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Abstract

Breast cancer is among the most prevalent cancers affecting women and often necessitates

a multifaceted treatment approach. However, combined treatment methods such as chemother-
apy and radiotherapy can negatively impact thyroid gland (TG) function, potentially causing
hormonal imbalances. These thyroid issues can deteriorate a patient’s general health, lower
their ability to tolerate treatment, and possibly affect the effectiveness of therapy. In Uzbekistan,
this area has not been thoroughly explored, emphasizing the importance of a detailed evaluation
of thyroid function in women with BC.
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Introduction

Breast cancer (BC) remains one of the
most prevalent oncological conditions
among women globally. According to data
from the Republican Specialized Scientif-
ic and Practical Medical Center of Oncolo-
gy and Radiology (RSSPMCOR) under the
Ministry of Health of Uzbekistan, a total
of 4,757 new cases of BC were reported in
2024, with 86.7% of these diagnosed at stag-
es II-IV, necessitating intensive multimod-
al treatment approaches. In recent years,
growing attention has been directed toward
the effects of anticancer therapies on the

endocrine system, particularly the thyroid
gland.

Thyroid dysfunction observed in oncology
patients may arise as a consequence of thera-
peutic interventions or may reflect pre-exist-
ing, undiagnosed thyroid abnormalities prior
to the initiation of cancer treatment. The de-
velopment of hypothyroidism in this context
has the potential to adversely influence the
clinical trajectory of BC, diminish patient tol-
erance to treatment, and negatively impact
overall quality of life.

The primary aim of the present study was
to evaluate the effects of different combined
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treatment modalities for BC on both clinical
and laboratory indicators of thyroid gland
function.

Materials and Methods

The study included 136 female patients
with histologically confirmed BC treated at
RSSPMCOR and its regional branches be-
tween 2023 and 2025. Patients’ ages ranged
from 30 to 73 years (mean 56.3 + 0.4 years).

Patients were divided into three groups:

e Group 1 (n=52): Stage II BC, treat-
ment consisted of surgery plus 6-8
courses of chemotherapy without
neoadjuvant treatment;

» Group 2 (n=64): Stage II-III BC, neo-
adjuvant and adjuvant chemotherapys;

» Group 3 (control, n = 20): Stage I BC,
no chemotherapy.

Previous studies have reported the prev-
alence of anti-thyroid peroxidase antibodies
(anti-TPO) in patients with BC to be approx-
imately 34%, compared to 36% in control
populations. Based on an estimated effect
size of 0.55, a significance level of 5%, and
a statistical power of at least 80%, the min-
imum required sample size was determined
to be 20 participants in the control group and
93 in the experimental (BC) group.

All participants provided written in-
formed consent prior to enrollment, and the
study protocol was reviewed and approved
by the institutional Ethics Committee.

The research protocol encompassed
comprehensive clinical and laboratory eval-
uations, along with instrumental diagnostic
procedures including ultrasound, magnet-
ic resonance imaging (MRI), and positron
emission tomography-computed tomogra-
phy (PET-CT). Thyroid function was assessed
through measurements of serum thyroid-
stimulating hormone (TSH), total triiodothy-
ronine (T3), free thyroxine (T4), luteinizing
hormone (LH), and follicle-stimulating hor-
mone (FSH), in addition to thyroid ultra-
sound imaging.

Reference ranges for thyroid hormones
were:

e TSH:0.5-4.5 pIU/mL;

« Total T3: 80-200 pg/mL;

» FreeT4:4-12 ng/mL;

« Anti-TPO levels > 40 IU/mL were

considered positive.
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Statistical Analysis

Data were analyzed using SPSS v.19.

Normality was assessed by the
Kolmogorov-Smirnov test.

Group comparisons employed Student’s
t-test for normally distributed data,

Mann-Whitney U test for nonparametric
data,

Chi-square and Fisher’s exact test for
contingency tables.

Statistical significance was set at p < 0.05.

Results

Clinical manifestations:

» The most frequently observed symp-
toms of thyroid dysfunction during
the post-chemotherapy period includ-
ed general weakness (88.9%), palpita-
tions (up to 31.1%), neck discomfort
(up to 37.8%), and a sense of a lump
during swallowing (up to 26.5%). In
contrast, these clinical manifestations
were largely absent in the control
group.

Laboratory findings:

« TSH, T3, and T4 levels were assessed
at three time points: prior to the ini-
tiation of chemotherapy, one month
following its completion, and six
months post-treatment. Alterations
in thyroid hormone profiles were
identified in 78.7% of patients, with
subclinical hypothyroidism being the
most prevalent abnormality. Addi-
tionally, elevated levels of cholester-
ol and triglycerides were observed,
suggesting a potential link between
thyroid dysfunction and the develop-
ment of metabolic syndrome during
chemotherapy.

