Breast Cancer: Targets and Therapy Dove

ORIGINAL RESEARCH

Thyroid Hormone Changes Correlate to Combined
Breast Cancer with Primary Thyroid Cancer

Jian Jin, Jie Li, Yonghong Liu, Qingfeng Shi, Bo Zhang, Yanting Ji, Pengfei Hu
Thyroid and Breast Surgery Department, Cangzhou Central Hospital, Cangzhou, Hebei, 061000, People’s Republic of China

Correspondence: Jie Li, Thyroid and Breast Surgery Department, Cangzhou Central Hospital, No. 16 Xinhua West Road, Cangzhou, Hebei, 061000,
People’s Republic of China, Email lijie@hebmu.edu.cn

Background: Breast cancer and thyroid cancer are two prevalent malignancies in women, and a potential association between the two
diseases has been suggested.

Methods: This retrospective case-control study was conducted involving 97 patients with breast cancer and thyroid cancer (BC-TC
group) and 97 age-matched patients with breast cancer alone (BC group). Thyroid hormone levels, including triiodothyronine (T3),
thyroxine (T4), free triiodothyronine (FT3), free thyroxine (FT4) and thyroid-stimulating hormone (TSH), were analyzed in healthy
controls, BC patients, and BC-TC patients.

Results: BC-TC patients exhibited a higher rate of estrogen receptor (ER) and progesterone receptor (PR) positivity compared to BC
patients. Serum T3 levels were significantly decreased in BC and BC-TC patients compared to healthy controls. However, there was
no significant difference in T3 levels between BC and BC-TC patients. Serum TSH levels were significantly higher in BC-TC patients
compared to BC patients.

Conclusion: ER positivity, PR positivity, and serum TSH levels greater than 4.45 mU/L were independent risk factors for primary
thyroid cancer in breast cancer patients.
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Introduction

Breast cancer ranks among the most prevalent malignancies affecting women globally, with its incidence steadily on the
rise.' Likewise, thyroid cancer has exhibited an ascending trajectory in most global regions, securing its place as the
eighth most common malignancy in women.? The correlation between breast and thyroid cancers has been a subject of
medical scrutiny since the 19th century.® Prolonged clinical observations have revealed numerous parallels between these
two malignancies,® such as a pronounced gender disparity in incidence, with women experiencing significantly higher
rates than men. Furthermore, both diseases manifest their incidence peaks postmenopausally.™® Over the past decade,
a body of research has substantiated a potential bidirectional causative relationship between breast and thyroid cancers.’
An examination of data from the American Cancer Society revealed a threefold increase in thyroid cancer incidence
among women with breast cancer, and a subsequent 19-fold increase among men with breast cancer.®’

In vitro studies have shown that thyroid hormones promote tumor growth and mimic estrogen-induced breast cell
proliferation.'®™'" Rodent models have further demonstrated that thyroid hormones stimulate tumor growth and
metastasis.'> The synthesis and secretion of thyroid hormones are primarily regulated by thyroid-stimulating hormone
(TSH), which acts through TSH receptors to enhance all stages of thyroid hormone synthesis.'*"'* Recent investigations
have identified significantly elevated serum TSH levels in patients with differentiated thyroid cancer compared to the
general population, with TSH expression correlating with tumor aggressiveness.*'>"'® Subsequent subgroup analyses
revealed an increased risk of differentiated thyroid cancer development in individuals with normal-range serum TSH and
no ultrasound-detected nodules, as TSH levels rose.'”

Breast Cancer: Targets and Therapy 2024:16 |5-22 I5
Received: 19 October 2023 © 2024 Jin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 21 December 2023
Published: 9 January 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Jin etal Dove

Consequently, this study aims to explore alterations in serum thyroid hormones in breast cancer patients with multiple
primary malignancies involving thyroid cancer and examine their association with the occurrence of multiple primary
malignancies involving both breast and thyroid cancers.

Methods

Participants
This study constitutes a retrospective case-control investigation. Ninety-seven eligible patients diagnosed with both
breast cancer and thyroid cancer (BC-TC group) were retrospectively enrolled from January 2010 to January 2020 at
Cangzhou Central Hospital, the largest comprehensive medical center in the city. In parallel, a control group (BC group)
consisting of 97 age-matched individuals with isolated breast cancer was randomly selected. Additionally, a cohort of 90
females undergoing routine health examinations served as healthy controls. Approval for this study was obtained from
Cangzhou Central Hospital, and written informed consent was obtained from all participants.

