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Abstract. Thyroid cancer (TC) is one of the most prevalent 
endocrine tumors, and its incidence rates are increasing. Recent 
studies have shown that TC disrupts the gut microbiomes 
(GM) by influencing the levels of thyroid hormones, estrogen 
levels, weight and insulin resistance. Traditional treatments, 
including thyroid surgery, radioactive iodine (RAI) therapy 
and checkpoint inhibitors, also alter the GM. Additionally, GM 
affects the proliferation of TC by influencing chronic inflam‑
mation and metabolism (e.g., effects on short‑chain fatty acids 
and amino acid metabolism). Notable changes in the GM of 
patients with TC include increased numbers of Clostridium, 
Streptococcus, Proteus and Lachnospiraceae, and decreased 
numbers of Lactobacillus, Prevotella and Ruminococcaceae 
bacteria. In addition, the GM may serve as a biomarker for 
diagnosis, prognosis and predicting metastasis in patients with 
TC, potentially enhancing diagnostic efficiency. Furthermore, 
the GM presents an opportunity to improve the efficacy of RAI 
therapy and immunotherapy in patients with TC. Probiotic 
combination approaches may also enhance clinical outcomes 
and the quality of life for individuals with TC. In conclusion, 
the present review discussed how there are bidirectional 
causal relationships between the GM and TC, emphasizing 
the role of the ‘gut‑thyroid’ axis. Clostridium, Streptococcus, 
Proteus and Lachnospiraceae may be potential risk factors, 
whereas Lactobacillus, Prevotella and Ruminococcaceae 
may have protective roles for TC. Further investigations 

into macrobiotics‑associated mechanisms should prove to 
be helpful in terms of optimizing strategies for the early 
prevention and treatment of TC.
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1. Introduction

It has become established that the intricate association 
between humans and their microbiota is vital for human 
health  (1). Various factors, including diet, antibiotic use, 
genetics and the environment, significantly shape the compo‑
sition of the microbiota, which matures in humans at an age 
of ~3 years, but continues to evolve throughout life (1). The 
GM comprises ~1013‑1014 microorganisms, which fulfill 
essential roles beyond digestive balance, including nutrient 
assimilation, metabolic homeostasis, hormonal modulation 
and immune regulation (2,3). The lymphocytes within the 
intestinal mucosa orchestrate responses to microorganisms, 
making the microbiota a key factor in determining an indi‑
vidual's health status (4,5). Microbiota disturbances have also 
been shown to contribute to numerous diseases (6), including 
thyroid cancer (TC). Previous studies  (7‑11) investigating 
the relationship between the microbiota and tumors (e.g., 
colorectal tumors) have reported that the microbiota found in 
different parts of the body, including the gut, mouth and within 
tumors (12‑20), can influence cancer growth and metastasis 
due to the common embryonic lineage that thyroid follicular 
cells share with gastric mucosal cells (21). Thyroid disorders 
have been shown to be closely tied to thyroid hormone levels 
and function, as well as the composition of the intestinal 
flora (22). Furthermore, the gut‑brain axis allows intestinal 
microorganisms to modulate immune, metabolic and endo‑
crine interactions (23). Several studies have linked intestinal 
microbiota with thyroid‑associated conditions, including 
Graves' disease, Hashimoto's thyroiditis and TC, highlighting 
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the importance of maintaining a healthy intestinal flora for 
thyroid disease prevention (24‑26).

TC, a common endocrine malignancy, has seen an 
increased global incidence in recent years, particularly among 
women, suggesting sex‑associated factors (27‑32). Although 
various risk factors, such as smoking, obesity, hormone 
exposure, family history and environmental factors, have 
been implicated in the development of TC, the precise causes 
underlying the disease remain largely unknown (33). Several 
studies have demonstrated a significant association between 
the gut microbiome and risk factors for TC, indicating its 
potential role in TC pathogenesis. There is evidence to suggest 
a possible association between microbiome diversity and 
composition with risk factors for thyroid diseases, including 
hormonal imbalances and obesity  (34‑36). TC is typically 
treated with thyroid surgery, radioactive iodine (RAI) therapy 
and thyroid‑stimulating hormone (TSH) suppression  (37). 
However, these treatments have been shown to lead to various 
side effects  (38‑41), potentially compromising patients' 
quality of life (41,42). Recently, one randomized clinical trial 
demonstrated that probiotics may help reduce postoperative 
reaction and complications, possibly through modifying the 
gut and oral microbiota (43). This suggests that the GM may 
fulfill a crucial role in the development, prevention, diagnosis, 
treatment and management of TC. Therefore, a comprehen‑
sive understanding of the interaction between GM and TC is 
crucial for improving clinical outcomes and patient care. 

The present review aims to integrate and explore this 
crucial interplay between GM and TC, offering novel avenues 
or strategies for enhancing the understanding and management 
of TC. 

