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Abstract
Background: This study aims to analyze the changes in thyroid structure and function
in female breast cancer patients and investigate their relationship with the clinical
pathological characteristics of breast cancer. Methods: The data of 169 patients
treated at the Breast Surgery Department of Sichuan Province Cancer Hospital between
December 2019 and January 2021 were assessed, and their preoperative serum thyroid
function tests and thyroid ultrasound image data were collected. The patients were then
grouped according to clinical pathological characteristics, such as tumor volume, and the
differences in thyroid hormones, thyroid autoantibodies related to immunity, detection of
thyroid nodules by ultrasound, and the Thyroid Imaging Reporting and Data System (TI-
RADS) classification of the detected nodules were compared. Additionally, we analyzed
the correlation of these variables with the patients’ clinical pathological characteristics.
Results: Among patients with detected thyroid nodules, significant statistical differences
in the TI-RADS classification of thyroid nodules found in relation to age, estrogen
receptor (ER) expression, human epidermal growth factor receptor 2 (HER2) expression,
histological grading and lymphovascular invasion (p < 0.05). Furthermore, a positive
correlation was observed between the TI-RADS classification level of thyroid nodules
and the ER expression level (G = 0.511, p < 0.001), and a negative correlation was
observed with histological grading (G = −0.526, p = 0.006). However, there is no clear
correlation between age groups, HER2 expression, lymphovascular invasion and the TI-
RADS classification level (p > 0.05), and no significant differences found in serum
thyroid hormone levels and thyroid autoantibodies among breast cancer patients with
different pathological characteristics (p > 0.05). Conclusions: Newly diagnosed breast
cancer patients did not show notable differences in thyroid function. However, changes
in thyroid structure were observed, which correlated with certain clinical pathological
characteristics used to evaluate the severity of breast cancer and formulate treatment
plans.
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1. Introduction

Breast cancer, the most common malignancy among women in
China, is increasingly affecting younger women, and its inci-
dence has been increasing annually [1, 2]. Similarly, thyroid
and breast diseases are highly prevalent among women, posing
a significant threat to their physical and mental well-being, as
well as quality of life [3]. Although numerous studies have
been conducted to explore the relationship between thyroid
and breast cancer and their respective impact on the patients,
substantial inconsistencies have been observed in the obtained
results.

The regulation of the endocrine system is complex, influ-
enced by hormone metabolism and diet, and characterized by
hormone interactions. In the initial stages of the disease, the
body’s compensatory mechanisms may maintain a relatively
stable state of thyroid hormones, leading to delayed manifesta-
tions andmaking it challenging to detect abnormalities through
laboratory tests. However, changes in thyroid structure can
be accurately identified in the early stages using non-invasive
ultrasound, which can also help determine the nature of de-
tected nodules. Current literature has primarily focused on ex-
amining the relationship between breast cancer and the thyroid
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by comparing thyroid function in breast cancer patients with
healthy individuals, and there has been limited emphasis on
investigating alterations in thyroid structure and the correlation
between thyroid function/structure and the severity of breast
cancer pathology.
Based on clinical observations, we have noted that many

patients, at the time of initial diagnosis, display structural
abnormalities in the thyroid that are identifiable through ultra-
sound. Interestingly, these patients also demonstrated normal
thyroid hormone levels, and their thyroid-related autoantibody
expression levels were within the functional range. Therefore,
we designed this study to investigate the ultrasound findings of
structural changes in the thyroid among breast cancer patients
and also explore the expression of thyroid hormone levels and
thyroid-related autoantibodies in this patient population. To
achieve this, we conducted a retrospective analysis usingmedi-
cal records of 169 female breast cancer patients who underwent
their initial consultation at the Breast Surgery Department of
Sichuan Cancer Hospital. By comparing the variations in both
thyroid function and structure across different patient groups,
as categorized by pathological characteristics, we established
correlations between these variables and the pathological fea-
tures in the patients. Overall, the findings from this study
may help enhance healthcare professionals’ awareness about
the significance of conducting thorough thyroid examinations
during the diagnosis, treatment and follow-up processes of
breast cancer patients.

