarian volume

showed a moderate correlation between these indicators.
Similarly, a moderate correlation was found in the study of
the relationship between ovarian volume and the number
of antral follicles.

Discussion
Chemotherapeutic drugs differ significantly in the

mechanisms of cytotoxic effects on living cells. These
mechanisms correlate with the risk of premature
chemoinduced ovarian failure and infertility.

Thus, the active metabolites of alkylating antineoplastic
drugs (Cyclophosphamide, Mechloretamine,
Chlorambucil) are attached to the DNA of the target cell,
which is accompanied by inhibition of DNA synthesis and
function. This leads to rupture of DNA chains and, as a
consequence, to P63-mediated apoptosis in primordial

Table 3. Dynamics of changes in the main ultrasound markers of
ovarian reserve.

Notes: # - statistically significant difference (p<0.05) relative to
these groups; * - statistically significant difference (p<0.001) relative
to these groups.

Groups

Indicator

Ovarian volume,
cm3

The number of
antral follicles,

pieces

Control group (C) 4.941±1.194 *1,2,3 11.16±1.74 *1,2,3

Main
group

Before
chemotherapy
(BC)

4.875±1.170 *1,2,3 11.50±1.93 *1,2,3

1 year (1) 3.719±0.848 *c,bc 5.875±1.809 #2, *c,bc,3

2 year (2) 3.541±1.084 *c,bc 4.969±1.534 #1,3 *c,bc

3 year (3) 3.459±0.818 *c,bc 4.031±1.787 #2, *c,bc,1

Table 4. Correlations between the studied indicators of women's
ovarian reserve.

Note. AF - antral follicles.

The connection under
study

Correlation
coefficient of
Pearson (r)

Probability
(p-level)

95 %
confidence

interval

Levels of AMH - FSH -0.71 p<0.001 [-0.78; -0.63]

Levels of AMH - E2 0.71 p<0.001 [0.62; 0.78]

Levels of FSH - E2 -0.81 p<0.001 [-0.86; -0.75]

Ovarian volume - The
number of AF 0.56 p<0.001 [0.45; 0.66]

Levels of AMH - Ovarian
volume 0.48 p<0.001 [0.35; 0.59]

Levels of AMH - The
number of AF 0.78 p<0.001 [0.72; 0.84]

Levels of FSH - Ovarian
volume -0.44 p<0.001 [-0.56; -0.3]

Levels of FSH - The
number of AF -0.73 p<0.001 [-0.8; -0.65]

Levels of E2 - Ovarian
volume 0.47 p<0.001 [0.35; 0.59]

Levels of E2 - The
number of AF 0.78 p<0.001 [0.71; 0.84]

№43, Page 5-12 9

Shamrai V. A., Misiurko O. I., Grebeniuk D. I.



follicles [3, 34, 37, 38]. The use of these drugs is
accompanied by a high risk of infertility [3].

Platinum preparations (Cisplatin, Carboplatin)
covalently bind to DNA, forming intra-chain DNA cross-links.
This leads to DNA rupture during replication, inhibition of
transcription, disruption of synthesis and DNA function [3,
25, 31]. The use of platinum drugs is accompanied by a
moderate risk of infertility [3].

The mechanism of action of drugs of the group of
antimetabolites (5-Fluorouracil, Methotrexate) is to inhibit
the synthesis of DNA, RNA, thymidylate and purine [3, 22,
28]. Drugs of this group have virtually no gonadotoxic effects
and are characterized by a low risk of infertility [3].

Vinca alkaloids (Vincristine, Vinblastine) are antitumor
agents of plant origin. The mechanism of their action is to
inhibit the polymerization of tubulin and disruption of the
assembly of microtubules during mitosis [3, 8, 26]. The
risk of infertility with this group of drugs is low [3].

