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Abstract Thyroid dysfunction is an increasingly recognized manifestation of endocrine toxicity associated with systemic
antitumor therapy in breast cancer; however, its clinical significance during combined treatment remains insufficiently
characterized. This prospective study aimed to evaluate functional and structural changes in the thyroid gland in patients with
breast cancer undergoing multimodal therapy. A total of 136 patients with stage I1-111 disease were enrolled and stratified
into two groups: surgery followed by adjuvant chemotherapy (n=62) and neoadjuvant chemotherapy followed by surgery and
adjuvant treatment (n=74). A control group included 23 patients with stage | disease. Thyroid function was assessed by serum
TSH, free T4, free T3, and anti-thyroid peroxidase antibodies, while structural alterations were evaluated using ultrasound
imaging. Combined therapy was associated with a significant increase in TSH levels and a concomitant decrease in free T4
and free T3 concentrations compared with controls (p<0.0001), indicating a predominance of hypothyroid states. The
prevalence of laboratory-confirmed hypothyroidism exceeded 60%, with more pronounced hormonal disturbances observed
in patients receiving neoadjuvant regimens, suggesting a cumulative treatment effect. Ultrasound examination revealed
structural abnormalities, including reduced echogenicity and parenchymal heterogeneity, in approximately 40% of treated
patients, significantly exceeding control values (p<0.01). Clinical manifestations consistent with hypothyroidism were
frequently observed but demonstrated limited correlation with biochemical parameters. These findings indicate that thyroid
dysfunction represents a common and clinically relevant consequence of combined breast cancer therapy, characterized by
both functional impairment and structural alterations. Routine thyroid monitoring should be incorporated into standard
oncological care to enable early detection and management of endocrine toxicity.
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II-111 of the disease [6,7]. However, intensification of
therapy is accompanied by an increase in the incidence of
systemic complications, which requires expanding the range
of monitoring for concomitant disorders [8].

In recent years, increasing attention has been paid to the
problem of endocrine toxicity of antitumor treatment [9,10].
The thyroid gland is a target organ sensitive to the effects of
cytostatic drugs, targeted agents, and immunomodulatory
therapy [11]. The mechanisms of damage include direct
cytotoxic damage to thyrocytes, impaired peripheral conversion
of thyroid hormones, vascular changes, and immune
reactions [12].

Thyroid hormones play a fundamental role in the regulation
of energy metabolism, cell proliferation, differentiation,
and apoptosis [13]. Impaired secretion of these hormones
can lead to decreased tolerance to therapy, deterioration in

1. Introduction

Breast cancer is the leading cause of cancer incidence
among women worldwide and remains the leading cause of
cancer-related mortality [1,2]. According to international
databases, more than 2.3 million new cases are registered
annually, with the upward trend continuing [1]. In Central
Asian countries, including the Republic of Uzbekistan, a
steady increase in incidence rates and decrease of patient age
are being observed [3].

Modern advances in molecular diagnostics, targeted
therapy, and hormonal therapy have significantly improved
overall and disease-free survival rates [4,5]. Combined
treatment regimens, including surgery, neoadjuvant and
adjuvant chemotherapy, radiation therapy, and endocrine

therapy, are the standard for managing patients with stages
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quality of life, and the development of asthenic syndrome,
which is often mistakenly interpreted as a manifestation of
chemotherapeutic toxicity [14].

According to various authors, the incidence of subclinical
and overt hypothyroidism in cancer patients varies from 30
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to 60% depending on the treatment regimens used [9,15,16].
A particularly high risk of developing thyroid dysfunction
has been described with the use of targeted drugs and
combination therapy regimens [12,17]. However, data on the
state of the thyroid gland in patients with breast cancer under
neoadjuvant and adjuvant chemotherapy remain limited and
contradictory [18,19].

In addition to functional changes, structural abnormalities
of the thyroid gland detected by ultrasound examination
are of great importance, including decreased echogenicity,
heterogeneity of the parenchyma, and signs of autoimmune
inflammation [19,20,21]. A comprehensive assessment of
hormonal and ultrasound parameters allows for a more
accurate determination of the nature of the lesion and the
degree of its severity [22,23].

Thus, the study of the functional and structural state of the
thyroid gland in patients with breast cancer receiving
combination treatment is an urgent scientific and clinical task.

Purpose of the study

To evaluate functional and structural changes in the thyroid
gland in patients with breast cancer during combination
treatment.

2. Materials and Methods

The study was conducted in a prospective format at a
specialized oncology and radiology center from November
2023 to January 2025.

The study included 136 patients aged 38 to 68 years (mean
age 52.446.8 years) with morphologically confirmed stage
1111 breast cancer.

The control group consisted of 23 patients (mean age
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50.945.7 years) with stage | disease who did not receive
aggressive combined therapy.