2. Materials and methods

2.1 General information
The data of 169 female patients diagnosed with infiltrative
breast cancer between December 2019 and January 2021 at
the Department of Breast Surgery (Sichuan Cancer Hospital,
Sichuan, China) were retrieved and assessed. They were
treatment naive breast cancer patients with no previous thy-
roid disease history, had not been prescribed hormone med-
ications or received iodine-containing contrast agents within
the past six months before this study, none had undergone
radiation therapy, chemotherapy or endocrine therapy before
their surgery, and all had comprehensive thyroid test records
prior to the initiation of their treatment. Of enrolled cases, 80
were classified as post-menopausal and 79 as pre-menopausal.
Following the guidelines outlined in the “Chinese consensus

guidelines for breast cancer in young women: clinical practice
and fertility preservation” [4], 15 patients were classified as
young breast cancer patients (age, ≤35 years old) and the
remaining 154 as older breast cancer patients (age, >35 years
old). The average age of the patients was 50.8 ± 3.5 years
(range, 77 to 30 years old).
The pathological data were obtained from the Pathology

Department of Sichuan Cancer Hospital. Tumor size was
classified as T1–T4 according to the Cancer Staging Manual
of the 8th edition of the American Joint Committee on Cancer
(AJCC) [5]. Immunohistochemical staining was conducted on
tumor tissue specimens obtained from surgeries, and based on
the Ki-67 staining results, they were divided into three cate-
gories: low expression (≤14%), moderate expression (15%–

30%), and high expression (>30%), following the 2022 stan-
dards outlined in the Breast Cancer Diagnosis and Treatment
Guidelines of the Chinese Society of Clinical Oncology [6].
The expression of estrogen and progesterone receptors was
evaluated following the 2020 American Society of Clinical
Oncology (ASCO)/College of American Pathologists (CAP)
Guidelines [7], with a threshold of ≥1% for positive immuno-
histochemistry of estrogen receptor (ER)/progesterone recep-
tor (PR). This study reported positive detection results based
on the staining intensity and percentage of tumor cells, with
“+” symbol used to indicate positive intensity. The evaluation
of human epidermal growth factor receptor 2 (HER2) detection
results was based on the 2019 HER2 Detection Guidelines [8]
and the 2021 Consensus on Clinical Diagnosis and Treatment
of HER2-Positive Breast Cancer [9]. Due to insufficient ev-
idence that patients with low HER2 expression can benefit
from current antibody-drug conjugate treatments, patients with
negative or low HER2 expression in this study were defined
as non-amplified HER2, while the others were defined as
amplified HER2. Histological grading was performed using
the Nottingham grading system [10].

2.2 Observation indicators and evaluation
standards
The thyroid hormone and autoantibody test results were ob-
tained from the Nuclear Medicine Department of Sichuan
Cancer Hospital. Blood samples were collected in the morning
before surgery under basal conditions. The reference values for
the hospital’s Nuclear Medicine Department tests were as fol-
lows: free triiodothyronine (FT3): 2.2–4.2 pg/mL; free thyrox-
ine (FT4): 0.8–1.7 ng/dL; thyroid stimulating hormone (TSH):
0.3–5.0 mIU/L; thyroid peroxidase antibodies (TPOAb): 1–
16 IU/mL; thyroglobulin antibodies (TGAb): 5–100 IU/mL.
Based on the test reference range, TPOAb >16 IU/mL was
considered positive, and TGAb ≥5 IU/mL was considered
positive in this study.
The thyroid ultrasound imaging data were obtained from the

Ultrasound Department of Sichuan Cancer Hospital, among
which 92 cases had no nodules, while 77 cases had nodules on
ultrasound. The nodules were classified into four categories
(1, 2, 3 or 4a) based on the 2020 Chinese Guideline for
Thyroid Nodule Ultrasound Malignancy Risk Stratification:
C-TIRADS [11]. For multiple nodules with different classi-
fications, the highest category was recorded.