« While no statistically significant dif-
ference in TSH levels was observed be-
tween the patient and control groups
(p = 0.166), significant intergroup
differences were noted for mean free
T4 (p = 0.001), total T3 (p < 0.017),
and anti-thyroid peroxidase antibod-
ies (anti-TPO) (p = 0.05). Further
analysis using Chi-square and Fish-
er’s exact tests confirmed significant
differences between groups for T3
(p =0.017) and anti-TPO (p = 0.044),
whereas no significant differences
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were found for TSH (p = 0.34) or free
T4 (p = 0.14).

Ultrasound and imaging studies:

Thyroid ultrasound examinations were
conducted using 5 MHz convex transducers
positioned perpendicular to the midline of
the neck, enabling evaluation of the thyroid
gland’s structure, volume, and dimensions
throughout the course of BC chemothera-
py. Thyroid volume was calculated using the
A. F. Tsyba formula (1990):

V=0.52 x A xBxC(sm?
where:

« Arepresents the length of the thyroid

lobe;

e B -—isthe thickness, and

« C — is the width measured in the

transverse plane.

When indicated, Doppler mapping was
employed to assess vascularization and char-
acterize nodular formations.

MRI of the thyroid, using T1-weighted
sequences, was performed in 53 patients to
detect structural abnormalities. Addition-
ally, PET-CT using 18F-fluorodeoxyglucose
(18F-FDG) was employed for disease stag-
ing and to evaluate thyroid metabolic activity
based on radiotracer uptake.

Patients were instructed to fast for 12
hours prior to receiving an intravenous injec-
tion of 18F-FDG at a dose of 200 MBq/m?2 (to-
tal dose ranging from 370 to 420 MBq). Fol-
lowing a 60—90 minute uptake phase, patients
were encouraged to consume up to 500 mL of
water and to void the bladder in order to re-
duce background radiotracer activity. A pre-
liminary CT scan was performed to define
the anatomical region for PET imaging, and
established synchronization protocols were
applied for accurate PET-CT data alignment.

Statistical Analysis of the Material

The data obtained in the study were sta-
tistically analyzed using SPSS version 16.0
(USA). The degree of statistical significance
for various comparative parameters was de-
termined accordingly. Parametric data were
reported as means + standard deviations
(SD), while non-parametric data were ex-
pressed as medians with interquartile rang-
es (Q1-Q3). Independent samples were an-
alyzed using the Mann—-Whitney U-test for
non-parametric variables. Categorical vari-
ables were evaluated using the Chi-square
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test and Fisher’s exact test. A p-value less
than 0.05 was considered indicative of statis-
tical significance. Differences in mean values
between groups were assessed using the Stu-
dent’s t-test and Fisher’s exact test.

To compare long-term (5-year) outcomes
of different treatment modalities based on
survival stratification, the actuarial life table
method — specifically the “Lise-Table meth-
od” developed by CutlerS.J. and EdererF.
and endorsed by the Union for International
Cancer Control (UICC)—was employed.

Patient survival was further analyzed us-
ing the Kaplan—Meier method, applying the
formula:

s()=Nx(1-d,/n,)
where s(t) represents the survival probability at
time t, d1 the number of events (deaths) at that
time, and ni1o the number of individuals at risk.

Median durations of disease-free and
metastasis-free intervals were determined
according to the methodology proposed by
D. Collett (1999).

Discussion

Our study confirms a high prevalence of
thyroiddysfunctionamongBCpatientsunder-
going combined therapeutic regimens. This
aligns with previous research linking thyroid
disorders — such as nodular hyperplasia, hy-
perthyroidism, autoimmune thyroiditis, and
elevated anti-TPO antibody levels — to breast
cancer pathophysiology (Turken O., NarInY.,
DemlrbasS., OndeM.E., SayanO., Kan-
demlIrE.G., 2003; AgarwalD.P., SoniT.P,
Sharma O. P., Sharma S., 2007; Giustarini E.,
Pinchera A., Fierabracci P., Roncella M., Fus-
taino L., Mammoli C., 2006). Several studies
have reported associations between BC and
various thyroid-related biomarkers, includ-
ing anti-TPO, TSH, T3, T4, and estradiol
levels (FierabracciP., PincheraA., Campa-
niD., PollinaL.E., GiustariniE., GianiC.
2006; Sabitha Suneetha, Mohanty S, RaoP.,
2009; AliA., MirM.R., BashirS., Has-
sanT., BhatS.A., 2011; SmythP.P., Sher-
ing S. G., Kilbane M. T., Murray M. J., McDer-
mott E.W., Smith D. F., 2017; (FierabracciP.,
Pinchera A., Campani D., Pollina L. E., Gius-
tarini E., GianiC., 2006; Sabitha Suneetha,
Mohanty S, RaoP., 2009; AliA., MirM.R,,
BashirS., HassanT., BhatS.A., 2011;
Smyth P.P., SheringS.G., KilbaneM.T,,
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Murray M. J., McDermott E.W., SmithD.F,,
2017; DitschN., LiebhardtS., Von KochF,,
Lenhard M., Vogeser M., Spitzweg C., 2010).