2. Association between GM and TC 

Previous studies have indicated a strong link between the 
composition of the GM and the risk of TC, although the 
exact causal association remains controversial (Table I). One 
study (44) employed 16S rRNA sequencing, which showed 
that patients with TC had a higher richness and alpha diver‑
sity of intestinal flora compared with healthy individuals. 
Of note, the Firmicutes/Bacteroidetes ratio was found to be 
markedly elevated, similarly to patterns observed in other 
cancers, including breast cancer and colon cancer (45‑47). 
In another study  (48), it was shown that patients with TC 
had lower numbers of Butyricum and Lactobacillus, which 
was found to be connected with trace elements such as 
selenium, which protect the thyroid and fight against oxida‑
tive stress, whereas the numbers of Clostridium, Neisseria 
and Streptococcus were enhanced. Furthermore, TSH was 
positively correlated with Porphyromonas (r=0.57; P<0.01), 
triiodothyronine was correlated with Streptococcus (r=0.43; 
P<0.001) and thyroglobulin was negatively correlated with 
Bacteroides and Lactobacillaceae (r=‑0.43; P<0.001), 
suggesting that these genera could serve as biomarkers for 
TC  (48). A subsequent study  (49) reported changes in the 
GM of patients with TC, marked by increased numbers of 
Bacteroidetes, Clostridium and Lachnospiraceae, whereas 
the numbers of Prevotella and Faecalibacterium were 
decreased. This research group also identified a four‑genus 
signature (‘g_Hungatella’, ‘g_Alistipes’, ‘g_Bacterium’, and 

‘g_Phascolarctobacterium’), which suggested that patients 
with TC also had metastatic lymphadenopathy. However, 
their findings contradicted those of other studies (48‑50), as 
they observed reduced richness and diversity of intestinal 
microbiota in patients with TC. Additionally, a study by 
Lu et al (50) noted a decrease in lipid metabolism‑associated 
genera and elevated levels of 27‑hydroxycholesterol, whereas 
other research groups (44,51) described shifts in microbiota 
composition, with increased numbers of Escherichia coli and 
decreased numbers of Bacteroides vulgatus in patients with 
TC. Furthermore, several Mendelian randomization analyses 
have been published  (51‑58), which suggested a potential 
bidirectional causal association between GM composition 
and TC. For instance, Streptococcus and bacteria of the class 
Betaproteobacteria were identified as risk factors and protec‑
tive factors for TC, respectively. Taken together, these findings 
have highlighted the importance of understanding the role of 
GM in the development and progression of TC.

Overall, alterations of the GM in patients with TC 
have been shown to include increases in the numbers of 
Clostridium, Streptococcus, Proteus and Lachnospiraceae 
bacteria, alongside decreases in the numbers of Lactobacillus, 
Prevotella and Ruminococcaceae. The populations of clinical 
trials mentioned in Table I (details of gut microbiota composi‑
tion in TC) are Asian (44,48‑51), whereas the populations of 
Mendelian randomization studies (52‑57) are from various 
ethnicities. The conflicting findings of the above studies on 
microbiota diversity may be attributed to small sample sizes, 
differences in the demographics, tumor stage and treatment, 
or dietary considerations. Furthermore, it should be noted 
that these studies only used 16S rRNA sequencing, thereby 
necessitating the use of further, more advanced methods.

Fig. 1 illustrates the different types of interaction of gut 
microbiomes with TC. Recent studies have illuminated 
the critical role of GM in cancer development, particularly 
regarding how they impact the replication and integrity of the 
host DNA (6‑21). Pathogenic bacteria may manipulate host 
cancer cells, thereby resulting in abnormal hormone produc‑
tion and immune system dysfunction, ultimately leading to 
tumor formation (58,59). Changes in the gut flora have also 
been shown to trigger the release of toxins that harm DNA 
and impede DNA repair mechanisms (60). For instance, the 
promotion of p53 degradation by Shigella flexneri in host cells 
can increase the risk of DNA damage and mutations, ultimately 
leading to tumor formation. Furthermore, certain bacteria, 
such as Clostridiaceae (61), have been linked to carcinogenic 
effects, whereas Streptococcus has been associated with 
heightened risks of adenoma and cancer (62).

Another significant mechanism involves inflammation. 
Cancer‑associated microbiota and pattern recognition recep‑
tors, such as Toll‑like receptors, have been linked to the 
activation of nuclear factor κB (NF‑κB) signaling in the tumor 
microenvironment (63). This process sets off a chain reaction 
of chronic inflammation, causing both the continuous damage 
and repair of epithelial cells and the release of cytokines, 
promoting malignancy  (64). The inflammatory response 
also stimulates immune cells to release cytokines, thereby 
enhancing cell proliferation, inhibiting apoptosis and deac‑
tivating tumor suppressor genes via the NF‑κB and STAT3 
signaling pathways (65). 
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Table I. Details of gut microbiota composition in TC.