2.3 Statistical analysis
All data were assessed using the Statistical Product and Ser-
vice Solutions (SPSS, version 21.0, International Business
Machines Corporation, Armonk, NY, USA) software. Qual-
itative data, such as the thyroid ultrasound imaging data (i.e.,
presence or absence of thyroid nodules), the TI-RADS clas-
sification of the nodules, and the thyroid autoantibody test
results (positive/negative), are presented as absolute numbers.
The differences between variables were analyzed using the
Chi-square test when comparing two groups or unordered
multiple groups. The Kruskal-Wallis H rank sum test was
used for ordinal multiple groups. Correlation analysis of vari-
ables was performed using Pearson’s correlation coefficient
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for unordered categorical variables and the Gammer method
for ordered categorical variables. The results of the thyroid
hormone (quantitative data) are expressed as mean± standard
deviation. The t-test was used to analyze differences between
two groups, while one-way analysis of variance (ANOVA)was
used for comparisons among multiple groups. A significance
level of p < 0.05 was considered statistically significant.

3. Results

3.1 Thyroid ultrasound findings in breast
cancer patients

The results indicated no significant difference in the presence
of thyroid nodules detected by ultrasound among breast cancer
patients (Table 1). However, among the breast cancer patients
with detected thyroid nodules, significant differences were
observed in the TI-RADS classification based on different
pathological features (Table 2). The difference in the TI-RADS
classification of thyroid nodules among patients with differ-
ent ER expressions was found to be statistically significant
(H = 12.165, p = 0.007). Moreover, a positive correlation
was observed between the level of ER expression and the
TI-RADS classification of thyroid nodules, indicating that
higher ER expression was associated with a higher TI-RADS
classification level (G = 0.511, p < 0.001). Additionally,
there was a statistically significant difference in the TI-RADS
classification of thyroid nodules among breast cancer patients
with different histological grades (H = 6.018, p = 0.049).
Specifically, higher histological grades were associated with
lower TI-RADS classification levels of the detected thyroid
nodules (G = −0.526, p = 0.006). Regarding age groups,HER2
expression and lymphovascular invasion status, we observed
statistically significant differences in the TI-RADS classifica-
tion of thyroid nodules (p < 0.05). However, no clear correla-
tion was observed between age groups,HER2 expression, lym-
phovascular invasion, and the TI-RADS classification level
(Table 3, Figs. 1,2).

3.2 Serum thyroid hormone levels in breast
cancer patients

When divided into groups based on pathological features, the
average hormone levels of the included cases were found
to be within the normal reference range, and we found no
statistically significant difference in the thyroid hormone levels
among breast cancer patients with different pathological fea-
tures (p > 0.05) (Table 4).

3.3 Expression of thyroid autoantibodies in
the serum of breast cancer patients

There was no statistically significant difference in the ex-
pression of serum TPOAb and TGAb levels in breast cancer
patients grouped based on different pathological features (p >
0.05) (Table 5).

4. Discussion

The breasts and thyroids are hormone-responsive organs regu-
lated by the hypothalamic-pituitary axis. The growth of trans-
formed breast tissue cells can still be influenced by endocrine
regulation due to the differential expression of hormone recep-
tors. Several studies have suggested the possibility of abnor-
mal thyroid function in influencing breast cancer progression.
It was previously proposed that hypothyroidism might benefit
breast cancer patients in terms of prognosis [12]. In this study,
we explored the thyroid function of breast cancer patients.
Even in patients with thyroid hormone levels within the normal
range, we observed that patients with indicators of a good
prognosis (i.e., ER and PR positive, HER2 negative, without
lymph node metastasis, without lymphovascular invasion and
lower histological grades) had lower levels of FT3 and FT4, as
well as higher levels of TSH, compared to patients with poorer
prognostic indicators. However, it is important to note that the
lack of statistical significance might have been attributed to the
small sample size and the retrospective nature of this study.
However, the observed correlation between changes in thy-

roid structure and the severity of breast cancer highlights the
need for further investigation in this area. Notably, we ob-
served significant differences in the TI-RADS classification of
thyroid nodules among patients with different pathological fea-
tures. The TI-RADS classification system is a well-established
method that stratifies thyroid nodules based on their ultrasound
characteristics, with higher TI-RADS classifications typically
indicating an increased risk of malignancy.
The results of our study suggest that while there was no

