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Abstract

Thyroid cancer has shown a parallel increase with diabetes in the last few years. This narrative review aims to explain
the association between these two entities, focusing on insulin resistance as the mediator and exploring the effects of
antidiabetic agents on thyroid cancer incidence and progression.

We searched Pubmed for English-written articles on insulin resistance, diabetes, antidiabetic treatments, and thyroid
cancer reported from January 2019 to April 2023. Exclusion criteria were preclinical and clinical studies involving a
population with thyroid dysfunction, benign nodular goiter, or those that only analyzed thyroid cancer’s association with
obesity.

The results of the narrative literature review revealed 96 articles. Additionally, four studies from a manual search were
retrieved. After the exclusion criteria were applied, we included 20 studies. Out of 8 studies on insulin-resistant or Meta-
bolic Syndrome patients, all suggest a positive association with thyroid cancer. At the same time, for diabetes, four out of
five publications support a link with thyroid cancer. The seven remaining studies on antidiabetics suggest that metformin
might benefit thyroid cancer. In contrast, the evidence for an association between Glucagon-like peptide-1 receptor ago-
nists (GLP-1 RA) and increased thyroid cancer findings is limited.

In conclusion, the association between thyroid cancer and diabetes may be explained by insulin resistance, as shown
in observational studies. However, the causal role is yet to be defined. Although the wide use of different antidiabetic
agents has been related to thyroid cancer prevalence and progression, future research with drugs such as metformin or
GLP-1 RA is still needed.
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1 Introduction

The relationship between the thyroid and insulin resistance
has been extensively reviewed, illustrating the central role
of thyroid hormones in regulating carbohydrate metabolism
[1, 2]. By contrast, the effect of impaired glucose metabo-
lism on the thyroid gland continues to fuel debate.

Thyroid cancer has shown a parallel rise to diabetes [3],
suggesting that metabolic syndrome (MetS), obesity, and
diabetes itself might act as precipitating factors in cancer
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development [4, 5]. However, concerns about these obser-
vational findings have been raised due to the possibility of
detection bias due to the more extensive use of diagnostic
tests in susceptible populations [6].

Although the mechanistic effects of the association
between thyroid cancer and metabolic abnormalities are not
yet elucidated, various pathways such as hyperglycemia,
hyperinsulinemia, hyperlipidemia, oxidative stress, adipo-
kines, and inflammatory responses may be involved [7].

Insulin resistance is a leading player in this game. One
of the ecarliest studies showing that the thyroid gland could
be affected by an insulin-resistant state was performed by
Rezzonico et al. [§]. In this study, where 111 women were
evaluated by thyroid ultrasound, thyroid nodules were more
frequently found in those women who were insulin resistant
independently of their body weight. Furthermore, MetS,
characterized by simple clinical criteria linked to insulin
resistance [9], has also been associated with thyroid nodular
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disease. In a prospective study where older adults with MetS
were evaluated with thyroid ultrasonograms, a positive cor-
relation between impaired metabolic control and increased
thyroid volume and nodularity was observed [9]. In agree-
ment with these findings, Ayturk et al. found that thyroid
volume was higher in MetS patients [10]. The association
between MetS components and thyroid cancer was further
assessed in 2018 in a meta-analysis including 42 articles and
an increased risk for thyroid cancer for patients with insulin
resistance, dysglycemia, high BMI and hypertension was
described [11].

It is widely assumed that insulin resistance plays a key
role in diabetes. Consequently, it is essential to define if thy-
roid cancer risk is also increased in diabetic patients. To this
end, several meta-analyses [12—14] looking for this asso-
ciation have been published before our search period for
this narrative review. According to the last one published
in 2017 [14], including 16 cohort studies and 10,725,884
individuals, diabetic patients had a 20% increase in the inci-
dence of thyroid cancer.

Furthermore, given the critical increase in differentiated
thyroid cancer (DTC) together with the epidemic of type
2 diabetes mellitus (T2DM), it is of particular interest if
the wide use of different therapies for diabetic control may
affect thyroid nodule growth and cell transformation. A few
studies have focused on the impact of metformin, showing
that it could prevent nodular thyroid growth, but further
studies are warranted to confirm this benefit [15-17].

This narrative review of the literature is aimed to provide
clinical insights into insulin resistance as the core compo-
nent of MetS and T2DM and describe its mechanistic role
in cancer development. Since the topic was already covered
in previous meta-analyses up to 2018, an update, including
a systematic search from 2019 onwards, was performed.
Those studies describing the association between thyroid
cancer and insulin resistance/diabetes and those explor-
ing anti-diabetic therapeutic drugs’ thyroid impact were
included.

2 Literature search

We searched Pubmed for articles related to the section
“INSULIN RESISTANCE, DIABETES, AND THY-
ROID CANCER?” of this narrative review with the details
of the search terms as: ((thyroid cancer[MeSH Terms])
OR (thyroid carcinoma[MeSH Terms])) AND (insulin
resistance[MeSH Terms]), and also: ((thyroid cancerfMeSH
Terms]) OR (thyroid carcinoma[MeSH Terms])) AND (type
2 diabetes mellitus[MeSH Terms]).

We also searched articles for the section “INFLUENCE
OF DIABETES TREATMENTS ON THYROID CANCER”
with the following details: ((thyroid cancer[MeSH Terms])
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OR (thyroid carcinoma[MeSH Terms])) AND (antidiabetic
drugs[MeSH Terms]), and also ((thyroid cancer[MeSH
Terms]) OR (thyroid carcinoma[MeSH Terms])) AND
(metformin[MeSH Terms])

The search included articles published from date Janu-
ary 2019 to April 2023. A manual search was performed to
detect studies that could be relevant but not present in the
PubMed search.

One author (F.DF) screened the relevant articles and
selected the studies (including reviews, retrospective stud-
ies, and prospective studies) that reported the association
between thyroid cancer and diabetes or insulin resistance
or treatment with antidiabetic drugs. Both Authors (G.B.
and F.DF) discussed the studies that were finally selected
according to inclusion and exclusion criteria.

Exclusion criteria were preclinical and clinical studies
involving a population with thyroid dysfunction, benign
nodular goiter, or those that only analyzed thyroid cancer’s
association with obesity. Articles in another language that
was not English were also excluded.

An Institutional Review Board review was not needed
for a literature review.

The results of the narrative literature review revealed 96
articles. Additionally, four studies from the manual search
were retrieved. After the exclusion criteria were applied, we
included 20 studies. (Fig. 1)

3 Definitions of insulin resistance, MetS and
T2DM

It has long been known that insulin resistance results from
the lack of sensitivity of cells in the body, mainly in the
liver, skeletal muscle, and adipose tissue, to insulin. There-
fore, glucose remains in the blood, leading to compensatory

96 studies
found after
Literature Research

Obesity related studies: 5
Benign nodules: 18
Duplicated studies: 12
Functional Thyroid studies: 16
Other cancers: 6
Other language: 2
Preclinical studies: 13
Editorial notes: 5

19 studies
were included

Fig. 1 Flowchart of the literature search
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hyperinsulinemia in an attempt to process glucose. In this
pathologic process, the beta cells in the pancreas wear out,
leading to the development of glucose intolerance, high tri-
glyceride serum levels, a decrease in high-density lipopro-
tein cholesterol concentrations, high blood pressure, smaller
denser low-density lipoprotein particles, and eventually
T2DM [18]. Although several plausible mechanisms could
explain the pathophysiology of insulin resistance, further
studies are warranted to confirm these observations, which
could ultimately lead to new therapeutic strategies [19].

