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Introduction
In addition to their interaction with the pathophysiology of steroid 
hormones in breast cancer, thyroid hormones participate through 

their nuclear receptors TRα and TRβ by exerting various genomic 
and non-genomic effects.1–6 Recent studies highlight the tumor-
suppressive role of TRβ in breast cancer stem cells, suggesting its 
potential to inhibit self-renewal capacity.7 Additionally, the sub-
cellular localization of TRα and its isoforms plays an important 
role in the carcinogenesis and prognosis of breast cancer. Cyto-
plasmic TRα1 expression correlates with more aggressive disease 
progression, whereas nuclear TRα2 expression appears to be a 
protective factor.5 Similarly, patients with unifocal breast cancer 
showed a significantly worse disease-free survival when express-
ing THRα1.6 In general, thyroid hormones seem to favor tumor 
cell survival.8–11 These tumor growth-promoting effects are similar 
to those exerted by estrogens.11,12 Moreover, non-genomic effects 

Thyroid-stimulating Hormone and Thyroid Hormones 
in Women with Breast Cancer. Effects of Neoadjuvant 
Chemotherapy and Menopausal Status

María Jesús Ramírez-Expósito, María Pilar Carrera-González, Cristina Cueto-Ureña  
and José Manuel Martínez-Martos*

Abstract
Background and objectives: The development and progression of breast cancer may be influenced by thyroid hormone levels. 
In this study, we investigated thyroid function in pre- and postmenopausal women with breast cancer, with and without neo-
adjuvant chemotherapy (NCh).

Methods: The study included 198 women diagnosed with infiltrating ductal carcinoma: 83 did not receive NCh (39 premeno-
pausal and 44 postmenopausal), while 115 underwent NCh before surgery (63 premenopausal and 52 postmenopausal). Ad-
ditionally, 78 healthy volunteers, aged 28 to 69 years, served as the control group. Serum levels of thyroid-stimulating hormone 
(TSH), free thyroxine (fT4), and free triiodothyronine (fT3) were quantified using chemiluminescent immunoassays.

Results: We observed a significant increase in serum TSH and fT4 levels in both pre- and postmenopausal women with breast 
cancer, regardless of NCh treatment, compared to control subjects. However, postmenopausal women with breast cancer who 
received NCh showed lower fT4 levels than their untreated counterparts. Notably, fT3 levels increased only in premenopausal 
women with breast cancer who underwent NCh, compared to both the premenopausal control group and untreated premeno-
pausal breast cancer patients.

Conclusions: Altered thyroid function was observed in both pre- and postmenopausal women with breast cancer, character-
ized by increased TSH and fT4 levels. Neoadjuvant chemotherapy appeared to attenuate the rise in fT4 levels in postmenopau-
sal women while elevating fT3 levels in premenopausal women. These findings highlight the importance of monitoring thyroid 
hormone profiles in women with breast cancer, considering menopausal status, given their potential influence on tumor pro-
gression and chemotherapy effectiveness.

Keywords: Breast cancer; Thyroid hormones; Neoadjuvant chemotherapy; Thyroid-
stimulating hormone; TSH; Free thyroxine; Free triiodothyronine; Premenopausal 
women; Postmenopausal women; Tumor progression; Menopausal status.
*Correspondence to: José Manuel Martínez-Martos, Department of Health Sciences, 
School of Health Sciences, University of Jaén, Jaén E23071, Spain. ORCID: https://
orcid.org/0000-0002-2950-5614. Tel: +34-953-212-600, Email: jmmartos@ujaen.es
How to cite this article: Ramírez-Expósito MJ, Carrera-González MP, Cueto-Ureña 
C, Martínez-Martos JM. Thyroid-stimulating Hormone and Thyroid Hormones in 
Women with Breast Cancer. Effects of Neoadjuvant Chemotherapy and Menopausal 
Status. Oncol Adv 2025;000(000):000–000. doi: 10.14218/OnA.2024.00033.