First author, 				  
year	 Patients (n)	 Microbiota main findings	 Methodology	 (Refs.

Feng et al,	 TC (n=30), HCs (n=35)	 TC: e.g., Escherichia‑Shigella,	 Single‑center, cross‑sectional study	 (44)
2019		  Clostridium sensu stricto 1,	 involving preoperative patients with
		  Klebsiella↑	 PTC using 16S rRNA sequencing
		  Bacteroides, Prevotella 9,
		  Roseburia, Megamonas ↓
Zhang et al, 	 TC (n=20), Thyroid	 TC: e.g., Neisseria and	 Cohort study including preoperative	 (48)
2019	 nodules (n=18),	 Streptococcus ↑	 patients with PTC and healthy indivi‑
	 HCs (n=36)	 Butyricimonas and Lactobacillus ↓	 duals using 16S rRNA sequencing
Yu et al,	 TC (n=90), HCs (n=90)	 TC: e.g., G Bacteroides,	 88 PTC and 2 FTC; 60 each exploratory,	 (49)
2022		  g Lachnoclostridium, g no‑rank	 30 each validation cohorts utilizing
		  f Lachnospiraceae ↑ 	 16S rRNA sequencing
		  g Prevotella 9, g Collinsella,
		  g Faecalibacterium, g Dorea↓
		  g Ruminococcaceae UCG‑014,
		  g Ruminococcaceae UCG‑002↓
		  g Subdoligranulum ↓
Lu et al,	 TC (n=50), HCs (n=58)	 TC: e.g., G Fusobacterium and	 Cohort study including postoperative	 (50)
2022		  g Alistipes ↑	 patients and healthy controls by 16S
		  g Hungatella and	 rRNA sequencing
		  g Phascolarctobacterium ↓
Ishaq et al,	 TC (n=16), HCs (n=10)	 TC: e.g., Escherichia coli ↑,	 Cohort study recruiting patients with TC	 (51)
2022		  Bacteroides vulgates ↓	 with normal thyroid function using
			   metagenomic high‑throughput sequencing 
Quan et al,	 TC (n=701)	 Risk factors: e.g., Genus	 Mendelian randomization study	 (52)
2023		  Ruminiclostridium9, class
		  Mollicutes, genus
		  RuminococcaceaeUCG004,
		  genus Paraprevotella and phylum
		  Tenericutes
		  Protective factors: e.g., Phylum
		  Actinobacteria
Sun et al,	 TC (n=1,525), HCs	 Risk factors: e.g., Family	 Mendelian randomization study	 (53)
2024	 (n=259,583)	 Christensenellaceae, family
		  Victivallaceae, genus
		  Methanobrevibacter, genus
		  Ruminococcus2, genus
		  Subdoligranulum and Phylum
		  Verrucomicrobia
		  Protective factors: e.g.,
		  Betaproteobacteria, family XI,
		  genus Sutterella
		  Reverse analysis: e.g., Genus
		  Ruminococcus2 ↓
Hou et al,	 TC (n=6,699),	 Risk factors: e.g., Ruminococcaceae	Mendelian randomization study	 (54)
2023	 HCs (n=1,620,354)	 UCG004 genus, Olsenella genus,
		  Streptococcaceae family,
		  ketogluconate metabolism,
		  pentose phosphate pathway and L‑
		  arginine degradation II in AST
		  pathway
Zhu et al, 	 TC (n=6,699),	 Risk factors: e.g., Butyrivibrio, 	 Mendelian randomization study	 (55)
2023	 HCs (n=1,613,655)	 Fusicatenibacter, Oscillospira,

https://www.spandidos-publications.com/10.3892/ol.2025.15114
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The production of short‑chain fatty acids (SCFAs) (34) by 
certain gut bacteria may also compromise intestinal barrier 
function, resulting in increased permeability and immune 
dysfunction. In patients with papillary thyroid carcinoma 
(PTC), disruptions in tryptophan metabolism were shown to 
lead to reduced levels of aryl hydrocarbon receptor agonists, 
which adversely affect intestinal defenses (66). A higher abun‑
dance of Lachnospiraceae may also disturb the balance of 
regulatory T cells (Treg) and helper T Treg/Th17 (Th17) cells, 
which facilitates immune escape TC (67,68). Furthermore, 
diets rich in protein and plant‑based foods cause a reduction 
in the levels of anti‑inflammatory SCFAs generated from 
Prevotellaceae and Ruminococcaceae, thereby potentially 

accelerating TC development. Specific bacteria, such as 
Bacteroidetes and Ruminococcus, have also been shown to be 
crucial in maintaining intestinal homeostasis and regulating 
disease progression  (9,69). Furthermore, patients with TC 
often exhibit elevated levels of TSH and free triiodothyronine 
(FT3), which are associated with changes in gut microbiomes.