Inclusion criteria: patients with both thyroid cancer and breast cancer undergoing surgical treatment in our hospital; patients
with complete clinical and pathological data; female patients; patients with no underlying thyroid disease before surgery;

Exclusion criteria: patients with non-primary tumors of breast cancer; patients with non-primary tumors of thyroid
cancer; patients with underlying diseases of the hypothalamus or pituitary; patients with autoimmune diseases.

Control group: patients without underlying thyroid disease; patients without breast disease; patients without under-
lying hypothalamic or pituitary disease; and patients without autoimmune disease.

Analysis of Thyroid Hormone Levels

Peripheral venous blood was obtained from all patients in the morning of the next day before operation, and the serum
was separated and frozen at —80°C. Triiodothyronine (T3), free triiodothyronine (FT3), thyroxine (T4), free thyroxine
(FT4) and TSH were detected on a Cobas €601 electrochemiluminescence immunoassay analyzer.

Statistical Analysis

Statistical analysis was performed using SPSS 17.0 software. The comparison of measurement data between two groups
was done by ¢ test, and the comparison of count data between two groups was done by x2 test or Fisher’s exact
probability method. Multivariate analysis of factors affecting breast cancer combined with thyroid cancer was performed
using Logistic stepwise regression analysis. Significance tests were all two-sided tests, and the test level was a = 0.05.

Results

Clinicopathological Factors for the Patients

Table 1 provides a comprehensive examination of clinicopathological factors in patients with exclusive primary breast
cancer (BC) and those with concurrent primary breast cancer and primary thyroid cancer (BC-TC). Age did not exhibit
a statistically significant difference between the two cohorts (p = 0.376). The presence or absence of a family history of
breast cancer (p = 0.630) or thyroid cancer showed no significant disparity between the two groups (p = 0.497). The
distribution of patients across post-menopausal, pre-menopausal, and perimenopausal categories demonstrated similarity
between the BC and BC-TC groups (p = 0.589).

Moreover, the distribution of various pathological types, such as invasive ductal carcinoma, invasive lobular carcinoma,
medullary carcinoma, and carcinoma in situ, did not significantly differ between BC and BC-TC patients (p = 0.694). No
statistically significant variance was observed in the histological grade of breast cancer between the two groups (p = 0.108). The
presence or absence of lymph node metastasis displayed no significant difference between BC and BC-TC patients (p = 0.212).
Similarly, the distribution of tumor sizes (< 2 cm and > 2 c¢m) did not significantly differ between the two groups (p = 0.248).

Notably, there was no significant distinction in the status of human epidermal growth factor receptor between BC
and BC-TC patients (p = 0.464). However, BC-TC patients exhibited a significantly higher rate of estrogen receptor (ER)
positivity compared to BC patients (p = 0.002). Similarly, BC-TC patients displayed a significantly higher rate of
progesterone receptor (PR) positivity compared to BC patients (p = 0.008).
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Table | Comparisons of Clinicopathological Factors of Breast Cancer
Between Patients with Only Primary Breast Cancer (BC) and Patients
with Both Primary Breast Cancer and Primary Thyroid Cancer (BC-TC)

Factors BC (n=97) BC-TC (n=97) p value

Age (years)
<55 56 (57.7%) 63 (64.9%) 0.376
> 55 41 (42.3%) 34 (35.1%)

Family history of breast cancer
Yes 8 (8.2%) I (11.3%) 0.630
No 89 (91.8%) 86 (88.7%)

Family history of thyroid cancer
Yes 3 (3.1%) 6 (6.2%) 0.497
No 94 (96.9%) 91 (93.8%)

Menstrual state
Post-menopause 54 (55.7%) 47 (48.4%) 0.589
Pre-menopause 36 (37.1%) 41 (42.3%)
Perimenopause 7 (7.2%) 9 (9.3%)

Pathological type
Invasive ductal carcinoma 71 (73.2%) 67 (69.1%) 0.694
Invasive lobular carcinoma I (11.3%) 13 (13.4%)
Medullary carcinoma 5 (5.2%) 3 (3.1%)
Carcinoma in situ 10 (10.3%) 14 (14.4%)

Histological grade
I 4 (4.1%) I (1.0%) 0.108
I 62 (63.9%) 53 (54.6%)
1 31 (32.0%) 43 (44.4%)

Lymph node metastasis
Positive 34 (35.1%) 25 (25.8%) 0.212
Negative 63 (64.9%) 72 (74.2%)

Tumor size (cm)
<2 49 (50.5%) 58 (59.8%) 0.248
>2 48 (49.5%) 39 (40.2%)

Estrogen receptor
Positive 44 (45.4%) 66 (68.1%) 0.002
Negative 53 (54.6%) 31 (31.9%)

(Continued)
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Table | (Continued).