The patients in the main cohort were divided into two
groups:

The first group (n=62) consisted of surgical treatment
followed by adjuvant chemotherapy.

The second group (n=74) consisted of neoadjuvant
chemotherapy followed by surgery and adjuvant therapy.

Inclusion criteria: 1. Age over 18 years; 2. Histologically
confirmed diagnosis; 3. No previously diagnosed thyroid
diseases; 4. Written informed consent.

Exclusion criteria: 1. Previous thyroid surgery; 2. Taking
thyroid medications before treatment; 3. The presence of
severe concomitant endocrine pathology.

Thyroid function was assessed by measuring levels of
thyroid-stimulating hormone (TSH), free thyroxine (fT4),
free triiodothyronine (fT3), and thyroid peroxidase antibodies
(anti-TPO). The studies were performed using enzyme-linked
immunosorbent assay.

The structural condition was assessed using ultrasound
examination to determine the volume of the gland,
echogenicity, homogeneity of the parenchyma, the presence
of nodular formations and signs of an autoimmune process.

Statistical analysis was performed using SPSS 16.0.
Quantitative indicators are presented as mean *SD. Student's
t-test was used to compare groups. Differences were considered
statistically significant at p < 0.05.

3. Results

Data are presented as mean =standard deviation. P is the
significance of differences between the study groups and the
control group.

Table 1. Thyroid hormonal profile parameters in the examined patients (M2SD)

Indicator Group 1 (n=62) | Group 2 (n=74) | Control (n=23) p
TSH (mIU/L) 5.94.0 7.24.3 3.1840.48 <0.0001
free T4 (pmol/l) 6.040.70 5.440.60 8.7340.63 <0.0001
free T3 (pmol/l) 2.140.18 1.740.20 4.640.25 <0.0001

*Group 1: surgical treatment + adjuvant chemotherapy.

*Group 2: neoadjuvant + adjuvant therapy.

Table 2. Frequency of functional disorders of the thyroid gland (%)

Indicator Group 1 (n=62) Group 2 (n=74) Control (n=23)
Elevated TSH 33.9% 55.4% 8.7%
Decrease in free T4 40.3% 62.1% —
Decrease in free T3 38.7% 55.4% —
Elevated anti -TPO 14.5% 13.5% 4.3%

Table 3. Ultrasound characteristics of the thyroid gland (%)
- Group 1 Group 2 Control

Ultrasound indicator (n=62) (n=74) (n=23) p
Diffuse decreage in echogenicity 40.3% 40.5% 8.7% <001
and heterogeneity of structure
Normal echostructure 45.2% 44.6% 87.0% <0.01
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Patients in both main groups showed a significant increase
in TSH levels and a decrease in free T4 and free T3
concentrations compared to the control group (p < 0.0001).
The most visible changes were recorded in the second group.

A comparative analysis demonstrated a statistically
significant increase in the frequency of functional thyroid
disorders in patients receiving combination therapy compared
to the control group (p < 0.05). In the second group, an
increase in TSH levels was recorded in 55.4% of patients,
which was significantly higher than the indicators of both the
first group (33.9%) and the control (8.7%). A decrease in
free T4 was detected in 62.1% of patients in the second group
and in 40.3% of the first group, while such changes were
not observed in the control group (p < 0.05). A similar trend
was established for free T3: a decrease in the indicator
was recorded in 55.4% of patients in the second group and in
38.7% of the first group, with no cases in the control group
(p <0.05).

The frequency of increased anti-TPO in the main groups
(14.5% and 13.5%) did not differ statistically significantly
from each other, but exceeded the indicators in the control
group (4.3%), which may indicate a possible immunological
component of the identified disorders.

Thus, a significantly higher prevalence of laboratory signs
of hypothyroidism was revealed in the second group, which
confirms the cumulative and dose-dependent nature of the
effect of combined antitumor treatment on thyroid function.

An analysis of thyroid ultrasound characteristics revealed
significant differences between the study and control groups.
Diffuse decreased echogenicity and heterogeneity of
parenchymal structure were detected in 40.3% of patients in
the first group and in 40.5% in the second group, which was
more than four times higher than the corresponding indicator
in the control group (8.7%; p < 0.01). No statistically
significant differences were found between the first and
second groups for this characteristic (p > 0.05), indicating
a similar frequency of structural changes regardless of the
sequence of chemotherapy.

Normal thyroid echostructure was significantly more often
detected in patients in the control group (87.0%) compared
to the first (45.2%) and second (44.6%) groups (p < 0.01).
However, the differences between the main groups also did
not reach statistical significance (p > 0.05).