3. Intestinal bacteria serve important roles in TC through 
metabolism 

Thyroid‑associated micronutrients and GM. The adult body 
stores 15‑20 mg iodine in the thyroid gland, absorbed through 
the sodium/iodine symporter (NIS) present in the stomach, 

Table I. Continued.

First author, 				  
year	 Patients (n)	 Microbiota main findings	 Methodology	 (Refs.)

		  Ruminococcus2, and Terrisporo‑
		  bacter
		  Protective factors: e.g., Olsenella
		  and Ruminococcaceae UCG004
		  Reverse analysis: e.g., Bacillales ↑
		  Holdemanella ↓
Zhou et al,	 TC (n=989),	 Risk factors: e.g., Phylum	 Mendelian randomization study	 (56)
2024	 HCs (n=217,803)	 Euryarchaeota, families
		  Christensenellaceae,
		  Victivallaceae, genera
		  Methanobrevibacter, Rumino‑
		  coccus2, Subdoligranulum
		  Protective factors: e.g.,
		  Betaproteobacteria, family
		  XI, genera Anaerofilum,
		  Odoribacter, Sutterella,
		  alongside order Burkholderiales
		  Reverse analysis: e.g.,
		  Defluviitaleaceae, genus
		  Ruminococcus gauvreauii group,
		  genus Coprobacter, genus
		  Defluviitaleaceae UCG011,
		  genus family XIII UCG001
		  and genus Prevotella9 ↓
Hu et al, 	 TC (n=649),	 Risk factors: e.g., Class	 Mendelian randomization study	 ( 5 7 ) 
2024	 HCs (n=431)	 Mollicutes, Phylum Tenericutes,
		  genus Eggerthella, and Order
		  Rhodospirillales
		  Protective factors: e.g., Genus
		  Eubacteriumfissicatena group,
		  genus Lachnospiraceae UCG008,
		  genus Christensenellaceae R‑7
		  group and genus Escherichia
		  Shigella	

TC, thyroid cancer; HCs, healthy controls; PTC, papillary thyroid cancer; FTC, follicular thyroid carcinoma; F/B, Firmicutes to Bacteroidetes 
ratio; FT3, free triiodothyronine; rRNA, ribosomal RNA; TSH, thyroid‑stimulating hormone; ↑, increase; ↓, decrease; +, enrichment.
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duodenum and jejunum. Both the thyroid gland and extra‑glan‑
dular tissues express NIS, with iodine also being absorbed via 
the cystic fibrosis and salt multivitamin transporters (70‑72). 
Previous studies have identified that individuals with inflam‑
matory bowel disease may have lower levels of Firmicutes and 
Bacteroidetes, leading to iodine malabsorption and decreased 
rates of thyroid hormone synthesis, suggesting a potential 
association between iodine absorption and GM  (73,74). 
Furthermore, thyroid hormones influence the motility of the 
small intestine, which, in turn, affects the composition of the 
intestinal flora. Therefore, it may be proposed that changes in 
GM due to the prevailing thyroid conditions may affect iodine 
uptake, the synthesis of thyroid hormones and RAI treatment 
efficacy, and these aspects warrant further research.

A previous study by Lamberti  et  al  (75) highlighted 
the significance of selenium bioavailability in relation to 
Lactobacillus. In addition, Zhang et al (48) identified both 
a depletion in the level of Lactobacillus and a reduction in 
selenium bioavailability in patients with TC. Selenium in the 
thyroid is crucial both for the proper function of deiodinase and 
for thyroid hormone metabolism, also presenting a risk factor 
for TC (76). Selenoproteins also provide antioxidant protection 
for thyroid cells, showing that a reduction in Lactobacillus 
levels may contribute to TC progression via lowering sele‑
nium levels and promoting oxidative damage to thyroid cells 
through increased rates of TSH secretion. Iron is also crucial 
for thyroid function due to the important roles it has in the 
proper functioning of the enzyme thyroid peroxidase (TPO) 
and in hormone storage. GM also compete with their host for 
iron absorption. An iron‑poor diet hinders bacterial growth, 

whereas a diet rich in iron reduces microbiota diversity (77). 
Finally, zinc supplements have been demonstrated to help 
beneficial bacteria to grow, and this growth correlates with 
Lactobacillus and Bifidobacterium in autoimmune thyroid 
diseases (77).