There are several ways to assess insulin resistance,
but the gold standard is the euglycemic hyperinsulinemic
clamp, which can only be performed under strict laboratory
conditions [20]. An alternative is the Insulin Tolerance Test
(ITT) [21], although it is still not applicable to large popula-
tions. Consequently, if insulin resistance is to be evaluated
on a large scale, several indexes well correlated with the
clamp, such as HOMA-IR [22] and the triglyceride-glucose
(TyG) index [23], are frequently used. The TyG index is a
biomarker for insulin resistance and MetS and also predicts
T2DM [24]. The TyG index uses nonexpensive biomarkers
such as fasting triglycerides and glucose. Different from
HOMA-IR, it does not require insulin dosage. It has been
reported to have good sensitivity and specificity compared
to the gold standard method and good sensitivity compared
to HOMA-IR [25]. Although its average values may vary
according to the population studied, the proposed cut-off
value to define insulin resistance with HOMA is >2.5,
while for the TyG index, the optimal cutoff point to predict
incident T2DM has been described as 8.668 [24].

The specific calculation equation for HOMA-IR = Fast-
ing Serum Insulin (uIU/ml) X Fasting Plasma Glucose
(mmol/l) / 22.5 [22] and TyG index =In[Fasting Plasma
Glucose (mg/dl) x TG (mg/dl)/2] [23].

The metabolic syndrome is considered a clinical epi-
phenomenon of insulin resistance, and its definitions may
vary according to the different Scientific Societies and
the geographical areas evaluated. One of the first defini-
tions proposed by the Adult Treatment Panel III (ATPIII)
[26] requires three or more of the following five disorders:
elevated waist circumference (102 cm in men and 88 cm
in women), hypertriglyceridemia (1.7 mmol/l), low HDL
cholesterol level (1.03 mmol/l in men and 1.3 mmol/l in
women), high blood pressure (systolic blood pressure 130
mmHg and/or diastolic blood pressure 85 mmHg and/or
pharmacological treatment), and elevated fasting glucose
(5.6 mmol/l and/or pharmacological treatment). However,
according to a joint statement of different organizations
published in 2009, MetS is defined by three of the five fol-
lowing criteria): (i) waist circumference (WC) (for Euro-
pean population): 94 cm for men and 80 cm for women, (ii)

elevated triglycerides (TGs): 150 mg/dL, or drug treatment
for elevated TGs, (iii) reduced serum high-density lipopro-
tein cholesterol (HDL-C) <50 mg/dL for men and <40 mg/
dL for women or drug treatment for reduced HDL-C, (iv)
elevated blood pressure [systolic (SBP): 130 and/or dia-
stolic (DBP): 85 mmHg or antihypertensive drug treatment
in a patient with a history of hypertension, and (v) elevated
fasting glucose: 100 mg/dL or drug treatment for elevated
glucose as an alternate indicator [27].

Finally, the American Diabetes Association, in its article
“Standards of care in Diabetes 2023”, proposes the following
criteria for the diagnosis of diabetes mellitus: fasting plas-
matic glucose > 126 mg/dL (7.0mmol/L), defining fasting as
a no caloric intake for at least 8 h, or a 2 h plasmatic glucose
greater than 200 mg/dL after a glucose load (OGTT, using
75 gr of anhydrous glucose dissolved in water) or a glycated
(Alc) Hemoglobin level (HbA1C)>6.5% (48mmol/mol)
or patients with classic symptoms of hyperglycemia with a
random value of plasma glucose >200 mg/dl (11.1mmol/L)
[28].

3.1 Diabetes and cancer

Diabetes has become the focus of interest of all health
systems worldwide. In the last 30 years, its numbers have
increased four times, and the majority, 90%, are T2DM [29,
30].

Type 2 diabetes is frequently associated with cardiovas-
cular risk and its fatal consequences [31]. However, the risk
of cancer is another threat that has to be acknowledged. The
types of cancers that have been shown at increased risk with
diabetes are liver, pancreas, endometrial, colorectal, kidney,
bladder, breast, and thyroid cancers [32, 33].

The association between diabetes and cancer has been
studied for a long time [34], although some of its patho-
physiological explanations have not yet been uncovered.
Cancer and diabetes share many risk factors, such as older
age, obesity, sedentary life, bad nutritional habits, smoking,
and alcohol consumption [35, 36]. Although diabetes is con-
sidered an established risk factor for developing cancer [37,
38], it has been hypothesized that cancer can also increase
the risk of developing diabetes [39]. A partial explanation
of this paradox might be cancer cachexia, the wide use of
glucocorticoids, and chemotherapy in cancer patients that
can impact the dysregulation of carbohydrate metabolism.

While the interaction between cancer and diabetes is still
controversial, hyperinsulinemia is the plausible mechanism
that can link the development of both diseases. Further-
more, the advanced study of the Micro RNA may help to
understand the common pathways involved in T2DM and
cancer [40].

@ Springer



22

Reviews in Endocrine and Metabolic Disorders (2024) 25:19-34

3.2 Mechanistic effects that may explain the
association between thyroid cancer and diabetes

It has long been known that thyroid-stimulating hormone
(TSH) acts directly on its receptor (TSHR), which is a cell-
surface G protein-coupled receptor (GPCR) stimulating
proliferation while maintaining the expression of differen-
tiation [41]. However, insulin is required for the mitogenic
action of TSH exerting a permissive action. In different
species’ thyroid, insulin-like growth factor (IGF-I) and
other growth factors act on its membrane receptor that pos-
sesses tyrosine kinase (TKR) activity. When insulin binds
to its receptor, tyrosine phosphorylation takes place, which
leads to the activation of phosphatidylinositol-3-kinase (PI-
3-kinase) and glucose uptake; in addition to the activation
of the mitogen-activated protein (MAP) kinase pathway
responsible for cell and tissue proliferation as well as for
gene expression [42]. The MAPK pathway is limited at the
physiological level but plays a significant role in chronic
hyperinsulinemia. At high concentrations, as in insulin-
resistant states, insulin acts both on its receptor and the IGF
receptor (IGFR) [43].

The TSHR and IGFIR can interact by forming a multi-
protein complex called signalosome. As proposed by
Krieger et al., the two receptors are in close proximity to
crosstalk, and this complex is stabilized by B-arrestin 1 in
the absence of ligand binding [44].

Research in recent years has demonstrated that dysregu-
lation of the insulin/IGF system is a critical factor in tumor
progression and metastasis. This system includes three
ligands—insulin, IGF1, and IGF2 and cognate receptors,
including the insulin receptor (IRc), with its two isoforms
—isoform A (IRc-A) and isoform B (IRc-B)—the IGF1R
and the IGF2R. IRc-A is the primary mediator of the mito-
genic effects of insulin, whereas IRc-B is the primary medi-
ator of the metabolic effects of insulin [45]. Both IRc and
IGF1R are highly homologous and can form heterodimeric
hybrid receptors [46].

Many cancer cells exhibit an aberrant expression of
growth factors and their receptors and are, therefore, more
responsive to the mitogenic effects of insulin. In thyroid
cancer, the density of IGF1R and the two isoforms of IRc
is higher, supporting their biological significance in cancer
development [47].

In summary, the mechanistic effects that may link the
hyperinsulinemia characteristic of T2DM patients with thy-
roid cancer include the direct overstimulation of MAPK
pathways, the stimulation of IGFIR leading indirectly to
overstimulation of the same mitogenic pathway, the permis-
sive effects on the TSH mitogenic action, the inhibition of
the production of IGFBP-1 and 2 which results in increased
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levels of IGF1 and 2 and the stimulation of hybrid receptors
(IRc/IGFR) [48, 49]. (Fig. 2)

3.3 Insulin resistance, diabetes, and thyroid cancer

In the last four years, several observational studies have
evaluated a potential association between insulin resistance,
MetS, diabetes, and thyroid cancer.

