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Abstract: Objective To study the hormone levels and clinicopathological characteristics of patients with thyroid cancer and
breast cancer, and to explore the possible relationship between the two cancers. Methods Clinical data of 82 cases of thyroid
cancer with breast cancer (combined cancer group) patients and 86 cases of simple thyroid cancer (thyroid cancer group)
patients in The First Affiliated Hospital of Xinjiang Medical University from January 2010 to December 2022 were collected.
According to whether the BMI was greater than 24, patients in combined cancer group were divided into overweight
combined cancer group (n=37) and normal combined cancer group (n=45), and patients in thyroid cancer group were
divided into overweight thyroid cancer group (n=44) and normal thyroid cancer group (n=42). The general characteristics,
pathological characteristics, thyroid hormone and endocrine hormone levels of the two groups, and pathological features of
different BMI subgroups were compared. Results There was no significant difference in age, BMI and menstrual status
between the two groups (P>0.05). However, the tumor diameter of overweight patients in combined cancer group was
(0.65±0.33) cm, which was significantly smaller than that of overweight patients in thyroid cancer group [(1.06±0.97) cm], and
the difference was statistically significant (t=2.452, P=0.018). The proportion of patients with previous reproductive history in
the combined cancer group was significantly higher than that in the thyroid cancer group (93.90% vs 80.23%, χ2=6.892,
P=0.009). The level of thyroxine (T4), estriol and progesterone were higher in the combined cancer group than those in the
thyroid cancer group, and the differences were statistically significant (P<0.05). The level of testosterone in the combined
cancer group was significantly lower than that in the thyroid cancer group [0.77 (0.48,1.02) nmol/L vs 0.88(0.68,1.21) nmol/L,
z=3.008, P=0.003]. Conclusion Patients combined with thyroid cancer combined with breast cancer have higher serum T4,
progesterone and estritol and lower testosterone levels on clinical biochemical markers compared with patients with thyroid
cancer alone. Although no correlation was found between BMI and clinicopathologic features, the pathological features of
overweight patients with cancer were smaller tumor diameter. Therefore, health education and disease screening for obese
patients should be strengthened clinically, and thyroid and breast ultrasound examinations should be performed regularly if
necessary.
Keywords: Thyroid cancer; Breast cancer; Hormone levels; Pathological features; Testosterone; Progesterone; Estriol;
Thyroxine; Overweight

Thyroid cancer is the most common endocrine
disorder in women and the fastest-growing malignant
tumor. However, breast cancer still ranks highest among
malignant tumors in women, and its screening and
treatment play a crucial role in clinical practice. As both
the thyroid and breast are regulated by the
neuroendocrine axis, they may share common pathogenic
factors in their development and progression [1]. In this
study, 86 patients with thyroid cancer and breast cancer
were selected as the research subjects, and the hormone
levels and clinicopathological characteristics were
analyzed in depth.

1 Data and Methods

1.1 General Information

Clinical data of 82 cases of patients with thyroid
cancer combined with breast cancer and 86 cases of
patients with thyroid cancer admitted to the First
Affiliated Hospital of Xinjiang Medical University from
January 2010 to December 2022 were collected.

Inclusion criteria: (1) Patients were female. (2)
Diagnosis of breast cancer referred to the “Guidelines for
breast cancer diagnosis and treatment by China Anti-
Cancer Association (2024 Edition)” [2], and diagnosis of
thyroid cancer referred to the “Guidelines for the
diagnosis and management of thyroid nodules and
differentiated thyroid cancer (Second edition)” [3]. All
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cases were confirmed by pathology. (3) Clinical data were
complete.

Exclusion criteria: (1) Recurrence or metastasis of
malignant tumor; (2) Patients with concomitant lesions in
other organs. (3) Clinical data were incomplete.

1.2 Observation Indicators

The following data were collected, including age at
diagnosis of malignant tumors, menopausal status,
reproductive history, duration of estrogen exposure,
estrogen levels and tumor characteristics. Estrogen levels:
free triiodothyronine (FT3), free thyroxine (FT4),
thyroid-stimulating hormone (TSH), thyroglobulin
antibody (TGAb), thyroid peroxidase antibody (TPOAb),
triiodothyronine (T3), thyroxine (T4) estradiol, prolactin,
progesterone, follicle-stimulating hormone, testosterone,
luteinizing hormone, and estrone. Tumor characteristics:
pathological type, lymph node metastasis, maximum
tumor diameter, multifocality, BRAFV600E mutation status.