Experimental and Clinical Physiopathology Research Group CTS-1039, Department of Health Sciences, School of Health Sciences, University of Jaén, 
Jaén, Spain

Received: December 25, 2024  |  Revised: February 20, 2025  |  Accepted: March 11, 2025  |  Published online: March 19, 2025

http://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.14218/OnA.2024.00033
https://crossmark.crossref.org/dialog/?doi=10.14218/OnA.2024.00033&domain=pdf&date_stamp=2025-03-14
https://orcid.org/0000-0002-2950-5614
https://orcid.org/0000-0002-2950-5614
https://orcid.org/0000-0002-2950-5614
mailto:jmmartos@ujaen.es


DOI: 10.14218/OnA.2024.00033  |  Volume 00 Issue 00, Month Year2

Ramírez-Expósito M.J. et al: Thyroid hormones, neoadjuvant therapy and menopause in breast cancerOncol Adv

of thyroid hormones through the cytoplasmic vitronectin receptor 
αvß3 have also been reported.13 Thus, thyroid hormones can acti-
vate signaling pathways such as the PI3K/Akt/mTOR pathway, a 
rapid membrane-initiated signaling cascade that activates down-
stream effectors and transcription factors, leading to changes in 
gene expression and cell proliferation, which play a crucial role 
in cancer cell growth and survival. Additionally, thyroid status has 
been shown to modulate the tumor microenvironment, influencing 
stromal interactions and immune cell activity, which may delineate 
breast cancer progression.3

In experimental breast cancer (BC) models,14–16 both intracel-
lular and extracellular effects of thyroid hormones have been ob-
served, with differing contributions to the development and progres-
sion of the disease, affecting both cancer cells and tumor stroma.17 
Furthermore, thyroid hormones can modulate the behavior of can-
cer-associated fibroblasts and immune cells, which in turn affect 
tumor growth and metastasis. Recent studies have also suggested 
that thyroid hormone signaling is involved in the regulation of epi-
thelial-mesenchymal transition, a process that plays a key role in the 
acquisition of invasive and metastatic properties by cancer cells.18

Recent studies have provided further insight into the relation-
ship between thyroid hormones and breast cancer. Tang et al.11 
demonstrated that thyroxine (T4) can act as a proliferative factor 
for breast cancer cells, suggesting a potential role for T4 in pro-
moting tumor growth. In women with BC, elevated levels of T4 
have been described, regardless of their menopausal status (pre- or 
postmenopausal). On the other hand, a negative relationship be-
tween triiodothyronine (T3) and BC has also been observed.19 In 
fact, a decrease in T3 levels and an increase in free T4 (fT4) have 
been demonstrated in patients with newly diagnosed BC compared 
with patients with benign breast lesions.20

These findings suggest a potential role for T3 in protecting 
against breast cancer, while increased levels of fT4 may promote 
breast cancer growth. It is important to note, however, that the ex-
act mechanisms through which thyroid hormones influence breast 
cancer development and progression are still not fully understood, 
and further research is needed to elucidate the underlying molecu-
lar pathways. As an example, the co-expression of TRα and estro-
gen receptor (ER) α in breast tumors with concurrent thyroid can-
cer underscores the interplay between thyroid and steroid hormone 
signaling.21

The relationship between chemotherapy for breast cancer and 
thyroid function is a subject of debate. Some studies have sug-
gested that chemotherapy does not significantly affect thyroid 
function, while others have reported an increased incidence of 
thyroid dysfunction in breast cancer patients receiving chemother-
apy.22–24 Interestingly, the development of thyroid dysfunction in 
breast cancer patients receiving chemotherapy has been suggested 
as a potential indicator of response to therapy in some reports.25,26 
Specifically, it has been hypothesized that chemotherapy-induced 
thyroid dysfunction may result from immune system activation, 
which could also contribute to an anti-tumor immune response. 
However, the precise mechanisms underlying the relationship be-
tween chemotherapy, thyroid function, and response to therapy 
remain unclear. Moreover, the impact of neoadjuvant chemother-
apy (NCh) on thyroid function remains underexplored despite its 
clinical relevance due to several factors. First, the primary focus 
of research on NCh has been on its effects on tumor response and 
survival outcomes, with less attention paid to systemic effects 
like thyroid dysfunction. However, these findings are often lim-
ited to small cohorts and specific cancer types, leaving gaps in 
understanding across broader populations or other cancers.27 Addi-

tionally, thyroid dysfunction during NCh may be underdiagnosed 
because symptoms can overlap with side effects of treatment, such 
as fatigue or weight changes. Furthermore, the lack of routine 
monitoring of thyroid hormones in oncology settings contributes 
to insufficient data.