Value of GM in the metabolism of SCFAs, amino acids, 
lactose and other compounds. SCFAs, such as butyric, acetic 
and propionic acids, are essential compounds produced by 
GM, particularly Flachnospiraceae and Butyricimonas, 
which are potentially able to prevent cancer (78‑80). A study 
by Wang et al  (81) highlighted that Lactobacillus species 
produce pyruvate through glycolysis, thereby promoting 
butyrate production, which serves to support normal cell 
growth and inhibit tumor cell proliferation. A different 
study (82) demonstrated how butyrate leads to a decrease in 
the expression level of c‑Myc and the resultant inhibition of 
microRNA (miR)‑92a transcription, thereby promoting apop‑
tosis in colon cancer cells. Furthermore, SCFAs fulfill a crucial 
role in reducing chronic vascular inflammation by regulating 
the levels of inflammatory cytokines, such as interleukin 
(IL)‑6 and IL‑8, and modulating endothelial activation (83). 
Butyrate was shown to strengthen intestinal immune barriers, 
thereby decreasing pro‑inflammatory factors, and inhibiting 
inflammation‑associated pathways (84). Furthermore, SCFAs, 
derived from the fermentation of dietary fibers, were shown 
to induce apoptosis of TC cells and to promote cell cycle 
arrest (G1 and G2/M). They also inhibit histone deacetylases, 
increasing the expression of the p21, p27 and Bax genes, as 
well as that of Notch1 protein, while causing a decrease in the 

Figure 1. Interaction between GM and TC. The figure was generated using FigDraw. GM, gut microbiota; IGF‑1, insulin‑like growth factor‑1; LPS, lipopolysac‑
charides; SCFAs, short‑chain fatty acids; TC, thyroid cancer; TPO, thyroid peroxidase; Treg, regulatory T cells; Th17, helper T cell 17; TSH, thyroid‑stimulating 
hormone.

https://www.spandidos-publications.com/10.3892/ol.2025.15114
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expression of pro‑survival genes, such as Bcl‑2, Bcl‑xL and 
cyclins A and B, and reducing the activities of cyclin‑dependent 
kinase 1 and 2. Additionally, the NIS was found to be signifi‑
cantly upregulated, and the level of thyroglobulin mRNA was 
increased, thereby enhancing iodine uptake (85‑90). However, 
previous studies (44,48) have also demonstrated a decrease in 
the numbers of SCFA‑producing bacteria in patients with TC, 
potentially increasing the TC cancer risk due to lower butyrate 
levels. This reduction in the numbers of SCFA‑producing 
bacteria may affect Lactobacillus species, thereby compro‑
mising butyrate production and leading to the dysregulation of 
thyroid malignancies and inflammatory responses. Therefore, 
modulating the levels of SCFAs may be a means of improving 
tumor cell sensitivity to RAI by increasing the expression of 
NIS, thereby providing valuable insights into future therapeutic 
strategies.

The GM are also able to influence the metabolism of amines 
and secondary bile acids. For instance, histamine, an amine 
metabolism byproduct, has been shown to stimulate tumor cell 
growth (44,91). In addition, cholesterol and 27‑hydroxycho‑
lesterol have both been linked with increased aggressiveness 
in TC, with 27‑hydroxycholesterol being associated with the 
Christensenellaceae R7 group, potentially promoting estrogen 
receptor‑driven TC growth  (50,92). Furthermore, a study 
by Wang (65) using the Kyoto Encyclopedia of Genes and 
Genomes database data revealed important roles for amino 
acid metabolites and specific bacteria in PTC development, 
particularly regarding tryptophan metabolism, as this affects 
intestinal permeability and immune responses. Disruptions 
in bacterial amino acid metabolism may therefore contribute 
to PTC by fostering inflammatory and immunosuppressive 
conditions.

Changes in intestinal flora are a potential factor in TC 
development. Changes in the numbers/levels of gut bacteria 
may activate galactose and ketone body metabolic path‑
ways, which result in the fueling of TC progression (93,94). 
Feng et al  (44) found a notable decrease in the number of 
Megamonas bacteria, accompanied by elevated flavonoid 
levels in patients with TC; therefore, these flavonoids were 
negatively correlated with the abundance of Megamonas. 
Flavonoids affect the TPO enzyme, disrupting thyroid 
hormone synthesis either by altering the structure of TPO or 
by competitively inhibiting its activity (95). This disruption 
may lead to reduced hormone production and increased serum 
TSH levels, which are recognized as a risk factor for TC devel‑
opment (69,96). Taken together, these findings emphasize the 
interplay between gut flora and TC progression, highlighting 
the necessity of exploring further the association between GM 
metabolism and thyroid tumorigenesis.

Impact of intestinal flora and thyroid‑related hormones on TC
TSH. Previous studies (76,96) have highlighted a troubling 
link between elevated levels of TSH and increases in the risk 
and progression of thyroid malignancies, even in cases where 
the TSH levels fell within the normal range, or where those 
affected were young men. Elevated TSH and FT3 levels are 
potential risk factors for PTC (69). Furthermore, a study by 
Zhang et al (48) suggested a potential connection between 
intestinal dysbiosis and TC, with certain bacterial species such 
as Porphyromonas and Streptococcus being associated with 

higher TSH and FT3 levels. Patients with TC typically exhibit 
increased TSH and FT3 levels, with FT3 being inversely 
correlated with beneficial bacteria such as Lactobacillus, 
which produce SCFAs and exert anti‑inflammatory effects. 
Collectively, these findings emphasize the complex associations 
among thyroid hormones, GM and the risk of TC (69‑71).