1.3 Statistical Analysis

Statistical analysis was performed using SPSS 23.0
software. The Shapiro-Wilk test was used to test the
normality of the measurement data. Normal distribution
of data was expressed as x±s, and one-way analysis of
variance was used if the variance was homogeneous,
otherwise Kruskal-Wallis H test was used for comparison.
Abnormal distribution of data was expressed as M (P25,
P75), and the Mann-Whitney U test was used for
comparison between two groups. Count data were
expressed as case (%), and inter-group comparisons were
made using chi-square and its correction. The
significance level was set at α=0.05 and the analysis was
two-tailed.

2 Results

2.1 Comparison of General Clinical Data between
Combined Cancer Group and Thyroid Cancer
Group

The age of patients in the combined cancer group
was slightly higher than that in the thyroid cancer group,
but the difference between the two groups was not
statistically significant (P=0.217). There was no
statistically significant difference in body mass index
(BMI) and duration of estrogen exposure between the two
groups (P>0.05). In terms of reproductive history, the
number of patients with a history of childbirth was
significantly higher than that of nulliparous women,
especially in the combined cancer group, which was
significantly higher than in the thyroid cancer group
(P=0.009). [Table 1]

2.2 Comparison of Tumor Characteristics between
Overweight and Normal Patients

According to whether the BMI was > 24 kg/m2, the
82 patients with thyroid cancer combined with breast
cancer were divided into a normal group of 45 cases and
an overweight group of 37 cases. The differences between
the two groups were compared in terms of tumor diameter,
lymph node metastasis, multifocality, unilateral or
bilateral involvement, and pathological type. The results
showed that the multifocality in the overweight group
(27.03%) was higher than that in the normal group
(20.00%), but the difference was not statistically
significant (P>0.05). [Table 2]

The 86 cases in the thyroid cancer group were also
grouped and compared using the same method, and the
results showed that the overweight thyroid cancer group
had higher tumor diameter, lymph node metastasis rate,
and multifocality than the normal thyroid cancer group,
but the differences were not statistically significant
(P>0.05). [Table 2] Inter-group comparison revealed that
the tumor diameter of overweight patients in the
combined cancer group was significantly smaller than
that of overweight patients in the thyroid cancer group,
and the difference was statistically significant (t=2.452,
P=0.018).

2.3 Comparison of Clinical Pathological Features
between Combined Cancer Group and Thyroid
Cancer Group

There was no statistically significant difference
between the two groups of patients in terms of surgical
method, tumor diameter, pathological type, lymph node
metastasis, multifocality, and V600E mutation (P>0.05).
[Table 3]

2.4 Comparison of Hormone Levels between
Combined Cancer Group and Thyroid Cancer
Group

The expression levels of T4, estradiol, and
progesterone in patients in the combined cancer group
were significantly higher than those in patients in the
thyroid cancer group, and the differences were
statistically significant (P<0.05). However, the
testosterone levels were significantly lower in the
combined cancer group than in the thyroid cancer group,
and the difference was statistically significant (P=0.003).
There were no statistically significant differences in the
serum levels of other indicators such as T3, TSH, TGAb,
TPOAb, FT3, FT4, prolactin, and other hormones
(P>0.05). [Table 4]
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Tab.1 General clinical data

Item Combined cancer group (n=82) Thyroid cancer group (n=86) χ2/t/z value P value

Age (years, x ±s) 46.42±8.62 44.58±10.47 1.240 0.217

Menopause [case (%)] 25(30.5) 25(29.1) 0.040 0.841

BMI (kg/m2, x ±s) 24.63±3.58 25.13±4.19 0.830 0.408

Duration of estrogen exposure(year)a 32(26,36) 31(22,35) 0.860 0.390

Having childbirth history [case (%)] 77(92.7) 69(80.2) 6.892 0.009

Note: a represents data in M (P25, P75).

Tab. 2 Comparison of oncological characteristics of patients in different groups [case (%)]

Tab. 3 Comparison of clinicopathological characteristics between two groups [case (%)]