Table 4. Frequency of symptoms (%)

Symptom Group 1 Group 2 Control
Fatigue 87.1% 83.8% 26.1%
Dry skin 61.3% 54.1% 13.0%

Drowsiness 54.8% 47.3% 8.7%

Swelling 41.9% 35.1% 4.3%

Mass gain 35.5% 33.8% 8.7%

The data obtained demonstrate a high prevalence of
structural thyroid changes in patients receiving combination
therapy for breast cancer. The lack of differences between
the first and second groups may indicate that combination

therapy itself is a significant risk factor for the development
of morphological changes, regardless of the stage of the
disease.

Clinical analysis revealed that patients undergoing
combination therapy experienced symptoms characteristic
of hypothyroidism significantly more frequently than those
in the control group (p < 0.05). The most pronounced
manifestation was general weakness and increased fatigue,
which were observed in more than 80% of patients in both
treatment groups, compared to only a quarter of control
patients.

Dermatological manifestations such as dry skin were
reported in more than half of those examined in the study
groups, significantly exceeding the rates in the control cohort.
A similar pattern was observed for drowsiness, the incidence
of which in the combination treatment groups was more than
five times higher than in the control group.

Peripheral edema and a tendency toward weight gain were
also significantly more common in patients receiving
anticancer therapy. In the control group, these symptoms
were sporadic.

When comparing the first and second groups, no statistically
significant differences in the frequency of clinical manifestations
were found (p > 0.05), which indicates a similar clinical
severity of hypothyroid syndrome, regardless of the stage of
systemic therapy.

Thus, clinical data confirm the formation of a typical
symptom complex of hypothyroidism in patients during
combined treatment of breast cancer and complement the
obtained laboratory results.

4. Discussion

The results obtained indicate the development of persistent
thyroid dysfunction in patients undergoing combined treatment
for breast cancer. The identified changes are systemic and
are confirmed by a combination of laboratory, ultrasound,
and clinical data.

Elevated TSH levels combined with decreased free
thyroxine and triiodothyronine levels suggest the prevalence
of primary hypothyroidism. However, more pronounced
hormonal changes in the second group suggest the possible
role of cumulative effects of cytostatic drugs. Sequential use
of neoadjuvant and adjuvant therapy likely increases the
burden on the pituitary-thyroid system, contributing to the
exhaustion of compensatory regulatory mechanisms.

The absence of significant differences in the frequency of
ultrasound changes between the first and second groups
suggests that structural abnormalities develop early in the
course of systemic therapy and persist regardless of the stage
of treatment. Decreased echogenicity and parenchymal
heterogeneity may reflect both degenerative processes and
subclinical inflammation of the glandular tissue.

The immunological component, represented by a moderate
increase in anti -TPO, is not dominant, but its presence in
some patients allows us to consider the immunomodulatory
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effect of antitumor therapy as one of the possible pathogenetic
mechanisms.

Clinical symptoms largely correspond to laboratory findings,
but the severity of subjective manifestations does not always
directly correlate with hormonal levels. This highlights the
complexity of interpreting asthenic and metabolic syndromes
in cancer patients, where symptoms can be multifactorial.

Key points

1. In patients with breast cancer receiving combination
therapy, according to reliable data, thyroid dysfunction
develops, characterized by an increase in TSH and a
decrease in free T4 and free T3.

2. The frequency of laboratory signs of hypothyroidism
exceeds 60%, indicating a high prevalence of
endocrine toxicity during systemic antitumor therapy.

3. The use of neoadjuvant regimens is associated with
more pronounced hormonal changes, which indicates
a possible cumulative and dose-dependent effect of the
cytostatic effect.

4. Ultrasound signs of structural changes in the thyroid
gland are detected in a significant proportion of patients
and confirm the morphological basis of functional
disorders.

5. Clinical manifestations of hypothyroidism are recorded
significantly more frequently in the combination
treatment groups, but their severity does not always
correspond to the degree of laboratory abnormalities.

6. It is advisable to include mandatory monitoring of
thyroid status and ultrasound assessment of the thyroid
gland in the algorithm for dynamic observation of
patients with breast cancer.

7. Further research should be aimed at studying the
long-term consequences of thyroid dysfunction and its
impact on therapy tolerability and oncological prognosis.

5. Conclusions

The study results confirm that thyroid dysfunction is a
common manifestation of endocrine toxicity associated with
combination therapy for breast cancer. The findings expand
our understanding of the nature and prevalence of these
disorders and highlight the need for their timely diagnosis.

REFERENCES

[1] Vasei N, Shishagar A, Ghalkhani F, Darvishi M. Fat necrosis
in the Breast Cancer: A systematic review of clinical. Lipids
Health Dis. 2019; 18: 139.

[2] Giustarini E, Pinchera A, Fierabracci P, Roncella M, Fustiano
L, et al. Thyroid autoimmunity in patients with malignant and

benign breast diseases before surgery. European J Endocrinology.

2006; 154: 645-649.