Estrogen. Having a history of breast cancer significantly 
increases the likelihood of developing TC, particularly when 
there is a positive family history (97). The level of estrogen, a 
known risk factor for breast cancer, may be increased due to 
its conversion from bound to free estrogen in the gut (98,99). 
This rise in circulating estrogen has been connected to TC 
development, particularly through estrogen receptor (ER) 
activation, including activation of the ER subtype ERα, which 
is highly expressed in PTC tissues (100‑102). ERα activation 
may impede the tumor‑suppressive effects of miR‑299‑5p, 
thereby promoting TC progression  (103). Furthermore, 
estrogen has been shown to induce proangiogenic changes 
in endothelial cells, fostering tumor growth and metastasis. 
Intestinal dysbiosis, coupled with elevated estrogen levels, may 
significantly contribute to the development of TC in women. 
This underscores the need to improve the understanding of 
the association between hormones, gut health and cancer in 
order to develop potential targeted prevention and treatment 
strategies for TC.

Obesity and insulin resistance. Obesity and insulin 
resistance exert a crucial impact on TC development. A 
previous study by He et al (104) demonstrated a close corre‑
lation between body mass index (BMI) and the incidence 
of TC, where higher BMI values were associated with an 
increased risk of TC. Previous studies (44,105) have also 
indicated that changes in gut bacteria composition, specifi‑
cally decreased numbers of Bacteroidetes and increased 
numbers of Firmicutes bacteria, are associated with TC 
in obese individuals. Individuals with obesity consuming 
high‑fat diets often have increased Gram‑negative bacteria 
levels, leading to the production of lipopolysaccharides that 
trigger chronic intestinal inflammation (106). This increase 
in inflammation may disrupt the integrity of the intestinal 
barrier, allowing bacteria to enter into the bloodstream, 
resulting in chronic inflammation in adipose tissue. Chronic 
inflammation often leads to insulin resistance (107), which 
is associated with an increased risk of various malignancies, 
including TC. Insulin resistance, in turn, elicits increases in 
the level of insulin‑like growth factor‑1 (IGF‑1), which is 
overexpressed in TC. High levels of IGF‑1 can fuel cancer 
growth by promoting cell malignancy and inhibiting apop‑
tosis. Insulin, acting as a growth factor, activates pathways 
that further enhance the risk of developing TC (108,109). 
Additionally, the disruption of the IGF axis by high insulin 
levels may contribute to the progression of TC  (110). 
Previous studies (111,112) identified high expression levels 
of IGF‑1 and IGF‑1 receptor in patients with TC, suggesting 
that IGF‑1 enhances tumor growth through TSH stimulation, 
thereby activating the AKT and Raf‑1/MEK/ERK signaling 
pathways and promoting tumor proliferation. Considered 
altogether, the future treatment of TC should focus on 
weight control as an important factor acting against this 
malignancy, where obesity and insulin resistance need to be 
strategically avoided or overcome.
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4. The role of GM in the treatment of TC

Surgery, probiotics and fecal microbiota transplantation. 
Studies have revealed the changes that occur in the GM 
of patients with TC when compared with healthy indi‑
viduals  (44,48,49). Despite the small sample sizes used in 
sequencing studies, these findings have raised important ques‑
tions regarding post‑operative alterations in the GM of patients 
with TC. One study (113), which utilized 16S RNA sequencing, 
demonstrated that patients with TC had a lower fecal micro‑
bial community richness compared with healthy individuals, 
with six bacterial species, including Bacteroidetes, Blautia, 
Eubacterium rectum, Bifidobacterium, Eubacterium hallii and 
Fusobacterium, exhibiting notable differences. Interestingly, 
no significant disparities were observed between the thyroid 
peroxidase antibody positive and thyroid peroxidase antibody 
negative groups. The impact of GM on the prognosis and 
complications of patients with TC following thyroidectomy 
cannot be overstated. For instance, one study noted a nega‑
tive correlation between the abundance of Bifidobacteriales 
and the occurrence and severity of post‑operative nausea and 
vomiting in female patients, thereby suggesting that regulating 
GM may alleviate these symptoms (114). In addition, patients 
with PTC often need to have the dosage level of levothyroxine 
hormone adjusted post‑surgery. Probiotics have also been 
shown to affect the absorption of levothyroxine, necessitating 
lower dosage adjustments (115). A randomized controlled trial 
involving thyroid hormone withdrawal (THW) combined with 
probiotics demonstrated that patients who received probiotics 
experienced improvements in microbial dysbiosis and reduced 
withdrawal side effects compared with those who received a 
placebo. These findings emphasized the importance of GM 
management in post‑operative care (43,116).