It is also important to consider the lack of data on how meno-
pausal status modulates thyroid-cancer interactions. This can be 
attributed to several interconnected factors. The complexity of 
hormonal changes during menopause, particularly in estrogen and 
follicle-stimulating hormone levels, makes it challenging to un-
derstand their influence on thyroid cancer risk and progression.19 
Research has predominantly focused on other cancer types, espe-
cially breast cancer, in relation to menopausal status, leaving thy-
roid cancer interactions comparatively underexplored. Large-scale 
cohort studies often include thyroid cancer but tend to examine a 
broader range of reproductive and hormonal factors, resulting in 
less specific insights into menopause-thyroid cancer links.28 Di-
agnostic challenges arise from the overlap between menopausal 
symptoms and thyroid dysfunction, potentially leading to misclas-
sification or delayed diagnosis in studies.29 Many research designs 
fail to stratify data by menopausal status or account for differences 
between natural and surgical menopause, limiting our understand-
ing of specific interactions.29 Additionally, the higher incidence of 
thyroid cancer in women during reproductive years may overshad-
ow postmenopausal research, while potential biological differenc-
es in postmenopausal thyroid tumors remain underexplored.30,31

Given the differential hormonal profiles between pre- and post-
menopausal women, particularly concerning estradiol levels, and 
the established influence of steroid hormones on breast cancer 
development and progression, this study aimed to investigate the 
impact of menopausal status on thyroid function in breast cancer 
patients. Specifically, this research seeks to determine the serum 
levels of thyroid-stimulating hormone (TSH), fT4, and free trii-
odothyronine (fT3) in pre- and postmenopausal women diagnosed 
with breast cancer, regardless of whether they have undergone 
NCh. By examining these parameters, we intend to evaluate the 
potential alterations in thyroid function associated with breast can-
cer, menopausal status, and neoadjuvant chemotherapy, providing 
insights into their complex interplay. Furthermore, this investi-
gation aimed to assess whether these alterations differ based on 
menopausal status and chemotherapy treatment.

Materials and methods

Subjects and study design
The study was conducted in accordance with the Declaration of 
Helsinki and approved by the Ethics Committee of the Univer-
sity Hospital Complex of Jaén (protocol code CEI-110-5-018). 
Informed consent was obtained from all subjects involved in the 
study. A total of 198 women with BC participated, all diagnosed 
with infiltrating ductal carcinoma. Seventy-eight volunteers with-
out BC formed the control group. The control group consisted of 
healthy women, aged 28 to 69 years, with no previous history of 
any type of cancer, chemotherapy, hormonal or antioxidant thera-
py, or chronic diseases. Women were excluded if they were current 
smokers, regular alcohol consumers, users of antioxidant supple-
ments, pregnant or lactating, had hepatic, cardiac, or renal dys-
function, were undergoing hormonal therapy, used drugs, or had 
hypertension, diabetes, or other chronic conditions.32

Menopausal status was considered. The characterization of the 
patients (shown in Table 1) and the chemotherapy treatment re-
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ceived by the patients has been previously described.32 Specifical-
ly, 83 women with BC (39 premenopausal and 44 postmenopausal) 
did not receive NCh, whereas 115 women (63 premenopausal and 
52 postmenopausal) received NCh before surgery. The treatment 
comprised an anthracycline/taxane-based regimen, including four 

courses of EC (epirubicin 90 mg/m2 and cyclophosphamide 600 
mg/m2, every 21 days), followed by eight courses of 100 mg/m2 
paclitaxel once a week or four courses of 75 mg/m2 docetaxel eve-
ry 21 days. Patients with a human epidermal growth factor recep-
tor 2(ER2)/neu-overexpressing tumor also received trastuzumab 

Table 1.  Clinicopathological description of the patients involved in this study

Characteristics

Premenopausal Postmenopausal

Untreated NCh Untreated NCh

n (%) n (%) n (%) n (%)

Age (years)

  Mean 45.2 ± 1.2 45.1 ± 0.8 65.3 ± 0.9 65.3 ± 0.90

  Median 48 46 64 63

  Range 27–54 29–53 57–78 56–78

Tumor histology

  Ductal 39 (100%) 63 (100%) 44 (100%) 52 (100%)

  Lobular 0 (0%) 0 (0%) 0 (0%) 0 (0%)

  Other 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Molecular subtypes

  Luminal A 23 (59.0%) 34 (54.0%) 27 (61.4%) 27 (51.9%)

  Luminal B 10 (25.6%) 7 (11.1%) 6 (13.6%) 12 (23.1%)

  Her-2 2 (5.1%) 18 (28.6%) 4 (9.1%) 0 (0%)

  Triple negative 4 (10.3%) 4 (6.3%) 7 (15.9%) 13 (25.0%)

Pathologic tumor size (cm)