Drugs of the group of anthracycline antibiotics
(Doxorubicin, Bleomycin, Mitomycin) inhibit the synthesis
and function of DNA, disrupt the transcription process [3, 4,
25, 43]. Inhibition of topoisomerase II leads to DNA breaks.
In addition, drugs of this group are involved in the formation
of toxic oxygen-free radicals that cause breaks in DNA
chains, thereby inhibiting the synthesis and functioning of
DNA. Doxorubicin induces double-stranded DNA breaks
and P63-mediated apoptosis in primordial follicles. Drugs
of this group have virtually no gonadotoxic effects and are
accompanied by a low risk of infertility with the exception of
Doxorubicin, the risk of infertility in the use of which is
characterized as moderate [3].

In our study, in the vast majority of cases, chemotherapy
regimens with Cyclophosphamide and Doxorubicin were
prescribed, which are accompanied by, respectively, a high
and moderate risk of premature chemoinduced ovarian
failure and infertility [3, 34, 37, 38].

The study of the clinical and anamnestic component of
the reproductive health of women in the studied contingent
showed trends similar to those described in the scientific
medical literature [5, 41]. Quite significant changes in
women's reproductive health manifested themselves in
the form of menstrual disorders (oligomenorrhea,
amenorrhea), involuntary abortions, inability to conceive.

The progressive decrease in antimullerian hormone
levels throughout the study period can be explained on the
one hand by ovariotoxic and general toxic effects of
chemotherapeutic agents [2], and on the other - by age-
related decrease in ovarian reserve [9, 35]. At the same
time, the decrease in the studied indicator during 1 year of
the study is mainly due to the ovariotoxic effect of cytostatics.
Further slight decrease in hormone levels can be explained
both by the progression of dystrophic changes after
chemotherapy and by age-related changes in women.

The mutually opposite dynamics of changes in estradiol
and follicle-stimulating hormone levels is explained as
follows. The decrease in estradiol levels during 1 year of

the study is explained by ovariotoxic and general toxic
effects of chemotherapeutic agents [29]. At the same time,
the decrease in estradiol levels caused an increase in
follicle-stimulating hormone levels through a feedback
mechanism [13]. Cessation of the toxic effects of
chemotherapeutic drugs and partial tissue regeneration
allowed to slightly restore estradiol levels and, accordingly,
to slightly reduce follicle-stimulating hormone levels.

Despite the fact that both antimullerian hormone and
estradiol are produced by follicles, there has been varying
degrees of reduction in their levels. In our opinion, this can
be explained by the fact that antimullerian hormone is
produced exclusively by follicles, while estradiol, in addition
to follicles, is additionally produced by the adrenal cortex
and adipose tissue [13].

In our opinion, the decrease in the values of both ovarian
volume and the number of antral follicles during the study
period can be explained as follows. A sharp decrease in
the studied indicators during 1 year of the study is probably
due mainly to the ovariotoxic effects of chemotherapeutic
agents [3]. Further slight decrease in ovarian volume and
number of antral follicles can be explained, on the one
hand, by the progression of dystrophic changes after
chemotherapy [3], and on the other - by age-related
involution of the ovaries of women in the study sample [13].

In our opinion, the strong correlations between the levels
of hormones studied and the number of antral follicles can
be explained by the fact that antimullerian hormone and
estradiol are directly produced by ovarian follicles, and the
level of follicle-stimulating hormone depends on estradiol
levels.

Ovariotoxic effects of chemotherapy can be manifested
as a direct effect on the follicular apparatus of the ovaries,
and indirectly through the vascular component on other
ovarian tissues. Reducing the number of vessels of the
microcirculatory tract of the ovaries, in turn, leads to a
decrease in trophism of all tissues, including ovarian
follicles [4, 12]. In our analysis, this double toxic effect on
the ovarian follicle is confirmed by a faster rate of antral
follicle reduction compared to ovarian volume, on the one
hand, and a moderate correlation between these
parameters.

Conclusion
1. In the contingent of women suffering from malignant

neoplasms of the breast,  the share of women of
reproductive age is 24.70 %, and chemotherapy, as part of
comprehensive treatment, receive 19.90 % of women.

2. The frequency of menstrual disorders during the first
year after chemotherapy is 68.75 %, and after 2 years
increases to 78.13 %.

3. The dynamics of changes in the main hormonal and
ultrasound parameters of the ovarian reserve indicates a
significant violation of reproductive function in women who
received chemotherapy for malignant neoplasms of the
breast.
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