As regards insulin resistance, in a systematic review by
Harikrishna et al. [50] looking for a correlation between thy-
roid cancer, obesity, and insulin resistance, fifteen articles
were included. Still, only four of them were about insulin
resistance. The first of these four articles [51] described a
case-control retrospective study of 48 DTC cases compared
to 70 patients with primary hyperparathyroidism and 102
internal medicine in-patients as the control groups. The dia-
betes-adjusted odds ratio was 3.178 (95% CI 1.202-8.404,
p=0.0198) when comparing cases versus primary hyper-
parathyroidism controls and 2.237 (95% CI 1.033-4.844,
p=0.0410) for pooled controls. The second one [52] also
reported on a case-control retrospective study. In this study,
20 female patients with DTC were compared to 20 well-
matched controls, showing that HOMA-IR >2.5, consid-
ered as insulin resistance, was statistically increased in
DTC patients (50%) compared with control patients (10%).
The third article [53] described a study with a cross-sec-
tional design and looked for the association between insu-
lin resistance and the occurrence of DTC. The two groups
compared were 735 female patients with papillary thyroid
cancer (PTC) vs. 537 female non-PTC subjects. Higher
fasting serum insulin levels, glucose levels, and HOMA-IR
(all p<0.001) were found in the PTC group. It was shown
that the prevalence of PTC was statistically associated
with increased insulin levels (OR=2.88), glucose levels
(OR=9.32), and HOMA-IR (OR =4.07). The fourth article
[54] included a retrospective study of 38 PTC patients fol-
lowed for a median of 5.5 years. It was observed that those
patients with intermediate ATA risk of recurrence (ATA
RR) and without insulin resistance (HOMA-IR <2.5) had
a higher rate of initial excellent response to treatment (36
vs. 11%, p=0.01) compared to those with HOMA-IR >2.5.
Furthermore, at the final follow-up, the frequency of struc-
tural persistent disease in both low and intermediate ATA
RR patients was higher in insulin-resistant patients (10 vs.
0%, p=0.02 and 45 vs.7%, p=0.01, respectively).

In 2021, Zhao et al. [55] published a meta-analysis of
case-control studies evaluating the prevalence of thyroid
cancer in patients with insulin resistance. With a different
strategic literature search than Harikrishna et al. [50], after
excluding 1264 studies, fourteen studies were included,
with 2024 patients with thyroid cancer as cases and 1460
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Fig. 2 The worldwide parallel increased incidence of diabetes and
differentiated thyroid cancer (DTC) can be explained in large part by
insulin resistance. Insulin exerts its metabolic actions through its own
tyrosine kinase receptor (TKR) and when insulin binds to its receptor,
tyrosine phosphorylation takes place, which leads to the activation of
phosphatidylinositol-3-kinase (PI-3-kinase) to increase glucose uptake
and to the activation of the Rat Sarcoma Virus - mitogen-activated
protein (Ras-MAP) kinase pathway responsible for cell and tissue
proliferation as well as for gene expression. The MAPK pathway is
limited at the physiological level but plays a significant role in chronic
hyperinsulinemia. At high concentrations, as in insulin-resistant states,
insulin acts both on its receptor and the IGF receptor (IGFR). Besides,

patients as controls. The control group included both healthy
individuals and patients with benign thyroid disease. It was
found that hyperinsulinemia and higher HOMA-IR were
more prevalent in DTC patients. To assess insulin resis-
tance in particular, the Authors meta-analyzed four studies
with 326 DTC and 199 controls. According to HOMA-IR,
the OR for insulin resistance was 3.16 (95% CI 2.09—4.77,
p<0.01).

Xu et al. [56] published a cross-sectional study evaluat-
ing the association between insulin resistance and thyroid
cancer in 233 patients without insulin resistance-related risk
factors such as diabetes mellitus, cardiovascular disease,
and hypertension history. The final analysis included 61
patients with DTC and 262 with benign nodules as a control
group. The HOMA-IR in DTC was 54+6.9 vs. 2.8+1.3
in the control group (p<0.001). HOMA-IR > 2.7 was con-
sidered insulin resistance, and the adjusted OR for DTC in

the stimulation of IGF1R leads indirectly to overstimulation of the
same mitogenic pathway, thereby inhibiting the Tuberous Sclerosis
Complex 1/2 (TSC 1/2) protein complex and activating Mamma-
lian Target Of Rapamycin (mTOR) signaling. Moreover, the nuclear
stimulation of Adenosine Mono-Phosphate-Activated Protein Kinase
(AMPK) increases the activation of TSC2 and decreases the activation
of mTOR. In the thyroid gland in particular, the thyroid-stimulating
hormone (TSH) also contributes to proliferation. TSH acts directly on
its receptor (TSHR), which is a cell-surface G protein-coupled recep-
tor (GPCR) stimulating proliferation through the PI3K/AKT pathway,
sharing this mechanism with insulin and growth factors.

insulin-resistant patients resulted in 1.572 (95% CI: 1.277—
1.935). As this study was performed only with Chinese par-
ticipants, it may be not easy to extrapolate its findings to
other geographic areas.

Alkurt et al. [57] took over a retrospective cross-sectional
study of 254 patients with DTC. They compared it to 128
patients who underwent thyroid surgery for benign thyroid
disease to evaluate the role of the TyG index in thyroid can-
cer risk. The TyG in non-malignant patients was statisti-
cally lower (8,303.46 +5,896.20) than in patients with DTC
(10,603.06 +9,795.03). Although the levels of triglycerides
in both groups were similar, glucose levels were markedly
increased in the PTC group, explaining their higher TyG
index. Possible limitations of this study include differences
between the compared groups regarding TSH values and
lack of information on body mass index (BMI) values and
the nature of the non-malignant thyroid disease group.
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In another study by Zhao et al. [58], the aim was to evalu-
ate the impact of abnormal glucose metabolism parameters
on the aggressiveness of DTC. The study design was cross-
sectional, and 377 patients with DTC who underwent sur-
gery and were scheduled to receive iodine 131 treatment
were included. An oral glucose tolerance test including
plasma glucose, insulin, and C-peptide levels (fasting, 1, 2,
and 3 h) was obtained, and several indexes of insulin resis-
tance were calculated under levothyroxine deprivation with
an overt hypothyroid status. These calculations revealed
insulin resistance in most of the studied population, in line
with what had been previously reported in patients with
DTC and acute overt hypothyroidism [59]. It is worth not-
ing that when the aggressiveness of DTC was considered,
T staging was associated with a higher area under the curve
of C-peptide and abnormal insulin/C-peptide sensitivity.
This trend was also observed in patients without a history of
diabetes. A delayed peak of insulin secretion was positively
related to capsule invasion. Furthermore, 3-hour glucose,
insulin, and C-peptide levels were statistically associated
with the number of lymph node metastases. Given that all
the measurements were performed under the confounding
effect of hypothyroidism, it would be interesting to find out
if similar results can be reproduced under euthyroid status.