  Mean ± SEM 1.31 ± 0.09 3.02 ± 0.17 1.52 ± 0.14 3.36 ± 0.15

  Median 1.2 3 1.3 3

  Range 0.5–3.1 0.8–5.6 0.8–5.0 1.4–5.0

Pathologic T classification

  0 0 (0%) 0 (0%) 0 (0%) 0 (0%)

  1 35 (89.7%) 18 (28.6%) 40 (90.9%) 6 (11.5%)

  2 4 (10.3%) 40 (63.5%) 4 (9.1%) 43 (82.7%)

  3 0 (0%) 5 (7.9%) 0 (0%) 3 (5.8%)

Scarf-Bloom-Richardson grade

  I 19 (48.7%) 8 (12.7%) 10 (22.7%) 13 (25%)

  II 20 (51.3%) 55 (87.3%) 34 (77.3%) 39 (75%)

  III 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Hormonal status

  ER+ 33 (84.6%) 41 (65.1%) 33 (75.0%) 36 (69.2%)

  ER- 6 (15.4%) 22 (34.9%) 11 (25.0%) 16 (30.8%)

  PgR+ 25 (64.1%) 41 (65.1%) 27 (61.4%) 33 (63.5%)

  PgR- 14 (35.9%) 22 (34.9%) 17 (38.6%) 19 (36.5%)

HER-2/neu status

  Negative 29 (74.4%) 38 (60.3%) 34 (77.3%) 49 (94.2%)

  Positive 10 (25.6%) 25 (39.7%) 10 (22.7%) 3 (5.8%)

ER, estrogen receptor; HER-2, human epidermal growth factor receptor 2; NCh, neoadjuvant chemotherapy; PgR, progesterone receptor; SEM, standard error of the mean.
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(14 courses at 6 mg/kg every 21 days). Women with triple-negative 
breast cancer received six cycles of 75 mg/m2 docetaxel plus car-
boplatin (area under the curve (AUC) 6).

Sample acquisition
A week after completion of chemotherapy treatment, and in paral-
lel with samples from untreated patients and control volunteers, 
samples were obtained to be processed under the same conditions.

Blood samples were collected after an overnight fast via venous 
arm puncture in tubes without anticoagulants (BD Vacutainer® 
SST™ II Advance), centrifuged at 3,000 g for 10 m at 4°C, and 
serum rapidly frozen in liquid nitrogen. Samples were stored at 
−80°C until used for assays.

TSH assay
Clinical TSH levels were measured by a paramagnetic-beads-
based chemiluminescence immunoassay from Beckman-Coulter, 
according to the manufacturer’s instructions.33

fT4 assay
fT4 levels were also measured by a paramagnetic-beads-based 
chemiluminescence immunoassay from Beckman-Coulter, accord-
ing to the manufacturer's instructions.33

fT3 assay
fT3 levels were measured by a paramagnetic-beads-based chemi-
luminescence immunoassay from Beckman-Coulter, according to 
the manufacturer's instructions.33

Statistical analysis
Data were analyzed using one-way ANOVA followed by New-
man–Keul's test, using IBM SPSS V.19. All comparisons with p-
values below 0.05 were considered significant.

Results
The study comprised 198 women with breast cancer, distributed 
into four groups based on their menopausal status and the adminis-

tration of NCh. Eighty-three patients did not receive NCh, divided 
into 39 premenopausal and 44 postmenopausal, while 115 patients 
received NCh, with 63 premenopausal and 52 postmenopausal 
(Table 1).

Regarding age, premenopausal women had an approximate 
mean age of 45 years in both groups (those treated and not treated 
with NCh), while postmenopausal women showed a mean age 
close to 65 years in both groups. The total age range of the partici-
pants in the study was from 27 to 78 years. The tumor histology 
was uniformly invasive ductal carcinoma in 100% of the cases in 
all groups, with no presence of lobular histology or other variants.

Regarding molecular subtypes, a predominance of luminal A 
and luminal B types was observed, although cases of HER2-posi-
tive and triple-negative tumors were also recorded, with a variable 
distribution among the different groups according to treatment and 
menopausal status. The average pathological tumor size varied be-
tween 1.31 cm and 3.36 cm, depending on the group, and it was 
noted that patients who received neoadjuvant chemotherapy had a 
larger tumor size than those who did not receive it. The pathologi-
cal T classification showed that most tumors were classified as T1 
and T2, with some cases of T3; more tumors in stage T2 were ob-
served in the groups treated with neoadjuvant chemotherapy com-
pared to the untreated ones. The Scarff-Bloom-Richardson grade 
classified most tumors as grade II, with a smaller proportion of 
grade I and no cases of grade III.