In our cohort, BC patients exhibited sig-
nificantly elevated anti-TPO (p=0.011) and
free T4 (p=0.001) levels compared to con-
trols, while total T3 levels were significantly
reduced (p=0.001), and TSH levels were low-
er but not statistically significant (p=0.166).
These findings are consistent with prior
literature (AliA., Mir M. R., BashirS., Has-
sanT., BhatS. A., 2011; WangG., Chen X-S.,
MaoY., Li Y-F., Chen W-G., Shen K-W., 2014;
Takatani O., Okumoto T., Kosano H., Nishi-
da M., Hiraide H., Tamakuma S., 1989; Kui-
jpensJ.L., NyklictekI., LouwmanM.W.,
WeetmanT.A.,, PopV.J., CoeberghJ.W.,
2005; Saraiva P., Figueiredo N., Padovani C.,
Brentani M., NogueiraC., 2005; RoseD.P,,
Davis T. E., 1979), reinforcing the hypothesis
that thyroid dysfunction — potentially driven
by autoimmune mechanisms — may influence
BC development and progression.

One proposed mechanism involves the
estrogen-mimetic action of thyroid hormones
and their receptors in modulating cellular
proliferation and differentiation (TosovicA.,
Bondeson A. G., Bondeson L., Ericsson U. B.,
Malm J., ManjerdJ., 2010). Notably, the ra-
tio of free T3 to free T4 has been suggested
as a potential tumor biomarker (Ditsch N.,
LiebhardtS., Von KochF., Lenhard M., Vo-
geser M., SpitzwegC., 2010). Some studies
have associated elevated free T4 levels with
increased BC risk, whereas higher anti-TPO
antibody levels may exert a protective ef-
fect (WangG., Chen X-S., MaoY., Li Y-F,
Chen W-G., Shen K-W.,, 2014; CengizO.,
Bozkurt B., Unal B., Yildirim O., Karabeyog-
luM., Eroglu A. 2004; TosovicA., BeckerC.,
Bondeson A. G., Bondeson L., Ericsson U. B.,
MalmJ., 2012). Additionally, thyroid dys-
function has been reported to correlate with
higher tumor grades, suggesting a relation-
ship with malignancy severity (Lemaire M.,
Baugnet-Mahieu L., 1986).

However, other investigations have
failed to identify significant associations
between thyroid disorders and BC risk (Mi-
chalakiV., Kondi-Pafiti A., GennatasS., An-
toniou A., Primetis H., GennatasC., 2009;
Kuijpens J. L., NyklictekI., Louwman M. W.,
WeetmanT.A.,, PopV.J., CoeberghJ.W.,
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2005). These discrepancies may reflect meth-
odological variability, differences in popula-
tion characteristics, variability in assay sen-
sitivity, or racial and geographic influences.

An interesting observation from our
study was a non-significant trend toward re-
duced symptoms of thyroid dysfunction in
patients receiving prophylactic levothyrox-
ine. Although this finding lacked statistical
significance, it suggests a potential benefit
that warrants further exploration through
randomized controlled trials with larger
sample sizes.

In conclusion, the observed associations
between thyroid dysfunction and breast can-
cer highlight the need for comprehensive en-
docrine assessment in this patient population.
Future prospective studies employing stan-
dardized methodologies and larger cohorts
are essential to clarify the clinical implications
and to explore the potential role of thyroid
hormone modulation in BC management.

Conclusions

1. Combined antitumor therapy for BC
is associated with a high incidence of
thyroid dysfunction, mainly subclini-
cal hypothyroidism, especially in pa-
tients receiving neoadjuvant and ad-
juvant chemotherapy.

2. Common clinical manifestations of
post-chemotherapy thyroid dysfunc-
tion include general weakness, palpi-
tations, neck discomfort, and difficul-
ty swallowing.

3. Significant hormonal changes involve
free T4, total T3, and anti-TPO levels,
indicating autoimmune involvement
in the pathological process.

4. Ultrasound and radionuclide imaging
(PET-CT) reveal structural-functional
thyroid alterations correlating with
treatment intensity.

5. Preliminary data suggest potential
benefits of prophylactic thyroid hor-
mone (levothyroxine) to mitigate thy-
roid dysfunction symptoms, requir-
ing further randomized trials.

6. Due to the high prevalence and clinical
relevance of thyroid dysfunction during
BC treatment, routine thyroid status
assessment is recommended in onco-
logical patient management protocols.
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