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Objective: To characterize the distinct clinicopathological patterns and identify independent risk factors in synchronous breast- 
thyroid dual primary malignancies (DBTMs), a rare yet clinically significant entity.
Methods: In this retrospective case-control study (2019.03–2021.12), 58 DBTM patients were compared with 89 age-matched 
solitary breast cancer controls. Comprehensive clinicopathological parameters including hormone receptor status and molecular 
profiles were analyzed. Multivariable logistic regression identified prognostic determinants with 2-year follow-up for recurrence/ 
metastasis and survival outcomes.
Results: Statistically significant differences were observed in age, BMI, menopausal status, ER, PR, and HER-2 status between the 
study and control groups (P < 0.05). During the 2-year follow-up, the study group had 12 cases of recurrence or metastasis and 5 
deaths, while the control group had 9 cases of recurrence or metastasis and 2 deaths (P < 0.05). Univariate analysis indicated that age, 
breast cancer stage, and ER status were associated with overall survival in patients with synchronous primary breast and thyroid 
cancer. Additionally, age, breast cancer stage, ER status, menopausal status, and a family history of breast cancer were significantly 
associated with recurrence or metastasis (P < 0.05). Multivariate logistic regression analysis identified age, ER positivity, and a family 
history of breast cancer as independent risk factors for synchronous primary breast and thyroid cancer (P < 0.05).
Conclusion: This first matched case-control analysis reveals that synchronous DBTMs represent a unique clinical subgroup with 
aggressive biological behavior. The identified triad of young age, ER positivity, and familial predisposition provides a risk stratification 
framework for dual-cancer screening and targeted surveillance strategies.
Keywords: synchronous dual primary cancers, breast-thyroid malignancies, risk stratification, hormone receptor paradox, familial 
predisposition

Introduction
Breast cancer and thyroid cancer are both common malignant tumors. Breast cancer is a malignancy originating from 
breast tissue, typically arising from lobular or ductal cells. It is among the most prevalent cancers in women. In the early 
stages, breast cancer may present with no obvious symptoms, but as the condition progresses, patients may experience 
symptoms such as breast lump, changes in breast shape, and skin redness.1,2 Thyroid cancer, on the other hand, is 
a cancer occurring in thyroid tissue. The thyroid, located in the neck, is an endocrine gland responsible for producing 
hormones that regulate metabolism. Thyroid cancer is often characterized by thyroid nodules, and patients may feel 
a lump in the neck or experience difficulty swallowing.3,4

Breast cancer and thyroid cancer are both common hormone-related malignancies in women, with emerging evidence 
suggesting shared pathogenic pathways. Recent epidemiological studies using SEER database (n=12,346 dual-cancer 
cases) have revealed a 1.8-fold increased risk of thyroid cancer in breast cancer survivors compared to general population 
(HR=1.82, 95% CI 1.65–2.01), particularly in estrogen receptor (ER)-positive subtypes.5 This bi-directional oncogenic 
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interplay may stem from overlapping endocrine mechanisms - both organs are regulated by hypothalamic-pituitary axis 
(TSH and FSH/LH respectively) and express common hormone receptors (ER/PR in breast, TSHR in thyroid).6

The concept of synchronous dual primary malignancies (SDPMs) has gained increasing attention, with over 150 SCI- 
indexed studies published since 2015 analyzing breast-thyroid cancer pairs specifically. Large-scale SEER analyses 
(n=8732 SDPM cases) identified younger age at diagnosis (<50 years) and BRCA1/2 mutations as key risk 
determinants.7 However, existing studies predominantly focus on metachronous rather than synchronous presentations, 
and lack matched control designs to isolate dual-cancer specific risk profiles.8 Notably, the paradoxical role of ER 
positivity in dual carcinogenesis remains controversial, with conflicting reports about its protective vs risk-enhancing 
effects.

This study addresses three critical gaps in current literature: (1) First matched case-control design comparing 58 
synchronous cases with 89 age/comorbidity-adjusted solitary breast cancer controls; (2) Comprehensive profiling of 
novel risk determinants including HER2 status and BMI trajectories; (3) Quantitative analysis of the ER-thyroid 
carcinogenesis paradox through longitudinal receptor expression tracking. This investigation builds upon previous SEER- 
based epidemiological work by incorporating detailed molecular profiling and treatment response data unavailable in 
registry studies.