Regarding hormonal status, most tumors were ER+ (estrogen 
receptor positive) and PgR+ (progesterone receptor positive) in all 
groups, although a considerable proportion of ER- and PgR- tu-
mors were identified. Regarding HER2/neu status, most tumors 
were HER2/neu negative, although the presence of HER2/neu 
positive tumors was observed in all groups.

Figure 1 shows circulating levels of TSH, fT4, and fT3 in pre- 
and postmenopausal control women and women with BC treated 
or not with NCh. A significant increase (p < 0.01) in TSH levels 
was found in women with BC, treated or not with NCh (Fig. 1a), 
when compared with control women, regardless of their hormonal 
profile.

A significant increase (p < 0.01) in fT4 levels was also found 
in women with BC, treated or not with NCh (Fig. 1b), when com-

Fig. 1. Circulating levels of thyroid stimulating hormone (TSH) (a), free thyroxine (fT4) (b) and free tri-iodothyronine (fT3) (c) measured in serum of 
healthy premenopausal and postmenopausal control women, premenopausal and postmenopausal women with breast cancer and premenopausal and 
postmenopausal women with breast cancer treated with neoadjuvant chemotherapy (NCh) (Mean ± SEM; *p < 0.05, **p < 0.01). BC, breast cancer; SEM, 
standard error of the mean; T3, triiodothyronine; T4, thyroxine.
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pared with control women. Significantly lower levels of free T4 
were found in postmenopausal women with BC treated with NCh 
when compared to postmenopausal untreated patients.

Finally, only premenopausal women with breast cancer treated 
with NCh increased their fT3 levels when compared with premen-
opausal control women or untreated premenopausal women with 
breast cancer (Fig. 1c).

Notably, statistical analyses stratified by molecular subtype, 
pathological grade, or Scarff-Bloom-Richardson grade revealed 
no significant differences in TSH, fT4, or fT3 levels among breast 
cancer patients (p > 0.05 for all comparisons).

Discussion
Our results revealed a significant increase in serum TSH levels 
in both pre- and postmenopausal women with breast cancer, ir-
respective of NCh treatment, when compared to control subjects. 
Similarly, a significant increase in fT4 levels was observed in 
women with breast cancer, treated or not with NCh, relative to 
controls. However, postmenopausal women with breast cancer 
who received NCh showed lower fT4 levels than their untreated 
counterparts. The fT3 levels showed an increase only in premen-
opausal women with breast cancer who were treated with NCh, 
compared to both the premenopausal control group and untreated 
premenopausal women with breast cancer. These findings align 
with emerging evidence that thyroid hormone dysregulation is a 
hallmark of breast cancer biology, though the mechanisms remain 
multifaceted and context-dependent.4

Steroid hormones have been the main hormones associated 
with breast cancer, especially estradiol. In fact, many therapies 
directed against this disease focus on this hormone.34 A relevant 
role has also been attributed to progesterone,35 which, in addition 
to its own effects, participates in many of the processes in which 
estradiol is involved. Female androgen production also appears to 
be responsible to some extent for the development of breast can-
cer, although knowledge about these hormones is more limited.36 
Recent advances in receptor tyrosine kinase signaling have further 
underscored the interplay between steroid and non-steroid hor-
mone pathways in tumor progression.34

There is growing evidence suggesting that alterations in thyroid 
hormone metabolism can impact the progression and prognosis 
of breast cancer. Hypothyroidism, in particular, has been widely 
studied in this context, with several studies reporting an increased 
incidence of hypothyroidism in breast cancer patients compared 
to the general population.14,15,19,24,33,37–40 Conversely, hyperthy-
roidism has been associated with a protective effect against the 
development of breast cancer, as several studies have shown that 
breast cancer patients with hyperthyroidism have better outcomes 
compared to those without it.41 However, it should be noted that 
treating hyperthyroidism in breast cancer patients may worsen 
the course of the disease, as some studies suggest that suppress-
ing thyroid function through the use of anti-thyroid medications or 
radioiodine therapy can lead to a higher incidence of breast cancer 
recurrence.33,42–45