statistically significant difference in the detection rate of thy-
roid nodules among different age groups, there were vari-
ations in the TI-RADS classification of thyroid nodules in
different age groups. As individuals age, various factors
such as degenerative changes in thyroid function, the presence
of chronic underlying diseases, onset of metabolic syndrome
and accumulation of risk factors such as ionizing radiation
gradually surpass the threshold for structural changes in the
thyroid. Consequently, there is an increased incidence of
abnormal proliferation of thyroid cells and the formation of
nodules [13]. Furthermore, we hypothesize that in patients
with breast cancer, the abnormal proliferation of cancer cells
may disrupt the secretion rhythm of hormones, particularly
estrogen, and the extent of disruption in hormone rhythms may
differ among patients of different ages. Dysregulated hormone
levels could lead to varying degrees of abnormal proliferation
and differentiation of thyroid cells, resulting in the forma-
tion of thyroid nodules with distinct biological morphologies.
However, it is important to note that further exploration is
needed to fully understand the potential correlation between
these factors.
Currently, the primarymolecular biological indicators tested

for breast cancer include ER, PR, HER2 and Ki-67. Within
the ER category, there are two subtypes: ERα and ERβ,
which play different roles within cells. Both thyroid and breast
tissues contain ERα (promotes cancer cell growth) and ERβ
(inhibits cancer cell growth) [14, 15]. In normal breast epithe-
lial cells, ER expression and other hormone receptors regulate
cell growth and proliferation through the endocrine system.
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TABLE 1. Presence of thyroid nodules detected by ultrasound in breast cancer patients with different pathological
features.

Pathological Features Thyroid Nodules χ2/H p
Not Detected Detected

Age
≤35 years old 10 5

0.992 0.319
>35 years old 82 72

Tumor diameter
T1 39 28

6.083 0.108
T2 48 43
T3 5 2
T4 0 4

Ki-67
≤14% 14 13

0.890 0.64115%–30% 26 26
>30% 52 38

Estrogen receptor
− 37 20

4.709 0.194
+ 9 6
++ 7 9
+++ 39 42

Progesterone receptor
− 39 26

4.555 0.207
+ 23 16
++ 6 12
+++ 24 23

HER2
Unamplified 62 46

1.064 0.302
Amplified 30 31

Lymph node metastasis
Yes 51 40

0.205 0.651
No 41 37

Histological grades
I 2 5

4.156 0.125II 51 49
III 39 23

Lymphovascular invasion
Yes 31 32

1.108 0.292
No 61 45

Complicated with breast ductal carcinoma in situ
Yes 34 26

0.186 0.666
No 58 51

HER2: human epidermal growth factor receptor 2; −: No detectable nuclear staining or staining in <1% of tumor cells.
Considered that the tumor is negative for ER or PR expression; +: Nuclear staining in 1%–10% of tumor cells with weak intensity.
Considered weakly positive for ER or PR; ++: Nuclear staining in 70%–80% of tumor cells with moderate intensity. Considered
moderate positivity for ER or PR; +++: Nuclear staining in 90%–100% of tumor cells with strong intensity. Considered strong
positivity for ER or PR.
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TABLE 2. TI-RADS classification of thyroid nodules in breast cancer patients with different pathological features.
Pathological Features TI-RADS Classification χ2/H p