Tab.4 Comparison of hormone levels between two groups

Item Combined cancer group (n=82) Thyroid cancer group (n=86) χ2/t value P value

T3(nmol/L)a 1.68±0.35 1.63±0.25 0.110 0.912

T4(nmol/L)b 99.18(82.54,111.33) 89.20(79.10,99.55) 2.796 0.049

TSH(mIU/L)b 2.01(1.50,3.53) 2.41(1.68,3.28) 0.633 0.530

TGAb(IU/mL)b 16.35(12.10,119.90) 20.18(13.35,180.40) 1.166 0.470

Item
Combined Cancer Group Thyroid Cancer Group

F/χ2 Value P Value
Normal Overweight Normal Overweight

Case 45 37 42 44

Tumor Diameter (cm, x ±s) 0.69±0.29 0.65±0.33 0.87±0.67 1.06±0.97 3.673 0.013

Lymph Node Metastasis 18(40.00) 10(27.03) 13(30.95) 16(36.36) 1.808 0.613

Multifocality 9(20.00) 10(27.03) 13(30.95) 17(38.64) 3.887 0.274

Location

Unilateral 37(82.22) 27(73.03) 28(66.67) 31(70.45)
2.952 0.399

Bilateral 8(17.78) 10(27.03) 14(33.33) 13(29.55)

Pathological Type

Microcarcinoma 8(17.78) 10(27.03) 5(11.90) 5(11.36)

7.192 0.303Papillary Carcinoma 37(82.22) 27(72.97) 37(88.10) 38(86.36)

Medullary Carcinoma 0 0 0 1(2.27)

Clinicopathological characteristics Combined cancer group (n=82) Thyroid cancer group (n=86) χ2 value P value

Surgical method

Total thyroidectomy 62(74.7) 64(74.4)
0.032 0.858

Partial thyroidectomy 20(24.1) 22(25.6)

Tumor diameter

<0.5cm 17(20.5) 18(20.9)
0.001 0.975

≥0.5cm 65(78.3) 68(79.1)

Pathological type

Microcarcinoma 18(21.7) 27(31.4)

3.002 0.223Papillary carcinoma 64(77.1) 58(67.4)

Medullary carcinoma 0 1(1.2)

Lymph node metastasis 28(33.7) 29(33.7) 0.003 0.954

Multifocality 19(22.9) 30(34.9) 2.787 0.095

V600E mutation 29(34.9) 35(40.7) 0.506 0.477
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TPOAb(IU/mL)b 13.45(8.43,24.69) 13.75(9.51,22.28) 0.627 0.530

FT3(pmol/L)a 4.39±0.90 4.50±0.90 0.792 0.430

FT4(pmol/L) a 15.50±4.40 14.74±4.41 1.118 0.265

Estriol (pmol/L) b 0.03(0.02,0.04) 0.02(0.01,0.03) 2.851 0.004

Prolactin (μg/L) b 341.60(209.56,519.13) 345.42(230.84,490.44) 0.276 0.780

Progesterone (nmol/L) b 1.37(0.68,4.80) 0.95(0.32,3.55) 2.114 0.034

FSH (IU/L) b 7.94(4.75,38.47) 10.81(4.71,49.43) 0.616 0.540

Testosterone (nmol/L) b 0.77(0.48,1.02) 0.88(0.68,1.21) 3.008 0.003

LH (IU/L) b 7.67(3.90,19.21) 9.07(4.32,22.43) 0.808 0.420

Estradiol (pmol/L) b 122.50(45.74,363.43) 139.00(37,356) 0.076 0.940

Note: a represents data in x ±s; B represents data in M (P25, P75).

3 Discussion

Malignant thyroid tumors are a common type of
malignant disease of the endocrine system, closely related
to various factors such as individual genetic factors,
environmental conditions, and hormone levels. Studies
have found that patients with thyroid malignant tumors
often have a history of breast disease in their past medical
records or during regular follow-ups after surgery [4].
Therefore, we speculate that gene mutations related to
thyroid cancer and changes in hormone levels may be the
main reasons for the development of breast cancer.
Epidemiological investigations have shown a certain
correlation between thyroid cancer and breast cancer. The
results revealed in patients with breast tumors, the levels
of T4, estradiol, and progesterone were significantly
elevated, while testosterone levels were significantly
decreased. This result suggests that hormones may play
an important role in the process of thyroid cancer patients
developing breast cancer.

In vitro experiments have shown that thyroid
hormones can exert estrogen-like effects, stimulating the
growth of tumor cells [5]. Under in vitro conditions, T4
has also been confirmed as a proliferative factor,
enhancing the proliferation of estrogen-dependent breast
cancer cells [6]. This study found that patients with
combined cancer had significantly higher levels of T4
than those with thyroid cancer, suggesting that long-term
elevated levels of T4 may stimulate the overexpression of
estrogen receptors on breast cells' surface, leading to the
growth and metastasis of tumor cells. However, opinions
on the relationship between thyroid hormones and breast
cancer are not consistent. This study did not find
differences in thyroid-related hormones such as T3, TSH,
and TPOAb between the two groups, possibly due to the
small sample size. Therefore, this conclusion needs
further long-term, large-sample studies for verification.