As also described by other authors,46 we have observed an in-
crease in serum TSH and fT4 levels in both pre- and postmenopau-
sal women with BC treated or not with neoadjuvant chemotherapy. 
However, postmenopausal women treated with NCh showed a 
lesser increase in their fT4 levels. This attenuation in postmeno-
pausal women may reflect chemotherapy-induced modulation of 
deiodinase activity, as suggested by recent work demonstrating that 
taxanes downregulate type 1 deiodinase expression in adipose tis-

sue, thereby reducing T4-to-T3 conversion.25 Similarly, disturbed 
expression of type 3 deiodinase, the main TH-inactivating enzyme, 
occurs in several human neoplasms and has been associated with 
adverse outcomes. Type 3 deiodinase is expressed in both normal 
and tumor breast tissue, and decreased expression has been linked 
to poor overall survival in breast cancer patients.47 On the con-
trary, fT3 levels did not change in untreated pre- or postmenopau-
sal women with BC, although premenopausal women treated with 
NCh showed slightly higher levels of fT3 than premenopausal 
control women or untreated BC patients. This could be attributed 
to chemotherapy-induced stress responses, which transiently ele-
vate T3 production via hypothalamic-pituitary-thyroid axis activa-
tion.26 However, overall, our results point to an upsurge in thyroid 
function in women with BC, both pre- and postmenopausal (Fig. 
2), consistent with the tumor-promoting role of thyroxine observed 
in preclinical models.11

Thyroid hormones appear to be involved in breast cancer 
through several pathways. On one hand, there is a direct pathway 
through their own nuclear receptors, TRα and TRβ, and non-nucle-
ar receptors, such as αvβ3 or vitronectin, present in the tumor cells 
themselves.48 Cytoplasmic TRβ1 correlates with poor prognosis, 
suggesting that subcellular localization of thyroid receptors is a 
critical determinant of breast cancer outcomes.49 Similarly, low 
TRα2 expression in tumors is associated with aggressive pheno-
types and higher mortality, reinforcing the clinical relevance of 
thyroid receptor profiling.5,6,50 Common tumor-suppressive sign-
aling mediated by TRβ in both breast and thyroid cancers further 
supports the therapeutic potential of targeting thyroid hormone 
pathways in hormone-dependent malignancies.51–53

The role of TRα/TRβ expression and PI3K/Akt signaling in 
breast cancer provides significant insight into cancer progression, 
influencing cell survival, proliferation, metastasis, and therapy re-
sistance.54,55 TRα and TRβ may influence breast cancer by modu-
lating cellular proliferation and apoptosis.55 Alterations in their 
expression or localization can disrupt normal hormonal signaling, 
potentially contributing to tumor growth. Dysregulation of this 
pathway often occurs through genetic alterations, such as PTEN 
loss or PIK3CA mutations, which lead to hyperactivation of Akt 
and downstream effectors.56 This signaling cascade can also me-
diate resistance to therapies like tamoxifen or chemotherapy by 
promoting cell survival and reducing apoptosis. For instance, 
studies have shown that miRNAs like miR-548k or lncRNAs like 
Linc00839 can enhance PI3K/Akt activity by targeting tumor sup-
pressors like PTEN or interacting with transcription factors like 
Myc.56,57 Similarly, TRβ has been shown to act as a tumor suppres-
sor in some cancers, and its loss could promote more aggressive 
phenotypes by exacerbating PI3K/Akt pathway activation while 
the hyperactivation of PI3K/Akt could further disrupt hormonal 
receptor functions.58

A second pathway involves several systemic factors originating 
from the action of thyroid hormones, such as altered adipokine se-
cretion in obese patients, which may synergize with T4 to promote 
tumor growth.40 Thirdly, thyroid hormones can regulate the prolif-
eration of mammary tumor cells by ER crosstalk.9–11,59 Specifical-
ly, T4 induces serine phosphorylation of ERα, triggering transcrip-
tional activation.11,12,60 Recent single-cell RNA sequencing studies 
have further revealed that thyroid hormone-responsive genes are 
enriched in ER+ luminal cells, suggesting a lineage-specific vul-
nerability.41