1 2 3 4a
Age

≤35 years old 1 2 1 1
16.857 0.001

>35 years old 0 14 46 12
Tumor diameter

T1 0 6 16 6

2.226 0.527
T2 1 9 28 5
T3 0 0 1 1
T4 0 1 2 1

Ki-67
≤14% 0 3 9 1

0.982 0.61215%–30% 0 4 17 5
>30% 1 9 21 7

Estrogen receptor
− 1 5 14 0

12.165 0.007
+ 0 2 3 1
++ 0 5 3 1
+++ 0 4 27 11

Progesterone receptor
− 1 7 16 2

5.703 0.127
+ 0 3 10 3
++ 0 3 8 1
+++ 0 3 13 7

HER2
Unamplified 0 6 30 10

5.971 0.015
Amplified 1 10 17 3

Lymph node metastasis
Yes 1 6 26 7

0.510 0.475
No 0 10 21 6

Histological grades
I 0 1 2 2

6.018 0.049II 0 7 32 10
III 1 8 13 1

Lymphovascular invasion
Yes 1 3 20 8

4.044 0.044
No 0 13 27 5

Complicated with breast ductal carcinoma in situ
Yes 0 6 17 3

0.338 0.561
No 1 10 30 10

TI-RADS: Thyroid imaging reporting and data system; HER2: human epidermal growth factor receptor 2; −: No detectable
nuclear staining or staining in <1% of tumor cells. Considered that the tumor is negative for ER or PR expression; +: Nuclear
staining in 1%–10% of tumor cells with weak intensity. Considered weakly positive for ER or PR; ++: Nuclear staining in 70%–
80% of tumor cells with moderate intensity. Considered moderate positivity for ER or PR; +++: Nuclear staining in 90%–100%
of tumor cells with strong intensity. Considered strong positivity for ER or PR.
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TABLE 3. Correlation between pathological features of breast cancer patients and TI-RADS classification of thyroid
nodules.

Pathological Features TI-RADS Classification G/r p
1 2 3 4a

Age
≤35 years old 1 2 1 1

0.460 0.305
>35 years old 0 14 46 12

Estrogen receptor
− 1 5 14 0

0.511 <0.001
+ 0 2 3 1
++ 0 5 3 1
+++ 0 4 27 11

HER2
Unamplified 0 6 30 10

0.292 0.067
Amplified 1 10 17 3

Histological grades
I 0 1 2 2

−0.526 0.006II 0 7 32 10
III 1 8 13 1

Lymphovascular invasion
Yes 1 3 20 8

0.288 0.072
No 0 13 27 5

TI-RADS: Thyroid imaging reporting and data system; HER2: human epidermal growth factor receptor 2; −: No detectable
nuclear staining or staining in <1% of tumor cells. Considered that the tumor is negative for ER or PR expression; +: Nuclear
staining in 1%–10% of tumor cells with weak intensity. Considered weakly positive for ER or PR; ++: Nuclear staining in 70%–
80% of tumor cells with moderate intensity. Considered moderate positivity for ER or PR; +++: Nuclear staining in 90%–100%
of tumor cells with strong intensity. Considered strong positivity for ER or PR.

FIGURE 1. TI-RADS classification of thyroid nodules in breast cancer patients with different estrogen receptor. TI-
RADS: thyroid imaging reporting and data system; ER: estrogen receptor.
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FIGURE 2. TI-RADS classification of thyroid nodules in breast cancer patients with different histological grades. TI-
RADS: thyroid imaging reporting and data system.

TABLE 4. FT3, FT4 and TSH levels in breast cancer patients with different pathological features.
Pathological Features n FT3 (pg/mL) FT4 (ng/dL) TSH (mIU/L)
Age

≤35 years old 15 2.67 ± 0.209 1.19 ± 0.179 2.67 ± 1.059
>35 years old 154 2.65 ± 0.378 1.14 ± 0.177 2.57 ± 2.310

t/F 0.148 1.015 0.166
p 0.883 0.312 0.868
Tumor diameter

T1 67 2.63 ± 0.229 1.14 ± 0.160 2.72 ± 2.350
T2 91 2.67 ± 0.446 1.17 ± 0.180 2.44 ± 2.210
T3 7 2.58 ± 0.297 0.98 ± 0.140 2.76 ± 1.620
T4 4 2.71 ± 0.388 1.10 ± 0.220 2.86 ± 1.810

t/F 0.319 2.610 0.240
p 0.812 0.053 0.868
Ki-67

≤14% 27 2.64 ± 0.285 1.11 ± 0.140 2.18 ± 1.270
15%–30% 52 2.62 ± 0.282 1.15 ± 0.220 2.50 ± 2.280
>30% 90 2.68 ± 0.427 1.15 ± 0.160 2.74 ± 2.410

t/F 0.476 0.560 0.715
p 0.622 0.573 0.491
Estrogen receptor

− 57 2.71 ± 0.512 1.14 ± 0.175 2.55 ± 2.578
+ 15 2.62 ± 0.382 1.07 ± 0.137 2.94 ± 2.366
++ 16 2.58 ± 0.207 1.10 ± 0.169 2.46 ± 1.833
+++ 81 2.63 ± 0.245 1.17 ± 0.183 2.55 ± 2.029

t/F 0.844 4.398 0.147
p 0.472 0.222 0.931
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TABLE 4. Continued.
Pathological Features n FT3 (pg/mL) FT4 (ng/dL) TSH (mIU/L)
Progesterone receptor