Factors BC (n=97) BC-TC (n=97) p value
Progesterone receptor
Positive 50 (51.5%) 69 (71.1%) 0.008
Negative 47 (48.5%) 28 (28.9%)
Human epidermal growth factor receptor
Positive 36 (37.1%) 42 (43.3%) 0.464
Negative 61 (62.9%) 55 (56.7%)
Metastasis classification
MO 91 (93.8%) 89 (91.8%) 0.783
MI 6 (6.2%) 8 (8.2%)

Notes: The data were shown as n (percentage). The comparisons of data between the two

groups were done by Fisher’s exact test or Chi-square test.

Comparisons of Serum T3, T4, FT3, FT4 and TSH Levels Among Healthy

Controls, BC Group and BC-TC Group
The study involved the analysis and comparison of T3 (Figure 1A), FT3 (Figure 1B), T4 (Figure 1C), FT4 (Figure 1D),
and TSH (Figure 1E) levels among three distinct cohorts: 90 healthy controls (HC), 97 patients with breast cancer only
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Figure | Comparisons of serum triiodothyronine (T3) (A), thyroxine (T4) (B), free triiodothyronine (FT3) (C), free thyroxine (FT4) (D) and thyroid-stimulating hormone (TSH)
(E) among healthy controls (n = 90), only primary breast cancer (BC, n = 97) and patients with both primary breast cancer and primary thyroid cancer (BC-TC, n = 97). Data were
shown with box plot. ns indicates no statistical significance. ***p < 0.001.
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Table 2 Multivariate Logistic Analysis of Clinicopathological Factors
for Complicated Primary Thyroid Cancer in Patients with Primary
Breast Cancer

OR 95% ClI p value
ER positive 2.74 1.63 to 4.82 0.0l6
PR positive 228 1.39 to 5.71 0.021
Serum TSH > 4.45 mU/L 1.86 1.24 to 3.35 0.029

Abbreviations: OR, odds ratio; ER, Estrogen receptor; PR, Progesterone receptor;
TSH, Thyroid stimulating hormone.

(BC), and 97 patients with the dual diagnosis of breast cancer and thyroid cancer (BC-TC). The findings indicate
a noteworthy decrease in serum T3 levels among both breast cancer patients and those with breast cancer and thyroid
cancer when compared to the HC group. However, no significant disparity in T3 levels was observed between the BC
and BC-TC groups.

Contrastingly, there were no notable differences in T4, FT3, and FT4 levels across the three groups. TSH levels
exhibited no significant variance between the HC and BC groups. Nevertheless, the BC-TC group demonstrated
a substantial increase in TSH levels, establishing a statistically significant difference when compared to both the HC
and BC groups.

Table 2 shows the multivariate analysis between 97 patients with breast cancer and thyroid cancer and 97 patients
with breast cancer alone. The variables with significant differences in Table 1 are used as independent variables. Whether
combined with primary thyroid cancer was the dependent variable (BC=0, BC-TC=1). Our data showed that ER, PR
positive and serum TSH > 4.45 mU/L were independent risk factors for primary thyroid cancer in breast cancer patients.

Correlation Between TSH Levels and ER and PR

Moreover, we conducted a detailed analysis of the association between serum TSH levels and the presence of ER and PR
positivity among the cohort of 97 patients diagnosed with both breast cancer and thyroid cancer. The results revealed
elevated serum TSH levels in individuals with ER-positive or PR-positive breast cancer (Figure 2A and B). This
observation provides additional insight into the correlation between serum TSH levels and the identified risk factors
associated with the co-occurrence of breast cancer and thyroid cancer.
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Figure 2 (A) Comparisons of serum thyroid-stimulating hormone (TSH) between estrogen receptor negative (ER-, n = 31) and positive (ER+, n = 66) in patients with both
primary breast cancer and primary thyroid cancer. (B) Comparisons of serum TSH between progesterone receptor negative (PR-, n = 28) and positive (PR+, n = 69) in in
patients with both primary breast cancer and primary thyroid cancer. Data were shown with box plot. *p < 0.05, **p < 0.01.
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Discussion