A growing number of studies have supported the potential 
of fecal microbiota transplantation (FMT) as a promising 
treatment for different types of TC and associated complica‑
tions (117). A previous study by Routy et al (118) showed that 
modulating the microbiome via the application of FMT may 
lead to enhancements in the effectiveness of cancer immuno‑
therapy, particularly when combined with immune checkpoint 
inhibitors (ICIs) that target the cytotoxic T‑lymphocyte associ‑
ated protein 4 and programmed cell death protein 1 (PD‑1) 
pathways. Personalized GM modulation, including FMT 
during PTC treatment, may also promote positive responses 
to 131I therapy (119). FMT is also being studied for its applica‑
bility in various other thyroid‑associated conditions, including 
primary hypothyroidism  (120‑122). Probiotics have also 
demonstrated promising results. A previous study revealed that 
administering one specific probiotic led to notable decreases 
in the levels of Firmicutes and circulating autoantibodies in 
patients with Graves' disease, leading to lower recurrence rates 
6 months after antithyroid treatment (123). Probiotics such as 
Bacillus subtilis, Bifidobacterium and Lactobacillus, derived 
from Firmicutes and Actinobacteria, positively impact gut 
flora composition and metabolic pathways in patients with 
PTC. Furthermore, this study revealed reduced levels of 
specific amino acids that are closely associated with gut flora 
and metabolic processes. Therefore, patients with PTC may 
benefit from amino acid supplementation to restore microbial 
balance and metabolic functions. However, further studies are 

required to fully understand the association between changes 
in GM and prognosis, in order to address current gaps in 
knowledge within this field.

RAI therapy. The microbiota is able to significantly influ‑
ence the effectiveness and toxicity of various anticancer 
therapies, including chemotherapy and immunotherapy (85). 
RAI therapy, a key adjuvant treatment for TC, is often used 
following thyroidectomy  (124). 131I treatment, particularly 
multiple high doses of RAI therapy, in patients with TC 
may disrupt the balance of GM and the radiation‑sensitive 
pathways of linoleic acid, arachidonic acid and tryptophan 
metabolites (125). However, RAI may cause complications 
such as salivary gland inflammation, leading to xerostomia 
(also known as dry mouth), with dysfunction rates reported 
as high as 72.73% (126). Dry mouth negatively diminishes 
patients' long‑term quality of life through disrupting normal 
salivary secretion. Furthermore, THW following RAI treat‑
ment may cause fatigue, constipation, weight gain, edema 
and hypercholesterolemia, thereby reducing the patients' 
quality of life (38‑42). Probiotics have emerged as a strategy 
to manipulate the microbiota in order to improve outcomes 
during anticancer treatment. Several randomized clinical 
trials have demonstrated that probiotics may reduce the 
incidence of complications in patients with THW postop‑
eratively by restoring microbiota diversity  (43,127,128). 
One study found that patients with dry mouth had a higher 
Firmicutes‑to‑Bacteroidetes ratio, and an increased abundance 
of Streptococcus (128). In addition, the abundance of inflam‑
mation‑associated bacteria, such as Neisseria, Veillonella, 
Porphyromonas, Corynebacterium and Capnocytophaga, 
was found to be higher in patients with dry mouth (129,130). 
For instance, Prevotella may promote inflammation via 
Toll‑like receptor 2 activation and Th17 cell‑mediated immune 
responses (131); however, probiotics were able to decrease the 
abundance of bacteria associated with dry mouth, such as 
Prevotella_9, Haemophilus, Fusobacterium and Lautropia, 
and their use is anticipated to lead to improvements regarding 
a series of side effects caused by RAI treatment and THW.

GM may also serve as a predictor of the responses 
of patients with PTC to RAI therapy or 131I treatment. 
Researchers have found that butyric acid‑producing Dorea 
serve as an independent predictor of the response to 131I treat‑
ment, suggesting that increasing the abundance of Dorea and 
Bifidobacterium in the GM may lead to improvements in 
the response rates of postoperative patients with PTC (119). 
In addition, macrogenomic sequencing revealed mark‑
edly lower Faecalibacterium prausnitzii levels in patients 
post‑RAI treatment compared with healthy controls  (132). 
This species produces anti‑inflammatory butyrate, poten‑
tially mitigating radiation‑induced damage  (132). Another 
study  (133) also reported that the gut microecology was 
disrupted by post‑high‑dose 131I therapy, with arachidonic 
acid acting as a key metabolite in radioprotection. In addition, 
GM and RAI‑refractory papillary TC may be associated via 
different mechanisms that are connected with NIS regulation, 
although the exact role of GM in this context has yet to be fully 
elucidated (134). Additional studies in this regard may have 
important clinical implications and lead to the discovery of 
probiotics that facilitate the treatment of RAI‑refractory TC.
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In 2005, the European Medicines Agency approved the use 
of recombinant human TSH (rhTSH) for TSH stimulation prior 
to RAI in patients with TC subjected to thyroidectomy. This 
involves two intramuscular injections of 0.9 mg rhTSH, followed 
by RAI administration on the third day, allowing patients to 
continue thyroid hormone supplementation and avoid profound 
hypothyroidism. Although treatment with rhTSH may cause side 
effects such as nausea and fatigue, it has been shown to reduce 
the long‑term salivary gland dysfunction that is associated with 
RAI (135). Another study, by Horvath et al (136), revealed that 
administering lower RAI doses in low‑to‑intermediate‑risk 
patients resulted in comparable 5‑year survival rates, yet with 
fewer adverse effects, when rhTSH was included as a part of 
the regimen compared with THW. However, further research is 
needed to confirm these findings, and to investigate the potential 
of probiotics or fecal microbiota transplantation to alleviate 
rhTSH side effects and to reduce salivary gland dysfunction 
following RAI (137). In conclusion, numerous additional studies 
are required to properly investigate the best use of RAI therapy 
(whether using THW or rTSH) combined with intestinal flora 
stabilization therapy.