[3] Simon MS, Tang MTC, Bernstein L, Norman SA. Do thyroid
disorders increase the risk of breast cancer? Can Epid Prev

(4]

(5]

(6]

(7]

(8]

(0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

2029

Bio. 2002; 11: 1574-1578.

Ditsch N, Liebhardt S, Von Koch F, Lenhard M. Thyroid
function in breast cancer patients. Anticancer Res. 2010; 30:
1713-1717.

Davis PJ, Goglia F, Leonard JL. Nongenomic actions of
thyroid hormone. Nature Reviews Endocrinology. 2016; 12:
111-121.

Cestari SH, Figueiredo NB, Conde SJ, Clara S, Katayama ML,
et al. Influence of estradiol and triiodothyronine on breast
cancer cell lines proliferation and expression of estrogen and
thyroid hormone receptors. Arg Bras de Endo Meta. 2009; 53:
859-864.

Chaker L, Visser TJ. Thyroid function: thyroid dysfunction
and breast cancer risk-an unfinished story. Nat Rev
Endocrinol. 2016; 12: 313-314.

Cheng SY, Leonard JL, Davis PJ. Molecular aspects of
thyroid hormone actions. Endocr Rev. 2010; 31: 139-170.

Brent GA. Mechanisms of thyroid hormone action. J Clin
Invest. 2012; 122: 3035-3043.

De Sibio MT, de Oliveira M, Fontes Moretto FC, Olimpio RC,
Conde SJ, et al. Triiodothyronine and breast cancer. World J
Clin Oncol. 2014; 5: 503-508.

Smyth PPA. The thyroid, iodine, and breast cancer. Breast
Cancer Res. 2003; 5: 235-238.

Funahashi H, Imai T, Tanaka Y, Tsukamura K, Hayakawa Y,
et al. Wakame seaweed suppresses the proliferation of 7,
12-dimethylbenz(a)-anthracene-induced mammary tumors in
rats. Jpn J Cancer Res. 1999; 90: 922-927.

Cengiz O, Bozkurt B, Unal B, Yildirim O, Karabeyoglu M,
et al. The relationship between prognostic factors of breast
cancer and thyroid disorders in Turkish women. J Surg Oncol.
2004; 87: 19-25.

Enayatrad M, Mirzaei M, Salehiniya H, Karimirad MR,
Vaziri S, et al. Trends in the incidence of common cancers in
Iran. Asian Pac J Cancer Prev. 2016; 17: 39-42.

Talamini R, Franceschi S, Favero A, Negri E, Parazzini F,
et al. Selected medical conditions and risk of breast cancer. Br
J Cancer. 1997; 75: 1699-1703.

Moseson M, Koenig KL, Shore RE, Pasternack BS. The
influence of medical conditions associated with hormones on
the risk of breast cancer. Int J Epid. 1993; 22: 1000-10009.

Streff H, Profato J, Ye Y, Nebgen D, Peterson SK, et al.
Cancer incidence in first-and second-degree relatives of
BRCA1 and BRCA2 mutation carriers. Oncologist. 2016; 21:
869-874.

Collaborative group on hormonal factors in breast cancer.
Familial breast cancer: collaborative reanalysis of individual
data from 52 epidemiological studies including 58 209 women
with breast cancer and 101 986 women without the disease.
Lancet. 2001; 358: 1389-1399.

Saraiva PP, Figueiredo NB, Padovani CR, Brentani MM,
Nogueira CR. Profile of thyroid hormones in breast cancer
patients. Braz J Med Biol Res. 2005; 38: 761-765.

Sogaard M, Farkas DK, Ehrenstein V, Jorgensen JO, Dekkers
OM, et al. Hypothyroidism and hyperthyroidism and breast



2030 Nasirova K. Khurshida et al.:  Thyroid Dysfunction in Patients Receiving
Combined Therapy for Breast Cancer: A Prospective Clinical Study

cancer risk: a nationwide cohort study. Eur J Endocrinol.  [22] Tavangar SM, Monajemzadeh M, Larjani B, Haghpanah V.
2016; 174: 409-414. Immunohistochemical study of oestrogen receptors in 351

) . human thyroid glands. Singapore Med J. 2007; 48: 744-747.
[21] Angelousi AG, Anagnostou VK, Stamatakos MK, Georgiopoulos

GA, Kontoglou KC. Mechanisms in endocrinology: primary  [23] Huang J, Jin L, Ji G, Xing L, Xu C, et al. Implication from

HT and risk for breast cancer: a systematic review and thyroid function decreasing during chemotherapy in breast

meta-analysis. Eur J Endocrinol. 2012; 166: 373-381. cancer patients: chemosensitization role of triiodothyronine.
BMC Cancer. 2013; 13: 334.

Copyright © 2026 The Author(s). Published by Scientific & Academic Publishing
This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/