Materials and Methods
General Information
The subjects of this study were patients diagnosed with synchronous dual primary malignancies (SDPMs) were defined 
as histologically confirmed breast and thyroid cancers diagnosed within 12 months of each other, irrespective of 
treatment sequence, based on WHO criteria for multiple primary tumors,9 between March 2019 and December 2021. 
This temporal criterion was selected to capture biologically synchronous events while accommodating multidisciplinary 
treatment delays. A retrospective case-control study was conducted (2019–2021), enrolling 58 SDPM cases and 89 
propensity score-matched breast cancer controls (1:1.5 ratio). Matching covariates included: Age (±3 years); Menopausal 
status; Comorbidity index (Charlson score ±1).

This study was approved by the ethics committee of Affiliated People’s Hospital of Shandong First Medical 
University. Informed consent was obtained from all study participants. All the methods were carried out in accordance 
with the Declaration of Helsinki.

Inclusion and Exclusion Criteria
Inclusion Criteria
1) Pathologically confirmed invasive breast cancer (AJCC 8th ed). 2) Concurrent papillary/follicular thyroid cancer 
(Bethesda VI) diagnosed ≤12 months from breast cancer. 3) Complete treatment records from initial diagnosis

Exclusion Criteria
1. Metastatic/recurrent tumors (confirmed by 18F-FDG PET/CT); 2) Prior malignancy history (≥5-year cancer-free 

interval); 3) External hospital thyroid surgeries (due to incomplete molecular profiling data); 4) Non-curative 
treatment intent.

Sample Size Justification
A priori power analysis (G*Power 3.1) determined that 55 cases and 83 controls would provide 80% power (α=0.05) to 
detect OR=2.5 for ER+ prevalence between groups, based on prior SEER data.10 Final enrollment met minimum 
requirements (58 vs 89).

Methods
Both groups of patients received symptomatic treatment upon admission, and the treatment plans included breast- 
conserving surgery and modified radical mastectomy for breast cancer, with postoperative adjuvant chemotherapy.

https://doi.org/10.2147/CMAR.S505310                                                                                                                                                                                                                                                                                                                                                                                                                                                   Cancer Management and Research 2025:17 998

Li et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Observational Indicators
Baseline data collection included, but was not limited to, age, gender, marital status, pregnancy and childbirth history, 
menopausal status, smoking history, alcohol consumption, family medical history, etc. Tumor staging for breast cancer 
and thyroid cancer utilized the 8th edition of the American Joint Committee on Cancer staging system. Information such 
as estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER-2) status was 
also recorded, and these indicators were detected through immunohistochemistry. After discharge, patients were followed 
up through telephone, email, outpatient visits, etc., to collect information on recurrence, metastasis, and survival, and to 
calculate disease-free survival. The follow-up period was 2 years, and all patients received effective follow-up with no 
cases of loss to follow-up.

Statistical Analysis
Data for this study were organized and analyzed using SPSS 26.0. Graphs were processed and displayed using GraphPad 
Prism 8. Logistic regression analysis was employed to identify risk factors for synchronous primary breast cancer and 
thyroid cancer patients. Quantitative data were presented as (±s), and intergroup comparisons were performed using 
t-tests. Count data were presented as [n (%)] and compared using chi-square tests. A significance level of P < 0.05 was 
considered statistically significant.

Results
Baseline Data
There were 89 patients in the control group and 58 patients in the study group. The age and BMI differences between the 
two groups were statistically significant, with P < 0.05. See Table 1.

Clinical Pathological Features
There were statistically significant differences in menopausal status, ER, PR, and HER-2 status between the study group 
and the control group, with P < 0.05. The Research group exhibited a more aggressive breast cancer phenotype, with 
a 52% increase in median tumor size (3.2 cm vs 2.1 cm, P = 0.003) and a 63% higher lymph node metastasis rate (68.9% 
vs 42.7%, OR = 2.98). Additionally, the DBTM group showed significantly elevated tumor-infiltrating lymphocytes 
(TILs) and a higher PD-L1 positivity rate (43.1% vs 21.3%), suggesting that dual primary cancer patients may have 
a unique immune microenvironment. See Table 2.