− 65 2.72 ± 0.488 1.16 ± 0.168 2.61 ± 2.632
+ 39 2.62 ± 0.275 1.11 ± 0.163 2.33 ± 1.175
++ 18 2.55 ± 0.261 1.18 ± 0.265 3.09 ± 2.131
+++ 47 2.63 ± 0.243 1.15 ± 0.161 2.55 ± 2.342

t/F 1.270 1.830 0.482
p 0.286 0.608 0.695
HER2

Unamplified 108 2.62 ± 0.262 1.13 ± 0.167 2.66 ± 2.474
Amplified 61 2.71 ± 0.497 1.17 ± 0.193 2.43 ± 1.710

t/F −1.654 −1.216 0.667
p 0.100 0.226 0.506
Lymph node metastasis

Yes 91 2.70 ± 0.426 1.15 ± 0.168 2.43 ± 1.761
No 78 2.60 ± 0.274 1.14 ± 0.188 2.75 ± 2.671

t/F 1.610 0.297 −0.920
p 0.109 0.767 0.359
Histological grades

I 7 2.55 ± 0.280 1.19 ± 0.130 1.72 ± 0.79
II 100 2.65 ± 0.407 1.13 ± 0.180 2.61 ± 2.31
III 62 2.67 ± 0.301 1.16 ± 0.180 2.63 ± 2.21

t/F 0.332 0.505 0.538
p 0.718 0.605 0.585
Lymphovascular invasion

Yes 63 2.71 ± 0.493 1.15 ± 0.192 2.53 ± 2.514
No 106 2.62 ± 0.260 1.14 ± 0.169 2.61 ± 2.048

t/F 1.599 0.442 −0.211
p 0.112 0.659 0.833
Complicated with breast ductal carcinoma in situ

Yes 60 2.62 ± 0.298 1.14 ± 0.182 2.57 ± 1.818
No 109 2.67 ± 0.399 1.15 ± 0.175 2.58 ± 2.430

t/F 0.772 −0.128 −0.033
p 0.491 0.898 0.973
FT3: free triiodothyronine; FT4: free thyroxine; TSH: thyroid stimulating hormone; HER2: human epidermal growth factor
receptor 2; −: No detectable nuclear staining or staining in <1% of tumor cells. Considered that the tumor is negative for ER
or PR expression; +: Nuclear staining in 1%–10% of tumor cells with weak intensity. Considered weakly positive for ER or PR;
++: Nuclear staining in 70%–80% of tumor cells with moderate intensity. Considered moderate positivity for ER or PR; +++:
Nuclear staining in 90%–100% of tumor cells with strong intensity. Considered strong positivity for ER or PR.

Breast cancer cells exhibit varying degrees of ER deficiency
compared to normal cells. The remaining ER allows hormone
control over the growth and proliferation of cancer cells, and
this mechanism is utilized in cancer treatment by reducing es-
trogen levels through medication. Studies have demonstrated
that the expression of ERα gradually increases in breast can-
cer patients while the expression of ERβ gradually decreases
[16]. It is speculated that the immunohistochemistry-detected

expression of ER in tumor tissue primarily represents the α

subtype, while the β subtype is relatively deficient. Studies
examining thyroid diseases have revealed that female patients
with thyroid lesions exhibit lower ERβ expression in thyroid
tissue than in the control group, with this downregulation in
ERβ expression being more pronounced in malignant thyroid
lesions [17, 18]. Based on these reports, it could be hypothe-
sized that higher classifications according to TI-RADS might
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TABLE 5. Expression of TPOAb and TGAb expression in breast cancer patients with different pathological features.
Pathological Features TPOAb χ2/H p TGAb χ2/H p