Regarding MetS, Park et al. [60] published a large-scale
cohort study based on the Korean population database pro-
vided by the National Insurance Service, followed up until
the date of development of thyroid cancer, which was iden-
tified according to the hospitalization records, death, or the
date of the end of recruitment. The mean follow-up period
for the 9,890,917 subjects was 7.2 years, and 77,133 thy-
roid cancer cases were newly identified in the study period.
At baseline, 26.7% of the population had MetS, and it was
found that they were more predisposed to develop thyroid
cancer (HR 1.15;95% CI 1.13—1.17). It is also worth noting
that a higher number of MetS components correlated with
the risk of developing thyroid cancer, in particular within
the obese MetS group (1 component: HR: 1.18, 95% CI:
1.15-1.20; 2 components: HR: 1.31, 95% CI 11.28-1.34; 3
components: HR: 1.33, 95% CI: 1.29-1.36; 4 components:
HR: 1.37, 95% CI: 1.33-1.41; 5 components: HR: 1.39,
95% CI: 1.33—1.44). It should be stated that the combined
effect of obesity and MetS was only observed in males.

Song et al. [61] performed a cross-sectional study about
the association between the components of MetS and DTC.
This study included 745 patients undergoing thyroid sur-
gery and central lymph node dissection, of which 145 had
MetS. Metabolic syndrome was defined according to the
Chinese Diabetes Society criteria. The proportion of mul-
tifocal disease, AJCC stage, and radioactive iodine therapy
was similar between patients with and without MetS. Nev-
ertheless, MetS was a risk factor for more extensive tumors
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(OR=2.29, 95% CI: 1.31-4.03), more number of lymph
node metastasis (OR=1.97, 95% CI: 1.11-3.51), and higher
clinical stage (OR=7.92, 95% CI: 1.59-39.34) after correc-
tion for age, sex, TSH level, and BMI. Taking account of
the five components of MetS, only high blood pressure and
low HDLc were positively correlated with larger tumors and
lymph node metastases. Among the limitations reckoned by
the Authors are the small sample size, the lack of informa-
tion about the follow-up of patients beyond one year of
surgery, and confounders related to MetS, such as duration,
treatment, and concurrent smoking habit.

All these findings have been recently included, together
with previous studies, by Li et al. [62] in a review, where
the authors concluded that MetS and its components could
be associated with an increased risk and aggressiveness of
thyroid cancer.

In summary, the observed association between DTC and
insulin resistance, or MetS as a surrogate of an insulin-resis-
tant state, is present in several populations evaluated. To
which extent insulin resistance plays a role in these patients’
tumor progression is still quite intriguing. (Table 1)

As regards the association of diabetes and thyroid can-
cer, several studies with controversial results have been
published in the search period between January 2019 and
April 2023.

In a case-control study by Zhang et al. [63], the levels of
HbA1C and lipids were compared between 23 patients with
T2DM and DTC vs. 120 with T2DM without DTC. The
mean serum HbA1C (10.47 vs. 9.07%), total cholesterol
(226 vs. 208 mg/dL), and triglycerides (269 vs. 231 mg/dL)
levels were significantly higher, and the levels of HDL-C
lower (28 vs. 45) mg/dL) in DTC patients vs. non-DTC
patients, respectively. One of the main limitations of this
study is its small sample size.

Wang et al. [64] also analyzed the associations between
diabetes and the risk of thyroid cancer in a cross-sectional
study where 2,937 thyroid cancer cases and 2,937 healthy
controls were included. No association was found either in
the diagnosis of diabetes or its duration. Furthermore, it was
described that patients older than 40 years old, female sex,
overweight/obese, and those with a positive family history
of diabetes had a lower risk of thyroid cancer than the con-
trol group. One possible explanation for these controversial
findings is the unaccounted use of metformin, an antidia-
betic drug with potential antiproliferative action in thyroid
cancer tissue [65]. Since the diagnosis of diabetes was self-
reported and only 293 subjects had diabetes, this study may
also be limited by its small sample size.

On the other hand, a positive association between thyroid
cancer and diabetes has been recently reported in a meta-
analysis of 20 cohort studies published between 1991 and
2019 [66]. These studies were performed in nine countries
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Table 1 Insulin Resistance (IR) and Differentiated Thyroid Cancer (DTC)

Author  Year of Design of Study Population Outcomes Main Results
Publication

Hari- 2019 Systematic 4 studies about IR: 1-Diabetes 1- Adjusted OR for diabetes: 2.237 (95% CI

krishna review 1- A case-control retrospec-  developmentin ~ 1.033—4.844, p=0.0410)

[50] tive study of 48 DTC cases, DTC 2- HOMA-IR > 2.5 was statistically increased
compared to 70 primary 2- HOMA-IR in DTC patients (50% vs. 10%) compared with
hyperparathyroidism patients Index in DTC control patients
with euthyroid state and 102 3- Insulin levels, 3- PTC was associated with increased insulin
internal medicine in-patients  glucose levels, levels (OR =2.88); glucose levels (OR =9.32);
as control groups. HOMA-IR and HOMA-IR (OR =4.07)

2- A case-control retrospec-  Index, and risk ~ 4- Patients with a HOMA-IR Index <2.5 had a
tive study of 20 females of PTC higher rate of initial excellent response to treat-
with DTC compared to 20 4- HOMA-IR ment (36 vs. 11%)

controls, Index and risk of

3- A cross-sectional study recurrence

of 735 females with DTC

vs. 537 female non-DTC

subjects.

4- A retrospective study of 38

DTC patients with intermedi-

ate ATA risk of recurrence

Zhao 2021 Meta-analysis  Four case-control studies: HOMA-IR Index 1- OR: 1.28 (95% CI: 0.48-3.42)

[55] 326 patients with insulin and Risk of DTC 2- OR: 9.00 (95% CI: 1.64-49.65)
resistance and 190 controls. 3- OR: 3.35 (95% CI: 1.99-5.65)

1-41 patients with IR 4- OR:4.97 (95% CI: 1.36-17.82)

matched to 41 controls Overall OR of DTC in patients with IR: 3.16
2-20 patients with IR vs. (95% CI1 2.09-4.77)

without.

3- 235 patients with IR com-

pared to 108 controls.

4-30 patients in both groups

(with and without IR)

Xu [56] 2022 Cross-sectional 61 DTC (cases) and 262 - HOMA-IR The HOMA-IR in DTC was 5.4+6.9 vs.
patients with benign nodules Index in DTC. 2.8 +£1.3 in the control group (p<0.001). OR for
(controls). -OR for DTCin DTC in insulin-resistant patients: 1.572 (95%

Alkurt 2022
[57]
Zhao 2022
[58]
Park 2020
[60]

Retrospective
cross-sectional

Cross-sectional

Prospective
cohort

254 patients with PTC and
128 patients with thyroid
surgery for benign disease.
377 DTC patients sched-
uled to receive radioactive
iodine-131 treatment.

77,133 thyroid cancers in
9,890,917 subjects followed
for 7.2 years

insulin-resistant
patients
TyG index

1h,2and3 h
serum insulin
and serum
C-peptide, AUC
of insulin and
C-peptide and
TNM T- Stag-
ing and Lymph
nodes metastases
- MetS and risk
of DTC.

- Components of
MetS and risk of
DTC

CI: 1.277-1.935)

The TyG in non-malignant patients was lower:
mean of (8,303.46 +5,896.20) compared to the
patients with PTC (10,603.06 +9,795.03)
Levels of 2 and 3 h serum insulin, 2 and 3 h
serum C-peptide, AUC of insulin, and C-peptide
were significantly associated with TNM staging-
T. Levels of 3 h blood glucose, 1 h serum insu-
lin, 1 h serum C-peptide, 2 h serum C-peptide,
and AUC of C-peptide were statistically related
to the number of metastatic lymph nodes.