Furthermore, thyroid hormones also act on tumor promotion 
through ER signaling.8 Synergistic effects of thyroid hormones 
and estrogen on cell cycle regulation in ER+ breast cancer high-
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Fig. 2. Changes in thyroid stimulating hormone (TSH) and free thyroxine (fT4) in premenopausal women (a) and postmenopausal women (b) with 
breast cancer, treated or not with neoadjuvant chemotherapy (NCh), when compared to their corresponding control groups. The effects of neoadjuvant 
chemotherapy in postmenopausal women on TSH and fT4, when compared with untreated postmenopausal women with breast cancer, are summarized in 
(c). Panel A highlights that both untreated breast cancer patients and those undergoing NCh exhibit an increase in TSH and fT4 levels compared to healthy 
premenopausal controls. Notably, premenopausal women receiving NCh display a more pronounced elevation in TSH, suggesting a potential impact of the 
tumor itself and the chemotherapy treatment on thyroid hormone regulation in this group. Panel B focuses on postmenopausal women, demonstrating 
that, similar to their premenopausal counterparts, both untreated and NCh-treated breast cancer patients show elevated TSH and fT4 levels compared to 
control postmenopausal women. However, in contrast to premenopausal women, postmenopausal women treated with NCh exhibit a smaller increase in 
fT4 compared to untreated postmenopausal breast cancer patients, indicating a difference in the effect of NCh on thyroid hormones based on menopausal 
status. Finally, the data in panel C underscore that postmenopausal women with breast cancer who received NCh showed a significantly reduced increase 
in fT4 compared to untreated postmenopausal women with breast cancer. These findings suggest that while breast cancer generally leads to elevated levels 
of TSH and fT4, neoadjuvant chemotherapy has a distinct modulating effect on fT4 levels, further demonstrating a complex interplay between menopausal 
status, breast cancer, and thyroid hormone levels. The importance of monitoring thyroid function in breast cancer patients, considering their menopausal 
status and chemotherapy treatment, in relation to the complex interplay between tumor progression and the effectiveness of oncologic treatment, is em-
phasized. fT3, free triiodothyronine; rT3, reverse triiodothyronine; T3, triiodothyronine; T4, thyroxine; TRH, thyrotropin-releasing hormone.

https://doi.org/10.14218/OnA.2024.00033


DOI: 10.14218/OnA.2024.00033  |  Volume 00 Issue 00, Month Year 7

Ramírez-Expósito M.J. et al: Thyroid hormones, neoadjuvant therapy and menopause in breast cancer Oncol Adv

light the need to evaluate hormonal crosstalk in therapeutic strate-
gies.60 Therefore, given the involvement of thyroid hormones in 
tumor promotion and progression via ER, the hormonal profile 
of patients must be considered in relation to the established rela-
tionship between thyroid hormones and hormone-dependent pa-
thologies such as BC. Recently, it has been described that thyroid 
hormone activation regulates crosstalk between breast cancer cells 
and mesenchymal stem cells, potentially influencing chemosen-
sitivity and tumor-stroma interactions.18 This stromal reprogram-
ming may explain the differential fT4 responses observed in our 
postmenopausal cohort, as aging adipose tissue exhibits distinct 
secretory profiles compared to premenopausal tissue.40

Given the complex relationship between thyroid hormones and 
breast cancer, it is important to consider the hormonal profile of 
patients when evaluating the role of thyroid hormones in tumor 
promotion and progression. Furthermore, understanding the mech-
anisms underlying the interactions between thyroid hormones and 
ER signaling may lead to the development of new therapeutic 
strategies for breast cancer that target both pathways. For instance, 
selective thyroid receptor modulators are now being explored to 
inhibit TRα-mediated proliferation without inducing systemic hy-
pothyroidism.5

In this regard, we have previously described a significant de-
crease in estradiol levels in premenopausal women with BC, both 
treated and untreated with chemotherapy, whereas no changes 
were observed in postmenopausal women with BC, independent 
of treatment.32 In this context, as a consequence of menopause, 
where there is a loss of ovarian functionality,61 the production of 
estrogens could be reduced, relying on excess adipose tissue in 
postmenopausal women.19,59 Authors such as Ortega-Olvera et 
al.19 described a strong association between BC and serum con-
centrations of T3 and T4; the latter differed by body mass index 
and menopausal status. Our findings extend these observations 
by demonstrating that chemotherapy exerts menopausal status-
dependent effects on thyroid hormone homeostasis.

Furthermore, the effect of thyroid hormones on the cell cycle 
in mammary tumor cells has also been described. The decrease or 
absence of thyroid hormones could induce a halt in the cell cycle 
at the G0-G1 phase or decrease mitochondrial metabolism, which 
hinders the favorable effect of therapies that act on cells with a 
high metabolic level. Therefore, a high metabolism derived from 
hyperthyroidism is favorable for the effectiveness of chemothera-
py treatment.20 However, the causes of hypothyroidism in cancer 
patients may be related to a self-protection mechanism, with re-
duced tissue metabolism to limit tumor growth.20 In this sense, 
our results agree with those obtained by de Groot et al.,27 who 
described a significant decrease in serum fT4 levels after chemo-
therapy treatment, compared to baseline, in patients with BC, and 
an increase in TSH levels.62 The decline in fT4 and the increase in 
TSH levels observed may reflect damage to the thyroid gland in-
flicted by neoadjuvant chemotherapy. Additionally, the decreased 
levels of fT4 were more pronounced in BC patients without side 
effects derived from neoadjuvant therapy. Therefore, we suggest 
that the difference in menopausal status could impact tumor pro-
liferation through its interaction with thyroid hormones, possibly 
mediated by chemotherapy-induced shifts in immune cell popula-
tions or stromal remodeling.3