Immunotherapy. The intestinal flora exerts a critical role in 
modulating the PD‑1/programmed death ligand 1 (PD‑L1) 
pathway and regulating the efficacy of ICIs. Given that >70% 
of immune cells reside in the intestine, the GM enhances 
the host's mucosal immune response, thereby strengthening 
epithelial tight junctions and mitigating pathogen invasion. 
A study by Sivan  et  al  (138) reported that bifidobacteria 
enhance anti‑tumor activity when combined with ICIs, thereby 
preventing tumor progression and significantly boosting the 
efficacy of ICIs by activating dendritic cells and enhancing 
CD8+ T‑cell activation through resistance to the negative 
regulation mediated by PD‑1/PD‑L1. PD‑L1 expression is 
significantly higher in thyroid tumors, with positive rates 
ranging from 6.1‑82.5% in patients with PTC, and from 
22.2‑81.2% in patients with anaplastic TC. In spite of the 
fact that ICIs show promise in terms of treating invasive and 
iodine‑refractory TC (139), the 2020 ASCO Phase II trial 
of spartalizumab (PDR001) revealed a 35% response rate, 
although some of the patients exhibited drug resistance (140). 
Controlling the gut flora may mitigate primary resistance, 
with E. muciniphila having been shown to be associated with 
improved ICI responses via IL‑12 (118). The intestinal flora 
has also been shown to enhance the responses of patients with 
melanoma to ICIs, particularly through Faecalibacterium, 
which boosts effector T‑cell functions (141). Additionally, the 
intestinal flora impacts Th17 and Treg cell differentiation, with 
Firmicutes and Lachnospiraceae being found to be enriched 
in patients with TC, further implicating the GM in regulating 
immune functions and tumor immunotherapy outcomes via 
mechanisms such as SCFA‑mediated production (141). Taken 
together, these findings have demonstrated that controlling the 
intestinal flora may represent a significant breakthrough in 
improving tumor immunotherapy.

5. Conclusion

The GM has been shown to perform a range of crucial 
roles in immune regulation, hormone control, metabolic 

equilibrium and nutritional absorption  (2,3). As a result, 
the microbiota has been associated with the proliferation 
of cancer cells (4,5), which may be useful in the diagnosis 
and prognosis of cancer. In particular, the GM has been 
shown to influence TC proliferation directly and indirectly 
via various mechanisms, including chronic inflammation, 
regulation of trace elements, metabolism of a range of 
compounds (e.g., SCFAs and amino acids), hormones (e.g., 
TSH, FT3 and estrogen) and insulin resistance. However, 
the precise details of these mechanisms remain unclear and 
further studies are required. TC causes GM dysbiosis and 
changes in the gut microbiome may correlate with the prog‑
nosis of patients with TC. For the majority of patients with 
TC, the cancer typically grows slowly and these patients 
have a better prognosis. However, ~1% of TC cases are 
anaplastic TC, which has a poor prognosis and is associ‑
ated with rapid progression and high mortality rates, with 
a one‑year survival rate of only 20%. Although checkpoint 
immunotherapy is commonly used for anaplastic TC, few 
patients survive beyond 2 years following diagnosis (142). 
Currently, surgical removal and adjuvant therapies are effec‑
tive for TC, although patients must be treated with dosages 
of levothyroxine (via THW or rTSH) post‑surgery, and this 
is associated with a number of complications that lower 
patients' quality of life (38‑42,124‑126). Changes in GM have 
been associated with thyroid surgery, RAI and checkpoint 
inhibitors, suggesting that GM may serve as biomarkers for 
TC diagnosis and prognosis. In addition, the combined use 
of probiotics and FMT may enhance the quality of life for 
patients with TC, and improve the prognosis for patients 
with anaplastic TC. However, further studies, particularly 
randomized controlled trials and high‑quality observational 
studies, are required to confirm these hypotheses. Ultimately, 
exploring the specific mechanisms that link GM with TC 
may provide novel insights into new therapies for TC.
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