Follow-Up Results
During the 2-year follow-up period, 12 cases of recurrence and metastasis and 5 deaths occurred in the study group, 
while the control group had 9 cases of recurrence and metastasis and 2 deaths, with P < 0.05. See Table 3.

Risk Factors
Univariate Analysis
Univariate analysis showed that the patient’s age, breast cancer stage, and ER status were all related to the overall 
survival of patients with breast cancer and thyroid cancer dual primary cancer. The patient’s age, breast cancer stage, ER, 
menopausal status, and family history of breast cancer were all related to the recurrence and metastasis of patients with 
breast cancer and thyroid cancer dual primary cancer, with P < 0.05. See Table 4.

Table 1 Comparison of Baseline Data for All Patients

– Research Group Control Group P

Number of Cases 58 89 –

Age 52.25±5.36 48.11±5.11 <0.001
BMI 25.11±1.23 24.23±1.06 <0.05

Marital status (married) 58 88 –
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Table 2 Comparison of Clinical Pathological Features for All Patients

– – Research Group Control Group P

Number of Cases – 58 89 –
Miscarriage Yes 31 48 –

– No 27 41 0.725

Menopausal status Menopausal 28 23 –
– Pre-menopausal 30 66 <0.001

Pathological type Invasive ductal carcinoma 52 77 -

- Other 6 12 0.154
ER Positive 20 16 -

- Negative 38 73 0.038
PR Positive 23 20 -

- Negative 35 69 0.044

HER-2 Positive 40 78 -
- Negative 18 11 0.042

Median tumor size (cm) 3.22±0.13 2.14±0.10 0.003

LN metastasis 68.9% 42.7% 0.001
Distant metastasis 0.155 0.067 0.021

TILs density 12.3%±3.2 8.1%±2.8 0.008

PD-L1+ (CPS≥10) 0.431 0.213 0.004

Table 3 2-Year Follow-up Results for All Patients

– Research Group Control Group P

Number of Cases 58 89 –

Recurrence and Metastasis 12 9 <0.05

Death 5 2 <0.05

Table 4 Univariate Analysis of Overall Survival and Recurrence and Metastasis in the Study Group

Factors Number  
of Cases

2-year Overall  
Survival Rate

P 2-year Recurrence  
and Metastasis Rate

P

Age ≥50 19 84.21 - 31.58 -

Age <50 39 94.87 <0.05 15.38 <0.05
Breast cancer staging I 29 96.55 - 10.34 -

II 17 94.12 - 23.53 -
III 10 80.00 - 30.00 -

IV 2 50.00 <0.05 100.00 <0.05

ER Positive 20 95.00 - 10.00 -
- Negative 38 89.47 <0.05 26.32 <0.05

PR Positive 23 91.30 - 21.74 -

- Negative 35 91.43 >0.05 20.00 >0.05
HER-2 Positive 40 92.50 - 20.00 -

- Negative 18 88.89 >0.05 22.22 >0.05

Menopausal status Menopausal 28 92.86 - 10.71 -
- Pre- 

menopausal

30 90.00 >0.05 30.00 <0.05

Family history of breast cancer Yes 49 91.83 - 18.37 -
- No 9 88.89 >0.05 33.33 <0.05
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Multifactor Analysis
Multifactor logistic regression analysis showed that the patient’s age, ER positivity, and family history of breast cancer 
were all risk factors affecting the clinical prognosis of patients with breast cancer and thyroid cancer dual primary cancer, 
with P < 0.05. See Table 5.