Both the thyroid and breast belong to the endocrine
system, regulated by the hypothalamic-pituitary axis
hormones, with estrogen being the most critical regulator
of both. Many studies have confirmed that estrogen has a
promoting effect on the development and progression of
differentiated thyroid cancer [7]. Additionally, there is
evidence showing that pregnancy might increase the risk
of patients with thyroid cancer developing breast cancer.

This was validated in this study: compared to nulliparous
patients, we found a significantly higher proportion of
patients with a history of childbirth in combined group.
This may be related to the increased estrogen levels
during pregnancy. However, estrogen levels in women are
positively correlated with the proliferation and metastasis
of malignant breast tumor cells, and lower levels of
estrogen have an inhibitory effect on tumor cell growth
[8]. This study compared the duration of estrogen
exposure in the combined cancer group [31.5 (26,36)
years] with the thyroid cancer group [31 (22,35) years],
but the difference was not statistically significant.

Lalitkumar et al. [9] first revealed the impact of
progesterone on thyroid cells and further confirmed that
progesterone can enhance the expression of genes
involved in thyroid protein expression differences
through its receptors, thereby affecting the growth and
differentiation of thyroid tissue. Some related studies
have shown that hormone therapy during menopause can
relieve menopausal symptoms, but postmenopausal
women taking long-term estrogen combined with
progesterone may increase their risk of breast cancer [10].
The data from this study revealed that sustained high
levels of progesterone can stimulate the growth of breast
cells, thereby increasing the possibility of breast cancer in
patients with thyroid cancer.

In the human body, testosterone is an important
androgen, and its secretion is also controlled by the
pituitary and hypothalamus. Before sexual maturity,
estrogen from the ovaries' endometrial cells can promote
calcium retention and growth of the long bone matrix.
After sexual maturity, it can promote the closure of the
bone epiphysis. When testosterone interacts with
androgen receptors to form hormone receptor complexes,
they interact with specific targeted gene response
elements, entering the growth control pathway of cancer
cells [11]. Regardless of the tumor type, the presence of
androgen receptors is a good prognostic indicator, with its
expression inversely proportional to the invasiveness and
pathological grading of tumors [12]. The results of this
study showed a significant decrease in testosterone levels
in patients with combined breast cancer, with a significant
difference compared to patients with pure thyroid cancer.
It is speculated that higher testosterone hormone levels in
patients with pure thyroid tumors may inhibit tumor cell
proliferation and improve prognosis. However, the
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specific correlation needs further research for verification.

Data from the National Cancer Database (NCDB)
indicated that patients with both thyroid and breast cancer
had a higher rate of lymph node metastasis compared to
patients with solitary thyroid cancer, but the tumor
diameter was relatively smaller [13]. In this study, tumors
with a diameter of ≥ 0.5 cm were predominant in both
pure cancer group and combined cancer group,
accounting for 79.1% and 78.3%, respectively.
Additionally, the pure cancer group had 58 cases of
unilobular papillary carcinoma (67.4%), while the
combined cancer group had 64 cases (77.1%), which was
higher than bilobular papillary carcinoma. However, this
study did not find differences between the two groups in
terms of tumor size and lymph node metastasis, possibly
due to the small number of cases, requiring further
clinical data for validation.

Some studies have suggested a positive correlation
between BMI index and the risk of malignant thyroid
tumors [14]. Similarly, in breast cancer-related studies,
the risk of breast cancer increases linearly with increasing
BMI. Analyzing the pathological characteristics of BMI
in this study did not show significant differences between
the two groups. However, further analysis revealed that
overweight patients in the pure cancer group had larger
thyroid cancer tumors compared to overweight patients in
the combined cancer group, with a statistically significant
difference. Therefore, we conclude that compared with
patients with thyroid cancer alone, patients with thyroid
cancer and breast cancer often have smaller tumor
diameter and may be more invasive when their BMI
is >24 kg/m2. However, due to the quality of data and
methods, this study has not yet conducted research on
tumor invasion.

To sum up, compared with patients with simple
thyroid cancer, patients combined with breast cancer have
higher levels of serum T4, progesterone and estriol, and
lower levels of testosterone. The detection of the above
indicators is of great significance for the diagnosis and
evaluation of the progression of thyroid cancer. There is
no significant difference in BMI and clinical pathological
characteristics between the two groups of patients.
However, further analysis revealed that overweight
patients combined with cancer had a smaller tumor
diameter. Therefore, it is necessary to strengthen health
education and disease screening for obese patients in
clinical practice, and regularly perform thyroid and breast
ultrasound examinations if necessary.
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