Patients with MetS had a higher risk of thyroid
cancer (HR 1.15; 95% CI 1.13-1.17). The higher
the number of MetS components, the higher the
risk of thyroid cancer (1 component: HR: 1.18,
95% CI: 1.15-1.20; 2 components: HR: 1.31,
95% CI 11.28-1.34; 3 components: HR: 1.33,
95% CI: 1.29-1.36; 4 components: HR: 1.37,
95% CI: 1.33—1.41; 5 components: HR: 1.39,
95% CI: 1.33-1.44).

The combined effect of obesity and MetS was
only observed in male individuals.
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Table 1 (continued)

Author  Year of Design of Study Population Outcomes Main Results
Publication
Song 2022 Cross-sectional 745 patients who underwent ~ Multifocal dis-  Patients with MetS with thyroid cancer had
[61] thyroid surgery plus central ~ ease, AJCC stage larger tumors (OR =2.29, 95% CI: 1.31-4.03),
lymph node dissection, out of and radioactive  more number of lymph node metastasis
which, 145 had MetS iodine therapy (OR=1.97,95% CI: 1.11-3.51), and higher clin-
requirements. ical stage (OR=7.92, 95% CI: 1.59-39.34) after
correction for age, sex, TSH level and BMI.
Out of five components of MetS, only high
blood pressure and low HDLc were positively
correlated with these findings.
Li[62] 2023 Meta-analysis 4 Studies 1- MetS and 1. No statistical differences with patients without

1- Prospective cross-sec-

tional: 388 patients with DTC

and MetS
2- Prospective cross-sec-

tional: 471 patients with DTC

and MetS

3- Retrospective cross sec-
tional: 77,133 patients with
DTC and MetS

4- Retrospective cross

sectional: 2709 patients with

DTC and MetS

DTC, differences
between genders
2- MetS and
DTC, differences
according to

MetS: RR males 1.13 (0.94-1.35) RR females
1.00 (0.87-1.15).

2- HR in obese patients: 1.71 (1.21-2.413).

3- Patients with MetS, showed higher risk of
DTC: HR: 1.15 (1.13-1.17). Univariate analysis

weight of differences among gender or weight were not
3- MetS and mentioned
DTC 4- Patients with MetS had an OR for DTC of

1.71 (1.50-1.95).

HOMA-IR: Homeostatic Model Assessment for Insulin Resistance; TyG: Triglycerides-Glucose Index; MetS: Metabolic Syndrome; HDL-c,
High-Density Lipoprotein cholesterol; BMI: Body Mass Index; TSH: Thyroid-Stimulating Hormone; OR: Odds Ratio; HR: Hazard Ratio; AUC:

Area Under the Curve; CI: Confidence Interval

from three different continents, with a sample size of more
than 300,000 patients, developing a total of 11,091 cases of
thyroid cancer. Sex-specific risk analysis revealed that the
risk of thyroid cancer in female patients with diabetes (36%)
was slightly higher than in male patients (26%) with dia-
betes. In the subgroup analysis, those patients with T2DM
had a RR of 1.34 for developing DTC (95% CI, 1.12-1.37),
being slightly higher for females than for men (RR: 1.37,
95% CI 1.17-1.53 vs. RR 1.32, 95% CI 1.12—1.54 respec-
tively). Four studies reported a 30% higher risk of thyroid
cancer in gestational diabetes. Only one study reported the
risk of thyroid cancer in T1DM, with a higher risk in female
patients (RR 1.51) without any association in male individu-
als. One of the limitations of this study is the lack of assess-
ment of the severity of diabetes since the difference between
controlled and uncontrolled diabetes was not evaluated.

As regards the clinical aggressiveness of DTC and the
presence of prediabetes and diabetes, Elbasan et al. [67]
retrospectively evaluated 526 DTC patients with total thy-
roidectomy and/or radioactive iodine ablation followed for
over four years in a single center. Patients were divided into
three groups: diabetes, prediabetes, and normoglycemia.
Histological aggressiveness of DTC at the time of diag-
nosis and clinical response at the time of the last clinical
visit, according to the criteria suggested by the ATA 2015
guideline, were similar in the three groups. These negative
findings might be limited by the retrospective design of the

@ Springer

single-center study and the lack of data about the duration of
diabetes and its treatment.

Nonetheless, in another retrospective case-control study
by Li et al. [68], an association between diabetes and more
advanced thyroid cancers was observed. In this study con-
ducted on 942 patients with DTC, 471 patients were diag-
nosed with T2DM for over a year, and 471 non-diabetic
patients matched by gender and age served as controls.
Tumor migration was higher in the diabetic patients than
in the control group, mainly reflected in the rates of extra-
thyroidal extension (34.82%) and lymph node metastasis
(42.68%). However, there was no significant difference in
primary tumor size, multifocality, or T stage (T3/T4).

As mentioned previously, although the association
between thyroid cancer and diabetes is well described, it
is still not clear if the development of thyroid cancer can
be fully explained by diabetes. Furthermore, it might be
hypothesized that thyroid cancer could also play a causal
role. Regarding the inverse association between thyroid
cancer and the risk of developing T2DM, Roh et al. [69]
designed a case-control study with 36,377 patients with thy-
roid cancer matched to 36,337 non-cancer healthy subjects.
They found that post-thyroidectomy, patients with thyroid
cancer had a 43% higher risk of T2DM (95% CI 1.39-1.47),
and this risk was higher when the surgical approach was
total thyroidectomy compared to hemithyroidectomy.
Higher adjusted HRs of T2DM were observed among the
subgroups of the female sex, low BMI, absence of current
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smoking, heavy alcohol consumption, hypertension, and
presence of dyslipidemia. Besides, patients with thyroid
cancer were categorized by quartiles of the mean levothy-
roxine dosage (<101, 101-127, 128-149, and 150 pg/day),
and it was found that those patients in the lowest and highest
quartiles had the highest risk for T2DM.

In summary, the association between thyroid cancer,
insulin resistance, MetS, and diabetes has been evidenced
in several observational studies, leading to the hypothesis
that impaired glucose alterations might be involved in the
increased incidence of thyroid cancer. Given the relevance
of this association, further investigation is warranted to
expand these findings. (Table 2)

3.4 Influence of diabetes treatments on thyroid
cancer

3.4.1 Role of metformin in oncology

Metformin is a biguanide containing two coupled mole-
cules of guanidine with additional substitutions. Metformin
is derived from galegine, a natural product from the plant
Galega officinalis, used in herbal medicine in medieval
Europe. As it was not designed to target a particular path-
way or disease, its molecular mechanisms of action remain
much debated [70]. Animal and human studies have shown
that metformin acts in the liver, inhibiting gluconeogenesis
by blocking a mitochondrial redox shuttle. However, a com-
plete understanding of metformin’s mechanism of action
remains elusive, and the drug’s effects are likely pleiotropic
[71].

Several studies have shown that metformin is emerging
as a drug with numerous beneficial effects outside diabe-
tes, such as body weight control, reduction of cardiovascu-
lar risk, and treatment of non-alcoholic fatty liver disease,
MetS, and cancer [72, 73]. In this regard, epidemiological
data documented the association between metformin ther-
apy and a lower risk of developing breast, colon, pancreatic,
and liver cancers in diabetic patients.