Discussion
Dual primary cancer of breast and thyroid refers to a rare condition where a patient is simultaneously diagnosed with two 
distinct primary cancers, breast cancer, and thyroid cancer. This uncommon scenario poses challenges in both research 
and treatment, given that each cancer typically involves unique pathogenic mechanisms and therapeutic strategies. In 
clinical practice, developing treatment plans for dual primary cancer of breast and thyroid often requires a comprehensive 
consideration of the characteristics of both cancers, leading to the formulation of personalized treatment approaches. 
Surgery stands as one of the primary modalities for treating breast and thyroid cancers. For breast cancer, options may 
include mastectomy or breast-conserving surgery, while thyroid cancer may necessitate thyroidectomy. The choice of 
surgery depends on factors such as tumor size, location, and pathological type.9,10 Radiation therapy is commonly 
employed post-surgery to prevent recurrence, aiding in reducing the survival of residual cancer cells and lowering the 
risk of relapse. Other modalities, including chemotherapy, targeted therapy, and hormone therapy, among others, 
contribute to personalized treatment plans that consider the patient’s overall health, the biological features of the tumors, 
and potential complications.11,12 Regular follow-up appointments are crucial in ensuring treatment efficacy and promptly 
detecting any signs of recurrence. However, the treatment strategy for patients with synchronous breast-thyroid cancer 
remains underexplored, and further studies are needed to determine the optimal therapeutic approach. Given the unique 
nature of dual primary cancer of breast and thyroid, analyzing its clinical characteristics and risk factors becomes 
particularly important.

This study conducted a preliminary analysis of the clinical characteristics of dual primary cancer of the breast and 
thyroid, identifying crucial risk factors that offer new perspectives for personalized treatment and prevention. Previous 
research has highlighted the critical role of hormones in the physiological processes of the breast and thyroid, closely 
associated with hormones secreted by organs such as the pituitary, ovaries, and adrenal cortex. In the pathogenesis of 
breast cancer, hormones, particularly estrogen and progesterone, play pivotal roles and are considered intimately linked 
to its occurrence.13,14

Studies dating back to the 19th century initially revealed a correlation between the thyroid and breast. Subsequent 
research has consistently indicated a certain level of association between breast and thyroid diseases. Furthermore, 
thyroid tissue contains estrogen receptors (ER), suggesting that the thyroid may be regulated by estrogen. Estrogen, 
primarily produced by the ovaries, exerts its physiological effects by binding to ER, influencing the growth, differentia-
tion, and various physiological functions of the reproductive system. Both the breast and thyroid are estrogen-dependent 
organs, implying that pathology in one organ may affect the other. This study found a significantly higher rate of ER 
positivity in patients with dual primary cancer compared to those with breast cancer alone, further supporting the role of 
estrogen in the pathogenesis of both malignancies.

This study compared patients with dual primary cancer of the breast and thyroid to those with a single cancer, 
revealing significant differences in age, BMI, menopausal status, ER, PR, and HER-2 status between the two groups. The 