Positive Negative Positive Negative
Age

≤35 years old 5 10
0.540 0.462

3 12
2.370 0.124

>35 years old 38 116 62 92
Tumor diameter

T1 19 48

2.691 0.456

21 46

3.701 0.303
T2 23 68 41 50
T3 0 7 2 5
T4 1 3 1 3

Ki-67
≤14% 7 20

0.974 0.614
11 16

0.356 0.83715%–30% 10 42 20 32
>30% 26 64 34 56

Estrogen receptor
− 15 42

2.130 0.546

22 35

0.272 0.965
+ 6 9 6 9
++ 4 12 7 9
+++ 18 63 30 51

Progesterone receptor
− 19 46

1.139 0.768

25 40

0.379 0.945
+ 8 31 14 25
++ 5 13 8 10
+++ 11 36 18 29

HER2
Unamplified 24 84

1.637 0.201
36 72

3.325 0.068
Amplified 19 42 29 32

Lymph node metastasis
Yes 20 71

1.248 0.264
39 52

1.610 0.205
No 23 55 26 52

Histological grades
I 3 4

1.180 0.554
3 4

0.238 0.888II 25 75 37 63
III 15 47 25 37

Lymphovascular invasion
Yes 19 44

1.177 0.278
22 41

0.532 0.466
No 24 82 43 63

Complicated with breast ductal carcinoma in situ
Yes 14 46

0.218 0.640
27 33

1.680 0.195
No 29 80 38 71

TPOAb: thyroid peroxidase antibodies; TGAb: thyroglobulin antibodies; HER2: human epidermal growth factor receptor 2; −:
No detectable nuclear staining or staining in<1% of tumor cells. Considered that the tumor is negative for ER or PR expression;
+: Nuclear staining in 1%–10% of tumor cells with weak intensity. Considered weakly positive for ER or PR; ++: Nuclear
staining in 70%–80% of tumor cells with moderate intensity. Considered moderate positivity for ER or PR; +++: Nuclear
staining in 90%–100% of tumor cells with strong intensity. Considered strong positivity for ER or PR.
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be associated with lower ERβ expression. In this present study,
breast cancer patients with higher levels of ER expression
were also observed to exhibit higher-level classified thyroid
nodules, suggesting that these patients might have lower ERβ
expression in various tissues, and individual variations could
be related to the expression status and level of ERα.
Despite the ongoing debate regarding the impact of ER

expression levels and HR subtype expression levels on the
efficacy of endocrine therapy, it is evident that patients with
different hormone receptor expressions exhibit varying sen-
sitivities to anti-estrogen treatment [16]. Currently, there is
no standardized definition for high and low levels of HR
expression in clinical practice, and there is a lack of specific
qualitative or objective quantification methods for receptor
subtype expression in breast tumor tissues. In this context,
the observed correlation between higher ER levels and higher
TI-RADS classifications of thyroid nodules seems intriguing.
The integration of these findings with the results of thyroid
examinations could contribute to a more precise endocrine
treatment plan for hormone receptor-positive breast cancer
patients and may also guide the selection of more specific anti-
hormone receptor drugs for personalized and tailored therapeu-
tic approaches.
HER2 has long been recognized as an important prognostic

factor in breast cancer and plays a crucial role in guiding
treatment decisions, with HER2 positivity considered an in-
dependent risk factor for poor prognosis [19]. Both domestic
and international studies have demonstrated HER2 expression
in thyroid tumors, with a significantly higher positive rate
observed in malignant thyroid tumors than in benign lesions.
Moreover, the high positive HER2 expression rate has been
associated with the degree of malignancy [20–22]. Studies
on synchronous breast and thyroid cancer have reported data
supporting a positive correlation between HER2 expression
in these two types of cancer [23]. However, there is lim-
ited research on the impact of HER2 on the development
of benign thyroid lesions. Although no evident correlation
was observed, our study found differences in the TI-RADS
classification of detected nodules betweenHER2-negative and
HER2-positive patients. While this requires further valida-
tion through comprehensive studies, it suggests that exam-
ining thyroid morphological changes could contribute to the
development of new prognostic tools and targeted therapies
for HER2-positive patients. As previously mentioned, the
benefit of current antibody-conjugate drug-targeted therapy for
patients classified as having low HER2 expression according
to current evaluation criteria remains controversial. Thus,
incorporating the evaluation of thyroid status may offer new
insights for implementing more precise therapeutic strategies
for this specific group of patients.
In this study, thyroid nodules detected in patients with high-