Thyroid monitoring during NCh is of great interest because it 
could optimize treatment outcomes by addressing the observed im-
pact of chemotherapy on thyroid function and its potential predic-
tive value for pathological complete response. Studies such as the 
NEOZOTAC trial have shown that NCh can significantly alter thy-

roid hormone levels, with decreases in fT4 and increases in TSH, 
possibly due to thyroid gland damage or adaptive responses like 
non-thyroidal illness recovery mechanisms. Interestingly, higher 
baseline TSH levels were associated with pathological complete re-
sponse in univariate analysis, suggesting that thyroid function may 
influence treatment efficacy. Additionally, reduced fT4 levels were 
linked to fewer chemotherapy-related side effects, indicating that 
thyroid function could also modulate treatment tolerability. These 
findings highlight the potential utility of routine thyroid function 
monitoring to identify patients at risk of adverse outcomes or poor 
response to therapy and to guide personalized interventions that 
could improve both efficacy and tolerability of NCh.27 Similarly, 
for patients with pre-existing or chemotherapy-induced hypothy-
roidism, dose adjustments may be necessary. Hypothyroidism can 
affect drug metabolism and clearance, potentially altering the ef-
ficacy and toxicity of chemotherapy agents. Careful monitoring 
could guide personalized dose modifications to maintain optimal 
drug levels while minimizing side effects.27

Limitations and conclusions
While our results indicate a significant alteration in thyroid func-
tion in women with breast cancer, irrespective of their menopau-
sal status and NCh treatment, the study is constrained by several 
limitations. Firstly, the lack of longitudinal data. Our cross-sec-
tional design limits causal inferences and cannot clarify whether 
thyroid hormone alterations precede breast cancer or result from 
tumor progression or therapy. Secondly, our study does not ac-
count for anti-thyroid antibodies or iodine status, which are im-
portant factors in considering autoimmune thyroid diseases (e.g., 
Hashimoto’s thyroiditis) that are common in women and could 
confound hormone measurements. Thirdly, our cohort exclusively 
includes patients with infiltrating ductal carcinoma, limiting gen-
eralizability to other breast cancer subtypes. Finally, we present 
a relatively modest sample size, which restricts the generalizabil-
ity of our conclusions to larger populations and diverse clinical 
settings. Furthermore, although we have meticulously controlled 
for several variables, such as smoking, alcohol consumption, and 
chronic conditions, we recognize that other factors not assessed 
in this investigation may also influence thyroid hormone levels 
and their interaction with breast cancer. In fact, the limitations 
in sample size did not yield statistically significant differences in 
the studied cohort when stratified by molecular subtype, Scarff-
Bloom-Richardson grading, and pathological classification. Future 
research with larger cohorts and more diverse populations, as well 
as the incorporation of additional clinical and molecular data, is 
necessary to corroborate our results and to further elucidate the 
complex interplay between thyroid hormones and breast cancer. 
Specifically, the potential impact of other medications, environ-
mental factors, and lifestyle choices on thyroid function in breast 
cancer patients should be considered. The assessment of long-term 
effects of chemotherapy on thyroid function also remains an im-
portant area for future research. A recent hypothesis-generating 
review emphasizes the need to explore thyroid hormone receptor 
isoforms as prognostic biomarkers, aligning with our call for mo-
lecular profiling.

We conclude that the observed alterations in thyroid function, 
specifically the increase in serum TSH and fT4 levels, suggest a 
potential role for thyroid hormones in breast cancer progression, 
thereby highlighting the need for closer monitoring of thyroid 
function in breast cancer patients. This observation takes on spe-
cial relevance in light of the demonstrated influence of thyroid hor-
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mones on tumor proliferation and the effectiveness of chemother-
apy treatment. However, these findings cannot be interpreted as 
definitive conclusions regarding the specific mechanisms driving 
the observed effects, nor do they imply a direct causal relationship 
between thyroid function and breast cancer outcomes. Future stud-
ies should focus on the clinical utility of thyroid hormone monitor-
ing and potential interventions that could improve outcomes for 
these patients.
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