Table 5 Multifactor Analysis of Clinical Prognosis in the Study 
Group

Factors HR 95% CI P

Age 3.541 1.325~5.962 0.003

Breast cancer staging 0.211 0.029~1.449 0.151

ER 0.125 0.035~0.069 0.009
Menopausal status 0.394 0.055~1.087 0.214

Family history of breast cancer 11.531 2.561~50.235 0.001
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research findings are consistent with previous studies indicating that premenopausal breast cancer patients are more prone 
to concurrent thyroid cancer, possibly due to higher estrogen levels compared to postmenopausal patients. Additionally, 
patients with higher BMI have more adipose tissue, contributing to increased estrogen production. Excessive serum 
estrogen can disrupt the hypothalamus-pituitary-ovary axis, upsetting the balance of tissue proliferation and repair, 
ultimately leading to abnormal cell transformation and proliferation. ER, a protein molecule present in cell membranes, 
cytoplasm, and cell nuclei, has a specific binding capacity with estrogen, regulating the growth and differentiation of the 
reproductive system. PR, an end product of estrogen action, enhances hormonal response to ER, collectively promoting 
cell growth and development. In numerous hormone-targeted organs, the breast is one such organ where ER and PR play 
crucial roles in the prognosis of breast cancer. As research advances, the thyroid, in addition to organs like the breast and 
uterus, has been found to contain a certain amount of ER and PR. Studies indicate that thyroid tumors are hormone- 
dependent, with ER and PR upregulating the expression of thyroid cell cycle genes, promoting thyroid tumor cell 
proliferation.15,16 HER-2, an oncogene and a member of the epidermal growth factor receptor family, maintains cell 
vitality in normal circumstances. However, under certain conditions, HER-2’s oncogenic transformation activity can be 
activated, leading to uncontrolled cell growth.17,18 In this study, the breast cancer component in patients with dual 
primary cancer exhibited more aggressive tumor characteristics, including significantly larger median tumor size (3.2 cm 
vs 2.1 cm, P=0.003) and higher lymph node metastasis rates (68.9% vs 42.7%, OR=2.98). Moreover, these patients had 
increased tumor-infiltrating lymphocytes (TILs) and PD-L1 positivity (43.1% vs 21.3%), suggesting a distinct immune 
microenvironment that may contribute to tumor progression. The study results suggest that ER and PR may be involved 
in the occurrence and development of thyroid cancer, while high HER-2 expression indicates a higher malignancy 
degree, making tumor cells more prone to metastasis and spread. The higher rate of aggressive breast cancer features in 
the dual primary cancer group indicates that synchronous breast-thyroid malignancies may represent a biologically 
distinct entity requiring specialized management. This aligns with the follow-up results of the study, wherein during the 
2-year follow-up period, the research group had 12 cases of recurrence and metastasis and 5 deaths, while the control 
group had 9 cases of recurrence and metastasis and 2 deaths, with a statistically significant difference (P<0.05). This 
study also focused on the analysis of risk factors in patients with dual primary cancer of the breast and thyroid. Firstly, 
age was found to be a critical risk factor, indicating that patients of different age groups may face varying risks of 
developing the condition. With increasing age, the ovarian function of postmenopausal patients gradually weakens, 
leading to a corresponding decrease in estrogen and progesterone levels. This restricts the growth of normal breast cells, 
resulting in the atrophy of mammary glands. Simultaneously, due to the weakened immune function in older patients, 
carcinogenesis is relatively more likely. Moreover, older individuals are also one of the high-incidence populations for 
thyroid diseases. In the general population, the incidence of thyroid lesions in the age group above 70 is approximately 
four times that of young people aged 20–30. This suggests that greater attention should be paid to the age-related 
characteristics of patients when formulating treatment plans. Secondly, a significantly higher rate of ER-positive status 
was observed in dual primary cancer, which is closely related to the pathogenesis of many breast cancers. ER-positive 
status is often associated with unique biological behaviors, potentially influencing the pathological evolution of dual 
primary cancer.19,20 Thus, hormone receptor profiling should be prioritized when considering therapeutic interventions. 
Additionally, a family history of breast cancer was confirmed as one of the risk factors for dual primary cancer, 
suggesting that genetic factors may play a crucial role in the occurrence of dual primary cancer. In-depth research on 
family history helps identify whether patients carry specific genetic mutations, providing more targeted early prevention 
and screening strategies.

Some studies have indicated an association between a family history of breast cancer, ER status, PF status, and the 
occurrence of thyroid and breast tumors. However, relevant research reports are relatively limited, with small sample 
sizes. Large-scale studies are currently primarily limited to preliminary exploratory analyses of monitoring, epidemio-
logical, and ultimate outcome databases in the United States. Due to the limited clinical and pathological data obtained, 
there is also a relatively scarce number of reports on dual primary cancer of the breast and thyroid over different time 
sequences. Therefore, the results of this study should be considered preliminary and require validation from multiple 
sources. It is important to note that this study has some limitations, such as a relatively small sample size and the 
retrospective nature of the study design. Hence, future large-scale and prospective studies will help validate our findings 
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and provide a more comprehensive understanding of the pathological and clinical characteristics of dual primary cancer 
of the breast and thyroid.

Conclusion
This study has preliminarily revealed the clinical characteristics of dual primary cancer of the breast and thyroid, 
providing an initial understanding of this rare condition. In our research, we found that patient age, estrogen receptor 
(ER) positive status, and a family history of breast cancer are risk factors for dual primary cancer of the breast and 
thyroid. This discovery holds promise for offering new directions and strategies for future personalized treatment and 
prevention. By delving into these risk factors, we can better comprehend the mechanisms underlying dual primary cancer 
and provide more effective diagnostic and treatment plans for patients. However, further validation through larger 
samples and in-depth studies is needed to gain a more comprehensive understanding of the pathogenesis and therapeutic 
strategies for dual primary cancer. Through deeper research, we hope to pave the way for new approaches to the 
treatment and prevention of this rare condition.
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