A meta-analysis by Yin et al. included 13,008 cancer
patients with T2DM. It revealed that the administration of
metformin to these patients was associated with a signifi-
cantly reduced risk for death compared with those without
the drug (HR=0.66; 95% CI: 0.55-0.79). In a fixed model
analysis stratified by cancer type, it was found that, except
for lung cancer, metformin was associated with a signifi-
cantly reduced risk for death in those patients with breast
(HR: 0.94, 95% CI 0.90-0.99), prostate (HR: 0.68, 95%
CI 0.51-0.90), pancreatic (HR: 0.65, 95% CI 0.49-0.86),
and colorectal cancer (HR: 0.65, 95% CI 0.56-0.77) [74].
Another meta-analysis by Gandini et al. [75] included
65,540 cancer patients with diabetes from 47 studies and

demonstrated an association of metformin with a reduction
in overall cancer incidence by 31% [Summary relative risk
(SRR: 0.69; 95% CI: 0.52-0.90], although between-study
heterogeneity was considerable and no reduction was found
when the analysis was restricted to prospective studies or
randomized clinical trials. (SRR: 0.71; 95% CI: 0.47-1.07;
SRR: 0.95; 95% CI: 0.69-1.30, respectively). It is worth
mentioning that when the analysis was organ-specific based,
the risk of reduction with metformin use in unadjusted anal-
yses reached statistical significance only for liver (SRR:
0.47; 95% CI: 0.28-0.78) and lung cancer (SRR: 0.82; 95%
CI: 0.67-0.99. Analysis of prospective studies confirmed
this association for liver but not lung cancer.

Thakur et al. [76] proposed potential mechanisms of
action of metformin in endocrine tumors: metformin is a
negatively charged molecule that enters the cell through
organic cation transporters (OCTs). After entering the cells,
it can inhibit tumorigenesis through different pathways.
The first is through its inhibitory effect on complex one
or mGPDH, either alone or together, to inhibit oxidative
phosphorylation (OXPHOS), which lowers intracellular
ATP production and causes cellular stress in cancer cells.
Besides, the lower levels of ATP activate the AMP-acti-
vated protein kinase (AMPK) that leads to the activation of
tuberous sclerosis complex 1/2 (TSC 1/2), which inhibits
the mechanistic target of rapamycin (mTOR) pathway. In
the second place, metformin can inhibit insulin or insulin-
like growth factor-1 (IGF-1)-mediated activation of the
RAS-MEK-ERK and PI3K-AKT pathways, inhibiting the
mTOR pathway. Thirdly, metformin-mediated activation of
AMPK can inhibit the phosphorylation of insulin receptor
substrate-1 (IRS-1). IRS-1 is downstream of the IGF-1 path-
way and upstream of the PI3K-AKT pathway. Inhibition of
IRS-1 activity hampers AKT phosphorylation, which causes
activation of the tuberous sclerosis complex (TSC) complex
and inhibits the mTOR pathway. Lastly, metformin has
other targets in endocrine cells, including STAT3, GSK3,
and ATF3. These targets are components of biologically
essential cellular metabolism, proliferation, survival, and
apoptosis pathways. Besides these, numerous other targets
of metformin have been identified in cancer cells, such as
cyclins (CCND1, CCNE2), miRNAs (miR-26a, miR-34a),
and mitochondrial genes (mGPDH).

3.5 Therole of metformin in thyroid cancer

A narrative review by Garcia-Sdenz et al. [77] describes
the molecular pathways of metformin involved in thyroid
cancer. Metformin inhibits cell proliferation in thyroid
cancer cell lines and promotes apoptosis as previously
described for all endocrine tumors (AMPK, TSC2/mTOR,
and IRS-1/IGF-1R/PI3K/AKT pathways) [ 76]. However, an
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Table 2 Diabetes mellitus (DM), including Type 2 (T2DM), Type 1 (T1DM) and Gestational Diabetes (GDM) and Differentiated thyroid cancer

(DTC).
Author  Year of Design of the Population ~ Outcomes Main results
Publication study
Zhang 2023 Case-control 23 patients 1- Levels of The mean serum HbA1C (10.47 vs. 9.07%), total cholesterol
[63] with T2DM  HbAlc and lipids (226 vs. 208 mg/dL), and triglycerides (269 vs. 231 mg/dL)
and DTC as  (cholesterol, levels were significantly higher, and the levels of HDL-C lower
cases, and HDL-c and (28 vs. 45) mg/dL) in DTC diabetic patients vs. non-DTC
120 T2DM triglycerides). diabetic patients, respectively.
without DTC
as controls.
Wang 2021 Cross-sectional 2,937 thyroid 1- Diabetes and  1- Diagnosis of diabetes and DTC were not significantly asso-
[64] cancer cases DTC risk ciated (OR=0.75, 95% CI: 0.21-2.73)
and 2,937 2- Duration of 2- The duration since diagnosis of diabetes (<5 years:
healthy diabetes and DTC OR=0.14, 95% CI: 0.02—1.22 for diabetes duration years; >
controls. risk 5 years OR=2.10, 95% CI: 0.32-13.94) was not statistically
3- Subgroup different.
analysis of a) 3- A significantly lower risk of thyroid cancer was seen in (a)
age, b)gender, aged more than 40 years (OR=0.53, 95% CI: 0.30-0.92), (b)
¢) weight, d) female (OR =0.48, 95% CI: 0.25-0.91), (c) overweight/obese
positive history ~ (OR=0.34, 95% CI: 0.17-0.68) and (d) positive family history
of diabetes and of diabetes (OR =0.35, 95% CI: 0.15-0.86)
DTC risk
Dong 2022 Meta-analysis ~ Twenty 1-Risk of DTC ~ DTC risk in male patients was [RR=1.26, 95% CI (1.12, 1.41),
[66] cohort stud-  in any type of DTC risk in female patients was [RR=1.36, 95% CI (1.22,
ies from 3 DM 1.52)]; and the total thyroid cancer risk in the overall study
continents,  2- Risk of DTC  populations was [RR=1.32, 95%
includ- in T2DM CI(1.22, 1.44)]
ing nine 3- Risk of DTC  2- Patients with T2DM had a RR of 1.34 for developing TC
countries, in gestational (95% CI, 1.12-1.37), being slightly higher for females than
with more diabetes for men (RR: 1.37,95% CI 1.17-1.53 vs. RR 1.32, 95% CI
than 300,000 4- Risk of DTC ~ 1.12-1.54 respectively).
patients and  in TIDM 3- Females with gestational diabetes have a 30% higher risk of
11,091 cases thyroid cancer [RR=1.30, 95% CI (1.17, 1.43)
of thyroid 4- T1DM patients have a higher risk of DTC in female patients
cancer. (RR 1.51) without any association in male individuals.
Elbasan 2021 Retrospective 526 DTC Histological Multicentric tumor: a)34.38%, b)28.35% and ¢)26.21% p: 0.13
[67] cohort patients aggressiveness of Lymphatic invasion a)14.06% b)11.38% and ¢)11.65%) p: 0.41
DTC and clinical Vascular invasion a)16.02%, b)13.77%, and ¢)6.8% p: 0.066
response in three  Extrathyroideal soft tissue invasion a)19.53%, b)19.16% and
groups: ¢)16.5% p: 0.502
a) All metastasis a)19.92%, b)14.37%, and ¢)19.42% p: 0.322
Normoglyceamia Cervical lymph node metastasis: a)16.8%, b: 13.17%, and c)
b) Prediabetes 16.5% p: 0.930
c¢) Diabetes. Excellent response to therapy (a) 46.09% (b) 43.71% and (c)
46.6% p: 0.150
No significant association between groups
Li[68] 2020 Case-control 942 patients  Histological Tumor migration was higher in the T2DM group [extra thy-
with DTC, aggressiveness roidal extension (34.82 vs. 5.94%) and lymph node metastasis
471 patients of DTC and (42.68 vs. 33.5%)]. No significant difference were observed in
with T2DM  clinical response  primary tumor size: 0.89 vs. 0.86%, multifocality: 42.68 vs.
and 471 in patients with 32.91%, or high T stage (T3/T4): 3.40 vs. 2.76% in non-dia-
non-diabetic T2DM betic vs. diabetic patients, respectively.
patients,
matched by
gender and
age.