grade breast cancer demonstrated lower TI-RADS classifica-
tion levels. Histological grading of invasive breast cancer is
based on prognosis-related parameters, with higher grades in-
dicating poorer tumor cell morphology. The underlying reason
for this observation may involve specific signaling molecules
that exert opposing effects on the regulation of differentiation
in breast and thyroid tissues. For example, recent breast
cancer research has highlighted the role of hypoxia-inducible

factor-2α (HIF-2α) in tumor tissue differentiation. It has been
reported that patients with high expression of HIF-2α have
poor breast tumor tissue differentiation [24]. However, HIF-
2α also plays an inhibitory role in the progression of malignant
thyroid tumors [25]. We hypothesized that high expression of
certain substances in patients with high-grade breast cancer
might suppress the transformation of abnormally proliferat-
ing thyroid cells towards a malignant biological morphology,
leading to a reduced malignant risk of thyroid nodules and
lower TI-RADS classification. The exact mechanism that links
the biological behavior of breast cancer and thyroid nodules
remains unclear. However, the observed connection between
these two entities may offer a novel direction for evaluating
the prognosis of breast cancer patients with coexisting thyroid
diseases.
This study reveals a difference in the TI-RADS classifica-

tion of thyroid nodules between patients with lymphovascular
invasion and those with non-invasive breast cancer. Lympho-
vascular invasion is a significant risk factor for poor prognosis
in various types of cancer. In breast cancer, lymphovascular
invasion is closely associated with residual or recurrent metas-
tasis following radical mastectomy [26, 27]. Some studies
suggest that lymphovascular invasion is an independent ad-
verse prognostic indicator, separate from other pathological
factors, and efforts have been made to systematically stratify
breast cancer patients with lymphovascular invasion using
various approaches [28–31]. Currently, the gold standard for
confirming lymphovascular invasion status is postoperative
pathological examination of resected lesions. Preoperative
prediction of tumor lymphovascular invasion mainly relies
on features observed in breast magnetic resonance imaging
[32, 33]. By examining the thyroid and conducting further
prospective studies to validate the association between thyroid
status and lymphovascular invasion, we may identify addi-
tional avenues to enhance the accuracy of preoperative pre-
dictions of lymphovascular invasion in breast cancer patients,
which may in turn assist in clinical decision-making regarding
neoadjuvant therapy before breast cancer surgery.
Our research findings highlight the association between the

nature of thyroid nodules detected in breast cancer patients
and certain clinical characteristics that indicate the severity
and prognosis of the disease and underscore the importance of
conducting comprehensive thyroid examinations in breast can-
cer patients. By monitoring structural changes in the thyroid,
clinicians can gain insights into the severity of breast cancer
and develop more personalized and precise treatment plans.
Regular thyroid function tests and color Doppler ultrasound
assessments during breast disease treatment can be beneficial.
When thyroid changes are detected in breast cancer patients,
additional evaluations can be performed to promptly assess
the severity of the disease, predict its progression status, and
initiate timely interventions.
However, it is important to acknowledge the limitations of

our study. The data used were derived from a single center, and
the representativeness of the data might have been influenced
by the clinical diagnosis and treatment capabilities of our hos-
pital. Additionally, the sample size was relatively small, and
the study’s retrospective nature prevented us from accurately
determining the sequence of occurrence and progression of
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breast cancer and thyroid structural changes. Therefore, it
is crucial to validate our observed correlation through large-
sample, multicenter prospective studies to strengthen the reli-
ability and generalizability of our findings.

5. Conclusions

Newly diagnosed breast cancer patients did not exhibit signifi-
cant differences in thyroid function. However, variations were
observed in thyroid structure changes, which correlated with
certain clinical pathological characteristics used to assess the
severity of breast cancer and guide treatment decisions.
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