Breast cancer and thyroid cancer are two common malignancies in women, and there is growing evidence suggesting
a potential association between the two diseases.'® A 2001 Japanese study showed that women with breast cancer had
a higher incidence of thyroid disease.'” In 2002, Sctrlis carefully reviewed the details of previously published studies and
pointed out that previous studies on the relationship between thyroid and breast diseases may be due to selection bias in
the collection of clinical data.”® In a Korean study of 518 breast cancer patients, a total of 13 (2.5%) patients were
diagnosed with papillary carcinoma after thyroidectomy.?' Tumors had a mean longest diameter of 9.9 mm (range 1—
30 mm). Six cases (6/13, 46.2%) were diagnosed as co-occurring breast and thyroid cancers, and the remaining thyroid
cancers were detected 6 to 33 months (mean 16.5 months) after breast cancer surgery.”” A high incidence of thyroid
cancer (2.5%) in breast cancer patients has been proposed, and ultrasound screening can be used for early detection of
thyroid cancer.”” Another study in South Korea in 2014 showed that the incidence of thyroid cancer in breast cancer
patients increased, and the detection stage was earlier than that of patients with simple thyroid cancer, which may be
related to more timely screening of breast cancer patients. However, the prognosis of these patients is not better than that
of simple breast cancer. A meta-analysis conducted by Kyle.R et al in 2015 included 26 studies and showed that both the
probability of developing breast cancer in patients with thyroid cancer and the probability of developing thyroid cancer in
breast cancer patients were higher than that of the general population.>* *° Patients with thyroid cancer are more likely to
later develop thyroid cancer than patients with thyroid cancer to later develop breast cancer. In 2018, a retrospective
study of 13,978 breast cancer patients showed that 247 (1.8%) of them had co-occurred thyroid cancer at the same time
or successively, and 98.0% of them were papillary thyroid cancer.”* The standardized incidence ratio was 4.48. Co-
occurrence of thyroid and breast cancers was an independent prognostic factor for shorter disease-free survival.

The present study delves into the intricate relationship between breast cancer and thyroid cancer, offering a nuanced
clinicopathological perspective. The findings contribute significantly to our understanding of the interplay between these two
malignancies, shedding light on potential implications for clinical practice. The clinical importance of this investigation lies in
its ability to unravel distinctive patterns and correlations, fostering a more comprehensive approach to patient care.

One of the noteworthy aspects of our study is the meticulous analysis of clinicopathological factors among patients
with exclusive primary breast cancer and those concurrently diagnosed with primary breast and thyroid cancers. The
absence of significant differences in age, family history, menopausal status, pathological types, histological grade, lymph
node metastasis, tumor size, and human epidermal growth factor receptor status underscores the importance of
recognizing the shared clinical characteristics between these patient groups. This knowledge is instrumental in refining
diagnostic and prognostic strategies, enabling healthcare professionals to tailor their approach based on the specific
clinical profile of each patient. The investigation into serum thyroid hormone levels among healthy controls and patients
with breast cancer alone or in conjunction with thyroid cancer provides novel insights into the potential systemic
implications of this dual diagnosis. Notably, the significant decrease in serum T3 levels among breast cancer patients,
regardless of thyroid cancer coexistence, prompts a reconsideration of the metabolic dynamics in these individuals. The
observed elevation in TSH levels in the breast cancer and thyroid cancer cohort further underscores the intricate
relationship between thyroid function and breast cancer. This finding holds paramount clinical significance as it suggests
a potential avenue for further research into targeted therapeutic interventions that may influence thyroid hormone levels
and, consequently, impact the progression of breast cancer.

Moreover, multivariate analysis revealed that ER positivity, PR positivity, and serum TSH levels greater than 4.45 mU/L
were independent risk factors for primary thyroid cancer in breast cancer patients. This further supports the notion that
hormone receptor expression and elevated TSH levels play a role in the development of multiple primary malignancies of
breast and thyroid cancers. Finally, we explored the correlation between TSH levels and hormone receptor expression. Our
data demonstrated that serum TSH levels were higher in both ER-positive and PR-positive breast cancer patients with
concomitant thyroid cancer. This finding suggests a potential relationship between elevated TSH levels and hormone receptor
status in the context of breast cancer complicated by thyroid cancer.
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Conclusions

In conclusion, this study significantly advances our understanding of the clinicopathological nuances and systemic
implications associated with the coexistence of breast and thyroid cancers. The observed correlations between clinico-
pathological factors and serum thyroid hormone levels underscore the importance of a multidisciplinary approach to
patient management. The findings not only contribute to the academic discourse but also hold promising implications for
the development of targeted therapeutic strategies, potentially improving outcomes for patients navigating the complex
terrain of breast cancer complicated by thyroid cancer. Further research is warranted to elucidate the underlying
mechanisms and validate the clinical utility of these observations, paving the way for more personalized and effective
interventions in this challenging patient population.
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