HDL-c, High-Density Lipoprotein cholesterol; HbAlc: Glycated Hemoglobin; OR: Odds Ratio; HR: Hazard Ratio; RR: Relative risk; CI:

Confidence Interval
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AMPK-independent pathway is also mentioned for metfor-
min, acting through the inhibition of the unfolded protein
response (UPR) that causes apoptosis, prevents angiogen-
esis, and induces toxicity on cancer stem cells. Furthermore,
an increased expression of binding of immunoglobulin pro-
tein (BIP), CCAAT/enhancer-binding protein homologous
protein (CHOP), and caspase-12 markers of endoplasmic
reticulum (ER) stress are postulated as another apoptotic
mechanism. This same review mentions that metformin
may increase thyroid cancer cells’ sensitivity to radiation
due to cell redifferentiation, with a subsequent increase in
RAT uptake and describes the potential benefit of metformin
treatment in the follow-up of DTC patients.

To assess the clinical impact of metformin in thyroid can-
cer, Wang et al. [78] carried out a systematic review and
meta-analysis of literature articles published from January
1970 to December 2021, including seven studies (three
prospective cohort studies, three retrospective cohort stud-
ies, and one case-control study). Four studies examined the
incidence of thyroid cancer within 1,705,123 participants
(930,486 metformin users and 774,637 non-users), yielding
a total of 3,238 thyroid cancer events. The SRR of thyroid
cancer showed that metformin was non-significantly associ-
ated with decreased thyroid cancer (SRR: 0.743; 95% CI:
0.453-1.220). However, the heterogeneity among the stud-
ies was high; one of the prospective studies included patients
with self-reported thyroid cancer, and the incidence of can-
cer in the whole population was small, both in the exposed
and not exposed patients. Moreover, both in the retrospec-
tive and big sample size prospective studies, a significant
decrease in the incidence of thyroid cancer among patients
receiving metformin was noticed, while in the single case-
control designed study, a non-significant risk between both
groups was found. Three studies analyzed the association
between metformin and prognostic risk of thyroid cancer
patients, with a total of 27,513 patients included (25,059 on
metformin) and a total of 4972 diagnosed thyroid cancer
cases. The SRR showed a trend towards a better prognosis
in metformin users’ cancer outcomes than other antidiabetic
drugs and nonusers (SRR=0.504; 95% CI: 0.178-1.430).
Nevertheless, the heterogeneity among studies was high:
the only study with a positive outcome in favor of metfor-
min users was a retrospective American cohort study with
a small sample size (34 metformin users versus 21 nonus-
ers) and a low incidence of thyroid cancer (6 and 9 for each
group respectively).

In summary, the benefit of metformin on thyroid cancer
remains inconclusive. More prospective studies are needed
to establish a strong correlation between the use of met-
formin and the incidence and prognosis of thyroid cancer.
(Table 3)

3.6 Theimplications of glucagon-like peptide-1
(GLP-1) in thyroid cancer

Glucagon-like peptide-1 (GLP-1) is an incretin hormone
secreted by enteroendocrine cells known as L-cells. It con-
trols plasma glucose levels by several mechanisms, includ-
ing stimulation of insulin secretion upon nutrient intake,
reduction of postprandial glucose absorption through
delayed gastric emptying, and simultaneous inhibition of
glucagon secretion [84].

The successful use of synthetic GLP-1 receptor (GLP-1
R) agonists (GLP-1 RA) as anti-obesity and anti-diabetes
drugs has been well demonstrated [85]. Several GLP-1RAs,
such as exenatide, liraglutide, lixisenatide, albiglutide, dula-
glutide, and semaglutide, are available worldwide [86].

The expression of GLP-1 R is distributed along the whole
body, and its presence in mice brains with the putative effect
of GLP-1 RA on controlling food intake [87, 88] is an excel-
lent example of the pleiotropic effects of this hormone. The
thyroid is no exception. The calcitonin-producing C-cells
harbor GLP-1 R that can be stimulated by GLP-1 RA, as
shown in rodent models [89]. However, GLP-1 R thyroid
expression in humans is minimal [90]. In this connection,
the relationship between GLP-1 RA and thyroid cancer
development has recently raised attention.

Recent findings reported about GLP-1 RA and thyroid
cancer have been summarized in Table 3.

In a meta-analysis by Hu et al. [79], the use of different
GLP-1 RAs and the occurrence of thyroid disorders, includ-
ing thyroid cancer, were compared with placebo or other
interventions. Out of 45 randomized control trials, 18 trials,
with 24,787 patients, used liraglutide as the experimental
agent, and together, the LEADER trial, where liraglutide
was investigated, and the REWIND trial with dulaglutide as
the tested drug, contributed to more than 75% of the weight
of the meta-analysis. Although, in these trials, thyroid
events were regarded as safety results and not as the primary
outcome, and the type of thyroid cancer was not specified,
it was shown that GLP-1 RA use was not associated with
thyroid cancer (RR 1.30, 95% CI 0.86—1.97).

In a different setting than the RCTs arena, a recent pro-
spective study also confirmed the safety of using incretins
regarding thyroid cancer [80]. In this study, US health plan
patients were followed for 17 months on liraglutide or
exenatide and other non-incretin antidiabetic drugs as com-
parator medications. Relative risks from intention-to-treat
analyses (ITT) ranged from 1.00 (95% CI 0.56—1.79) versus
metformin to 1.70 (95% CI 1.03-2.81) versus all compara-
tors excluding exenatide. It was observed that patients on
liraglutide had a higher prevalence of microcarcinomas and
shorter time-to-diagnosis, suggesting increased surveillance
bias. All possible significant differences observed among
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Table 3 Antidiabetic drugs and differentiated thyroid cancer (DTC).

Author Year of Design of Population Outcomes Main Results
Publication  Study
Garcia 2022 Narrative Use of metformin in preclinical 1- Antiprolif-  1- Metformin directly inhibits the growth and
Saenz Review and clinical scenarios erative effects  migration of thyroid cancer cells by AMPK
[77] of metformin  regulation and mitochondrial respiration-involved
on thyroid proteins. The drug also acts indirectly through
cells effects on TSH levels and metabolic parameters
2- Clinical associated with a less favorable environment for
effects of cell proliferation.
metformin on  2- Metformin increased thyroid cancer cells’ sensi-
therapeutic tivity to radiation with increased RAI uptake.
response in - An observational study showed that patients
DTC patients  treated with metformin had a smaller tumor size,
and the lack of drug treatment decreased the likeli-
hood of a complete response.
Wang 2022 Systematic 1- Four studies about the 1- The 1
[78] review incidence of thyroid cancer in  incidence A- HR:0.432 (CI 95%: 0.336~0.555
and meta- patients taking metformin of DTC in B- HR:0.985 (CI 95%: 0.458 ~2.120)
analysis (only A- Retrospective cohort study  those patients  C- HR:0.690 (CI 95%: 0.600 ~0.790)
observational in China: 795,321 patients exposed to D- OR:1.420 (CI 95%: 0.740~2.730)
studies and under metformin treatment and metformin. Overall: 0.743 (CI 95%: 0.453-1.220)
clinical trials 619,402 with no treatment 2- The associa- 2-
included) B- Prospective cohort study tion between  A- HR:0.109 (CI 95%: 0.0184 ~0.640)
in the USA of 6411 patients metformin and B- HR:0.714 (CI 95%: 0.157~3.252)
taking metformin and 26,594  the prognosis  C- HR:0.790 (CI 95%: 0.560~1.120)
without. of DTC Overall HR: 0.504 (CI 95%: 0.178-1.430)
C- Prospective cohort study in
Korea of 128,453 exposed to
metformin versus 128,453 not
exposed
D- Case-control study: 70
patients receiving metformin
and 419 controls
2- Three studies evaluating the
impact of metformin on DTC
prognosis:
A- Prospective study of 34
patients under metformin vs.
21 not taking the drug
B- Retrospective cohort study
of 33 patients under metformin
treatment vs. 25 not exposed.
C- Prospective cohort study of
24,992 receiving metformin
versus 2408 not receiving
metformin
Hu 2022 Meta-analysis 45 randomized control trials, ~ Use of dif- GLP-1 RA use was not associated with thyroid
[79] 52,600 patients in the GLP-1 ferent GLP-1  cancer (RR 1.30, 95% CI 0.86-1.97).
RA group and 41,463 patients RAs and the
in the control group occurrence
of thyroid
disorders were
compared
with placebo
or other
interventions
Funch 2021 Prospective 27,287 patients under liraglu-  Association RR from ITT analyses ranged from 1.00 (95% CI
[80] Cohort tide treatment and 362,809 between Lira-  0.56-1.79) versus metformin to 1.70 (95% CI 1.03—

using other antidiabetic drugs.
Follow-up: median of 17
months

glutide and
risk of DTC
compared to
other antidia-
betic drugs.

2.81) versus all comparators excluding exenatide.
Compared to exenatide, the RR was 1.66 (95% CI
0.73-3.79). After adjusting the primary analyses
(ITT) for latency, no significant elevated risk of TC
was observed among liraglutide initiators
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Table 3 (continued)

Author Year of Design of Population Outcomes Main Results
Publication  Study
Bezin 2023 Case-control  Patients with type 2 diabe- Association of 2,562 case subjects with thyroid cancer matched

[81] tes treated with second-line
antidiabetic drugs (GLP-1
RA, DPP-4 1, or combined
therapy with metformin,
sulfonylureas, repaglinide,
a-glucosidase inhibitors, or
thiazolidinediones.

Mali 2021 Case-control  Patients with DTC diagnosis
[82] using GLP-1 RA

Smits 2021 Systematic Patients treated with

[83] review Semaglutide

DTC and the  with 45,184 control subjects.
use of GLP-1  Increased risk of all thyroid cancer was associated
RA in a French with the current use of GLP-1 RA.

nationwide (HR 1.46, 95% CI 1.23—1.74) and cumulative use
real-world from 1 to 3 years (HR 1.58, 95% CI 1.27-1.95)
setting. and over 3 years (HR 1.36, 95% CI 1.05-1.74).
Analysis of medullary thyroid cancer type showed
a higher risk associated with GLP-1 RA (HR 1.78,
95% CI 1.04-3.05 for 1-3 years of GLP-1 RA use).
Association 11,243 cases of thyroid cancer were included, 236
between DTC  were recorded using GLP-1 RA. The association
and use of was strongest for liraglutide, followed by exenatide
GLP-1 RA with PRR of 27.5 (95% CI, 22.7-33.3) and 22.5
(95% CI, 17.9-28.3), respectively.
Association In the SUSTAIN program, a total of 3 events of
between DTC DTC, 2 in
and use of Semaglutide group (combined n=5,933), and 1 in
Semaglutide.  the comparator group (n=4,736). No medullary

carcinoma.

In the PIONEER program, 4 DTC in Semaglutide
group, versus 1 in the comparator group. Only one
medullary thyroid cancer developed.

TSH: Thyroid-Stimulating Hormone; AMPK: Adenosine Mono-phosphate-activated Protein Kinase; RAI: Radioactive lodine; GLP-1 RA:
Glucagon Like Peptide 1 Receptor Agonist OR: Odds Ratio; HR: Hazard Ratio; RR: Relative risk; CI: Confidence Interval; ITT: Intention-
To-Treat; PPR: Proportional Reporting Ratio; SUSTAIN: Semaglutide Unabated Sustainability in Treatment of Type 2 Diabetes; PIONEER:

Peptide InnOvatioN for the Early diabEtes tReatment

liraglutide initiators disappeared after adjusting the primary
analyses (ITT) for latency. One potential limitation of this
study may be the short follow-up, considering that thyroid
cancer may develop in further years. Another one is that
obesity, one of the main indications of liraglutide, is a risk
factor for thyroid cancer and can act as a confounder.

By contrast, a recent real-world nationwide population-
based study has reported an increased incidence of thyroid
cancer attributed to GLP-1 RA, raising some controversy
[81]. Out of 2562 thyroid cancer patients matched with
45,184 controls subjects; it was reported that the use of
GLP-1 RA for 1-3 years was associated with increased risk
of all thyroid cancer (adjusted hazard ratio [HR] 1.58, 95%
CI 1.27-1.95) and medullary thyroid cancer (adjusted HR
1.78, 95% CI 1.04-3.05). With its case-control design, this
study is accompanied by a commentary from Thomson et
al. [91], highlighting some limitations. Increased monitor-
ing for thyroid cancer in GLP-1 RA recipients due to their
primary obesity or diabetic condition may be considered
detection or surveillance bias. As in other studies, this one
is also limited by a short latency period to detect thyroid
cancer from initiating the drugs, adding another potential
surveillance bias. Furthermore, as medullary thyroid can-
cer accounted for > 15% of all thyroid cancers detected, this
three-fold higher frequency than previously described [92]
might suggest potential measurement bias.

In a retrospective study where 11,243 cases of thyroid
cancer were included, 236 were recorded using GLP-1 RA
[82]. These patients were identified from the spontaneous
reporting system of the European Pharmacovigilance Data-
base (EudraVigilance). The association was strongest for
liraglutide, followed by exenatide and dulaglutide, with a
proportional reporting ratio (PRR) of 27.5 (95% CI 22.7—
33.3),22.5(95% CI117.9-28.3) and 13.1 (95% C1 9.4-18.3),
respectively.

The study may be limited by the lack of precise estima-
tion of the actual number of thyroid cancers due to the way
information on these thyroid cancer cases was collected.
In the future, additional pharmacovigilance monitoring the
incidence of medullary thyroid cancer, in particular, is war-
ranted. Meanwhile, GLP-1 RA use is not recommended in
patients with a personal or family history of this type of can-
cer or multiple endocrine neoplasia (MEN) type 2 [83].

4 Conclusion

The parallel increased incidence of thyroid cancer and meta-
bolic diseases, such as MetS or diabetes, has led to the design
of several observational studies reporting a link between
both conditions. Multiple molecular mechanistic pathways
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support this hypothesis showing how insulin resistance may
be central to this association.

Metformin, among the most widely used antidiabetic
drugs, has evidenced potential antiproliferative effects in
thyroid cancer, which require further confirmation. The
newer GLP-1 RAs have been associated with sporadic cases
of thyroid cancer. However, these findings may be related
to surveillance bias and do not appear to increase thyroid
cancer incidence.

Given the global epidemy of metabolic diseases such
as diabetes and MetS, further investigation is warranted to
define their role in thyroid cancer and its potential therapeu-
tical approach.
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